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Development of cancer therapy by blocking newborn blood vessels
by magnetic force control
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Abstract
In this study, we examined a novel cancer therapy by blocking newborn blood vessels

with ferromagnetic particles. We tried to necrose cancer by accumulating and aggregating

ferromagnetic particles inside the newborn blood vessels. In order to put this treatment

into practical use, design of magnetic field for accumulating the particles selectively in

newborn blood vessels is necessary. We designed a rotating magnetic field that can

collect particles locally within a spherical range of 10 mm in diameter. According to the

experimental results, it was found that the accumulation range can be controlled by the

rotation frequency of the rotating magnetic field.

Keywords: cancer therapy, particle accumulation, rotating magnetic field
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Effect of exposure of both light and magnetic field on enzymes' activities of
Aspergillus oryzae
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Abstract
In our previous work, it was first reported that the growth of the fungus called

Aspergillus oryzae was promoted by both light irradiation and magnetic field exposure.

In this study, then, the light and magnetic field effect on activity of saccharification

enzymes, which yield glucose essential for the growth was investigated. As a result, it

was found that activity of a-amylase almost doubled only under the presence of both

light and magnetic field.

Keywords: Aspergillus oryzae, light and magnetic field effect, Saccharification,

o-amylase
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Effect of magnetic stimulation on subluxation of the shoulder and motor function after stroke
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Abstract

The study aimed to investigate the effect of peripheral magnetic stimulation on

shoulder subluxation after stroke. We enrolled 12 consecutive patients who, as a result of

stroke, suffered shoulder subluxations. All subjects received conventional rehabilitation,

as well as peripheral magnetic stimulation. Shoulder subluxation, shoulder pain, motor

impairments of upper extremities were assessed. The shoulder subluxation was

significantly decreased. Shoulder pain, motor function also improved significantly.

Peripheral magnetic stimulation was effective in reducing shoulder subluxations and pain

and improved voluntary upper-limb movements.

Keywords: peripheral magnetic stimulation, shoulder subluxation, motor function, stroke

1. ITTBHIT

JibdZE i % |2 56 2 RS PR AR X, B
B EBEBEEI DT Z A4 A RBSEANLIZIREETH D,
EIRAAE L5 —KR &b, EEMEEITERENH
b DIE, AEITHEETERNES, ABRHIFARE
WZ e SN TR, JH B OfFE
I IHERE PRI BB L B X HDEKRRMETH 5.

JA BT HE N TR 2 AR RIa & LT,
Neuromuscular electrical stimulation (NMES) 73241
SN2D, —BATHV D R E AT
TET DIREZR ORI D720, KRR
PEC D, ZAUTHERE S HIR S5 2 LIZE

B, RERGIGHEZFHIET D2 EBREE 2D,

FEATISECIE, 1 B OLS-6 FEfE, @7 H, 61

]2 &\ o RIFEIORIRZ1Te > TR Y, A
HI~OBENTLT UHRG TRV, —F, AR
THV % Peripheral magnetic stimulation (PMS) %
RIS X0 AARNICIRERZFHE L, HRO
Ao 2 42 S5 2 & TG
B D7, FIEOERENECIZS V. Y Han 5 9
IZPMS & NMES (Z331) 2 IR oo % b L,
[ UBREE ORI R8T % PMS DOJESEIL NMES (2
HARTHRICE o2 EHE L. 2F D PMS
IZINMES LV bRV E 5%, K& 2%
BRTDIENARETH D, Fox it PMS 0
NMES LY & &I </ B 2t T &
% ARG E ST, EDORFEERRE LT



2. Hik

KGRI CRRBERIE BIERIC 0.5 AFELL Lo
HLE FI 2> D IERRIAN & D FEAG 74 % 3880 1= Fr R
B 1201 Uiz, VIS 61417 (mean + SD) i,
FRFREL 5 44, ZERRREL 7 44, FSREZHIMITEY
78.8£30.8 (mean+SD) H ThH -7z, 72k, £TD
KRN Em TOMPI ATV, AWFZEICSINT 2
7O DIRIE ST

SEFEILE 71, 1 B 180 3DV ANEY F—
2 ATINZC, #5[E, 1 B 20 30 PMS % 4
BT -7, PMS ICIIEEAIRLEERE (Pathleader,
IFG, Japan) A L, RS I B, =AMtk
HRRHER L OMR AR & L7=. PMS OR%EL, AR
¥ 30Hz, FIFSFEFRIARIERERIL 2/3sec DA 71
&L, FTICRADOFTF AN 0L, M ofiiE O
BT DIVHIREE & LTz,

FEEFAMEE B X HLE X G CRRII L 72 BT
AL COJEBEEI EH B IZ3 1) 5 acromio-humeral
interval (AHI) & L7z, BIKEHmSEE & LC, JEES
HiDPIFA 1T Numerical Rating Scale (NRS) %1
L,02°5 10 O 11 BRECRUM 7=, FiGHEShiEE
I% Fugl-Meyer Assessment @ _EZIHEH (FMA-UE)
ZEHE L7z, sHmE T ARTE A 4 BTV,
BTG S A R RS b U7z

3. fR

PMS S AR 238 C, AHI /X 22.8 + 5. 7mm 7>
5 19.6 + 7.0 mm (mean + SD) ~A =T L7,
(p=0.004). AHI 23Mb L 7=— B> X FRifg %X 1
(27597 NRS DHFHAEIL 5 965 3 ~HEICELL
72 (p=0.039). FMA-U/E O total 33T} subscale A,
ClIAEIA E L= (p=0.005,0.005, 0.008).
subscale B 38 L OND (213, A ERZLETRD RN
>7= (p=0.157, 1.000).

4. BE

PMS |ENMES & [FIRRIRIEF 2 BlE S8 5 2
EINTE, KRR O 1R DR Eh R A
BT 5D ARUFGCITRE B & = Atk EAHER &
OV A~ PMS % 20minute/day, Sdays/week,
dweeks il T L 7= Ak, T8 BAIH LA XA B I
L, EHGEEERE S M L7z, £72 PMS D4 AR
ML, ZHVETONMES 2 L7z e Ttz bt

10

IPN:] 4318t

N
AHI 20.0 mm

1. PMS Hi# 28T 5 AHI OZ{.o—1F

AHI 12.2 mm

L, IEFITED > T2IZ B BT, NMES & [F%
VL EOSENMS L. 2LV, PMS [HAMZET
% O J8 B AR L F & EEERE I ) 2 B R iR
RTETHD Z ENFFES N, 4%, ZO%%E
ZHREIC T 5720, KA RE LT 28 To
RERAATV, MEE L TV 2 ERMETH 5.

B33
Z DRI IR AR AT TR
BUHH OB 22 T TEMLIZbDTH 5.

A SLOWNEO—HEE 2018 4F 10 A 13 HIZHATTH
fEShi- %46 PeMas Biea] 2 THELZHD
Th5b.

BEER

1) Barlak A, et al. Poststroke shoulder pain in Turkish
stroke patients: relationship with clinical factors and
functional outcomes. [Int J Rehabil Res
2009;32:309-315.

2) Faghri PD, et al. The effects of functional electrical
stimulation on shoulder subluxation, arm function
recovery, and shoulder pain in hemiplegic stroke
patients. Arch Phys Med Rehabil 1994;75:73-79.

3) Barker AT. An introduction to the basic principles of
magnetic nerve stimulation. J Clin Neurophysiol
1991;8:26-37.

4) Han TR, et al. Magnetic stimulation of the
quadriceps femoris muscle: comparison of pain with
electrical stimulation. Am J Phys Med Rehabil
2006;85:593-599.



MRFELHLEN T I RREORRE

Development of magnetically-guided capsule panendoscopy
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Abstract
Capsule endoscopy allows painless inspection throughout the small bowel, and

useful for the diagnosis of various kinds of small bowel diseases. Recently, colon capsule

endoscopy has been reimbursed, but it has not been frequently used presumably because

of a large amount of bowel preparation, long examination time, and limited indications.

Capsule endoscopy for pan-gastrointestinal tract from mouth to anus has not been

developed yet. We recently have developed magnetically-guided capsule endoscopy

system by using a compact instrument comprising 4 neodymium magnets, which is

14X14 mm in size and 2.3 kg in weight. We will perform a single center randomized

controlled single-blinded trial to analyze the detection rates of gastrointestinal tumors,

safety, and acceptability of this system in patients who are diagnosed as having

esophageal cancer, gastric tumors, or colorectal tumors without stenosis.

