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Identification of the molecular mechanism underlying the magnetic field effects on
circadian clock's regulation
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Abstract
The circadian clock generates behavioral rhythms to maximize an organism’s

physiological efficiency. The circadian clock is established by cell-autonomous

oscillators called cellular clocks, which are present in every cell of a living organism. The

synchronization of cellular clocks in tissues and organs by light is required to orchestrate

the circadian clock at the organismal level. The current study aims to revealing the effect

of magnetic field on synchronization of cellular clocks by the use of zebrafish as

experimental model animal.

Keywords: Circadian clock, Zebrafish, Cellular clock, Light
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In vivo and high-resolution imaging of the electrical properties by using MRI
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Abstract
This paper presents a novel explicit reconstruction method for magnetic
resonance-based electrical properties tomography (EPT). We propose a method that can
reconstruct three-dimensional EPs without its local homogeneity assumption required for
the conventional methods. We derive a novel equation for the electric field that
incorporates the variation of the magnetic field along the longitudinal axis, with which
the three-dimensional EPs can be computed. A method to remove a spot-like artifact due

to the low amplitude of the electric field is also proposed.

Keywords: magnetic resonance, electrical properties tomography, inverse problem
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A pilot study of the alleviation of tinnitus by magnetogenetics.
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TRIZBT O HEN=2—1 O HBEE DT
HEIX, BERARRR R RN OTEE) L~ Lo B TS
L6 L, BBOFRKNE /25 Z ERRBE NI,
Z OIEENVERIL, ERSOMNH] 2 X 2 BRI Z DOZh 5
ERGET AT ODBRWEEL 25 Z Lnb, At
O HWIRIFE ORI & > TIEFICH AR %
B/HZENTE, —FH, TR~ D X X T &
ANIFBEPETIIM R DOV HERE/HFDH Z LIET
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T eE—F -0 REILTHZ LTS
DOREZ R LIz, £, BRRIGH %28 2 725
213 L 0 IHREER e FIENLE E LU, B~
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2V AR e 8 IR TR 72 FFIEIC DWW T H Rt
ZHEDTND,
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In vitro measurement of MSU crystals by an artificial joint model assuming a gout diagnosis

HAME*, EEEEek

Yuka Takeuchi* and Atom Hamasaki**

*E W THERT,

T 050-8585 AbifEiE =i i /K JTHT 27-1

G FES, T390-8621 KB ULFAARTTE 3-1-1
*Muroran Institute of Technology,
27-1, Mizumoto-cho, Muroran, Hokkaido 050-8585 Japan
** Faculty of Science, Shinshu University
3-1-1 Asahi, Matsumoto, Nagano 390-8621 Japan

Abstract
Monosodium urate (MSU) crystals cause gout in articulation, and can develop

even when the serum urate level is controlled. No satisfactory method has been

established. Therefore, a better, non-invasive method to confirm the presence of MSU

crystals is desired. We aim to detect MSU crystals from outside the body using a

magnetic field and near-infrared light. The purpose of this research is to construct an

articulation model and clarify its optical response to the applied magnetic field.

Keywords: magnetic orientation, magnetic field, gout, monosodium urate crystal
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JEE DR KWE T D IREET R U w7 A(MSU)
s RIROIERNTF R ORI s L, Mo
RIECHR 251 R 29, WERIEORIER, R
ekt A IR CRIEDNTEE 0, JREEE G E#1L
L7236 T, EERIIIREFENICIERE RS R
Ol BIEL, L2FE%ICHOYRRBISIZ &2 5E T
HIENHESNTHAY | SF Y REEEOHRIE
IR RBEESL DU A7 M X, R
DY A7 i T DI S OTFAE 2 MR T 5
VNS, BUE, fEROFEEMERT D TEE
LG, fiCBAMEBIEES, CTHA, dual energy CT
(DECT), HE M2 EnRF ons. @, B
1 % Zf) UK % 4 o0 R G BRI EE TMSURS i
DIFFEE B Z L X722 B O 7o DI HESE X
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DD ZEbHiEShTWEY | 2o, FER
BRI 2 MR T 5 ik & LCTOB SR

IZED2HELHLINENTIUCERFT EEITN S
0, RIEWESLSNTZHIETRWD. FxIZINET
12, MSUREIm2MESELIR 5 2 &, £ 2084
KA ARREORGEE L a2k
NTX, ZheENHck-oTRHTxAZ L%
B LT DY . UL, (RNERBEICET Db
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R R & ERE R X E 220, RFE TR
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FIIMZEE 9 SIS EMEC OV TERZ T 7~

2. Hik

X 1T L1, TlROFEET VEHNT
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L CRMHE T = — 7 & 555 SHEREE L. BEfio
ZERNAT-E DY T MSU i 2N HiEA L
THLANRBRZ FHE Lz, MSU #sdbl 3R ek
KED NI ZATH S, fidbt A XL
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IZIEHEEIT o 72, 0.5 T OREEEK 45 B CHIN
(2T % & REDGRE I T AN L, S ET
LECTORMIL 5 BRRETH-T-. ZDk, K
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N5, BUE, S Vo S e mIic kT L,
WSROI & R K B FH D TR % 1A)
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Assessment of Myocardial Fibrosis in Muscular Dystrophy
by Cardiovascular Magnetic Resonance Imaging

HINExR*, KAFEA*, BEFBA*, NEINFE*, DREER*, BEHE o
Tadao Aikawa*, Atsuhito Takeda**, Hideaki Shiraishi**, Kazuhiro Koyanagawa*, Yuta
Kobayashi*, and Noriko Oyama-Manabe***
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* Department of Cardiovascular Medicine, Hokkaido University Hospital
Kita-14, Nishi-5, Kita-ku, Sapporo 060-8648 Japan
** Department of Pediatrics, Hokkaido University Hospital
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*#%* Department of Diagnostic Imaging, Hokkaido University Hospital
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Abstract
This study aimed to assess myocardial fibrosis in patients with muscular dystrophy

and female carriers Duchenne or Becker muscular dystrophy. Six patients with muscular

dystrophy and 5 female putative carriers of Duchenne or Becker muscular dystrophy

were prospectively enrolled. Cardiovascular magnetic resonance imaging was performed,

including cine, pre-and postcontrast T1 mapping for assessment of extracellular volume

fraction (ECV), and late gadolinium enhancement. Four patients and 1 putative carrier

had a left ventricular ejection fraction of <55%. Five patients and all putative carriers had
an elevated ECV (>30.4%). ECV did not differ significantly between the patient and

putative carrier groups (median

[range],

34.8% [27.6%-43.8%] vs. 37.4%

[36.1%—-39.8%]; p=0.54), suggesting that ECV of myocardial T1 mapping has a potential

to detect diffuse fibrotic changes in patients and putative carriers of muscular dystrophy.

Keywords: muscular dystrophy, cardiovascular magnetic resonance imaging, late

gadolinium enhancement, T'1 mapping, extracellular volume fraction
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iy A a7 0 — T ET OB TSI X
LMK T 2R L T 2 HHRMERERE TH D, &6
WY A a7 =2 LB ENY, ATk
ERETHIHRTFELTEETHDY YA bn

7 4 =BT D O0EE DL  IXPREALO A
FROFBAE R L, Fln s & bIZAERHEOIKT
R ETTT 2 .2 Z DL RRHE L O
1T, BERIUGEGZ2EELE  (MRD 2B 21
EEFAS CIMRBERCHEN T Z L3 TE S, &

13



7=, Duchenne ;2" A k1 7 ¢ —=<° Becker Ufi%
VA a7 4 —DRKERFIZH LDAEEZRD D
Z MBIV BIEER MRI IO L2 E &
THIA—VRAF X —RE LT LTS
M, YA ha 7 4 —TCRHIGRO B D OVE AN
DL LA R TE RWGEERHDH. 207k
b, H LB SN2 MRI (2 X DO b
ERETH S T1 mapping 35 KL OHHAE/N A 50 ]
(BCV) WY A ha 7 ¢ —IC X 2.0#E ko
BRHZZVEHTHL REER®H ) £ 2T, K
IETIEFH Y A b a7 4 —OBFER X OREER
K % %5202, T1 mapping % &30 MRI Cils
At L DR & 3k 7.

2. 5tk

2019 4 8 A 75 2020 4 3 H % TORIZILHRE
RFIRBETLIE MRI 2520072, A br 7 g
—B& 6 44 & Duchenne 2! %, L < |3 Becker 2>
A b a7 4 —OHEERRE 5 40 2Rl & 128 L
Tz W\ b 3 — U FAHEE R IR OO B
BEAROAGEZZT (ks 018-0287), 4
TOWMRBIME LD XLFICL DA T+ — LR
arkey FERG L. S A Rr 7 0 —Ok
(XERRFT ROR 772, hEmR, SRR 812
HEAONWTToTe. iV A hr 7 4 —OHEERFE
I%, 2T Duchenne %, L < |% Becker 237 &
n7 A —DORMEREORR TH 7.

OB MRI U, AWfEE R FIREE T U » 7 At
#3727 MRI (Achieva TX) 2L D=3, ¥
## 5-gi1#2 O T1 mapping, FEIEEH 21T ->72. /o
SO > R RABIT OB IFEHIC L 5 balanced
steady-state free precession pulse sequence THigf%
L.,2 T1 mapping I modified look-locker inversion
recovery sequence “C/c 2Rl = Wrim 2 #rfs L7=.
BEIEIE R L ISR AI 50 T1 mapping (3 0.1
mmol’kg DA R =07 LEEAIEE 10~15 57314
(ZHRfg U729 Ol MRI BB IZSRIfgHT Y 7 b o
=7 DY A V7 ML Ziostation2 (A 4 7
M) THENT L7z, ZESE4MRD ECV 73 30.4% %
2 DY % BCV L5-& Uiz R o5
DLLEZIE Mann-Whitney test TITVY, p fE2Y 0.05
ARl &R FIIAE & Lz, 2 CTOREHREITIZIX
GraphPad Prism 6 (GraphPad Software £t) & F\ 7=,
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3. R

YA a7 —BE 6 LITETHMIT, Fin
DOHFIAEIE 16.0 7% (HiFH, 8.6~34.4 %) Th-o
7o HEEDRIREE 5 4 OF O IEI 46.0 % (i
FH, 43.0~51.7 %) Th-oi=. BEBEOWNRIL,
Duchenne Hf7 A kv 7 ¢ —7)3 2 44, Becker Ufj
VA MBT 4 =34, HREEVA hr T —
W14 Tl AZDERE LT oA T
BRI ERZ NIRRT C, D 440N 2 41X
BIEKEE L NARTT T -7, ESERHERIL, 4 4
DEF & 1 4 OHEELRIRFE T 55%AmMITIR T L,
B (B 53.9%, #ilf 31.8%~57.6%) &t
EARRERE (TPl 60.3%, #ilH 49.6%~65.3%)
TR EAEZRD -T2 (p=0.13). BIEEE
MRI TlE, 44 DHRE L 2 4 OHEERINE R
HRG A2 R7. BEEREBOLERELHITED D
FOPHIT, BB CTHE 6.2% (#EFH 5.3%~14.6%)
HEEIRINERE T 2.6%B LN 19.8% CTH -7, =X
DMEEBICEIT A Native T1 fEIE, SBERE (FJ9E
1304 ms, #iPH 1195~1326 ms) & HEELRINHZRE (F
Sl 1269 ms, #ilH 1259~1306 ms) |JITAE A%
7ot (p=0.33). EELEED ECV I, 5
HDOEFE L2 TOHERRE T LA L, ok
EIFEETET 34.8% (i 27.6%~43.8%), HEE
PRIKIFEHET 37.4% (HiPH 36.1%~39.8%) ThH D,
WA EELRD R -T2 (p=0.54, B 1).

501 p=0.54

45 1

B
o
(]

ECV {%4)

w
(9]

25 T ,
Patients Putative carriers

(n=6) (n=5)

X 1. BERE EHEERINE T CBT 2 a5
Sy (ECV) Ok, KW SR 30.4%%
R, =T — =3 R R A R



Lo MRI CAESEBRHROMT (49.6%) & ECV
5 (36.1%) 2SHA SN o - HEEIRKE 1 4
\Z, Ty IFT o AR b BB
ZBA L7,

4. BE
ALY, OVF AVE IR 2 S L 7=
ECV O FRIIHY A a7 s —DHEB IO
ERKEF O FICHLND Z ERP LN
7o IHIT, EBEEER MRI CREHIRGE N2 <
EH ECV R ERLTWAERI S H Y, ECV I3iE
FEEE, MRI X0 X0 IEREIC O L 4 Fome
L7 CTH D ATREMEN B D . A 14 IIER] & A
THEE LIRS M L, BCV LR &A=
BXHHRDOEARC T & ORIHEIZ W TH & C
LTV TETHD.

HIEE
Z OWFFEI ISPS BHibEr GRETE = 19K17189),
ISR NP, AR B AR
FOBFFELRERD, 5 K OVALS I 5 A S = 22405
A OB 25T T L= b D TH 5.
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Assessment of the GABA system in patients with treatment-resistant schizophrenia
with transcranial magnetic stimulation

EEER *, EREAR, AN *, FEREE *
Atsuhiro Miyazawa*, Nobuhisa Kanahara**, Yusuke Nakata*, Masaomi [yo*

* T HER AR R A FE SRS R E 52, T260-8670 T-HER T fh g X % & 1-8-1
sk THE RSP SR B IS o # —, T260-8670 T-HEE T-HEMF i e X % & 1-8-1

Abstract

The present study evaluated central nervous system GABA function in schizophrenia patients

(SCH group) and normal healthy subjects (HC group). Our main findings showed that the

cortical silent period (CSP), measured with transcranial magnetic stimulation was significantly

longer in patients with treatment-resistant schizophrenia (TRS) compared to the HC group. This

CSP prolongation was attributed to the values of CSP of TRS patients under treatment with

clozapine. The SCH and TRS groups both showed significantly poorer cognitive functions than

the HC group, but there was no significant correlation between any cognitive domain and CSP

in either the SCH group or the HC group. Although only one part of our study showed a

significant result, our findings overall support the GABA hypothesis in schizophrenia.

Keywords: clozapine, cortical silent period, gamma-aminobutyric acid, schizophrenia,

transcranial magnetic stimulation

1. B®Y

B G RFE AL 0 D AT F N IR 3
LREH R FEHRIFRMERE TH D, £ DRERITL]
- A0 7R & DRGEER, B AR Lot s &
FEY 7o K OFRMEIE, & BITITER RS e &
LRI MIER & 2T 2. PUFMIR IR — a1
PRI R I3 273, A OK) 3 FIOFITHUE
FRIRFEN TR L 2B RIEHIME L R L, Th bl
ISR SR ARE T o el Nl
schizophrenia: TRS) Z WX 5. BIfED & Z A
clozapine (CLZ) 23ME— TRS B (2 A ZNMED S S

( Treatment-resistant

16

N-HUSHRITH 503, Z 0 CLZ TE RN
Z LWEBEHE R BF DR T D, 2B HEEIREL
HAOREMERER & FRAREAE R E XU R IRIC K 5
SENZ L, B L3 A A8 .