Keywords: magnetically-guided capsule endoscopy
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Impact of transcranial magnetic stimulation with novel pulse shapes on motor
function of the healthy and patients with neurological disorders
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Abstract
Transcranial magnetic stimulation (TMS) can be a good candidate for novel

therapies of neurological and psychiatric disorders. However, evidence show only modest

efficacy. This is partly because 1) pulse shape of TMS was not flexible enough to

engender biologically meaningful effects, and 2) behavioral parameters, as opposed to

physiological ones including motor evoked potential (MEP), were not designated as

outcomes in many studies. Here, we addressed these issues, showing that TMS with

different pulse shapes can provide new parameters such as rheobase and time constant,

and that quadripulse stimulation, a protocol of repetitive TMS, can change human motor

behavior.

Keywords: transcranial magnetic stimulation, pulse shape, motor behavior
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Diffusion-weighted magnetic resonance imaging is useful for the response
evaluation of chemotherapy and/or radiotherapy to recurrent lesions of lung
cancer
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Abstract

Diffusion-weighted magnetic resonance imaging (DWI) has been reported to be useful for the assessment
of lung cancer staging. It is uncertain whether DWI is more accurate for the response evaluation of
chemotherapy and/or radiotherapy compared to computed tomography (CT). The purpose of this study is
to compare the response evaluation of DWI for chemotherapy and/or radiotherapy to recurrent tumors of
lung cancer with that of CT which is a standard tool in RECIST (Response Evaluation Criteria in Solid
Tumors). Forty-one patients who agreed to this project and had CT scan and DWI examinations within a
month of each other every six months for at least 2 years after pulmonary resection of primary lung cancer
were enrolled in this study. Of the patients, 24 had metastases or recurrences, and CT and DWI were
performed for assessment of the response evaluation of chemotherapy and/or radiotherapy to recurrent
lesions. They were followed up for at least two years after the relapse. The response evaluation by CT
using RECIST were PR in five patients, SD in two, and PD in the remaining 17 patients. On the other hand,
the response evaluation by DWI were CR in four patients, PR in two patients, SD in one, and PD in the
remaining 17 patients. Follow-up studies revealed the response evaluation by DWI were correct.
Functional evaluation of DWI is better than that of CT for the response evaluation of chemotherapy and/or
radiotherapy to recurrent tumors of lung cancer.

Keywords: lung cancer - diffusion-weighted magnetic resonance imaging - response evaluation -
chemotherapy and/or radiotherapy — recurrence
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Neuronal substrates of non-motor symptoms of Parkinson's disease: a
magnetoencephalography study
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Abstract
Studies using electrocorticography have revealed that phase-amplitude coupling

(PAC) is exaggerated in patients with Parkinson’s disease (PD). The author recorded the

magnetic brain signals of 20 patients with PD and 20 healthy volunteers in a resting state

and investigated the whole-brain PAC non-invasively. B-low y PAC on the primary visual

area was significantly higher in patients with PD than in healthy volunteers. -low y PAC

on the occipital visual areas was significantly correlated with the scores of the pareidolia

test and Montreal Cognitive Assessment.

Keywords: Parkinson’s disease, phase-amplitude coupling, magnetoencephalography
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Development of a Dual Magnetoencephalograph System Equipped with Virtual Face-
to-Face Communication Interface Enabling Eye Contact
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Abstract
Hokkaido University has constructed a dual magnetoencephalograph (MEG)

system wherein two MEGs are connected via fiber optic cables. The dual MEG system
can simultaneously measure the brain activities of two subjects communicating in real-
time via a visual communication interface. However, the present interface setup did not
permit sufficient eye-contact between subjects. Eye-contact is essential to nonverbal
communication. Therefore, we augmented the visual communication interface of the
present dual MEG system to one that is more realistic and permissive of good eye

contact between subjects.

Keywords: magnetoencepahlography, hyperscannning, eye contact, communication
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Development of the repetitive transcranial magnetic stimulation for the social
impairments in developmental disorder
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Medical Institute of Developmental Disabilities Research, Showa University
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Abstract
Decision-making in social situations is an integral part of everyday life. Individuals

with autism spectrum disorder (ASD) frequently report that they experience difficulties

with this skill. The temporoparietal junction (TPJ), which has repeatedly been reported to

be dysfunctional in individuals with ASD, is implemented in complex decision-making

processes. To further explore the function of this area, we combined behavioral economic

tools and repetitive transcranial magnetic stimulation in a sample of healthy volunteers.

The results suggest that the TPJ plays a key role in intergroup bias in trust decision

situations. Our findings will contribute to a better understanding of the function of TPJ,

and may be useful for the development of new therapies for ASD.

Keywords: temporoparietal junction, autism spectrum disorder, behavioral economics
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Abstract

The main objective of this study is to demonstrate magnetic detection of external
chemical stimuli by coupling pH responsiveness of chitosan to dynamic magnetic
properties of iron-oxide nanoparticles in order to develop a magnetic sensing label of
skin gas such as ammonia. The magnetic detection flow is as follows; the decrease of pH
of chitosan hydrogels causes swelling (the increase of volume), leading to the change of
the magnetic properties of the iron-oxide nanoparticles in the chitosan hydrogels such as
magnetic relaxation behaviors. Magnetic hydrogel microbeads were successfully
synthesized using a commercially available ferrofluid and chitosan with the
concentration of 2 and 3%. The size of the microbeads increased in the pH range under 4
due to swelling of the chitosan hydrogel. Dynamic magnetization measurements of the
microbeads under alternating magnetic fields show a peak at around 200 Hz in the
frequency dependence of the imaginary component. The frequency response around the
peak changed in the pH range where the swelling was remarkable, indicating the
dynamic magnetic behaviors of iron-oxide nanoparticles depend on hydrodynamic

environments in the gels which are influenced by pH.

Keywords: magnetic sensing, magnetic gel, nanoparticles
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Improvement of spatial cognitive function by static magnetic field stimulation
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Abstract
Oliviero et al. (2011) reported that 10 min of transcranial static magnetic field

stimulation (tSMS) using a strongly powered cylindrical neodymium, iron and boron

(NdFeB) magnet can reduce the amplitude of motor evoked potentials (MEPs), Since then,

tSMS is getting a lot of attention as a new non-invasive brain stimulation (NIBS) techniques
next to conventional methods, such as rTMS and tDCS. This study aimed to investigate
the possibility of non-invasive modulation of visual spatial cognition by the
application of tSMS over the parietal association cortex or temporal lobe in healthy
humans. The main result of the present study is that transient inhibition of right
temporal lobe, induced by tSMS, improves the visual spatial cognition, as tested with

a line's length judgement task.

Keywords: transcranial static magnetic field stimulation (tSMS), visual spatial cognition,

non-invasive brain stimulation (NIBS)
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Abstract

'Essential hypertension', which accounts for about 90% of all hypertension cases, is

high blood pressure without clearly defined etiology. Elucidation of its pathology and the

development of the treatment regimen is an urgent needed in japan. Previously, we found

a new association between the carotid body (CB) and hypertension. Here we focus on the

the synaptic plasticity via the glutamate NMDA receptor in sensory nerve endings of CB,

and develop a novel treatment method and and preventive therapy for essential

hypertension to control CB using a method applying rTMS (Repetitive Transcranial

Magnetic Stimulation Method).

Keywords: Essential hypertension, carotid body, Magnetic Stimulation Method

1. H®Y

AMFZED B BE, ZABINRIMA & ARENE S )+ 0D
BEEE 2 o 7 A RTBYE D 2 BRI L, Bri=73
FARZBE - FIEFN i IR REE TRE OB
BTFsZ&eThr, 4CEERE BEbN DAL
JEOK) 9 F %2 H D [ARREMERIMTE ) (3RE AR
THY | 1BFREZ T T2 BE O Lo BAZ )+
FET TR TR, ZOIFREMEICTRRILEBFS
XD EBEBROFBETH D, Box 1 XEIR/IME
(LT, CB &W&97) & = $ 7= 7 Bt 4 Fi
HL7-, & BITTAE, CB OBERETTHEAS A REM: & 1ML
JEOEFRND—>TdH D Z & s Siu, CB il
12 LD EIMEIREES W OMEREIN TV D,
& ZAMENBITFINCE S B G- 2 R0, BEH O
TRIRIE L FRRICIREEM CTH 5 Z ERRIER B &

34

HEWHEAZ TWD, FZTHLIZ BB D
JERARIERICER L, 704 X Uk MDA B
BAREA LTz 7 A al ¥ O figiA % T80 0
12, rIMS (IERRIAERAAREE) EEsH Lz
FIEIZE D OB Z il 287 2 AHENE & iR
FRIETPIHEDBRRE Z D 5,
ARNZBNTIE, AFFEO PRERRE L OV5H#
DELIZE L TSI 5,

2. Fik
a) 7 v EHEIR/IMAESURE O T E5R

7 A D Wister rat 200g ( 8 i~ 9 #H) (ZxFL
T LA U RREM1000me/kg) 21 TV N, i At i 1]
EDT=DIZ, ERRBEARIC ) = 2 — L2 AT S
Te D IE KRB OB T 2 UIBH L. KRBREhAR A5 5



Do WIT, BIRO KM Z T A 7 LRI THREER L
ERBIWAOMEEZ 7 Ly AEANTI Y v
9%, @IRELCE Y 2 (MB54-2 INOX) CUIE L
7ot MBI =2— V&AL, mMEHTE 7
VAT a—H B LX), h=a— Ui
2 3G FHZTRFUREHFANC T A 1
tube(PESO Narishige) 2 f5¢ L CTIERL L7z, IRIZ,
HHEBMEZFIE T 5%, & MBS KO EE
B2 EREIBE L, AiEEERES L OSBRI
A FE L, w5 B3HE R MA
ikt U Ciifids X O KRB E SR 21T >
72(X1 2), FIEEMIL, Y 7 A% (Narishige)
& AT VL AR (8 0.3mm) 2R L CHELT,
BRI F L OGEEkIX Lab Chart ¥ 7 D=7
(AL AV —=F & —) BRI, FRERE
I3 5V, BIEAAELIE S0HZ & L. 10sec #LgfiRg 21T
ST, FERRIT—IEDZ v Mkt LT3 EILL TV,
3IEDT v M HWiz,
b) 7 v tEBNR/IMEH RAERERIBEEE DR
7 v~ OB MEZ D RN RS 2 2.
PR L AR A LV OERZED TR Y | K
PR D 7= D DEA- B AT TH H(X3),
0 T v hHEERIMED RT-PCR (2 X% NMDA
BT
total-RNA fliH121% ISOGEN (Rt = » R
—y) ZfEAH, RNA BEIIECCEFCRHIEL,
BOE O ¥ . &K IC cDNA A k2
TagManReverseTranscriptionReagents (Applied
Biosystems) % . total-lRNA ¥&#k 20ul,
10xTagManRTBuffer4pl MgCl24.4p1
dANTPmix4pl RandomHexamerslpl
RNaseinhibitor0.4pl, ##x5E%5 0.511, DEPC 4L
BOK 5.l ZiRA L, 25°C10 43, 48°C30 7rft,
95°C 5 DS TS S, cDNA 2455,
7'F A <—I% GenBank ® nuclotides 7264 7 1
— N L7z mRNAsequence |Z#:5 % PrimerExpress
Taxat L, blast Zf\WTT 7 A ~—OH[FEIMEICD
WCHERRT 5, PCRIE, RUSHHERIEZFEE D HE
THWTIT72 9 (DNA &8#E 0.5ul, primer &
1R 1pl, SOGTARRSE: 10nl), PCR 4%, 50°C 2
53, 95°C10 Z3fEl TRt S, 95°C15 #f#], 60°C
1438 % 50 $1 7 /L, PCR products %7 H 17— A
VRS VKE) U B HIEEY) OHENE A fead LT,

110
70

F/& % ]
20| 30 .20

3 Sv rEESEESED DAL OER (G IEmmEh )
3. R

Z v MIHBER IME~D B
Fexix, SHZ v b B W LFEZAAMETD /v

35



7 RU U AEREHERE CB OEREZBIZE L,
CB & @M EDF 7= 72Bh#rE% " L= Y, 2013
H Paton B SH 7 v O CB ~DOHE Il 24+
BHNCRET S & AR B AT BAR R
OIFBMET L, MEME T 5 Z L &R L2,
E 5|2 2016 4F, (B OfLFZRMHERERICH D
P2X3 Z MR EFEPERIC L Y T ey 735 L Al
JEZ > N OREAMRIEEIME T L, FEEROMEK
Wl S Z eanmssnkt?, Lnlih
5O TEITREN TH 2 HCHERIVER O ATHE
PN &> D A CRETF D ASBEME =) R IRIETE & [RIER
ORESZE-, ZHUuck L THxid, FHihR)
K2 IR R KATLEZITO 2 LIT L > TR
REM i ML E TR PRI IR AN 5 D TIH AR W & DG
ERRETDICE ST, £ TET, HIIMAE
EHEERINT S Z L Ick v MERTRHES
D MEMGE LTz, 2 FICRED L2 X 91Tk
v b O BRI % LT 5V, 50Hz 12T
10sec BXHNEEIB ool b 2 A, FRKERZ D
OAERIMEKTNALNT (K4), £/, [F
IREL IR S DN & 182 S, ORI L L
MNoT,

4. BE

AMFFRIZERBNT, 7 v MBI MR O ESAINL
B A B MR T3 X OWRER I OB A
HONTz, TORERIZE Y | )RR ORFEZE
R A D 2 22 ko TIHMR I ZEENR
IMEZERIF S5 Z & Tl T 2R3 2 &3]
HETHD I EIRBINT,

—J7. FD AT = XLV TIIREIA 22 58
%<, VT T ARERBEES LTV A0 EDRE
H7efRAT 2D DTN B D, Fox ik, BRI
WIZB T DT T ARG LT D 0%
RIS 2 7=, 7 v MEHBIRMED NMDA 5245
ROFBNBELANEE T 5 2 LI X > THRIG
BMXNLHH) % RI-PCRICE > THEEL TW 5, &
HIZT v N MA 2 BEEARGT 5 72 Ok
DA NVERBETTHY, VIR LRSI
(repetitive magnetic stimulation) %17 9 TE CTh 5,

AW S HIZT 9552 LIk THE»
DIER B 7 IR L OB IR 5 Z &
BHIfFE NS,

36

160 -

140 -

120 -

100 -

80

B4 FHEAR/IMEE SR
ICES5MEFEET

E [
= OWFFEITATRURTE NSRRI FEiR
BLEAFH OAfiBh 25 1 CHE L= H D TH 5,

BE IR
1) T.Yokoyama et.al.: Serotonin-mediated modulation
of hypoxia-induced intracellular calcium responses
in glomus cells isolated from rat carotid body.
Neurosci. Lett., 597:149-153, 2015.
2) Fiona D. McBryde et.al.: The carotid body as a
putative therapeutic target for the treatment of
neurogenic Commun
2013;4:2395.

3) Pijacka W, Moraes DJ et.al.: Purinergic receptors in

hypertension. Nat

the carotid body as a new drug target for controlling
hypertension.Nat Med. 2016; 22:1151-1159.



P30 WEFEBR T —~

FIRB0EREIE, LT o X 9512, 4% - IWHIsH - T — < iE24 - S0MAERL SR B K2018 14D
WEZEIx LIRStk 7z L& L,

1. ot
I-1. BRI EHNCEE % 5 2 5 70 T-HH O W]
IR KA PREREREAEE WK TR CFE I I

1-2. MRIZ H W 72 BRI Oin vivomfRIRIEA A=V v 7
WHOKY:  K¥PefEMm LR M%eR 21 &

B MABEYNTFEE A HBHERO ¥ — XB%
SRPER RS PREE /N SR

—

A, FREZ WY 722in vitroll€ D720 D N T € 7V OVERK & I & & EE O 34l
BWLEKRY RN HBF

—

=

- IS E
-1 B R BRSNS MRS MR E 2 W AT Y A b a7 4 — 1B B0 R O JE R BRI € A
ALHEE R AEBRER R A K

=

-2. REPHFE RSN B2 o 72 W R HUYE i & 28 SE R 12 31T 5 GABA S E R it o o % BLVE ¥l 1k > e 37
THERE HEWMRREBFENELY 7 — &K BA

=

=

-3, NN O JOASERE BH S R SR IS X 2 BETR TR 0O X W0 SRS 2 B BLIR R I O B 56
BERBARE RPH HRWEWR ks AT

A, PLERT vV OVEEE SIS TGS X AN T BARKRHE ORI & ROV E V5 O B HE AT
GIRKF AR E N 4

=

=

5. BRSOV AREYEIC & BT v F A V) YOI OB
B N K2 TEMigeke A B

. 7 — < 4REE
M-1. FIRYE Y — & 23— 2 T il P & i B = 5 U o O R e oD AT SR 8l 24 = i L i) 35 ik o0 B 5
MR RSP  BRADIERE  BRRMREAEB S i A

M-2. EEREEOM/NSKRIGY 2 I L—3 3 V2 X A BSOS 4 HE o
[ S A - ARG v 7 — bt RARAVEE RS R

V. 30/ 4EFE & AF I B 2018 7 — < R &M %E
V-1. B EEH 2 W 2N 2 R G O BN 2 B & R 2K - WA~ 5 7 2 — ANDIEH]
WHRURY: Gumtasamiset v 5 — g #

k. R IHETEB R E YD b DTT

37






THE REPORT OF STUDY
RESULT BY SUBSIDY

2017
(STUDY DURATION : April 1, 2018 — March 31, 2019)

The Watanabe Foundation






Preface

CONTENTS

Director Makoto Kotani

1. Basic Research

I-1.