A JFE DR RNTBAE £ CRAICITMEH S
TELT, ZIWETIZ RN ARG, 7 V4 X g
B, y-7 2/ BEEE (GABA) a7 ERB S
TETWND. D GABA [THIXMHERIZIIT 2 T H
RPN ERREE CH Y, T OFFRRIT, KX
BB - RS - kIR - UK - /N - R AR L
(ZHNRITETERRR & U C, £ 7BV LRI A i



SEEHRE & U CIEE LT D, ITAESEL AR 4T
(2B T GABA G hkli#5£ T2 GAD 1 (glutamic
acid decarboxylasel & %\ & GAD67) 23EEIZH
WTHERE IAHE S/, > GABA ¥ A7 A
WL RN V% - IV H S UERR E B AR
REZA L TEBY, MERFEDHIEIZI U THRD
THERBEZH MR LEZL LN TND. &
FOHX GABA FHEEHERE 2 f 8 (3T - E T2
FHEEFBEE CRARHSNTE LT, RV AT 4D
L L ERRAEIR & OBBEIT 3B B E o T
[AYA4AN

BB HNHIREfH (Cortical silent period: CSP) [ #5858
HWE UYL (Transcranial magnetic stimulation:
TMS) % FV N EB) B~ D RSN L > T
RONDIED—2TH%. 20D CSP IXZNET
DWFFEOLEFEI & - THHE GABA #if R DHRE
BT D LEEZ LN TWD. W) ITETIIFRFIC
GABAg Z R EN LTy 7 V& K LT %
Lans.?

AW TUE, B IFRIEDRE~D GABA #if%
ROBEEBA LN E T H7-80, FHZ TRS BHEICE
H L, TRS % - FE TRS B3 - f@5 4 D 3 BETxt
LT, TMS I2X% CSP MIiE, FRAbsREmA, £7-
GADI AR T2 & i~ Tz

2. Gk

AWFZE T T HERFRFBEE TR O ffi LA A 2

B EmfmlEEZ B KRR T, R

(7B %7 o 7 b, XEITTSRMORER

HBEITo 7.

2.1. Wl

A JAE AR (SCH) 1L TR 7 b IR be

TIRFEHR O F % x4 & L 7= . Diagnostic and

Statistical Manual of Mental Disorders, % 5 hK
(DSM-5) (T L 0 2o 72 SIVT-He A RIE & OY

A KRG RS 2 12 & 75 # TH . TRS

D7zWriX CPMS (Clozaril Patient Monitoring Service)

DOEAEL L, D &b 2 FEOHUFHEEEZ

chlorpromazine %% C 600mg/ H LA 12 X % #4pi
HEICKE LT, B 0 et B 2 R &3, [HOl
1 %0 Global Assessment of Functioning (GAF) 73
41 REBZ 720 % TRS (FOSHEARR) LEFRL
2. 1272 L CLZ (T & 2 FMiRE T OB 1B L
T, BIED GAF 1T 41 sl ETH, CLZ HARNC
TRS DOIAEZ T3 HE 1L, AWFFETIE TRS HEIC
FHIRAATZ.

i (HO) IR B DB E D NWE TH 5.

Z DA OFLARFERE & U, Wi FE L 20

—65 % ([FEIGE) THHrZ Ll L TWD E
TRBRANIEIE S, IEHRTP0Z DRV D & 53, IKIIE
[R5 s TAD AR EDTIRMRIEER D H HF, WE
BEREEAIFL TV HHE L LT 5.
2.2. WIEHEH
CSP %, TMS [Magstim Rapid 2: the Magstim
company Ltd] 12 J ) #ERF /2 BB T | Z A DIER
P % G- 2 TRIE LTz, A5 —T5 A1 5 2 ARy
& UTo. g 2 )RR & L, dEEREFE BN
(Mortor evoked potential : MEP) ZJHI7E L, FIGERAL

(FE SGEENEY) 2 RE T 5. & O FRRRAL CHIFH
2 R U, 2§ R B fE (Resting motor threshold:
RMT) ZRGE LTz ARFZETIE, BRI O LR G
T, 50%DMEZET 50pV LL_=D MEP $EIE2N HEBL 95
FIPHIREE 2 RMT & EF L 72 foew N Tl KA IHE D
20% % PR o 7R AE THERUEENEFZ RMT @ 1.2 50
SR D BRI 2 5- 2 5 2 & TCSP ZHIE L
72 1) 5 ERAE L, & D345 %
1:TMS I X % CSP JlIE

MAE

i | B
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EfEE L7z

FOJERERTT 2 MATRICS Consensus Cognitive
Battery (MCCB) & W\ TYT72 > 72,

SCH #1203, B ARAER RE & L T PANSS

(Positive and Negative Syndrome Scale) & GAF (Z

& DR 2147 o 72, & ORI O FEERIZ BY
TOMEH BRI L7z
23. GADl k. —1g H %7 (Single nucleotide
polymorphism: SNP) D& {x1- ] E
GADI 0 2 > SNP 153749034 & 1s769404 % i&
{BFRVHE LTz, 2750 SNP I, GADI EDEIR
FZROH Tl b /IR SN TN D H DT
b 5. BinTRHE
SCIENTIFIC, US] % Fv 7z TagMan 7512 T30 L
7-.

¥ StepOneplus [ThermoFisher

3. fEFR
SCH ¥ 31 4 & HC B 27 4123\ THEHR & P51
IR FAIC~ vy F LR 2o 7o, WRER
CSP [ZITA B AERDIRN-T-. (R 1)
SCH #£% TRS #f & Z L4+ (NonTRS ) (2
T, HC 57T 3 B & 8o i (Analy51s of
variance: ANOVA) (2T L7z, 3 LR CHHD -
PERNCHERH R 22 BTG B i/e o T, EIREE
fiilZI31F %5 SCH #ED TAL 2 FEFIELE: T, TRS I
NonTRS F£L U & PANSS (At « B -

VN

TNeN T
JHREL) ICTHEICEMETH Y, GAF IZTHEIZK
fETH-T-.
# 1: HC # L SCH #f : HxlF# L CSPE
HC (N=27) SCH (N=31) HERHE
IR 37.4[13.0] 46.3[10.2] =2.914, p=0.05
BN ) 11/16 18/13 1=1.732, p=0.188
CSP [msec] 1069 [36.4] 1182 [46.8] =0.998, p=0.323
PANSS #4538 - 67.3[26.8] -
PANSS B R EE - 13.4[6.1] -
PANSS f&t R EE - 18.0[8.7] -
PANSS #A95RE - 35.8[13.5] -
GAF - 492[143] -

18

$52: HC # X NonTRS #£ L TRS £ : EIE#H

& CSPfH
HC NonTRS TRS HERME

(N=27) (N=16) (N=15) Post hoc

R R 37.4[13.0] 49.8[8.7] 42,6[10.7] F=5.936, p=0.05 -

R [B/k 11/16 10/6 8/7 £=1.993,p=0.369 -
CSP [msec] 1069 [36.4] 92.6[30.6] 1455[463]  F-=8.192,p<0.01 TRS>NonTRS,TRS>HC

PANSS M3 - 54.7[14.1] 80.8[30.8] 3.064, p<0.01 -

PANSS R B - 105[3.7] 165[738] 13044, p<0.01 -

PANSS FAPERBE - 154[5.5] 208[10.7] =1.787,p=0.084 -

PANSS #4772 - 28772 4341147 =3.561, p<0.01 -

GAF - 56.5[13.0] 415[11.5] 3379, p<0.01 -

CSP 1ZEJL T, ANOVA THETH Y, Post hoc
FAEIZ T TRS B 1% NonTRS #f-HC BE LV LA E
PRHER % FR8 7=, NonTRS Bf & HC BECIEZEAFR
ot (R 2)

FRANEERE (MCCB) (ZB8 LTI, ffié:‘aﬁ%u%ﬁ%
2 TOHH CHEZZRDT. Post hoc I7E
V=% 7 A% —, #m - R T TRS Eﬂfz)x
HC FEZH L THEITEE T - 7o, ABLHEE, 1
BT, SRETE, SURSE, C TRS BEIE HC %i‘ .
NonTRS FEIZLL L THEIIKMETH > 7. A iE
i TIE, TRS Bl HC #f - NonTRS FHIZHL L THE
(ZAEAE T ¥, NonTRS #EH HC HEICEL LA EIZIK
EChHot-. (F3)

CSP & EEASEIR - FJREREE & OAHEA % FLiz
& 2 A, SCHHE L HC FEZLE AT ISV T PANSS-
GAF-MCCB D RHIEERE K A A > & OIZ CSP
EOFERMEBEIXA N R o7 ZORER
I%, SCH #£% TRS #f& NonTRS REIZ4riS, £
% 3: HC #f  NonTRS #: « TRS #:®D MCCB #5 %

HC NonTRS TRS BeEHE
(N=27) (N=14) (N-12) Post hoc
T—¥vSAE)— 464[63] 415[108] 338[158] F=6268,p<0.01 TRS<HC
20 4 552[8.0] 39.7[105] 318[158] F=23018,p<0.01 TRS<HC/NonTRS
- YR 52.1[738] 476[135] 312[116] F=16.745,p<0.01 TRS<HC/NonTRS
il 46.1[73] 345[55] 312[99] F=20209,p<0.01 TRS<HC/NonTRS
HER 59.8[6.9] 457[113] 200178] F=13.124,p<0.01 TRS<HC/NonTRS
iy - PR 584(84] 520(102] 430[105] F=11221,p<0.01 TRS<HC
s 387[130] 3210117] 310[13.1] F=2.107,p=0.132
e 515(6.0] 36.5[112] 255(16.5] F=27.116,p<0.01 TRS<NonTRS<HC




NENTHRFLTHRECTH - 7. ME— TRS FET
GAF & CSPIXIEDOFHBIN RO bz, (K2A) —F
NonTRS #ETIX GAF & OFHBHIFFRD Hivieio
7-. (] 2B)

X 5|2 TRS B OFC,CLZ I[ZCTIREFOHF
(TRS-CLZ) & Z LIS OHUREARI 3 TIHR H
?F (TRS-NonCLZ) & TH¥A L, 4 HEM Tl &4
5 &, ANOVA CTHE TH o7=.Post hoc ET
TRS-CLZ #£2% HC #f - NonTRS #¥ + TRS-NonCLZ
BEICEE L CTAHE A CSP DAER 238 7. (K 3)

GADI -0 SNP 153749034 15769404 (2B LTI,
BRTH - 7 LA &b, SCH #E L HC B
IZEERDINo T2, (FR 4)

2: TRS # - NonTRS #2317 5 CSP & GAF
THER
Ay TRSE

2IKERI e

[ .' .

A5 P e
-
-

o] e -
»
P
10K
L 1 ut} k) L] ) (51 R iz
. . - Ak
1B) Non TRSE¥
Rl Nl
el 1
L)
i
s ALl
= -
5o r L4
il im a -

[{ks)
] I ] x Lo Ll Al i ol
GAY

3: HC #f - NonTRS £ » TRS-NonCLZ Ef -
TRS-CLZ #£® CSP f&

= =
_I

TR Hon (LD TRS CLZ

% 4: GAD1 _E SNP 0457

group ®iETR vaZid
GG GA AA G A
SCH 12 6 3 30 12
B34 N2ty (570%)  (285%)  (142%)  2=564,  (565%)  (413%) =173,
HC 5 13 2 p=0.06 23 17 p=0.19
(N=20)  (250%)  (650%)  (10.0%) @33%)  (58.6%)
cc cr T c T
SCH 4 10 10 18 30
RO NSy (l6sw)  (@16%)  @1e%)  @=l42 (BTS%)  (625%) =138,
HC 5 10 5 =049 20 20 p=024
(N=20)  (250%)  (500%) _ (25.0%) (500%) _ (50.0%)
4. E%

A[alFk 4 1%, TRS FB#H Tld GABA #ifRREEN X
0 BRNATHEME 2 MRET 5 729, TMS & F U 72 B
LA K D CSP O JIE, 78 %0 # fE FE o J
iE, GABA ¥ 7 F/WCEHER &R 2 9 GABA Ghk
E%23% (GADI1) O SNP Dbt & 3k L=, = Dff
2, TRS #£Tl% NonTRS Ff - EEHEIZHL LT CSP @
ER AR T=. 72 TRS BEHIE MCCB IZ L 52T
A1 R A A 2T NonTRS BEIZH L Coly GREERER
FRFED B AT, CSP ITREFFEIRCFRENEERE & DH]
TR ZZRD 72035 7278, TRS BETIIME— GAF & D
I CIEDFHRE A FROD 7.

TRS #£D CSP #EE(THFIC CLZ ([C CTIRFEH D BE
TEHRTH T, THTEATHIIE L B E LRV
BT o727 TRS BETIE CSP & DEEAIEIR T
R ERE A RN D RETh 5 GAF & IEDOHH
BZ @R 7-. CLZ TIRW T O % (TRS-CLZ) I% GAF
NEAETH D Z L5, TRS BEIZIIT S CSP & GAF
DO EFBIE,CLZ IBEOHEOFERENRKE L LT
WD ZEDHEE ST Z OFEFIL,CSP 28 CLZ 72 &
—IROPUREHFED SOGHEE 7R LT 5 ATHEME 2R
W24~ 2% L [FIREIC,CLZ 7Y GABAR A E I LT-1EM
BF2H L TWDAMEEEZRIZE L TS d Lz
AN

FAEREIZBI L TIL, 2 < WIAH T TRS BECOR
REAR T % 58 0 7o 0t & S FHE O 58 N i BE I8 5 12
GABA #fROFEENBIE LTS Z EAHEE S
TWH,CSP & OFBIIF AL 720 o 7. Z OFE R
I%,CSP 23R8 5-9°% GABA %% & FRAWEREIZ BT
% GABA MRS PRI e D%y RU—2 T
HDHZEEEMRL TV DA E LR,
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GADI 250D SNP (153749034 & 1rs769404) |
LTk, 7oA ADjzsbh, SCH BEART
HC B & OB IED - MERITAEEL RHTICE
B 7eh o 7273, 13749034 X SCHEE TG 7 LV
IR 7R ST S b7 5 RBURL 2 ¥ > 7 TREHT
DLETHD.