I-2

Development of cancer therapy by blocking newborn blood vessels by
magnetic force COl’ltI‘Ol .......................................................................................... 3

Graduate School of Engineering, Osaka University

Yoko AKIYAMA

Effect of exposure of both light and magnetic field on enzymes’ activities of
Aspergillus Oryzae .................................................................................................. 7

Graduate School of Science, Hiroshima University

Yoshihisa FUJIWARA

II. Application Resarch

I-1.

I-2.

I-4.

I-5.

II-6.

Ir-7.

Effect of magnetic stimulation on subluxation of the shoulder and motor
function after stroke ............................................................................................. 10
Faculty of Rehabilitation, Fujita Health University School of Health Sciences
Kenta FUJIMURA
Development of magnetically-guided capsule panendoscopy === 13

Department of Gastroenterology, Fujita Health University School of Medicine
Naoki OHMIYA

. Impact of transcranial magnetic stimulation with novel pulse shapes

on motor function of the healthy and patients with neurological disorders 16
Department of Neurology, the University of Tokyo Hospital
Yuichiro SHIROTA

Diffusion-weighted magnetic resonance imaging is useful for the response evaluation
of chemotherapy and/or radiotherapy to recurrent lesions of lung cancer «==-==-- 18

Department of Thoracic Surgery, Kanazawa Medical University

Katsuo USUDA

Neuronal substrates of non-motor symptoms of Parkinson’s disease:

a magnetoencephalography Study ....................................................................... 22

Department of Neurosurgery, Osaka University Graduate School of Medicine
Masataka TANAKA

Development of a Dual Magnetoencephalograph System Equipped with
Virtual Face-to-Face Communication Interface Enabling Eye Contact- 25

Department of Psychiatry, Hokkaido University Hospital

Kazuyori YAGYU

Development of the repetitive transcranial magnetic stimulation for the

SOCial impairments in developmental disorder ................................................... 28

Medical Institute of Developmental Disabilities Research, Showa University
Junya FUJINO

. Magnetic biosenSing through Skin ....................................................................... 30

Department of Innovative and Engineered Materials, Tokyo Institute of Technology
Yoshitaka KITAMOTO

. Specific Research

II-1.

II-2.

Improvement of spatial cognitive function by static magnetic field stimulation --33
Graduate School of Biomedical & Health Sciences, Hiroshima University
Hikari KIRIMOTO

Development of prevention method and therapy for essential hypertension

Wlth repetitive magnetic Stimulation .................................................................. 35
Department of Sports and Medical science, Kokushikan University
Katsuhiko HATA



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 2017.
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






Development of cancer therapy by blocking newborn blood vessels
by magnetic force control
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Abstract
In this study, we examined a novel cancer therapy by blocking newborn blood vessels

with ferromagnetic particles. We tried to necrose cancer by accumulating and aggregating

ferromagnetic particles inside the newborn blood vessels. In order to put this treatment

into practical use, design of magnetic field for accumulating the particles selectively in

newborn blood vessels is necessary. We designed a rotating magnetic field that can

collect particles locally within a spherical range of 10 mm in diameter. According to the

experimental results, it was found that the accumulation range can be controlled by the

rotation frequency of the rotating magnetic field.

Keywords: cancer therapy, particle accumulation, rotating magnetic field

1. PURPOSE

In order to improve the quality of life of patients,
some cancer treatments with low side effects and less
invasiveness have been studied in recent years. One of
them is therapeutic embolization which treats cancer
by blocking blood vessels around cancer with
microgel'. This therapy is expected as a less invasive
method with low side effects. In order to treat the
diseased part selectively, a skill to guide a catheter to
the vicinity of the cancer tissue during angiography is
necessary. By the difficulty and the high-risk level of
this treatment, the current applications are limited to
specific organs such as the liver®. To solve this
problem, we consider a novel cancer therapy by
blocking newborn blood vessels by magnetic force
control. In this therapy, ferromagnetic particles
administered inside the body are accumulated at the
target site by the magnetic field control from the
outside of the body. After that, blockages of newborn
blood vessels are formed around the cancer cells by
aggregation of the particles that prevent cancer growth
and metastasis.

We considered an application of this treatment to
pancreatic cancer as an example of cancer that
develops deep inside a body. The pancreas is about
200 mm from the body surface and the size of the
cancer is about 10 mm at the initial stagel.
Accordingly, we designed the rotating magnetic field
(RMF) that can locally accumulate the particles within
a spherical range of 10 mm in diameter, 200 mm away
from a source of magnetic field.

2. METHOD

In order to investigate the accumulation range of the
particles under the RMF as shown in Fig. 3, a
simulated organ was prepared by filling a syringe
(inner diameter: 22 mm) with glass beads (particle
diameter: 250 pum). In the simulated organ, 10 mL
simulated blood in which magnetite particles (particle
diameter: 0.10 um, Fe;O4, Mitsui Mining, Japan) were
dispersed in 500 ppm flowed at a constant flow rate of
1.0 mny/s. In the meantime, the RMF was applied to
accumulate the particles.
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Fig. 1 The experimental setup of particle
accumulation in the simulated organ by using RMF.

A cylindrical neodymium magnet (@30 mm X 15
mm, a surface maximum magnetic flux density: 0.50
T) was used as magnetic field sources. Table 1
summarizes the magnetic field strength applied to the
simulated organ. The center of the syringe was set to
the central axis of the RMF, and the rotational radius
of the RMF was set to 25 mm. The experiments were
conducted at the rotation frequencies of 1.2 Hz, 2.4 Hz
and 3.6 Hz.

Table 1 The strength of the magnetic field applied
to the simulated organ.

7125 mm . \_-_,!
v 250 um #57 pmg

The upper side of the organ 2.3X10mT
On the central axis of the RMF 5.0X10mT
The lower side of the organ 1.0X 10> mT

After the experiment, the simulated organ was
divided into 10 sections (4.8 mm in the width). In
order to quantify the distribution of the particles in the
flow direction, each section was dissolved into
hydrochloric acid and diluted by distilled water, and
the concentration of iron ion was measured with
ICP-AES (ICPS-7500, SHIMADZU,
estimate the concentration of the particles in each

Japan) to

section. Furthermore, a cross-section was observed by
an optical microscope to investigate the distribution of
the cross-section perpendicular to the flow direction.

3. RESULT

Fig. 2 and Fig. 3 show the amount of the magnetite
particles accumulated per unit volume in the flow
direction under the static magnetic field and the RMF.
Comparison between Fig. 2 and Fig. 3 show that the

accumulation range of the particles is more narrowed

by using the RMF. This is because the particles tend to
accumulate at both ends of a magnet by the large
magnetic field gradient under the static magnetic field.
Furthermore, it can be seen from Fig. 6 that the
accumulation range of the particles became narrower
with an increase in the rotation frequency. This
suggests the possibility of more precise particle
accumulation in the flow direction by using the RMF

with high frequency.
Targel site
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Fig.3 Accumulation in the flow direction (RMF).

Fig. 4 shows photographs of the cross-section on the
central axis of the magnet after the application of a
static magnetic field and the RMF. From the
comparison of Fig. 4(a) and (b), it can be seen that the
accumulated particles are distributed not only on the
installation side of the magnetic field source but also
on the entire cross-section by utilizing the RMF. By
comparing Fig. 4(b)-(d), the particles are accumulated
in a part close to the axis of the RMF, and the



accumulation range is also extended as the increase in
the frequency of the RMF.

Fig. 4 Accumulation of particles in the simulated
organ by the RMF (a) static magnet field
(b) 1.2 Hz (¢) 2.4 Hz (d) 3.6 Hz.

4. DISCUSSION

In this part, the reason why the accumulation range
is wider by using the RMF with high frequency is
discussed.

Fig. 5 shows the particle trajectories under the RMF.
In this simulation we didn't consider the existence of glass
beads in order to simplify the calculation, and considered
the particle trajectory when simulated blood flowed into
the syringe at a uniform flow rate of 1.0 mmy/s. Magnetic
field distribution and flow velocity distribution were
analyzed by finite element method using ANSYS 10.0
(Cybernet system, Japan), and other necessary values for
this calculation are summarized in Table 2.

According to Fig. 5, it can be seen that the particles
near the side surface of the simulated organ were
guided in the outward direction. Furthermore, from the
lower diagram in Fig. 10 showing the microscopic
particle trajectory off-axis of the RMF, it is confirmed
that the amplitude motion occurs at about 180 pum in
the cross-section above the magnetic field under the
RMF of 1.2 Hz, whereas the amplitude is 45 um at 3.6
Hz. In the experiments with simulated organ, glass
beads form flow path in the inner diameter about 57
pm. These results show that the particles under the
RMEF of 1.2 Hz have a larger amplitude than the gap of
the glass beads. It indicates the possibility that the
particles are gradually guided to the outside of the
simulated organ at the branch of the flow path. At the
same time, the particle flows out gradually to the
downstream. On the other hand, under the RMF of 3.6

Hz, the amplitude matches the size of the gap of 57 um.

It indicates that it is easy to continue the periodical
motion along the inner wall between the beads staying
on the cross-section above the magnetic field source.
In other words, the reason why the accumulation range
becomes wider by using the RMF with higher
frequency is that the particles near the target boundary
are hardly guided to the outside of the simulated organ,
and that the particles are likely to show cyclic motion
along the wall surface of the flow path between the
glass beads.
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Fig. S Particle trajectory off-axis of the RMF above
the magnetic field source (a) 1.2 Hz, (b) 3.6 Hz.

Table 2 Calculation conditions of particle trajectory.

Particle density 5170 kg/m’
Particle size 5.0 pm

The saturation magnetization 0.55 Wh/m?

(measured value)

Viscosity coefficient of gelatin .

solution (3.8 wt%, 298 K) 4.2mPa-s

Density of fluid 1.0x10* kg/m®
Rotation frequency of the RMF 1.2,3.6 Hz
1.257x10°

Vacuum permeability m-kg/(s*+ A?)

In order to accumulate the particles at a deeper
position than this study, we use four superconducting
solenoidal magnets and the cylindrical magnetic
shielding material with a slit arranged around the
human body. The magnetic shielding materials are
rotated in order to apply the RMF to the human body.
In future works, we plan
superconducting magnets and shielding materials.

to design these
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Effect of exposure of both light and magnetic field on enzymes' activities

of Aspergillus oryzae
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Abstract
In our previous work, it was first reported that the growth of the fungus called

Aspergillus oryzae was promoted by both light irradiation and magnetic field exposure.

In this study, then, the light and magnetic field effect on activity of saccharification

enzymes, which yield glucose essential for the growth was investigated. As a result, it

was found that activity of a-amylase almost doubled only under the presence of both

light and magnetic field.

Keywords: Aspergillus oryzae, light and magnetic field effect, Saccharification,

o-amylase

1. PURPOSE

Lives on the earth have been evolving under
influence of various environmental factors including
light (electromagnetic magnetic  field
field), humidity,
concentration of salts, and so on. As for light and

wave),
(geomagnetic temperature,
magnetic field, studies about simultaneously-exposed
effect of the two factors were scarcely evaluated
though studies about each factor have existed. On the
other hand, it is well-known that mass extinction called
“big five” occurred five times in the past, and magnetic
pole inversion has been focused on as one of the
origins. On the background of these situations, studies
about simultaneously-exposed effect of the two factors
has been carried out globally since the 1900s. As
typical researches, recently, a mechanism of direction
sensing of migratory birds” and an effect on a growth
of Arabidopsis thaliana® have been reported.

In this study, simultaneously-exposed effect of
light and magnetic field on activity of saccharification
enzymes

yielded by Aspergillus oryzae was

investigated, which is known to  possess
photo-response.” In our previous studies,” we first
reported an effect that growth of the fungus was
promoted up to ~120 % under the simultaneous
exposure of light and magnetic field. In this study,
simultaneously-exposed effect of light and magnetic
field on activity of saccharification enzymes of
a-amylase, glucoamylase and o-glucosidase was

evaluated and compared to the effect on the growth.

2. METHOD

A droplet of conidia of a fungus (Aspergillus
oryzae) suspended in a liquid medium consisting of
dextrin and pepton was poured onto a filter paper (¢ 6
mm), which was settled at a center of a petri dish (¢ 50
mm) including a solid medium consisting of dextrin,
pepton and agar. The dish was respectively located in
below-mentioned four experimental conditions
simultaneously, and remained for cultivation during a
fixed period under constant temperature. Several

pieces of ceiling fluorescent lights in a laboratory were



employed as a light source, whose intensity was ~9

pmol m? s\

Magnetic flux density of a static
magnetic field used in this study was 0.6 T. Four
experimental conditions were constructed by a
combination of the presence and absence of the light
and magnet as follows: (1) simultaneously light
irradiation and magnetic field exposure (hereafter,
abbreviated as L + M), (2) light irradiation only (L),
(3) magnetic field exposure only (M), and (4) neither
light irradiation nor magnetic field exposure (Control).
After cultivation, a diameter of a white fungal colony
grown concentrically in a dish was measured in each
experimental condition. Then, the solid agar medium
was crushed to pieces, and the suspension was
employed to extract three typical saccharification
enzymes  of
o-glucosidase.

o-amylase,  glucoamylase and
Activity of these enzymes was
evaluated spectroscopically with measuring kits

purchased from Kikkoman Biochemifa Company.

3. RESULTS

Figure 1 shows white fungal colonies formed
concentrically in a petri dish, which were located
respectively at the each experimental condition: L + M,
L, M, and Control. Whereas values of a diameter of the
colony in L, M, and Control were observed much less
difference each other, the value in L + M was found to
be apparently enhanced up to ~120 % of those in L, M,

Control

Figure 1. Top views of a concentrically-formed
white fungal colony in each experimental
condition of L + M, L, M, and Control.

and Control, suggesting that only the L. + M condition
induces promotion of the fungal growth. Thus, effect
of L+ M was first observed in Aspergillus oryzae.

Figure 2 shows the first observation of prominent
effect of L + M on activity of one of saccharification
enzymes, a-amylase. It was found that the activity was
more reinforced up to ~180 % compared to those in L,
M, and Control. Interestingly, the reinforcement was
obviously larger than that (~120 %) of the promotion
effect on the fungal growth. The activity of the other
enzymes of glucoamylase and a-glucosidase was not
able to be measured probably due to their low
concentration in this study.

4. DISCUSSION

Important observations in this study are that only
the L + M
reinforcement on the activity of a-amylase in addition

condition induces conspicuous
to the promotion of the fungal growth. Furthermore, it
should be noted that the extent value (~180 %) of the
reinforcement on the activity of o-amylase is
obviously larger than that (~120 %) of the promotion
on the fungal growth. The extent value is considered
still larger even if it is compared to an extent value
(~144 %) per the colony area estimated by that
(~120 %) on the fungal growth. This result means that

the activity of a-amylase is more enhanced rather than
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Figure 2. Light and magnetic field effect on
activity of o-amylase in each experimental
condition.



the fungal growth, probably suggesting a different
mechanism for the reinforcement on the activity of
o-amylose from that of the promotion on the fungal
growth. Although elucidation of the mechanism is in
progress,” it is considered that the radical pair
chemistry
interaction between photo-induced intermediates and

mechanism” explained by quantum

magnetic field participates in  photo-induced
biochemical reactions occurred in Aspergillus oryzae,
and that a reaction stage primarily affected by the
radical pair mechanism might be different each other
between the cases of the enzyme activity and the
fungal growth.