AL, CLZ 12 & BIRHRIC L o T CSP SER & 3K A]
REMEAN R S TR SN DGR & 70 0 ,CLZ 12 X D HRIR
TEIRDOYUGE & GABA MR OFEREAA L & ] 557>
BIfRZ A LTV D ATREMED B 2 B ALTZ B IR AL
HHOT CSP DAL L DB G F M LIz o 1oy &
12 TN A KNI 72 Gl EHEE DIRG D LEET
H5D.
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rTMS to the treatment of intractable balance
disorder
REEHEIT*
Fumiyuki Goto*
*FEEER PR E T H S IEER
T160—858 2 HAHHEXFRT3 5

The application of cerebellar

*Department of otolaryngology, Keio university
35 Shinanomachi shinjuku, Tokyo 160-8520 Japan

Abstract

There is so far no treatment for the failure of vestibular compensation. We see
1000 intractable dizzy patients each year in our institue. 1% of these patients are not
responded to any of the treatments. These patients suffer the symptoms and new
treatment is mandatory to improve the quality of life. The hyper activity in the
cerebellum on intact side is pathophysiology of the failure of vestibular compensation.
We now propose to develop new treatment to suppress cerebellum by rTMS(repetitive
Transcranial Magnetic Stimulation) to alleviate the symptoms.

Keywords: vestibular, 'TMS

1. [ZT®IZ

Fxld, BT & VR S D AERK 1000 A
A FVIRZBE 2R L, bRx RIRIR AT
ST &, 2055, WURIBEIEN 72 RRER
HEMEARRIZ L 2D FEWTH 1%FE LI, A%
IBITIIFTHIBIRE DR N E E N T\ D, HEF
Ze O WA TRE AR Ik C DR EH HE R SR O
TX A= TH Y | FRIHZEKAITIC X0 FH
IRREZ LRITRE T2 2 L 2HRE L,
2. BE

% BH 25 1 1% 5 I P 1% (Transcranial magnetic
stimulation:tTMS)I X, 8AZE BICERE L 72 = A
POV R i L OGS 2 38 A S8, AR
\CHEEBEMARESEDLFETH D, MNITAET
TEBEBRR O/ UV AT X T, T A JLE T O
A FEKT D, 1980 FARUTBIFE SHLT- M0,

N T ORERMFEAFRFRY bR, AR
2 L D RS RERH DA D BRI TE L LT
HWonTEl, TO%ROEIROBRIZE > T,
1 #1235 50 [8] (1-50Hz) DAEE TORRFE LA
9% Flk(repetitive TMS:TMS)3BHFE ST D
1T, BWERE T L TO YT 7 AR BRI
(Long term potentiation / depression ; LTP / LTD) & [r]
ERIZ. TMS & THIZ b RS D FRMRER A~ DR
BE LM T ZENAREE R, U T—
a VIR COISHRTTH LTS,
ATESBERE A RIS D 1R IEII ML L T
W, ARREIE, A IFTESREOIR T2 5 0 |
A AR TRUYE S 4L 5 R E RIEBE D /LA A
BB SN TELTOEWIERZ BRI
FRADIEBICTIH D, EDIRRED TR ZHEAIFTIE S
JROBILE Th D, —MAVRIaRES LTE, 7
S/ B D IMPFEGTD E VIO RL B RF )R

21



U e (REERRSC | RIERBER ST O RAERITKIC
KB/ FHARAE 2T 2 RN & 5, L
L. Fx DI E TORBRTIT, /K 1000 A
DOEVHIZIEED O B, FEWIRKE, RiEY ~E
U ZAT 7212 b 030 b T RIEFSRERE R 2T
L 2O FVEIREFF 2 DIEFNIIH 1%FET D,
INHOBFITEHIFIEOETNEHE L 20D
D DEENRFPFE T RFICBHEI D EVEK T, AH
AIRICRE R BE 52 %, LM LINETAR
AT LI Bl 72 1R A 22 0 o T2 T O B
TREEDOBRRNALE I N, RS B R
[ZIRHEDIRA T o 2 /MKt RE & BHECTE 5
FEPOEWVRRIZEAINL TV RN ST b
Thb,

L L., YRR 2A LTV DRk oA L%
FH U 72 #838 BH 25 TR 0 RE ML (deep  transcranial
magnetic stimulation, deep TMS)(IX] 1)IZFEZEEH)IZ
Mz H T2 Z ENFTRETH VD | RS T
T/IMMDRIE D SR E TOMEEER Z(LEE D,
T H . 10Hz OESEERITIE, FIEERAL DK
FEREZHETR L, 1Hz OSAE RIS SRR DM
FEREZ NI 2 Z £ 3BTV 5, TMS A3tk
BRI AT 2B L QIR B2 oM E M
b5, HEIFIEE TH DRI IX, TMS 2319 D
HWEREALTNDHZ Ex@RE LTS, Fiz,
Kakuda & 1)i% TMS 723Mis2e -4 O BB RE D U
A CTH T EHE LTV D, AFZETIL, K
FEME CORIABMSANILO = F A/3— h T
& 5 IL[EFZEE DA 2) & | deep TMS & T
INERRES 5 Z L2k, A TIHREFERDR
Mo BEDDEVER ZUETE DR L.
BrEla LR L B89,
3.HEY

TREAZSRE S ORINERT & LT SR, REED
PLOEIERRE SN TWD, ZIubiE, 1 FEAE
DYE . FROK T & & HIcdeET 5, 2007 4L
Wl e S 7= RCT X DEIWERESRE I, B8
S, FREETAL ORI, IR EE2ED, 10%~
20%DBARE & SNTWD, FEEE, ZNbDedHl
e SMBHIEE 72D Z EI3ENTH D, &5
(AR 29— 27 L aA L TlE, fERDOEES
FAH DA VLR L, KV ERE ST

WFHETH O . ST OFHIGEZ BN TE 2720,
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AL O ARPRIESCTE A DBEFE 1 XKL 72 B &5
2 HD, FTo. 2007 FLIFERIZE 7 RCT
2K[E FDA @ MDR  (medical device reporting) (Z
KDL, TWONAFIENEE Z HAEFEIT, FREAZEN
KA 1R (1 B) H720 . 0.003%A05, BE 1
ANdH7=v (1 ANFEH30 =] EIC S H., 6 1) 0.1%
K Th 5, AERERSEBF I TOI D IREE
FBIZBA L ClE, EBI2, ITWRAZERAL S
BEIHE AL bivd EE 2 bhvd,

ZAVE TOFME/NNENEIE A2 %5 & U7z B
WFSE7R £ G| 7 NIER L2 %35 rTMS D
BHIMEITREA STV D, L L, /MBI IR
MR 2 T B3 & Bp > T, B il
B L TV 2D OB T X 7o 7 EiE
EH Y | MR W T OESREAR O VB
N5,

4. ik

WD X ORERSG%, LEIZS T T,
MERRAS, BB L oo DB, 72 ED AR
AR 21T 5, WEHHERE L D FVEROFHE D7
D, OFETEIRAGRRRT). O E e
., QHELENEG, @ vV v 77 A MCaT), ®
IBBFIRERIEB) MR A (ETT), ©OFLEB)MEIRIR MR A
(OKP), (DDizziness Handicap Inventory (DHI, & &
UWNOEESEFE % 1 2 R (O~@IB9a1~6 +
A%)EAT 9,

S MR BE R - KX A 2L A WET B 7= DR
JERI, JRE% 6 » H © K T functional
MRI(fMRI,High-density 4 (HDEEG) 21T 9 . i
(2 & o THRERIRE & 2 FHI %, IMRI OfRiE,
HDEEG Rtk 3l ORI 7E D B
TIT O T=OBRAEHEIC S LTl 2~ TR Z
729, FT-VEHRERAE O L AFSE B B9 TR
ZETHLE S > TIT 9,

FEFRIRRE DRI 728D, 9D AR FRIDOR
FEOERIRE, 2 SPER Al (SDS), IRAEFF
PERLIRA(STAD. 8540 5 SRR EE(QIDS-),
BRI G EE(CG) & 3 2 (JRJ%ERT. 5 A H
OIBFEL, 2 W%, 1, A%, 37 Atk 6 # A
%)o
5. TBIRDERR

AAIFSE Cff 3 2 RRSH R SR 2 (& (MagPro
R30 Therapy System, Magventure, Inc, Denmark) (]



D 13, ERNTIEmAE#GE L LTI Tig@rsn
TWLHDTHY, and L ToREeMIHR s
TN D, FRERZRERIII IR = o L & it
SHTTH, 1BRIT 6 BRDOABRIZTIT o7, &
2RISR TE 15D T2 012, FIRROD /T A —H—
T BEEE 21T 9, FESHE (Hz), HIoR AL
(intensity) . | 3% FF [ (train  duration), I 4 [B] £%
(frequency)D /N7 A —H —3A[ER[RETH D, =
A X, Cool-125 ([Rlft) ZAEH, HIIE, M
/MK, 1Hz, 1 B 1543 (900 pulses) . 120%MT,
5 H,

6. JEFI D%

3 BIORERABNR Uiz, BB E i
DOEEH 212U LT, F7-HRERZ B R
@ DHI & %% STAI Tafili L7245 24X 3 1R
L7z,

7. B

Yhisx TIX AR THHEBOERMED U (i
HHEHEZITO B3 5 AU EIZHTZ 0 FVERD
WEERBDRVER) DOEREREZED . ERK
1000 AR3Z2ZT 5, A ITFNHOBEZICHT S
LG 1% & LT Dizziness handicap inventory
ZHRER L BRI CC & 12 3), £-150E
& LT, fEko—BEEminIcinx, Ao &
T UNEY T —ala2{ToTCE44), Z
D L 9 IRIRIEIRIEFIC B b b EERIED F
WEE D D B —t v FRUEERD o
7oo TIUD OBFIITHHIAFRIEOBF N MAE L
ExTWe, —JF, LFEFEE Th 5 BIA DI,
TREEZERE KNG (TMS) 2\ B R Rl e
W CERARIGH L, NREOZ 2 E2 md L fikiz,
PLOOMEEALTCNDZEZ2HE LTV D,
BOFTET 2 BEERARFETILS) TMS 2 HED
DIBSRICAFRTHIO T L, TMS (2 & 5 1A%
Bb D, ETEOIRENIFR%Z IMRI 2 HV 724
FEREEIE TR 21T > C& 72, ZHHD ) Uy
DFEMEID TMS ZEHEMED O OIRFITISHT
HZEERRELL, EHIT IMRLIMKIZE > TE
DN RE FBINGEAT 2 Z L b AEETH D &
E 2T

HWAMZ BN T HENERERASBE I LT
NWETHIEY B Y T — 3 >, R H.L
ERRo THTONTE TN, ZOMEITITIRA R H
STz, FTEOFWEFITKHT 2R IEZE R XK

(TMS) # W i=is i3 i e, PRI
BE 5 Z AV E TOHE TITERE/ MR PERE D
/NIHSRECEZ TMS WEZN CTh 7= vy o His
MNHDHDIHTHD, (A IMMOFSEERRE ) e &
EZHLNTWD, HIEREARICR LT TMS 23
B THHAREENH D, SEIOR FIGH% 4
ORI COERLEEN G- EHEZELTED
FEDHENTND/NT A= —HIERD 6N
Z DD rTMS DI OFHGE & W 5 H O
D d> D ATREMED B D A %8| St S MFTBMLE T
5,

8. &0
AMFFEDFERSNTHHERH 0 | RO F
(XD HRREEE LT TMS REICTHDH Z
& BRI AREMER S B,
F£ 72 fMRI (functional MRI) ,HDDEEG (i) &
Vo T REREEHE R 2 IV L BERERIRE & TR
JERIE DEAL A ek LAl 5, EORER, K8l
N EDHNEZRE T 25 2 & A TE 5 alRetk
NdH D,

B33
Z DWFFENE AL MR N SAE HER 20T e Bl
SATTER 25 [BWFFEBNRRIC & » T T,

BE R
1) Kakuda W, Abo M, Kobayashi K, Int J Rehabil Res
2010;33:339-45.
2) Kito S, Hasegawa T, Koga Y: Psychiatry Clin
Neurosci 2011;65:175-82.
3) Goto F, Tsutsumi T, Ogawa K: . Acta Otolaryngol
2011;131:817-25.
4) Bk R, IR kAT, R BE DEEY
2012;52:221-228.
5).Minami SB, Shinden S, Okamoto Y, Auris Nasus
Larynx 2011;38:301-6.
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Visualization of pituitary axis and hormonal function using diffusion tensor image
in patients with pituitary disease
EIIRE, KTHE

Yasuo Sasagawa and Masashi Kinoshita

SRR s EE, T 920-8641

)R AR T ERT 13-1

Department of Neurosurgery, Graduate School of Medical Science, Kanazawa University
13-1 Takara-machi, Kanazawa, 920-8641, Japan

Abstract
Magnetic resonance image (MRI) is a mandatory medical tool in patients

with brain disease. Diffusion tensor image, can visualize neuronal tract, are useful

for neurosurgical plan. Our study is to visualize pituitary axis using diffusion

tersor image in patients with pituitary disease. And we conduct that the

correlation between the visualized pituitary axis and hormonal function in the

patients. We enrolled 10 pituitary tumor patients. Diffusion tersor image could

visualize pituitary stalk fiber in some cases. However, the images were invisible

in case of patients which had a large tumor. Diffusion tersor image may have a

potential to visualize pituitary axis and could value hormonal function.

Keywords: pituitary axis, hormonal function, diffusion tensor image

1. IXT®IZ

MRI AR F U TR B DR
RFMTEHE D2 DUHADHRETD 5, ITHFITRE~
72 MRI BAEDOTFENFEL TND, RN THIL
W7 o WSS diffusion tensor image |
B L7 A A c & 2 (K1), FlRT
ICKRIIZEATT DB 2 2 &
T, FTPIEBRAE ARG T2 U X 7 2t
T2 R HRROFAMBTH 5,
I T EERIC ST 2 FI 3R OBRIAFIN M 6 |
FETIRED BN T EER] _ﬂ]%f%)ﬁ%?f/ﬁ“@ﬁ
9ROy BEOEHBEBINZ, Ll
7RG, N BRI AR A LZBRIT, K
B FEEARIT D773 DRI @ O MRI AR

BT TE 220, IR B ARSI EDE
I, REHAREEE 725, DR TETHIC
LM T HARDIEEGD Y 27 B 7%, H/VE
VATIOYR T & DI AR S furuE, Fil
&ﬁ?w%/®“MﬁT#$L IR KR % 705
RAES . AN TIRNECEIREE b At L
Ty E%@ ¢®)X7ﬂﬁ¢o_ﬂ%mﬁ¢
5 T2 DI FPITRTIC RN & BN FEIKIZ D723 5
MRERRHED EFT R RIE CEIUTHEED Y 27 %
[ C& D,

W

2. HHY
AW T T AR F I I D\T
1. YEET Y VRS SR % TN T BRI H e
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Detection of sentinel lymph node using pulsed magnetic field
IIA B, EHEBHE

Isao Yamamoto and Mikihide Hirota

BRI N R FR e T 5ele,

T240-8501 fhZs )| IRREIER IR 1 B X EEE 79-5

Department of Physics, Graduate School of Engineering Science, Yokohama National University
79-5 Tokiwadai, Hodogaya-ku, Yokohama 240-8501 Japan

Abstract
The detection of magnetic nanoparticles has established a new method from sentinel

lymph node biopsy to breast cancer metastasis. A pulsed magnetic field was applied to detect

small signals from magnetic particles. We designed three types of detection circuits and

evaluated the performance. Maxwell bridge circuit with RC low pass filter reduced white

noise to less than 1/10. The 300 turn coil showed the best performance with a detection depth

of 16 mm in the case of 300 V discharge.