Effects of only light irradiation on the fungal
growth and the activity of o-amylose have been
already reported, whereas those effects were much less
in our studies, as shown in Figures 1 and 2. This might
be owing to difference in lots of experimental factors
including a type, a range of wavelength, their intensity,
and irradiation time of a light source, temperature of
cultivation, a period of cultivation, chemical
composition of media, and so on.> * ®” Therefore,
optimization of those experimental factors is essential
for appearance of the largest L + M effect, in addition
to optimization of intensity, direction, and a period of
magnetic field exposure. Elucidation of the mechanism

of the L + M effect might give a clear answer.
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Abstract
The study aimed to investigate the effect of peripheral magnetic stimulation on

shoulder subluxation after stroke. We enrolled 12 consecutive patients who, as a result of

stroke, suffered shoulder subluxations. All subjects received conventional rehabilitation,

as well as peripheral magnetic stimulation. Shoulder subluxation, shoulder pain, motor

impairments of upper extremities were assessed. The shoulder subluxation was

significantly decreased. Shoulder pain, motor function also improved significantly.

Peripheral magnetic stimulation was effective in reducing shoulder subluxations and pain

and improved voluntary upper-limb movements.

Keywords: peripheral magnetic stimulation, shoulder subluxation, motor function, stroke

1. INTRODUCTION

The shoulder subluxation that frequently occurs after
stroke is a state in which the scapulohumeral joint is
out of alignment. In addition, shoulder pain is more
common in patients with shoulder subluxation. One
report found that functional outcomes were better and
the length of hospital stay was shorter for patients
without post-stroke shoulder pain. " Therefore,
shoulder subluxation not only affects pain but also
functional outcomes of patients.

Neuromuscular electrical stimulation (NMES) are
typical treatments for shoulder subluxation. But
NMES by surface electrodes tends to induce pain and
discomfort due to the stimulation of the nociceptors
present in the skin, making it difficult to provide
comfortable and strong stimulation. Moreover, NMES
therapy requires long stimulation periods; 1.5 to 6
hours a day for six weeks. 2 Therefore, it is not easy to
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introduce to clinical situations. On the other hand,
peripheral magnetic stimulation (PMS) is a surface
system that induces eddy currents via electromagnetic
induction. PMS activates peripheral nerves and
muscles without stimulating skin nociceptors, resulting
in the strengthening of muscle forces and facilitating
the nerves while limiting pain.” Pain caused by PMS is
significantly lower than NMES-induced pain, even
when using the same intensity of stimulation.”)
Therefore, PMS can provide stronger stimulation than
NMES and limit pain at the same time. We
hypothesized that PMS is an alternative to NMES that
provides stronger stimulation while causing less pain
subluxation caused by

when treating shoulder

stroke-induced paralysis.

2. METHODS
We included 12 consecutive hemiplegic patients who



presented a shoulder subluxation that measured at half
of a fingerbreadth or more as a result of stroke. Seven
men and five women who had a age of 61 = 17 years
(mean = SD) were included. Five patients had
right-sided hemiplegia and seven had left-sided
hemiplegia. The time after onset was 78.8 + 30.8 days
(mean £+ SD). All patients gave written informed
consent.

All subjects received conventional rehabilitation for
180 min/day for seven days a week. PMS for shoulder
muscles was performed for five days a week, at about
20 min per day, for four weeks as a part of the
rehabilitation program. We used a peripheral magnetic
stimulator (Pathleader, IFG, Japan) for the PMS
treatment. PMS was applied to the supraspinatus,
posterior deltoid, and infraspinatus muscles. Each
muscle was stimulated 100 times at a frequency of 30
Hz. One stimulation was defined as applying magnetic
stimulation for 2 sec and then stopping for 3 sec. We
increased the stimulation intensity, until patients
indicated that any further increase would become
uncomfortable.

The primary outcome of this study was any change
in the AHIs of shoulder subluxations. AHIs were
calculated using measurements taken from the plain
anteroposterior X-rays of shoulder joints. In addition,
shoulder pain were evaluated from 0 to 10 using the
Numerical Rating Scale (NRS). Motor impairment
were evaluated by the upper extremity of
(FMA-UE). All
measurements were taken before and after PMS
treatment.

Fugl-Meyer Assessment scale

3. RESULTS

The AHI before PMS treatment was 22.8 £ 5.7 mm,
but it significantly decreased to 19.6 £ 7.0 mm (mean
+ SD) after rPMS treatment (p = 0.004). Fig.1 shows
an example of X-ray that has changed.

Median of NRS significantly changed from 5 to 3 (p
=0.039). FMA-UJE total and subscale A, C
significantly improved (p = 0.005, 0.005, 0.008).
Subscale B and D were no significant change in (p =
0.157, 1.000).

Before After

= |1
AHI 20.0 mm

AHI 12.2 mm

Fig.1. Example of change in AHI

4. DISCUSSION
PMS, like NMES, can excite peripheral nerves, and
has a target muscle strength and neural facilitation
effect.”’ In this study, PMS applied to the supraspinatus
of the
shoulder

and posterior muscles deltoid muscle
subluxation and
function. PMS

intervention time was shorter than previous studies

significantly reduced

improved upper limb motor
using NMES. But the improvement was equal to or
better than NMES. From this, it was demonstrated that
PMS is an effective treatment for shoulder joint
subluxation and motor function after stroke. In the
future, in order to clarify this effect, it is necessary to
conduct tests in a large number of cases in which a
control group is set and to verify.
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Abstract

Capsule endoscopy allows painless inspection throughout the small bowel, and

useful for the diagnosis of various kinds of small bowel diseases. Recently, colon capsule

endoscopy has been reimbursed, but it has not been frequently used presumably because

of a large amount of bowel preparation, long examination time, and limited indications.

Capsule endoscopy for pan-gastrointestinal tract from mouth to anus has not been

developed yet. We recently have developed magnetically-guided capsule endoscopy

system by using a compact instrument comprising 4 neodymium magnets, which is

14X14 mm in size and 2.3 kg in weight. We will perform a single center randomized

controlled single-blinded trial to analyze the detection rates of gastrointestinal tumors,

safety, and acceptability of this system in patients who are diagnosed as having

esophageal cancer, gastric tumors, or colorectal tumors without stenosis.

Keywords: magnetically-guided capsule endoscopy

1. Purpose

Capsule endoscopy allows painless inspection
throughout the small bowel, and useful for the
diagnosis of various kinds of small bowel diseases.
Recently, colon capsule endoscopy has been
reimbursed, but it has not been frequently used
presumably because of a large amount of bowel
preparation, long examination time, and limited
indications. Capsule endoscopy for
pan-gastrointestinal tract from mouth to anus has not
been developed yet. We recently have developed
magnetically-guided capsule endoscopy system by
using a compact instrument comprising 4 neodymium
magnets, which is 14X14 mm in size and 2.3 kg in
weight. The magnetic flux density and magnetic
attraction 100 mm apart from this instrument is 17.1
mT and 6.3 mN, respectively, therefore commercially

available capsule endoscope even without a magnet

inside can be controlled by this instrument through
martensitic transformation of negative electrode within.
We will perform a single center and then multicenter
randomized controlled single-blinded trial to analyze
the detection rates of gastrointestinal tumors, safety,
and acceptability of this system in patients who are
diagnosed as having esophageal cancer, gastric tumors,

or colorectal tumors without stenosis.

2. Method

1) Magnetically-guidance manipulator

We recently have developed magnetically-guided
capsule endoscopy system by using a compact
manipulator comprising 4 neodymium magnets. We
have checked the magnetic flux density and magnetic
attraction with teslameter (KANETEC, TM-701) and
digital forceguage (IMADA, ZTS-5N), respectively.

2) Detectability of letters on a water tank

13



Six letters was attached on the upper and lower and
side walls of fish water tank (W21lem x D 10.3mm x H
11.1cm, content 1.7L). Next, this tank was filled with
tap water or colon preparation liquid. We counted the
detection rates of the total 32 letters during how many
minutes.

3) Animal experiment in a pig

We examined macroscopic and microscopic damage
of magnetically-guided endoscopy in a pig animal
model.

4) Human experiment (phase I trial)

I examined how this magnetically-guided capsule
endoscopy worked and induce adverse events by
myself.

3. Results

1) Magnetically-guidance manipulator

\
j
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We have developed magnetically-guided capsule
endoscopy system by using a compact manipulator
comprising 4 neodymium magnets, which is 14X14
mm in size and 2.3 kg in weight. The magnetic flux
density and magnetic attraction 100 mm apart from
this instrument is 17.1 mT and 6.3 mN, respectively,
therefore commercially available capsule endoscope
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even without a magnet inside can be controlled by this
instrument through martensitic transformation of
negative electrode within.

D, O

Sngtic i

2) Detectability of letters on every walls of a water
tank

We show the detectability of letters on the walls of the
water tank and examination time. It took only 3 to 4
times to detect all letters attached on the walls of the

water tank.
1st an 3rd 4th
exam exam exam exam
Period 3m58s 5m9s 3m21s 2m30s
Preparation

liquid Detection 91% 97% 100% 100%
rates (29/32) (3132) (32/32) (32/32)
Period 9m26s 14m17s 4m17s 3ma8s

Tap water .
Detection 88% 94% 100% 100%
rates (28/32) (30/32) (3232) | (3232)

3) Animal experiment in the pig

We did not detect any macroscopic and microscopic
damages in the stomach and colon in the pig after
magnetically-guided capsule endoscopy procedures.

4) Human experiment (phase I trial)

I succeeded in gastroduodenal induction and anal
excretion operated by this manipulator, then it took
only 4h3m to detect gastrointestinal images from the
mouth to the anus without any adverse events.

4. Discussion

Regarding magnetically-guided capsule endoscopy,
one of inventors of capsule endoscopy, Paul Swain
has already shown that remote manipulation of a




capsule in the esophagus and stomach of a human is
feasible and might enhance diagnostic endoscopy as
well as enable therapeutic wireless capsule
endoscopy with a wireless capsule endoscope
modified to include neodymium-iron-boron magnets
and its magnetic switch replaced with a thermal one
and turned on by placing it in hot water and the
handheld

Olympus

external  magnetic  manipulator.”

company developed magnetically
guidance system using magnetic resonance imaging
equipment with a maximum 100mT and a two-head
capsule endoscope installed with magnet.” Likewise,
Ankon (Shanghai)

magnetically guidance system using magnetic

Technology developed
resonance imaging equipment and a single-head
installed with magnet.”
(Korea)
magnetically-guided capsule endoscopy installed

capsule endoscope

Intromedic company developed
with magnet and a handheld magnet Navi
Controller.”

self-propelling capsule endoscope by attaching a

Morita et al developed a diving

capsule endoscope to a microactuator. >

Our magnetically-guided capsule endoscopy
is considered a novel system and superior to the
former ones because it is a compact and low-priced
equipment and can be applied to commercially
available colon capsule endoscopy. We will perform
a single center and then multicenter randomized
controlled single-blinded trial to analyze the
detection rates of gastrointestinal tumors, safety, and
acceptability of this system in patients who are
diagnosed as having esophageal cancer, gastric
tumors, or colorectal tumors without stenosis. In
addition, this
applications. One is for magnetic anchor-guided

system has the two possible
endoscopic submucosal dissection in patients with a
large early-stage gastrointestinal cancer to secure the
cutting field of view by magnetically elevation of
tumor specimens. The other is for magnetic tip at the
edge of guidewires to pass the sharp angle of
branching points of blood vessels and intrahepatic
bile ducts. If these guidewires will be passed at the
branching points under magnetic guidance, various

kinds of catheters will be then passed and
interventional radiology will be succeeded.
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Impact of transcranial magnetic stimulation with novel pulse shapes on motor
function of the healthy and patients with neurological disorders
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Abstract

Transcranial magnetic stimulation (TMS) can be a good candidate for novel

therapies of neurological and psychiatric disorders. However, evidence show only modest

efficacy. This is partly because 1) pulse shape of TMS was not flexible enough to

engender biologically meaningful effects, and 2) behavioral parameters, as opposed to

physiological ones including motor evoked potential (MEP), were not designated as

outcomes in many studies. Here, we addressed these issues, showing that TMS with

different pulse shapes can provide new parameters such as rheobase and time constant,

and that quadripulse stimulation, a protocol of repetitive TMS, can change human motor

behavior.

Keywords: transcranial magnetic stimulation, pulse shape, motor behavior

1. PURPOSE

Repetitive  transcranial magnetic  stimulation
(rTMS) attracted interest since it can be a novel
therapy for neurological and psychiatric disorders. In
fact, there is class A recommendation for diseases such
as major depression and chronic pain’. On the other
hand, for other common diseases including stroke and

Parkinson disease?

, we can find only anecdotal nice
studies. Reasons for this are ignorance of physical
aspects of the TMS pulse and lack of behavioral
consideration of TMS aftereffects.

In this study, we investigated influence of pulse
shape on TMS effects and changes in reaction time

caused by rTMS.

2. METHOD
2-1.  Influence of pulse shape on TMS

We used a recently developed TMS device,
controllable pulse-arameter TMS (cTMS). As shown
in Fig 1., it can adjust pulse width in addition to pulse
intensity.
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Motor threshold was estimated in healthy volunteers,
using different pulse widths: 30 microseconds, 60
microseconds, and 120 microseconds. Based on the
estimated thresholds, time constant and rheobase
were calculated using Peterchev’s method. ¥ Impulse
response of the membrane as approximated by an
exponential function, and convolution of it with the
pulse waveform lead to estimation of depolarization
of the membrane.

25
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Fig 1 : Pulse shape accomplished by cTMS
X-asix: ms, Y-axis: intensity (arbitrary unit)



2-2.  Change of reaction time by rTMS

Quadripulse stimulation (QPS) is an rTMS protocol
consisting of a burst of four pulses repeated for more
than 100 times. ¥ Long-term effect of QPS was
reported using motor evoked potential as an index, but
no research investigated behavioral impact of QPS.

In this research, QPS over the supplementary motor
area was delivered on nine healthy volunteers.
Reaction time was measured before and after QPS. In
addition to choice reaction time, negative compatibility
effect (NCE) was estimated to reveal influence of QPS
on motor inhibition.

3. RESULTS
3-1 Motor threshold with different pulse width.

In line with a previous report, motor threshold was
lower with longer pulse width (30 microseconds:
60.1 =7.5%, 60 microseconds: 34.3 =4.3%, 120
microseconds: 26.3 +3.1%). Fig. 2 show time constant
around 200 microseconds and rheobase around 9%,
compatible with a previous report (ref. 3 reported time
constant was 200 + 33 microseconds).

350
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300 4

250

200 4

Time constant (us)
Rheobase (51MSO)

150

100

2 : Time constant and rheobase in the healthy

3-2.  Motor inhibition by QPS
QPS over the supplementary motor area did not
change the choice reaction time, but decreased the
NCE, indicating diminution of motor inhibition by
QPS.?

4. DISCUSSION
This study revealed two novel findings. First,
modulation of pulse shape including the pulse width

enables us to estimate novel parameters such as time
constant and rheobase. Second, rTMS like QPS can
affect human behavior such as motor inhibition. It
would be a promising future direction to elucidate
relationship between these two findings, leading to
establishment of new biomarkers for neurological
disorders.
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Diffusion-weighted magnetic resonance imaging is useful for the response
evaluation of chemotherapy and/or radiotherapy to recurrent lesions of lung
cancer
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Abstract

Diffusion-weighted magnetic resonance imaging (DWI) has been reported to be useful for the
assessment of lung cancer staging. It is uncertain whether DWI is more accurate for the response
evaluation of chemotherapy and/or radiotherapy compared to computed tomography (CT). The purpose
of this study is to compare the response evaluation of DWI for chemotherapy and/or radiotherapy to
recurrent tumors of lung cancer with that of CT which is a standard tool in RECIST (Response Evaluation
Criteria in Solid Tumours). Forty-one patients who agreed to this project and had CT scan and DWI
examinations within a month of each other every six months for at least 2 years after pulmonary resection
of primary lung cancer were enrolled in this study. Of the patients, 24 had metastases or recurrences, and
CT and DWI were performed for assessment of the response evaluation of chemotherapy and/or
radiotherapy to recurrent lesions. They were followed up for at least two years after the relapse. The
response evaluation by CT using RECIST were PR in five patients, SD in two, and PD in the remaining 17
patients. On the other hand, the response evaluation by DWI were CR in four patients, PR in two patients,
SD in one, and PD in the remaining 17 patients. Follow-up studies revealed the response evaluation by
DWI were correct. Functional evaluation of DWI is better than that of CT for the response evaluation of

chemotherapy and/or radiotherapy to recurrent tumors of lung cancer.