Keywords: sentinel lymph nodes, pulsed magnetic field, Resovist, search coils

1. HWY

) WD B ORTEOREICIL, ErTFRLY o
2E (ELS AR Y o D RAINCTRAT 5 )
VR DERPENTH D, BT Y X
B DAL E R E N VTR R AR & & ekt 4 H
W TEN TR TH o 72708, R OWhRss
MEEE 72> T D, REEFIEE LTSN T
LR T 0 —T W HENER S TWA.
TGRS AVBEMHEIZIEA L, U U i
NEFIHA L TEF R U 3E i LiAd, K
SED B RESIRLF- D LE Z FFET H 2 & TR
F Y EIONEEFFET D &V D FIET
HD. FATIGETII R A Y LKA & R—t
=% AW, BT T —7 05 10mm OfLEE
TORERI 2R LTz & O®E D 23557,
BMI 23V EE IZIIBEE DR, 7L ARG L
IR & R A R AE S D Z LN TE D720,
X EGTORmEL, BMI BNEWEEICH L TH
EAEEEDEMPIFFTE 5. AW TIT VLA
B % O CRESCRL - o i L 7= [B1E o2
B, S&MOBREEZITY, BEAMRL - 0m i
DOFREME A IBR LTz,

2. ik

RLC EAEIFEIZ X /N DSV Rk 58 A 45
& (RRFEEL 1kV, EE=R/LX—5K]) %#H
LY, KR LT Y ERA M (VA
JV2) 94.1mg &R U B —Rxr— FEEIERSS (N
£E3.5mm) (ZEALTEEH L. X1 o= A
SV 2 FEEOS 7 v — 7 2% L TR
Rirom bzl £9. F T A=
il —)L % (Lake Shore #:8 HGT-2010) % 2 >
MAEDLET, "A—NVELEE v LI TH
HEEE & Lz, W2, —FaA T LUFD L
IR L. A /VE 4.5 mm, 50 Hx, NEE 8
mm D 2 DD UHFED Y —F a4 L% 2 D X

FhEE 3 A I HY—Faf N
O BlLE
[T Pl 5.7
22.7

34

1 : 9.6
[ 26
¢13o[

1 = A & —F A LORE

27



a
il LH/\@
AN
\'%
[EIF A Ml B
R3 Ry Rs
/vavw—/ww—wwm—
b 4R, —l
== == = (V)
i ; G |G |G
Ly i“N Ry ‘

[]i# C
X 2) HinlEs

INZIEFH A Z T LT % v L EIEE A,
Maxwell 7'V v V&2 SEZIZ/ERL L 7- A B, A1
BIZ3 Bt RC B— SR T 4 L H ZBNLTc[FE C
ZAER UM MERE AT L7, S BIT, fMER
C ZHW, AR - %2 —F a4 Linbm ST
BRI E B 2 M T & D HREEO R &2 KT 0%k
SHE AL S CHIE LR L 7.

3. R

F 5 OY—F aA AT RL T3 86 5
L&, EBRI -k S LN, b
HERENEZ )DL )Y LT-b D% B
¥ RV & BEEIRLT B 0 DD BT
ZERHIEEAB L EFR LT, BRI -035 D
(FH ORI R E S &R LT-.

B*=det. (1)

RTA b ) A RRANA M) A RERIER
FENBERET 5720, BT =—7 Ly Mgl &
~ =R A v h=—0 U KE %= AV TR L 7=.

MHERE A, B, BXONCIZBIT5 /A4 XM
HFEEE AB 252 1 (400 V FEIER), —F A
INOBEET L ORKREHREZR 2 300V F
JERE) I2F LT, m—v o —E2 VA
PRI OB TIE 2mm £ TR SNZITEE A2
STM, —F A & VT TIE 16 mm B
AT BER R 12 it L7z

28

#1 mHREEOMEE

)i ) A X,/ mV fritfEts, AB*

A +5 11.6
B *0.3 19.3
C *0.1 19.2

£2 P—FaAfNOEBEKIT L OBHER
BEH n /turn FREHBR S EEHEE, A /mm

200 11
300 16
400 14
500 9
1000 1

4, B

AL THW 2R — VR FILESE A TH -
Pt oY R = 3 NG GO AN b L | Al SR
B IEBRE MR R & Th o 7z,
F1O®wmY, BHEHEBEZRHAT L LIcLD,
JA R%&EEA D110 KR L, M= AB
1% 66 %[ EL7=. A% C TIXAB % Fifd, 7«
NEBERRIZEY ) A XTI LT, HERIC
FIET DAL I A XH K& KL=
[E]#& C D —F 2 A LDOHTIE 300 LD B IR
HIFRAREBEAN R X v o Tz, A LB X H A0
TEAH TR UANRKREL 2D -0OFEERE
FIBEIN URRHTEREDS B3 D23, A LDFME &
BARIPT D R&E L R 272 0OBMUE B2 212 <
<725, XoTHAE8MmM, =1 /LE45mm OV
—F 34 LTI 300 B)E Ch -7, 300 V i
WEILER (1kV) D3E[TH-T=Z L0, &
K 50 mm FREDOEERY o F 1L ) o E R
DHIFFCE 5 Z EDAMETH LN 5T,

HEE
) ABFGE IR R PR 2R L (30213) @
Rk 22T 7o, F IR E N R PR e il &
v Z—DOESREER Uiz, AGRSCE 2019 4 11 A
11 BEME TS [ 14 B B ARSR
SR THRE LD THS.

BE3ER
1) M.Kanekoetal. : AIP Advances 7 (2017) 056713.
2) A.Kuwahata et al.: AIP Advances 7 (2017) 056720.
3) M. Sekinoetal. : Scientific Reports 8 (2018) 1195.
4) Wik« EAREL 37 (2002) 537.



RARMES—A2 /3 —X FRIE &

12 MBI RA D BRI TR

HEER  EEFREM AR
Differential effects of 20 and 10 Hz-tACS on MEPs with intermittent Theta Burst
Stimulation
FEFAx, EABH, RIDVE=

Hisato Nakazono*, Katsuya Ogata** and Shozo Tobimatsu*

UM KRR FPE A IERE BaR it AR B,
ok [ ] PR P AR A RS & [ 5, T 891-8501

T 812-8582 i [iff] W o] T BRUIX S HH 3-1-1
] U R 1 AR EE 137-1

*Department of Clinical Neurophysiology, School of Medical Sciences,Kyushu University
3-1-1 Maidashi, Higashi-ku, Fukuoka 812-8582 Japan
** School of Pharmaceutical Sciences at Fukuoka, International University of Health and Welfare
137-1 Enokizu, Okawa, Fukuoka 891-8501 Japan

Abstract
Intermittent Theta Burst Stimulation (iTBS) is a patterned stimulation using

transcranial magnetic stimulation (TMS). iTBS is utilized to modulate cortical

excitability and has a feature of short duration about a few minutes to induce plasticity

although its effects are largely variable. We introduced transcranial alternating current
stimulation (tACS) synchronized with iTBS to modulate iTBS effects. 20 Hz tACS with
iTBS suppressed iTBS effects irrespective of tACS phase while 10 Hz tACS inhibited
iTBS effects at 90° but not 270°. Therefore, iTBS effects were modulated by tACS in a

frequency and phase dependent manner.

Keywords: intermittent Theta Burst Stimulation (iTBS), transcranial alternating current

stimulation (tACS), transcranial magnetic stimulation (TMS)
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ZRHE A SE72. [RIOSMEIL 90°, 270°2 L, kb

30

SRR DT sham FESRIFCHEHIL 7. L7z
MNoT1L4OPEEREIIH 2 2 3 BEHAIZIT - 7=,
tACS +iTBS O[FHIHIIKATIIC MEP 22 v > a
FHAIL_R—AF A L L7z, tACS + iTBS [AIHA#]
%I T LV 543412 30 43 £ T MEP % 3|
L7z, dHllo Bix2 BLLEBRT C, #ig%ehdns
oI OBUE LT

tACS JE1% 20 Hz, 10 Hz TENZFN 3 54

(90°, 270°, sham) DOFHHIZITH-7-.

2.5. fEHT

MEP IR o A28 itk %) L 7=, tACS + iTBS
FHAHIET 2 &~ > g o OFIRIEEZ _X— 2 5 A
> &L, tACS + iTBS [RHS# OEE 2 EEY L
L7z,

Hatid MEP fRiEZ HAOAS L L, tACS 4:ff
(90°, 270°, sham), FEfH] (RPN 0-30 47)
wEENR, YRE 2 EENR LT HIRADIRE
T V% W= tACS SRIEDH BT S 2B 2

AR Tt 21TV, Holm 5 THiIE L7,

3. R
3.1.20 Hz tACS +iTBS 4t

BRI 13 A ofEFEERAN (B &=8:5, Fiin
20-35 75%) NS U Tz, [FIIHIRAETIZ bl LU, sham
2 (iITBS ) TIL MEP #EIEA R L= (X
1). #&hE ESE30 9% F CRie L7, —77 tACS
+ iTBS [RIIHREEL 21T 90°, 2700550 & HARIERD
ENBRINR o BRADIERETLICLDY
tACS S CHEZEA 7Y, sham 54 & 90°, 270°
OICHEBEEN RSN

0.34
. | — 0"
124 ek ey
¢ N *__. ST N EEEEPIL
w | + - —sham

LogwNEPIR )
= @
-
o
s L
- "
1 e /
v i
P
_ﬁ‘_ﬁ '
it
1
,".a
i
;o
Filr )
\ 1
\
L]
v 1]
o
o

0 5 10 15 20 25 40

el (59)
1. 20 Hz tACS + iTBS #& MEP #RiiE
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720, T LA 20 Hz tACS DREIHFLIZ L v iTBS
DAEEN I T DRGSR L 72 o7, ZOJRKIE
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Elucidation of the generation mechanism of magnetic spikes
with micro three-dimensional structural simulation of hippocampus

RS ERK

Keiya lijima
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National Center Hospital, National Center of neurology and Psychiatry
4-1-1 Ogawa-higashi-cho, Kodaira-shi, Tokyo 187-8551, Japan

Abstract

Epilepsy is a brain condition characterized by the recurrence of unprovoked

seizures. Little is known about the mechanism of the epileptogenity. Hippocampal

sclerosis is the commonest cause of drug-resistant epilepsy in adults, and is associated

with alterations to structures and networks beyond the hippocampus. We attempt to

clarify the mechanism of epileptogenity in hippocampal sclerosis using micro

three-demensional structural simulation of hippocampus.

Keywords: epilepsy, hippocampus
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Preface

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

returning home.

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

collaboration between US National Research and MIT.

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

magnetism, I had been studying at MIT.

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

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

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

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

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

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



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

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

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

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

effort, not by short-sighted research.

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

results.

This report is the summary of research which our foundation supported in the fiscal year 2018.
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






Identification of the molecular mechanism underlying the magnetic field effects on
circadian clock's regulation

Jun Hirayama

Department of Clinical Engineering, Faculty of Health Sciences, Komatsu University1-1

1-14 Mukaihon-ori-machi, Komatsu-city, Ishikawa, 923-0961, Japan.

Abstract
The circadian clock generates behavioral rhythms to maximize an organism’s

physiological efficiency. The circadian clock is established by cell-autonomous

oscillators called cellular clocks, which are present in every cell of a living organism. The

synchronization of cellular clocks in tissues and organs by light is required to orchestrate

the circadian clock at the organismal level. The current study aims to revealing the effect

of magnetic field on synchronization of cellular clocks by the use of zebrafish as

experimental model animal.

Keywords: Circadian clock, Zebrafish, Cellular clock, Light

1. PUPOSE

From bacteria to humans, almost all organisms can
adapt the timing of their physiology to cyclic changes
in their environment because of the naturally selected
intrinsic time-keeping system called the circadian
clock (Ref 1). The exact timing of this clock has been
established using oscillators called cellular clocks,
which are endogenous and cell-autonomous systems
(Ref 2). The synchronization of cellular clocks in
tissues and organs by light is required to orchestrate
the circadian clock at the organismal level (Ref 3).
Previous studies have provided several lines of
evidence that magnetic field would have effect on
synchronization of cellular clocks (Ref 4-6). Aim of
the current study is to reveal the effect of magnetic
field on synchronization of cellular clocks at animal

level.

2. METHOD

In zebrafish development, organogenesis is
completed within 2 d after fertilization when the
temperature is raised to 28 °C (Fig. 1). The larva then
hatches within 5 d after fertilization and starts
swimming behavior at 6 d after fertilization. It has
been reported in zebrafish that cellular clocks are
autonomously set in motion during development
within 2—5 d after fertilization. Phase of cellular clocks
are synchronized to establish functional circadian
clocks at animal levels when treated with
environmental stimuli, such as light. Thus, circadian
rhythms in locomotor activity in zebrafish larva
emerge only if embryos are exposed to environmental
signals, with light being the most important signal. To
evaluate this light-dependent synchronization of
cellular clocks, we tested behavior rhythm of zebrafish
larvae as described below. Fertilized eggs were kept in



a temperature-controlled incubator at 28°C and
maintained under constant darkness before light
treatment. 5 dpf zebrafish were then placed in 48-well
plates, exposed to light only or light and 10mT
magnetic field, and transferred to constant dim light
conditions. Locomotor activities of zebrafish were
tracked by the DanioVision Tracking System (Noldus
Information Technology) and analyzed by the
Ethovision 8.0 software (Noldus Information
Technology). Evaluation of circadian rhythmicity in
the zebrafish’s behavior was conducted by Actogram]
software.

3. RESULTS

My previous study using biochemical analyses
reported the light-inducible cellular clock regulators,
zPER2 and zCRYla, as the synchronizer of cellular
clocks (Ref 7). Light-dependent expression of them in
5 day old zebrafish larvae was confirmed (Fig. 2). The
5 day old zebrafish were treated with light, and were
then tested for behavior rhythm. As the result, the
rhythm formation of
zebrafish larvae was then observe (Fig. 3). The

light-dependent  behavior
behavior rhythm was also established in the zebrafish
treated with both light and magnetic field.

During this research, systems analyzing cellular
clocks have been set up. A part of system was
mentioned in the review papers (Refs 8 & 9).

4. DISCUSSION

In the current stud, 10mT magnetic field did not
have effect on the light-dependent establishment of
behavior rthythm of zebrafish larvae. Previous study in
drosophila reported that 300mT
magnetic field changed period of behavior rhythm
(Ref 5). Based on this finding, the effect of stronger
magnetic field on the light-dependent establishment of

melanogaster

behavior rhythm of zebrafish larvae would be required
to be tested in the future study.

It has been reported that stress factors including
magnetic field induce dysregulation of circadian
clocks. The disruption of circadian clocks can have a
profound effect on animal health, and is linked to a
variety of diseases,

including sleep disorders,

metabolic syndrome, and cancer (Refs 1 & 2). To
understand how magnetic field induces dysregulation
of circadian clocks would contribute to developing
lifestyle intervention strategies to improve human
health.
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In vivo and high-resolution imaging of the electrical properties by using MRI

Takaaki Nara* and Motofumi Fushimi*

*QGraduate School of Information Science and Technology, The University of Tokyo
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656 Japan

Abstract

This paper presents a novel

explicit reconstruction method for magnetic

resonance-based electrical properties tomography (EPT). We propose a method that can

reconstruct three-dimensional EPs without its local homogeneity assumption required for

the conventional methods. We derive a novel equation for the electric field that

incorporates the variation of the magnetic field along the longitudinal axis, with which

the three-dimensional EPs can be computed. A method to remove a spot-like artifact due

to the low amplitude of the electric field is also proposed.

Keywords: magnetic resonance, electrical properties tomography, inverse problem

1. PURPOSE

Electrical properties tomography (EPT)
noninvasively retrieves conductivity and permittivity
distributions of biological tissues from radio-frequency
(RF) magnetic field data obtained with an magnetic
D' Recent studies

suggest that the knowledge of these electrical

resonance (MR) image scanner.

properties (EPs) is useful in oncology. 2 Most of
conventional EPT methods assume local homogeneity
of EPs inside the human body, which causes
significant errors at the boundary between normal and
abnormal tissues where EPs changes discontinuously.
13" In contrast, we proposed a method without local
homogeneity assumption based on complex-analysis.
45) However, it can be applied basically to
two-dimensional (2D) case, and hence it still generates
when EPs

body-longitudinal direction. The aim of this paper is to

a large error changes in the
extend our previous two-dimensional method to the
three-dimensional one that can precisely account for
the effect of magnetic field variations in the
body-longitudinal direction. We also propose a method
to eliminate a spot-like artifact due to a characteristic

of the electric field generated with an MRI scanner.

2. METHOD

Let o and € be the electrical conductivity and
permittivity inside the human body and x = € — ifw
where w is the Larmor frequency. « is the quantity
which should be reconstructed in our inverse problem.
The measurable quantity with an MRI scanner is the
magnetic field inside the body given by
H =(Hy+ iHy){2 | where the z-axis is set along the
longitudinal axis of the body. Denote the electrical
field by E" = (Ex +iEy)/2 _ the time harmonic

Maxwell equation is given by

OE;, = wuH™+ 8K, (1)
A9HY = —wkEL, (2)
d.Ht = auE*, 3

where g is the permeability assumed to be constant in
the body. In our previous method in ref. 4, we
neglected d;H* in equation (3) and hence &;£%in
equation (1), which led to the source of errors in
reconstruction especially when the electromagnetic
fields vary in the z-axis direction. In contrast, in this
research, we took them into consideration and newly
derived a Dbar equation given by



E[Ez exp[T

= [m,uH+ -

s
daH*
JZHY LH*
il az;]exp['r A58+ ’ (4)

where T is an integral operator that satisfies
JTTf1 = f. See ref. 7 for derivation of equation 4.
This new equation includes #,H* and thus is valid

even when 2D approximation does not hold.

To solve equation (4), we proposed the following
iterative algorithm. First, we assume that &k =0
by the
Cauchy-Pompeiu formula. © The explicit form of E

then equation (4) is solved for E;
is given in ref. 7. Substituting it into equation (2), the
EP value, «, can be computed. Then, we insert the
obtained « into equation (4) and resolve it for Ej.
This iterative procedure is conducted until
convergence.

We evaluated the proposed method by numerical
simulations using an FEM simulator, COMSOL
Multiphysics (COMSOL Inc.). Figure 1 shows the two
simulation models (model 1 and 2) that shared the
same shape but had different lengths. The proposed
method was compared with our previous method.

3. RESULTS
Figure 2 shows the reconstruction results of model 1
when 1% of Gaussian noise was added. The previous
lower
method

reconstructed more precisely, as shown clearly in the

method with 2D  approximation yields
estimations ~ whereas the  proposed
right column. Figure 3 shows the reconstructed maps
of model 2 by the propose method without and with a
single iteration when the same noise was added.
4. DISCUSSION
In Figure 2, the proposed method provided us with
better results compared to the previous one because the
variation of the magnetic field along the z-direction
was correctly accounted for. In Figure 3, although the
proposed method without iteration still yields lower
estimations for model 2 due to the assumption that
dzx =0, only a single iteration sufficiently corrected
the results as shown in the right column.

A remained problem of the proposed method is the

spot-like artifacts that appear in the center of both
model 1 and 2. This is generated due to division

Figure 1. Two models used in numerical simulations.
Both models have the same EP distributions in the
transversal directions but model 2 is shorter than
model 1 in the longitudinal direction.
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Figure 2. Results for model 1. The previous method
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resulted in lower estimation due to the 2D
approximation, whereas the proposed method correctly

retrieved permittivity (top) and conductivity (bottom).
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Figure 3. Reconstruction results for model 2. The
proposed method without iteration resulted in lower
estimation due to the assumption that EPs are two
dimensionally distributed (center row), whereas a
single iteration in the proposed method properly
corrected this error (right row).



by E; in equation (2) when computing « , because
E; is known to have low amplitudes when it is
generated using an MRI scanner with a so-called
birdcage coil.® In this research, to eliminate them, we
proposed to use a pad with high permittivity. When it
is attached to the body, the spatial position of the zero
point of E; is shifted. Hence, by measuring twice the
magnetic field with and without the high permittivity
pad and combining those results, we can resolve the
spot-like artifacts problem in low electric-field regions.
Figure 4 shows the simulation results for a
three-cylindrical model. A spot-like artifact appeared at

the center (top-left) was shifted to the right (at around

x=20mm) by putting a high-permittivity pad (top-right).

By combining the results with and without the pad, the
artifacts were removed (bottom).
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Figure 4. Elimination of the spot-like artifacts:
(top-left) the spot-like artifact appeared at around the
center. (top-right) the artifact was shifted to x=20mm
by putting a high-permittivity pad. (bottom) the
spot-like artifacts were eliminated by combining the
two results.

In this research, we extended our previous method to
a general one that enables accurate reconstruction of
the three-dimensional electrical properties inside the
body when the electromagnetic fields vary in the body
axis direction. A method to remove spot-like artifacts
generated due to a characteristic of an MRI scanner
was also proposed.
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A pilot study of the alleviation of tinnitus by magnetogenetics.
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Abstract
Tinnitus is a common disorder that has no effective clinical treatment yet.

Although its mechanism is not well understood, the cochlea impairment often brings

about tinnitus. So, tinnitus is likely to be caused by the reduction of the activity in the

auditory nerves, and may be restrained by activating the auditory nerves artificially. In

this study, we examined the changes in neural activities induced by hearing loss. Further,

to apply a magnetogenetics method, we tried to express the target protein in the auditory

nerves using virus vectors.

Keywords: tinnitus, plasticity, central auditory pathway

1. PURPOSE

Tinnitus is a common disorder that has no effective
clinical treatment yet. Although its mechanism is not
well understood, the cochlea impairment often brings
about tinnitus. So, tinnitus is likely to be caused by
plastic neuronal compensation in the auditory pathway
in the response to the reduction of the activity in the
auditory nerves. Thus, tinnitus may be restrained by
activating the auditory nerves artificially. For the
activation of the auditory nerves, the magnetogenesis',
which utilize a magnetic sensitive protein, Magneto2.0,
is a potentially useful tool. It is possible to activate
auditory nerves with magnetic stimuli by expressing
Magneto2.0 in the auditory nerves. Here, for a pilot
study, we examined the neural activity changes
induced by hearing loss. Also, we tried to introduce a
target protein into the auditory nerves by virus vectors.
2. METHOD

Electrical activities were measured from neurons
in the inferior colliculus (IC), a nexus in the
auditory pathway. To identify the neuronal types
in the IC, we used transgenic mice (VGAT-ChR2
mice), in which the inhibitory neurons expressed
channelrhodopsin-2 ~ (ChR2). The
expressing ChR2, a light-sensitive protein, are

neurons

activated by light stimuli. So, the inhibitory
neurons in the VGAT-ChR2 mice are activated by
light, while the excitatory neurons are suppressed.
Using this animal, we identified excitatory and
mhibitory neurons in the IC by examining the
responses to light during the recordings®. Hearing
loss was induced by exposing the animals to an
octave band noise centered at 16 kHz (115 dB) for
lhr at the age of 1 month. To assess the hearing
loss after the noise exposure (NE), we measured
auditory brainstem response thresholds for each
animal. Further, we tried to introduce a target
protein to auditory nerves by injecting the
adeno-associated virus vector into cochlea. For
this pilot test, we used
AAV1-CaMK2-GCaMP6{~-WPRE-SV40.
3. RESULTS

To assess the effect of NE on hearing, ABR
thresholds were recorded from 11 mice before and
after NE (Fig.1). In the ear exposed to noise, ABR
thresholds showed an increase in all the tested
frequencies after NE (Fig.1, left panel). The threshold
shift was observed one day after NE, and was
maintained for 8 weeks. In contrast, in the opposite ear,
ABR thresholds did not shift after NE (Fig.1 right



panel). These results suggested that NE induced the
unilateral chronic hearing loss in the animals we
used.To examine the effect of NE on the neuronal
activities in the IC, we recorded the spontaneous
firings from 29 inhibitory (NE—inhibitory) and 20
excitatory neurons (NE—excitatory) in the

11), and from 95
inhibitory and 40 excitatory neurons in the control

noise—exposed animals (n =

animals (n = 37). In the IC of the control animals, the
inhibitory neurons had higher spontaneous firing rates
(SRs) than the excitatory neurons (Fig. 2A, B, E).
Noise exposure dramatically altered this balance of
activities: the SRs of NE—excitatory neurons were
much higher than those of NE—inhibitory neurons (Fig.
2C, D, E). Furthermore, we examined the effect of NE
on spike shapes (Fig. 2G, H). The spike half—width
was reduced in NE—inhibitory neurons (Fig. 2G). In
contrast, the ratio of the antipeak amplitude to the peak
amplitude reduced in NE-excitatory neurons (Fig. 2H).
These changes in the spike shape suggested that NE
might induce the plastic changes in the postsynaptic
membrane properties. Unfortunately, the virus injection
to the cochlea was not successful to obtain sufficient
expression of the target protein in the auditory nerves.
4. DISCUSSION

Our results showed that the hearing loss dynamically
induced the change in the balance of the neural
activities between excitatory and inhibitory neuron in
the central auditory pathway. The increase of the
spontaneous activities of the excitatory neurons is
likely to induce the aberrant enhancement of the
activity in the higher auditory centers, which could
lead to tinnitus. These changes in the neuronal
activities in the IC is very likely to be a sensitive
indicator for the degree of the activity disorder by
hearing loss, which will be useful for assessment of the
effect of the medical treatment to tinnitus in the animal
studies.
cochlea was not successful. We will solve the problem

Unfortunately, the virus injection to the

by optimizing the species and promoter of the virus
vector as well as improving the surgery technique.
Further,
non-invasive methods for clinical application. We will

it will be necessary to develop some

10

test if TMS or extra-red laser stimulation is available.
Acknowledgement

This study was supported by Watanabe
foundation. Some results in this study have been
already published (Ma LL, Ono M, Qin L, Kato N,
Acoustic Trauma Induced the Alteration of the
Activity Balance of Excitatory and Inhibitory Neurons
in the Inferior Colliculus of Mice. Hearing Research,
2020, in press).

References
1) Wheeler et al., Nature Neuroscience, 19(5):795-791,
2016.
2) Ono et al., Scientific Reports, 6:20757, 2016.

Befoae NE— Day ! Cay5E-—

HE sade Oppasite aida Cigure | Assi:

e

anent of the bearing

the 1 Jw\—ra.|'\v:||-|IH)||I|
thae ppsite e, NS e PO i1 1 e
chroic numense of the ALK thnsholds

ABR threatplds ([BSPL)

8 13 &2 8 -] a2
Frequency {kHzl
P‘ i iy new
ol INTTA T AN Tereeess | Lot po g s A
1 m ¥ ek b ,
B Excilaiory mausan Sl me
I T
a2 |
C ME-inhibiry n=arcn
| |
| i
D2V |
D MWE-excimony nauron

SpontareniE
firing rate sHD)
B

FRil

ks hal
=
>
Eig
Peakfantipeak
arrpldude mba
in
+
L
3

o 1
SpLkT BALT Wk IlIH“J}.‘"a oF e o |I. <:|| I|| "I'I.;\L -s!'l'll"ltd &1 Uhe paak ienplilidi



In vitro measurement of MSU crystals by an artificial joint model assuming a gout diagnosis

Yuka Takeuchi* and Atom Hamasaki**

*Muroran Institute of Technology,
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Abstract
Monosodium urate (MSU) crystals cause gout in articulation, and can develop even

when the serum urate level is controlled. No satisfactory method has been established.

Therefore, a better, non-invasive method to confirm the presence of MSU crystals is

desired. We aim to detect MSU crystals from outside the body using a magnetic field and

near-infrared light. The purpose of this research is to construct an articulation model and

clarify its optical response to the applied magnetic field.

Keywords: style manual, manuscript, reduction rate

1. PURPOSE

Monosodium urate (MSU) crystals cause gout in
joints — particularly the cooler distal joints — leading
to joint inflammation and severe pain. Drugs such as
uricosuric accelerators restore serum urate to normal
levels and reduce inflammation. However, MSU
crystals often remain in the joint for long periods, and
the inflammation often recurs after 1-2 years"”. For
definite diagnosis, the confirmation of the presence of
crystals is essential”, however, collection of synovial
fluid can be painful for the patient and is often
unsuccessful®. Currently, there is no established
method to detect crystals noninvasively, and therefore
easy and highly accurate non-invasive techniques
require development. We have clarified that MSU
crystals align in the static magnetic field of permanent
magnets and orient in a certain direction. Moreover,
we have reported that the intensity of light that passes
through the suspension of crystals changes depending
on the on/off status of the magnetic field. This
phenomenon suggests that MSU could be -easily
detected by irradiating the joint from outside of the

body with bio-permeable near-infrared light?.

However, there are still many basic findings to be
evaluated for practical use, such as the behavior of
crystals in the body environment and the issues of
optical measurement. In this study, we constructed a
joint model including MSU crystals and performed
experiments on the optical response with the

application of a magnetic field.

2. METHOD

As shown in Fig. 1, the space of the joint was
separated by about 3.5 mm using a commercially
available hand bone model with a heat-shrinkable tube
closely attached to act as skin. MSU crystals were
externally injected at an arbitrary concentration into
the joint space to simulate the disease. MSU crystals
were artificially precipitated from uric acid powder,
and the crystal size was adjusted to about the same as
that seen in actual gout patients by adding serum. In
the experimental system, as shown in the figure, the
joint model was placed in an electromagnet with a gap
of 50 mm, and the time course of the reflected light
intensity was measured using a multi-channel type
spectrophotometer. The light source used was a
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near-infrared laser with a wavelength of 780 nm to
achieve high light intensity and biopermeability light
source used was a near-infrared laser with a
wavelength of 780 nm to achieve high light intensity
and biopermeability.

Spect
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Fig. 1 Experimental system and joint model

3. RESULTS

Fig. 2 shows a time course of reflected light
intensity when a light source is irradiated on the
prepared joint model. The value of the reflected light
intensity was normalized. The intensity of the reflected
light increased sharply when a 0.5 T magnetic field
was applied at about 45 seconds, and the time to reach
saturation was about 5 seconds. Following this, the
light intensity decreased when the magnetic field was
turned off at about 90 seconds, and almost recovered to
the intensity before applying the magnetic field. The
same behavior was confirmed when the magnetic field
was applied again at about 190 seconds. The change
ratio in light intensity was about 2%. We have also
confirmed that the reflected light intensity does not
respond to the magnetic field when a magnetic field is
applied to a joint model that does not contain a crystal
in advance. This indicates that the crystal face was
rotated by the magnetic orientation accompanying the
anisotropy of the diamagnetic susceptibility of the
MSU crystal, and the reflected light intensity changed.
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Fig.2 The time course of reflected light intensity

4. DISCUSSION

In our previous studies, we measured the change in
light intensity by dispersing MSU crystals in an optical
cell (10x10x45 mm’). In this study, we created an
artificial joint model and performed experiments to
simulate disease. As a result, the light intensity
changed following the application of the magnetic
field, and the presence of crystals was confirmed,
suggesting that it is possible to detect crystals from
outside the body using a magnetic field and
near-infrared light in an actual finger joint. At present,
it has been confirmed that the detection sensitivity of
crystals dispersed in an optical cell can be improved by
the synergistic effect of magnetic field orientation and
polarization. By retrofitting this system, the detection
sensitivity may be improved in actual joints.
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Abstract

This study aimed to assess myocardial fibrosis in patients with muscular dystrophy
and female carriers Duchenne or Becker muscular dystrophy. Six patients with muscular
dystrophy and 5 female putative carriers of Duchenne or Becker muscular dystrophy
were prospectively enrolled. Cardiovascular magnetic resonance imaging was performed,
including cine, pre-and postcontrast T1 mapping for assessment of extracellular volume
fraction (ECV), and late gadolinium enhancement. Four patients and 1 putative carrier
had a left ventricular ejection fraction of <55%. Five patients and all putative carriers had
an elevated ECV (>30.4%). ECV did not differ significantly between the patient and
groups 34.8% [27.6%-43.8%] vs. 37.4%
[36.1%—-39.8%]; p=0.54), suggesting that ECV of myocardial T1 mapping has a potential

putative carrier (median [range],

to detect diffuse fibrotic changes in patients and putative carriers of muscular dystrophy.

Keywords: muscular dystrophy, cardiovascular magnetic resonance imaging, late

gadolinium enhancement, T1 mapping, extracellular volume fraction

1. PURPOSE

Muscular dystrophy is characterized by progressive
wasting and weakness of skeletal muscles. Cardiac
complications remain an important determinant of
prognosis in muscular dystrophy.” The most common
form of cardiac involvement in muscular dystrophy is
dilated cardiomyopathy, presenting as an age-related
progressive reduction in left ventricular ejection
fraction (LVEF) accompanied by myocardial fibrosis,
which is detected by late gadolinium enhancement
(LGE) cardiovascular magnetic resonance (CMR)
imaging.? Cardiomyopathy associated with muscular
dystrophy has been also reported in female Duchenne

or Becker muscular dystrophy carriers.*® Although
LGE is well established for detecting myocardial
fibrosis, LGE cannot detect diffuse fibrotic changes in
the myocardium. Previous studies suggested that
native T1 values and extracellular volume fraction
(ECV) mapping using CMR may be more suitable for
detecting diffuse myocardial fibrosis.” This study
aimed to detect diffuse myocardial fibrosis in patients
and putative carriers of muscular dystrophy by
myocardial T1 mapping CMR.

2. METHOD
Six patients with muscular dystrophy and 5 female
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putative carriers of Duchenne or Becker muscular
dystrophy referred for clinically indicated CMR to our
hospital between August 2019 and March 2020 were
prospectively enrolled in this study. The study was
approved by the Institutional Review Board (IRB No.
018-0287). All participants
informed consent. The type of muscular dystrophy

gave their written

was ascertained by a clinical examination, dystrophin
gene analysis, muscle biopsy, or family history of
muscular dystrophy. All participants in the putative
carrier group were mothers of confirmed male
patients with Duchenne or Becker muscular
dystrophy.

CMR was performed using a 3 Tesla whole-body
scanner (Achieva TX; Philips Medical Systems, Best,
the Netherlands), including cine, pre-and postcontrast
T1 mapping for assessment of extracellular volume
fraction, and LGE. Left ventricular short-axis cine
images were obtained using a retrospectively
electrocardiogram-gated, balanced steady-state free
precession pulse sequence as previously described.?
For T1 mapping, basal, midventricular, and apical
short-axis images were obtained using a modified
look-locker inversion recovery sequence. LGE and
postcontrast T1 mapping were obtained 10-15 min
after 0.1 mmol/kg of gadolinium contrast material
administration. CMR images were analyzed using
Ziostation2 (Ziosoft Inc., Tokyo, Japan).? Elevated
ECV in the whole left ventricle was defined as
>30.4%.” Difference between groups was evaluated
using the Mann—Whitney test. A 2-tailed p value of
<0.05 was considered statistically significant. All
statistical analyses were performed using GraphPad

Prism 6 (GraphPad Software, San Diego, CA).

3. RESULTS

All 6 patients were male with a median age of 16.0
(range, 8.6-34.4) years, while the median age of 5
putative carriers was 46.0 (range, 43.0-51.7) years.
The patient group included patients with Duchenne
muscular dystrophy (n=2), Becker muscular dystrophy
(n=3), and myotonic dystrophy (n=1). Four patients

were being treated with angiotensin-converting

14

enzyme inhibitor, and 2 of these 4 patients were also
treated with p-blocker. Four of the patients and 1 of the
putative carriers had a reduced LVEF (<55%). LVEF
did not differ significantly between the patient and
putative carrier groups (median [range], 53.9
[31.8-57.6] vs. 60.3 [49.6-65.3] ms; p=0.13). Four
patients and 2 putative carriers showed visually
detected LGE. The median LGE extent was 6.2%
(range, 5.3%—14.6%) of left ventricular mass in the
patient group. The extents of LGE in 2 putative
carriers with LGE were 2.6% and 19.8% of left
ventricular mass. Native T1 values in the basal left
ventricle did not differ significantly between the
patient and putative carrier groups (median [range],
1304 [1195-1326] vs. 1269 [1259-1306] ms; p=0.33).
Five patients and all putative carriers had an elevated
ECV. ECV did not differ significantly between the
patient and putative carrier groups (median [range],
34.8% [27.6%43.8%] vs. 37.4% [36.1%-39.8%];
p=0.54; Figure 1). One putative carrier with a LVEF
of 49.6% and an elevated ECV (36.1%) was started on
angiotensin-converting enzyme inhibitor and -blocker
after CMR study.

50, p=0.54
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(n=6) (n=5)

Figure 1. Comparison of extracellular volume fraction
(ECV) between patients and putative carriers of
myocardial dystrophy. The horizontal dotted line
indicates an ECV of 30.4. Vertical bars indicate means
with standard deviations.



4. DISCUSSION

This study showed that diffuse myocardial fibrosis
detected by elevated ECV was observed both in
patients with muscular dystrophy and female putative
Elevated ECV was
participants without LGE, suggesting that ECV has a

carriers. present even in
potential to detect diffuse fibrotic changes in the
myocardium more precisely than LGE. Further
follow-up is needed to evaluate the long-term effects
of ECV on changes in LV ejection fraction and
outcomes in patients and putative carriers of muscular

dystrophy.
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Abstract

The present study evaluated central nervous system GABA function in schizophrenia patients

(SCH group) and normal healthy subjects (HC group). Our main findings showed that the

cortical silent period (CSP), measured with transcranial magnetic stimulation was significantly

longer in patients with treatment-resistant schizophrenia (TRS) compared to the HC group. This

CSP prolongation was attributed to the values of CSP of TRS patients under treatment with

clozapine. The SCH and TRS groups both showed significantly poorer cognitive functions than

the HC group, but there was no significant correlation between any cognitive domain and CSP

in either the SCH group or the HC group. Although only one part of our study showed a

significant result, our findings overall support the GABA hypothesis in schizophrenia.

Keywords: clozapine, cortical silent period, gamma-aminobutyric acid, schizophrenia,

transcranial magnetic stimulation

1. PURPOSE

Schizophrenia is a psychotic disorder that typically
develops between preadolescence and late
adolescence. Its etiology is not yet completely
understood. Thirty percent of patients do not respond
to treatment and are said to have treatment-resistant
schizophrenia (TRS). Clozapine (CLZ) is known to
be effective for TRS. In recent years, post-mortem
brain studies of schizophrenia patients have found a

decrease in gamma-aminobutyric acid (GABA)

synthase and glutamic acid decarboxylase 1 (GAD1).

GABA is a major inhibitory neurotransmitter in the

central nervous system."? It has a mutual regulatory

16

function together with various other
neurotransmitters such as dopamine and glutamic
acid, and is considered to play an important role in
the pathological condition of schizophrenia.®)

The cortical silent period (CSP), measured by
transcranial magnetic stimulation (TMS), is used to
evaluate the GABA function in central nervous
system.*> Therefore, this technique may be useful to
evaluate any abnormality of GABA system in
schizophrenia.

This study examined the involvement of the
GABA

schizophrenia using CSP measurement, a cognitive

nervous system in the pathology of



function test (MATRICS Consensus Cognitive
Battery; MCCB), and clinical symptom evaluation.

At the same time, GAD1 gene polymorphism was
examined. Focusing on TRS patients, we compared
TRS patients (TRS), non-TRS patients (Non-TRS),

and healthy subjects (HC).

2. METHOD

The present study was approved by the ethical review
board in Chiba University Graduate School of
Medicine. Each participant was given sufficient
explanations of this study and then provided his/her
written informed consent.

The study recruited schizophrenia patients (SCH
group: N=31) and HC (N=27).The SCH group was
divided to the two subgroups, i.e., TRS patients (N=15)
and Non-TRS patients (N=16). The diagnosis of TRS
was followed by the Clozapine Patients Monitoring
Service (CPMS) criteria.

CSP was measured by administration of single
pulse to the left-side motor cortex corresponding to the
right-side first dorsal interosseous muscle using with
TMS device. Firstly, resting motor threshold (RMT)
was established by the most common method. Then
single pulse with 1.2 times intensity of RMT was
delivered and the silent period appearing on the EEG
defined as the value of CSP.
Neurocognitive function was evaluated with MCCB.
Further, we genotyped two SNPs (rs3749034,
1$769404) on GAD1 for the SCH and HC groups. The
genotyping procedure was performed by TagMan

monitor was

method.

3. RESULTS

The TRS group showed a significant prolongation of
CSP (145.5 msec) compared with the Non-TRS
(92.6 msec) and HC groups (106.9 msec). In
addition, the TRS group showed stronger cognitive

dysfunction than the Non-TRS group in MCCB

processing speed, attention/awakening, language

learning, visual learning, and comprehensive

evaluation. Regarding Global Assessment of
Functioning (GAF), TRS subjects scored lower (41.5
pts) than Non-TRS subjects (56.5 pts) as well as
profound higher scores of the TRS groups in all
PANSS measurements. The CSP showed the only
positive correlation with GAF in the correlation
analysis focusing on TRS (=0.67, p<0.01). But
there was no correlation of CSP with any other
parameters in either SCH group, TRS group, or
Non-TRS group. When the patients under treatment
with CLZ (TRS/CLZ) was compared with the
patients under treatment with other
(TRS/Non-CLZ) and the Non-TRS, and HC groups,

the CSP of TRS/CLZ subjects showed significant

agents

prolongation (167.0 msec) as compared with all
other groups (102.5 msec in the TRS/Non-CLZ).

GAD]1-related genes,
nucleotide polymorphisms (SNPs) on GADI,
rs3749034 and rs769404, were genotyped. Due to

For two  single

the present small sample size, comparisons with
healthy subjects were made across schizophrenia
patients revealed that there were no significant SNP
distribution in genotype and allele level for both the
SNPs. The result on rs3749034 showed a tendency

to have more G alleles in schizophrenia patients.

4. DISCUSSION

The present study suggested that CLZ treatment could
be related to the prolongation of CSP in TRS patients.
Other measurements (cognitive function and SNPs on
GADI1) did not show the direct evidence of the
involvement of GABA system in the etiology of TRS.
The CSP has been suggested to be prolonged by CLZ,
which is consistent with our results®” These findings

may indicate the possible mechanism of CLZ on
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GABA receptors. In the present study, however, the
number of samples was small, and further study with a

larger number of subjects is necessary.
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rTMS to the treatment of intractable balance
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Abstract
There is so far no treatment for the failure of vestibular compensation. We see

1000 intractable dizzy patients each year in our institue. 1% of these patients are not

responded to any of the treatments. These patients suffer the symptoms and new

treatment is mandatory to improve the quality of life. The hyper activity in the

cerebellum on intact side is pathophysiology of the failure of vestibular compensation.

We now propose to develop new treatment to suppress cerebellum by rTMS(repetitive

Transcranial Magnetic Stimulation) to alleviate the symptoms.

Keywords: vestibular, 'TMS

1. Introduction

Repetitive transcranial magnetic stimulation (rTMS)
is a noninvasive and potentially potent tool for
neuromodulation in the central nervous system. In the
present case study, we examined the therapeutic
efficacy of low-frequency rTMS (LFrTMS) for the
treatment of chronic dizziness from vestibular
decompensation (VDC), as there is no promising
treatment for intractable dynamic VDC to date.
vestibular recovered

Unilateral hypofunction is

through two stages, namely static vestibular
compensation (VC) and dynamic VC.1
2. Case Report

LFrTMS was administered using the MagPro R30
Therapy System and Cool-125 (Magventure, Inc.,
Denmark). Cool-125 is a specially designed coil that
can stimulate a deeper region than a conventional
8-figure coil (3.5 cm vs. 2 cm at the center of the coil),
and its maximum stimulation takes place under coil
center (Fig. 1a), which differs from an ordinary
circular coil in that maximum stimulation takes place
under the rim of the coil. For stimulating the

ventricular cerebellum, the center of the coil was

moved rightwards/leftwards off the midpoint by 3 cm
along a line between the inion and the right/left
mastoid process.11 Treatment was standardized at
80-120% stimulation intensity relative to the patient’s
resting motor threshold. The resting motor threshold is
defined as the minimum TMS intensity at the motor
cortex to produce a motor-evoked potential in the
abductor pollicis brevis, which is the common way of
calibrating and normalizing TMS intensity for
individuals. LFrTMS was applied at 1 Hz for 15
minutes every day for 5 days. At the beginning of the
first day, the stimulation intensity was set at 80% of
motor threshold, and it was increased 10% every 15
seconds to ensure tolerability. From the next day, the
intensity was set at that of the maximum intensity of
the previous day minus 10%, and it was increased 10%
every 15 seconds while ensuring tolerability, but the
maximum intensity was not allowed to exceed 120%.
The stimulation intensity for Case 1 was weaker than
for the
muscle-twitching discomfort on the back of his neck

others because he presented with

during treatment. The maximum stimulation intensities

for each patient from days 1 to 5 were as follows. Case
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1: 80, 90, 100, 110, 120% of motor threshold; Case 2:
100, 120, 120, 120, 120%; and Case 3: 110, 120, 120,
120, 120%. Patients were hospitalized for the five
consecutive days of treatment, and they were also
trained to perform vestibular rehabilitation during the
trial.

No side effects were observed as a consequence of
stimulation over the wvestibular cerebellum with
LFrTMS except for muscle-twitching discomfort for
Case 1 on the first day of the treatment. Subjects did
not experience nausea, dizziness, or vertigo that could
be induced by direct stimulation of the vestibular nerve
and VNs in the brainstem during application of
LFrTMS. For all cases, the sway area with eyes closed
decreased from day 5 to 1 month after LFrTMS
treatment; that is, instability decreased objectively
during this period (Fig. 2). Moreover, the sway area
with eyes closed, as measured 1 month after LFrTMS
treatment, was better than that at 1 month and 3
months after the 5-day vestibular rehabilitation
education program. Especially, Cases 2 and 3, who
were given more intense stimulation than Case 1,
exhibited greater improvement at 5 days or 1 month
after LF'TMS treatment compared with Case 1. Such
an improvement had never been observed in these
individuals during the period when rehabilitation alone
was applied (Fig. 2). The sway area with eyes closed
for Case 1 returned to the pre-treatment level. For Case
2, the area worsened at 3 months after first treatment,
but the patient did not complain about any associated
aggravation (Fig. 3a; Cases 1-3 in Fig. 3 are the same
as those in Fig. 2). For Case 3, the area was still
decreasing after 3 months. The anxiety level of Case 1
remained very high during the course of the study, and
Case 2 exhibited low anxiety at pre-treatment but had a
normal level of anxiety at 1 and 3 months after
treatment (Fig. 3b). The DHI score for the two patients
with anxiety did not improve during the course of
treatment (Fig. 3a). Case 3 had a very low anxiety
level, and the DHI score improved during the course of
treatment. When asked about their condition at the
outpatient clinic, none of the subjects reported
improvement in VDC symptoms from the beginning
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of LFrTMS to 3 months after treatment, but they all
reported some improvement >6 months after treatment
based on a simple question asked by the physician at
an ordinary outpatient clinic, namely “How is your
dizziness these days?”. STAI did not change in parallel
with the change in the sway area with eyes closed.

3. Discussion

Mechanisms inducing the positive objective effect

Our hypothesis that LFEYTMS would promote dynamic
VC, which led to the present protocol, was based on
the mechanism of VC suggested by animal studies
(Fig. 1),1 and the mechanisms of VC and VDC in
humans are not fully understood. The ability to
stimulate deeper brain structures is achieved at the
expense of inducing a wider electrical field spread. The
magnetic field generated by the coil we used is greatest
at the surface of the coil and decreases as it goes
deeper, as shown in Figure la. Therefore, Purkinje
cells in the cerebellar hemisphere are likely the most
inhibited by the coil used in this study because they are
the nearest structure to the coil, and this might also
decrease the sway area with eyes closed. For example,
Shimizu et al. found that LF*'TMS over the cerebellum
improved the steadiness of patients with
spinocerebellar ataxia, although they used much wider
and shallower stimulation (i.e., stimulation was applied
over the right, left, and middle superficial cerebellar
cortex) and an ordinary circular coil with 10 pulses at
<0.2 Hz for 21 days.6 They were also unable to
determine the mechanism by which rTMS produces
this effect.

The subjects in this study did not complain of
vestibule-related symptoms during the
LFrTMS application, symptoms
typically appear as a consequence of direct stimulation

present
although such

of VNs and the vestibular nerve. Thus, our results
suggest that there was little effect of LFrTMS on VNs
and the vestibular nerve.

Considering that the vestibular cerebellum has direct
functional connectivity with VNs, and the cerebellar
hemisphere was the most widely inhibited region by
LFrTMS (Fig. 1), the positive objective effects seen in



this study may be attributable to neuromodulation via
application of LFrTMS to both of these cerebellar

regions.
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Legends

Figure 1.

Schematic presentation of vestibular compensation and
decompensation in the chronic stage.

Figure 2.
Changes in objective postural stability.
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Figure 3.

Changes in subjective symptoms measured prior to
(pre) or at various times after a 5-day vestibular
rehabilitation education program and application of
LFrTMS.
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Visualization of pituitary axis and hormonal function using diffusion tensor image

in patients with pituitary disease

Yasuo Sasagawa and Masashi Kinoshita
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13-1 Takara-machi, Kanazawa, 920-8641, Japan

Abstract
Magnetic resonance image (MRI) is a mandatory medical tool in patients

with brain disease. Diffusion tensor image, can visualize neuronal tract, are useful

for neurosurgical plan. Our study is to visualize pituitary axis using diffusion

tersor image in patients with pituitary disease. And we conduct that the

correlation between the visualized pituitary axis and hormonal function in the

patients. We enrolled 10 pituitary tumor patients. Diffusion tersor image could

visualize pituitary stalk fiber in some cases. However, the images were invisible

in case of patients which had a large tumor. Diffusion tersor image may have a

potential to visualize pituitary axis and could value hormonal function.

Keywords: pituitary axis, hormonal function, diffusion tensor image

1. Introduction

MRI is an essential tool in neurosurgery for
detecting brain disease and planning surgery. In recent
years, various MRI techniques have been developed.
In particular, diffusion tensor magnetic resonance
imaging can draw continuous nerve fibers (Fig. 1). The
greatest advantage is that delineating motor nerve
fibers that travel to the cerebrum before brain surgery
can reduce the risk of damaging motor nerve fibers.
Surgery on the pituitary gland has been replaced with
conventional nasal surgery, which has been performed
from the conventional craniotomy to the pituitary
gland from the nose, and the burden on the patient has
been reduced. However, when a tumor develops in the
pituitary gland, nerve fibers from the cerebrum to the
pituitary gland cannot be visualized by ordinary MRIL
he pituitary gland itself is also excluded by the tumor,
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making imaging difficult. This increases the risk of
pituitary damage during surgery. Damage to the
pituitary gland, the source of hormone secretion,
results in reduced secretion of hormones after surgery,
which has various effects on the body. Adults have
increased obesity and atherosclerosis, increasing the
risk of myocardial infarction and stroke.

To resolve this, the risk of injury can be avoided if
the running of nerve fibers from the cerebrum to the

pituitary gland can be identified before surgery.

2. Object

In this study, we attempt to detect nerve fibers
connected to the pituitary gland by diffusion tensor
magnetic resonance imaging in pituitary surgery.
Investigate whether the running of nerve fibers during
the operation matched the preoperative image.

Confirm post-operative diffusion tensor magnetic



resonance imaging that damage has been avoided.
Diffusion Telson magnetic resonance imaging will be
quantified and evaluated for correlation with hormone
secretory function. The object of the present invention
is to minimize damage to nerve fibers after surgery for
the pituitary gland and to maintain hormone secretion
function.

3. Methods

The study period was one year from April to
December 2019, and was performed on 10 patients.
The target disease was a tumor that developed in and
around the pituitary gland. In addition, it was judged
that nasal endoscopic surgery was indicated (visual
field,
insufficiency symptoms). Preoperative pituitary MRI

dysfunction such as visual hormonal
was performed. MRI sequences are usually performed
in clinical practice such as Tl-weighted images,
T2-weighted images, T2 *, FLAIR, DWI, contrast
dynamics (early and late images), and diffusion tensor
magnetic resonance imaging DTI (Diffusion tensor).
imaging) was performed. The acquired data of the
diffusion tensor magnetic resonance image was
transferred to a dedicated workstation (General
Electric Medical Systems), and nerve fibers were
visualized using dedicated software (Functool 4,
General Electric Medical Systems). We attempted to
visualize nerve fibers from the hypothalamus to the

pituitary gland.

4. Results

Pituitary nerve fibers could be visualized in 6 of 10
cases. However, nerve fibers could not be visualized in
the remaining four cases. The average tumor size of
the 6 cases in which pituitary nerve fibers could be
visualized was 13 mm, which was significantly smaller
than 18 mm in which pituitary nerve fibers could not
be visualized. There was no apparent significant
difference between the degree of visualization and
hormonal function (the appearance of diabetes
insipidus or hypopituitarism).

5. Discussion

In this study, we found that diffusion tensor magnetic
resonance imaging can visualize pituitary nerve fibers.

Up to now, pituitary nerve fibers have been evaluated
using MRI images", but their qualitative evaluation
has been difficult. Evaluation of nerve fibers by
diffusion tensor magnetic resonance imaging has been
applied to glioma surgery by Kinoshita et al 2. In this
study, large tumor sizes made it difficult to evaluate
nerve fibers. In the future, changes in the MRI imaging
method may lead to better imaging, and future
development is expected.
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Detection of deep sentinel lymph nodes by strong magnetic field

Isao Yamamoto and Mikihide Hirota

Department of Physics, Graduate School of Engineering Science, Yokohama National University
79-5 Tokiwadai, Hodogaya-ku, Yokohama 240-8501 Japan

Abstract
The detection of magnetic nanoparticles has established a new method from sentinel

lymph node biopsy to breast cancer metastasis. A pulsed magnetic field was applied to detect

small signals from magnetic particles. We designed three types of detection circuits and

evaluated the performance. Maxwell bridge circuit with RC low pass filter reduced white

noise to less than 1/10. The 300 turn coil showed the best performance with a detection depth

of 16 mm in the case of 300 V discharge.

Keywords: sentinel lymph nodes, pulsed magnetic field, Resovist, search coil

1. PURPOSE

Biopsy of the sentinel lymph node is an
effective in diagnosing breast cancer metastases. The
method using radioisotope and blue dye has been the
main method to determine the position of sentinel
lymph node, however the exposure of medical staff is a
problem. As an alternative method, a method using
magnetic nano-particles and a magnetic probe is
suggested and studied. Where, magnetic particles
injected near the cancer flow into the sentinel lymph
node using lymph flow. Then the position of the
magnetic particles can be estimate from outside the
body instead of the position of the sentinel lymph node.
Previous studies reported that a permanent magnet and
a Hall sensor were used to detect the magnetic particles
up to 10 mm depth from the magnetic probe"?, however
the accuracy was low for patients with high BMI. Since
the pulsed magnetic field can generate a relatively large
magnetic field, it can be expected to perform detection
at a distant place and highly accurate biopsy even in
patients with high BMI. In this research, we improved
the circuit suitable for the detection of magnetic
particles by using a pulsed magnetic field, searched for
conditions, and pursued the possibility of detecting
magnetic particles at a deep position from body surface.
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2. METHOD

A pulsed magnetic field generator with
maximum charging voltage of 1 kV and charging
energy of 5 kJ was manufactured by RLC circuit *.
Resovist 94.1 mg (Fuji Film Co. Ltd.) as magnetic nano-
particles was enclosed into a polycarbonate sample
container with ID 3.5 mm. Two types of magnetic
probes were attached on the surface of the exciting coil
to detect magnetic particles. First, we made a detection
circuit with two transverse Hall elements (Lake Shore,
HGT-2010) to cancel the Hall voltage. Next, the search
coil pair was used as shown in Fig. 1. Cancellation
circuit A was connected in reversed series direction as
shown in Fig. 2, where two search coils of the same
specifications with a coil length of 4.5 mm, 50 turns, and

search coil pair
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Fig. 1 Configuration of search coils on

exciting coil.
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ID 8 mm was used. Circuit B was made with reference
to Maxwell bridge, and circuit C added three stages of
RC low-pass filter. Then the detection performance was
evaluated and compared. Finally, the signal from the
magnetic particles was measured to determine the limit
of depth as a function of the resistance and the number
of turns of circuit C.

3. RESULTS

When magnetic particles were present near one
of the search coils, a waveform derived from magnetic
particles was detected. The integral of the obtained
induced electromotive force (EMF) is defined as B* as
shown in Eq. (1).

B* =Jth. (1)

The difference between the cancellation
waveform and the waveform with magnetic particles
was defined as the detection index AB*. In order to
reduce white noise and spike noise from the measured
waveform, we evaluated using discrete wavelet analysis
and Mann-Whitney U test.

Table 1 listed the detection performances in the
circuits A, B, and C when discharging at 400 V. Table 2
listed the maximum as a function of number of turns of
the search coil when discharging at 300 V. The circuit
with a pair of Hall sensor detected magnetic particles

only 2 mm depth and the circuit C detected 16 mm depth.

Table 1 Performance of detection circuit.

Circuit Noise / mV Detection index, AB*
A +5 11.6
B +0.3 19.3
C 0.1 19.2

Table 2 Limit of detection depth

Turn number of coil, # Limit of depth, d/mm

200 11

300 16

400 14

500 9

1000 1
4. DISCUSSION

The Hall element used in this study is for high
magnetic fields so it was not suitable for use to detect
weak magnetic flux changes under high magnetic field.

The noise for the circuit B was reduced to 1/10
of that of the circuit A and the detection index AB* was
improved by 66% as shown in Table 1. In circuit C,
noise was further reduced by the filter circuit without
lowering AB*, and spike noise generated during
discharge was also greatly reduced.

The circuit C with 300 turns had the largest
detection depth. The inductance increases and the
induced EMF increases, which improves detection
performance, with increasing coil turns. The coil OD
and winding resistance also increase, making it difficult
to detect the magnetizing signal. Therefore, 300 turns
was optimal for a search coil with an ID 8 mm and a coil
length of 4.5 mm. Since 300 V discharging was 30% of
the rated value of 1 kV, it was revealed in this study that
detection of a deep sentinel lymph node up to about 50
mm could be expected.
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Abstract
Intermittent Theta Burst Stimulation (iTBS) is a patterned stimulation using

transcranial magnetic stimulation (TMS). iTBS is utilized to modulate cortical

excitability and has a feature of short duration about a few minutes to induce plasticity

although its effects are largely variable. We introduced transcranial alternating current
stimulation (tACS) synchronized with iTBS to modulate iTBS effects. 20 Hz tACS with
iTBS suppressed iTBS effects irrespective of tACS phase while 10 Hz tACS inhibited
iTBS effects at 90° but not 270°. Therefore, iTBS effects were modulated by tACS in a

frequency and phase dependent manner.

Keywords: intermittent Theta Burst Stimulation (iTBS), transcranial alternating current

stimulation (tACS), transcranial magnetic stimulation (TMS)

1. Purpose

Transcranial Magnetic Stimulation (TMS) can
stimulate human brain non-invasively. It is utilized to
estimate pyramidal tract functions as well as cortical
excitability using motor evoked potentials (MEPs). It
is also applied to modulate cortical excitability, and
intermittent theta burst stimulation (iTBS) is one of the
TMS protocols. iTBS is characterized by the short
duration (about 3 minutes) to induce plasticity [1],
which is promising for the clinical application. On the
other hand, the inter-individual variability is shown [2],
and the more stable effects are required.

Transcranial alternating current stimulation (tACS)
is reported to modulate cortical excitability more
recently [3]. tACS effects are shown to be frequency-
and phase dependent. That is, 20 Hz tACS increased
MEP amplitudes at 90° while 10 Hz tACS tended to
decrease them [4]. Therefore, the excitability of
primary motor cortex (M1) can be modulated by tACS
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in a frequency and phase dependent manner, which
implies that tACS could entrain M1 oscillations and
M1 excitability was modulated according to the
entrained frequency and phase. Following these
studies, we hypothesized that tACS could enhance
iTBS effects with synchronized stimulation with tACS
because facilitated excitability by tACS through
entrainment could enhance the effects of iTBS. Thus,
we aimed to evaluate whether iTBS effects could be
modulated by tACS with a certain frequency and
phase.

2. Method
2.1 MEPs

Each subject sat in a comfortable chair. A pair of
surface electrodes was attached to the first dorsal
interosseus muscle of their right hand. TMS of single
pulse was delivered to the left M1 hot spot by a
magnetic stimulator (Magstim 200, Magstim Co. UK),



whose intensity was set to the one to obtain MEPs of
0.5-1.5 mV amplitudes. The interstimulus interval
(IST) was between 5 and 7 s. Twenty-four MEPs were
obtained in one session. Each subject was instructed to
keep resting the muscle with eyes open.

2.2 iTBS

iTBS pulses were delivered using another magnetic
stimulator for repetitive stimulation (Magstim
SuperRapid, Magstim Co., UK). iTBS consists of a
burst of 3 pulses of 50 Hz (ISI 20 ms), and the burst is
repeated by 5 Hz (ISI 200 ms). The repetitive burst is
continued 2 s intermitted by 8 s pause for iTBS. Thus,
it takes 200 s or 600 pulses in one session. The
stimulus intensity was determined based on active
motor threshold, i.e. the intensity to obtain MEPs of
200 pV or more in 5 out of 10 stimuli with a weak
contraction of the target muscle. The stimulus intensity
was set to 80 % of active motor threshold.

2.3 tACS

tACS electrodes were 5x7 cm in size, of which the
stimulus electrode was attached to the left M1 hotspot
while another electrode was attached to Pz based on
international 10-20 system. The current intensity was
set to 1 mA (peak-to-peak) using a DC-Stimulator
(NeuroConn, Germany). The current stimulation
was continued for 260 s as tACS preceded iTBS by
60 s, which was ramp-up and -down by 5 s to
suppress skin sensations and phosphenes. For sham
condition, the tACS was continued for 20 s.

2.4 Synchronized stimulation of tACS and
iTBS

tACS was applied with iTBS, and a tACS phase
of 90° or 270° was synchronized with the first pulse
of 3 pulses of iTBS. Each subject participated 3
conditions of 90°, 270° as well as sham condition.
Each recording was separated by more than two days.
MEPs were recorded for two sessions before
synchronized stimulation of tACS and iTBS, then
followed by MEP sessions every 5 min until 30 min

after intervention.

2.5 Data analysis
MEP  amplitudes then
averaged. Mean amplitudes of two sessions before

were log-transformed
intervention was used as a baseline and following
amplitudes were normalized by the baseline. Statistical
analysis was conducted by a mixed-effect model with
a fixed effect of time (0-30 min after intervention) and
intervention (90°, 270° and sham) and with a random
effect of subjects. When the fixed effect was
statistically

significant, paired comparison was

conducted with a Holm’s correction.

3. Results
3.1 20 Hz tACS +iTBS condition

Thirteen healthy adults participated in this study
(M:F=8:5, Age 20-35 y.0). MEPs increased after sham
condition (i.e. iTBS only) (Fig. 1). The enhancement
of MEPs continued for 30 min. On the other hand,
synchronized stimulation of 20 Hz tACS and iTBS
suppressed facilitatory effects of iTBS irrespective of
tACS phase. Statistical analysis revealed a significant
effect of condition and the differences between sham
and either of the tACS phases (90° or 270°) were
significant.
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Figure 1. MEP amplitudes following 20 Hz tACS + iTBS

3.2 10 Hz tACS +iTBS condition

Eleven healthy adults were enrolled in this study
(M:F=7:4, Age 20-24 y.0). In contrast to 20 Hz tACS
with iTBS experiment, MEPs of sham condition (iTBS
only) did not increased consistently after intervention
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(Fig. 2). On the other hand, MEPs of 270° condition
increased after intervention and those of 90° condition
were suppressed compared with 270° condition as well

as sham condition.
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Figure 2. MEP amplitudes following 10 Hz tACS +iTBS

4. Discussion

In this study, we revealed the interaction between
tACS and iTBS, which was frequency and phase
dependent. 20 Hz tACS suppressed facilitatory iTBS
effects irrespective of tACS phase while 10 Hz tACS
showed the difference between 90° and 270°
conditions, in which 90° condition inhibited MEPs
compared with 270° condition. Therefore, 20 Hz tACS
induced suppression of iTBS independent of phase
while 10 Hz tACS revealed phase dependent effects.

We do not have a good explanation for the
inhibitory effects of 20 Hz tACS over iTBS. In a
previous study, 20 Hz tACS indicated the phase
dependent modulation of GABAergic or glutamatergic
functions by TMS study [5]. Because iTBS is shown
to be dependent on glutamatergic of GABAergic
functions to induce plasticity [6], the modulation of the
synaptic functions by 20 Hz tACS might interfere with
the induction of iTBS effects.

90° condition of 10 Hz tACS showed lower MEPs
compared with 270° condition. The underlying
mechanisms are still unknown, inhibitory effect of 90°
for 10 Hz tACS was consistent with our previous study
[4], in which MEPs tended to be suppressed at 90° by
10 Hz tACS during stimulation. Thus it is feasible that
10 Hz tACS suppressed iTBS effects at 90° phase.

In conclusion, synchronized stimulation of tACS
and iTBS revealed frequency and phase dependent
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effects. We suggest the patterned TMS can be
modulated by tACS, and future studies would lead to
more efficient combination of tACS and TMS
protocols.

Acknowledgements
This work was supported by The Watanabe
Foundation (grant number 30301).

The results of this study were reported at an oral
session of 13" International Conference on Complex
Medical Engineering at Dortmund, Germany on Sep
23rd.

The results of this study were also reported at an oral
session of 49™ annual conference of the Japanese
Society of Clinical Neurophysiology at Fukushima on
Nov 29",

References

[1] Huang Y-Z et al. Neuron 45:201-6 (2005).
[2] Schilberg L et al. J Cogn Neurosci 29:1022-32

(2017).
[3] Antal A et al. Brain Stimulat 1:97-105 (2008).
[4] Nakazono H et al. PloS One 11:¢0162521 (2016).
[5] Guerra A et al. Cereb Cortex 26:3977-90 (2016).
[6] LiC-T etal. Hum Brain Mapp 40:2001-9 (2019).



Elucidation of the mechanism of magnetic spikes
with micro three-dimensional structural simulation of hippocampus
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Abstract

Epilepsy is a brain condition characterized by the recurrence of unprovoked

seizures. Little is known about the mechanism of the epileptogenity. Hippocampal

sclerosis is the commonest cause of drug-resistant epilepsy in adults, and is associated

with alterations to structures and networks beyond the hippocampus. We attempt to

clarify the mechanism of epileptogenity in hippocampal sclerosis using micro

three-demensional structural simulation of hippocampus.

Keywords: epilepsy, hippocampus

1. PURPOSE

Epilepsy is a brain condition characterized by the
recurrence of unprovoked seizures. The prevalence of
epilepsy is 1 in 100. Epilepsy is an important disease in
the world.

Epilepsy can be cured with medicine, but may not be
cured. If epilepsy can not cured with medicine,
surgical resection of focus of epilepsy will be
performed. Hippocampal sclerosis is the commonest
cause of drug-resistant epilepsy in adults, and is
associated with alterations to structures and networks
beyond the hippocampus. Surgery for hippocampal
sclerosis is most common surgical procedure for
epilepsy. Little is known about the mechanism of the
epileptogenity.

The mechanism of epilepsy is abnormal excitability of
cerebral cortex. Electroencephalography (EEG) is
standard evaluation for epileptic electrical activity.
Magnetoencephalography (MEG) is performed for
cases that are difficult to diagnose or are undergoing
surgery. MEG is a functional neuroimaging technique
for mapping brain activity by recording magnetic
fields produced by electrical currents occurring
the brain, sensitive

naturally in using  very

magnetometers. Applications of MEG include basic
research into perceptual and cognitive brain processes,
localizing regions affected by pathology before
surgical removal, determining the function of various
parts of the brain, and neurofeedback. This can be
applied in a clinical setting to find locations of
abnormalities as well as in an experimental setting to
simply measure brain activity. The MEG (and EEG)
signals derive from the net effect of ionic currents
flowing in the dendrites of neurons during synaptic
transmission. In accordance with Maxwell's equations,
any electrical current will produce a magnetic field,
and it is this field that is measured. The net currents
can be thought of as current dipoles, i.e. currents with a
position, orientation, and magnitude, but no spatial
extent. According to the right-hand rule, a current
dipole gives rise to a magnetic field that points around
the axis of its vector component. Unlike the gyrus of
the cerebral neocortex, which has a simple layered
structure, the hippocampus, which is the paleocortex,
is a tissue with a special morphology that has a
complicated spiral structure. We often calculate
electrical activity with approximating brain structure as
sphere. Unexpected error may occur if we approximate
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complicated brain structure as simple sphere (Ref. 1).
In this study, we demonstrate attempt to development
program for signal source estimation using EEG, MEG
and MRI .

2. METHOD

We acquired EEG, MEG and MRI data in National
Center of Neurology and Psychiartry. These data were
diverted from clinical data to this research. This study
Ethics
Electroencephalogram data was acquired with setting

was approved by the Committee.
electrode on scalp. EEG data was analyzed with free
software called LORETA (low resolution brain
electromagnetic tomography adepth electrode set with
nalysis). Intracranial EEG was acquired with surgery.
Two types of electrode were used. One is depth
electrode set with penetrating the brain. The other is
grid type electrode set on surface of brain. MRI data
was analyzed with SYNAPSE VINCENT software
sold by Fuyjifilm.

3. RESULT

First, we analyzed EEG data of patient with

hippocampal sclerosis. The focus of epileptic electrical

activity should be in hippocampus, but the EEG

potential distribution showed focus on frontal lobe
(Figure 1, 2 and 3).
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Figure 1. Raw data of EEG
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Figure 3. Source estimation of EEG (3-demensional)

Second, we analyzed MEG data of same patient. The
source of epileptic electrical activity was estimated on
lateral temporal lobe. There was disc result is
discrepancy between EEG and MEG.
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Figure 4. Raw data of MEG



Figure 5. Source estimation of MEG (3-dimensional)

Third, we analyzed intra cranial EEG data of same
patient. The source of epileptic electrical activity was
estimated on medial temporal lobe, especially on

amygdala (Figure 6).

Figure 6. Raw data of intracranial EEG

MRI demonstrated left hippocampal sclerosis (Figure
7). We reconstruct MRI 3-dimensionaly and analyzed
hippocampus (Figure 8). We now developing program
that can explain these data (EEG, MEG and MRI).
We analyzed basal ganglia of deep brain by CoMBI
method (Figure 9) (Ref. 2) and confirmed CoMBI
method can apply hippocampus.

Figure7-2
Figure 7. MRI of hippocampus (2-dimensional) .

Figure 9. Basal ganglia analyzed by CoMBI method
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4. DISCUSSION

There was discrepancy in electric potential distribution
of hippocampal sclerosis between EEG and MED.
New method to estimate true focus is needed. We now

developing new method using EEG, MEG and MRI.
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Here are the subjects (8 Basic Researches, 3 Application Researches) that the 2019 Research

Grants are subsidized.

I. Basic Research

I-1.

1-2.

I-3.
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I-5.

I-6.

I-7.

I-8

The effect of transcranial magnetic stimulation on neurodegeneration
Depatment of Molecular Neuroscience, Graduate school of Medicine, Osaka University,” Yuki FUJITA

Establishment of a theranostics for metastatic prostate cancer by using a novel nanoparticle
with prostate specific membrane antigen
Depatment of Nephro-Urology, Nagoya City University Graduate School of Medical Sciences,” Takashi NAGAI

Effects of the magnetic field on ABCAl-mediated cellular lipid release
Biochemistry, Nagoya City University Graduate School of Medical SciencesMaki TSUJITA

Synthetic Biology Approach for Evaluating Magnetic Field Effects on DNA hotorepair
Reactions
Reseach Promotion Institute, Oita University / Yoshimi OKA

Study about the magnetic field effect on the molecular recognition of the cell membrane
- from separation materials to cell cure -
Graduate School of Engineering Science, Osaka University,” Yukihiro OKAMOTO

Analysis of bone formation by magnetic field using fish scales (bone model) : Elucidation of
new mechanism by eddy-currents
Institute of Nature and Environmental Techonology, Kanazawa University,” Nobuo SUZUKI

Three-dimensional neuronal magnetic field measurement for the study of thermosensation of
C. elegans worms
Osaka City University, Graduate School of Science”Masazumi FYJIWARA

Development of the high frequency pulse magnetic fields generator for medical applications
Faculty of Science, Shinshu University ~ Atom HAMASAKI

II. Application Research

I-1.

I-2.

I-3.

Note:

Detection of disturbances of visual perception processing using magnetoencephalography as
an early diagnostic marker in patients with Lewy body disease
Department of Preemptive Medicine for Dementia, Kanazawa University Graduate School of Medical Sciences,”Moeko SHINOHARA

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

Kanazawa Institute of Technology,” Yoshiaki ADACHI

Development of magnetic nanomaterials that enable novel bioperspective nanoimaging
Nagoya University Institute for Advanced Reseach,Kazuhide SATOH

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