Keywords: lung cancer - diffusion-weighted magnetic resonance imaging - response evaluation -
chemotherapy and/or radiotherapy — recurrence

1. PURPOSE chemotherapy and/or radiotherapy to recurrent or

Diffusion-weighted magnetic resonance imaging
(DWI) makes use of the random, translational
motion, or so-called Brownian movement, of water
molecules in biologic tissue.” DWI has primarily
been used in brain imaging, mainly for the
assessment of acute ischemic stroke, demyelinating
diseases and intracranial tumors. ¥ It has been
reported that DWI can be useful for differential
diagnosis of pulmonary nodules and masses, and
assessment of N factor, M factor, and stage of lung
cancer. >+

DWI may be useful for the response evaluation of

18

metastatic tumors of lung cancer. Although RECIST
(Response Evaluation Criteria in Solid Tumors) is
an international reproducible high evaluation
method for the response evaluation of chemotherapy
and/or radiotherapy to neoplasm, © RECIST criteria
have limitations, particularly in assessing the activity
of newer cancer therapies that stabilize the disease.”

In this research, we compared the response
evaluation of DWI versus CT for chemotherapy
and/or radiotherapy to the recurrent tumors of lung

cancer.



Figure 1. Case 1.

A 66-year-old male who underwent right upper lobectomy and dissection of lymph
nodes for pulmonary adenocarcinoma. Enlargement of #4R lymph node was detected
by CT(a), DWI (b) and PET-CT(c). A biopsy (EBUS-TBNA) of the node revealed it
was a metastasis from lung cancer. Radiation was added to the local recurrence.
Although CT (d) showed PR, DWI (e) showed CR because of no diffusion.
FDG-PET/CT(f) showed CR because of no accumulation of FDG Two-year
follow-up study showed CR.
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Figure 2. Case 2.

A 76 - year-old female who underwent right upper lobectomy and dissection of
Iymph nodes for pulmonary adenocarcinoma. Later partial resection of lower lobe
was performed for second primary adenocarcinoma.  Local recurrence was detected
by CT/(a) and DWI (b). Radiation was added to the local recurrence. Although CT (c)
showed PR, DWI (d) showed CR. FDG-PET/CT(e) showed PR because of slight
accumulation of FDG  Two-year follow-up study showed CR.

2. METHOD
The study protocol for examining DWI and CT

for the response evaluation of chemotherapy and/or
radiotherapy to recurrent lesions of lung cancer was
approved by the ethical committee of Kanazawa
Medical University (the approval number: No.189).
Patients included in the study were adults (above 20
years) who agreed to this project and whose
informed consent could be obtained. Patients
excluded in this study were adults who had metal or
pacemakers in their bodies or tattoos on their skin
because of contraindication in MRI examinations.

The response evaluation of chemotherapy and/or
radiotherapy to lung cancer was performed based on
RECIST1.1 criteria. The response evaluation as
assessed by MRI with DWI was classified as

Figure 3. Case 3.

A 72 - yearold female who underwent right lower lobectomy and dissection of
lymph nodes for pulmonary adenocarcinoma (pStage 1IB). Metastasis to left ilium
was detected as an osteoplastic change by CT(a), as diffusion decrease by DWI(b)
and an FDG accumulation by FDG-PET/CT(c). Pathological examination by
percutaneous biopsy of the left ilium lesion revealed bone metastasis from the lung
cancer. The patient was treated with Gefitinib. Response evaluation by CT(d)
showed SD, but DWI(e) showed CR with no diffusion decrease, and also
FDG-PET/CT(f) showed CR with little FDG accumulation of the lesion.

follows; complete response (CR) was defined as the
disappearance of all tumor foci in DWI; partial
response (PR) was at least a 30% decrease in the
tumor diameter in DWI; progressive disease (PD)
was at least a 20% increase in the sum of all tumor
diameters from the smallest tumor size in DWI; and
stable disease (SD) was neither PR nor PD in DWL

Magnetic resonance imaging (MRI)

All MR images were obtained with a 1.5 T
superconducting magnetic scanner (Magnetom
Avanto; Siemens, Erlangen, Germany). b value = 0
and 800 s/mm? The optimal cutoff value (OCV) of
ADC for diagnosing malignancy in DWI was
determined to be 1.70x10°mm’/sec as previously
reported. ¥

3. RESULTS

Forty-one patients who agreed to this project and
had CT scans and DWI examinations within a
month of each other every six months for at least 2
years after pulmonary resection for primary lung
cancer were enrolled in this study in the period from
2012 to 2016.

The post-operative follow-up revealed the relapse
or the enlarging of the tumors in 24 patients,
whereas 17 patients had no evidence of relapse. All

24 patients who relapsed underwent chemotherapy
and/or radiotherapy (Table 1): chemotherapy was
added to the treatment of 11 patients,
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Table 1. Response evaluation to the therapy for
recurrence or metastasis of lung cancer

DWI Total

Table 3. Specificity of CT versus DWI for the response
evaluation of chemotherapy and/or radiotherapy to
recurrent lesions of lung cancer by using McNemar test

CT

CR PR SD PD cases - — No.
True-negative  False-positive
CR True-negative 0 4 4
o1 PR 3 2 DWI "
SD 1 1 False-positive 0 0 0
PD 17 17 No. 0 4 4
Total cases 4 2 1 17 24 P=0.067

Table 2. Sensitivity of CT versus DWI for the response
evaluation of chemotherapy and/or radiotherapy to
recurrent lesions of lung cancer by using McNemar test

Table 4. Accuracy of CT versus DWI for the response
evaluation of chemotherapy and/or radiotherapy to
recurrent lesions of lung cancer by using McNemar test

CT

Total

True-positive False-negative  cases

True-positive 20 0 20
DWI
False-negative 0 0 0
Total cases 20 0 20
N.S.

chemoradiotherapy in 11 and radiotherapy in 2
patients. There were 12 adenocarcinomas, 9
squamous cell carcinomas, 1 large cell
(LCNEC), 1

carcinoma and 1

neuroendocrine carcinoma

adenosquamous carcinoid.
Seventeen patients were male and 7 were female.
Their mean age was 71 years old (range 55 to 85).
There were 6 pathological Stage IA (pStage IA), 7
pStage 1B, 1 pStagellA, 5 pStage IIB, 5 pStage
IIA.

The response evaluation of chemotherapy
and/or radiotherapy to recurrent lesions of lung
cancer are presented in Figure 1-3

The response evaluation by CT using RECIST
were PR in five patients, SD in two, and PD in the
remaining 17 patients (Table 1). The response
evaluation by DWI were CR in four patients, PR
in two, SD in one, and PD in the remaining 17
patients (Table 1). In all these 4 patients of CR
classification by response evaluation of DWI, 3
were PR and one was SD by response evaluation
of CT. A follow-up study two years after
revealed

chemotherapy/radiotherapy response

evaluation by DWI were correct.

20

CT

Total
Correct Incorrect cases

Correct 20 4 24

DWI
Incorrect 0 0 0
Total cases 20 4 24
P=0.067

Table 3-5 shows the sensitivity, specificity and
accuracy of CT versus DWI for the response
evaluation of chemotherapy and/or radiotherapy to
recurrent lesions of lung cancer by using the
McNemar test (Table 3-5). The sensitivity 100%
(20/20) of DWI for the response evaluation of
chemotherapy and/or radiotherapy was same as
100% (20/20) of CT. The specificity 100% (4/4) of
DWI for the response evaluation of chemotherapy
and/or radiotherapy was likely to be better than 0%
(0/4) of CT, but there is no difference (p=0.067).
The accuracy 100% (24/24) of DWI for the response
evaluation of chemotherapy and/or radiotherapy was
likely to be better than 83% (20/24) of CT, but there
is no difference (p=0.067).

4. DISCUSSION

This preliminary report showed that DWI was
more accurate than CT for the response evaluation
of chemotherapy and/or radiotherapy to recurrent
lesions of lung cancer.

Although CT scan showed inflammatory shadow
or remaining swelling of lymph nodes after
treatment, DWI may be able to judge if there is no



residual cancer by no decreased diffusion in the
lesion. DWI is useful for not only quantitative
evaluation but also qualitative evaluation which is
not determined by tumor size for the response
evaluation of chemotherapy and/or radiotherapy to
recurrent lesions of lung cancer. Whole-body MRI
seems to be a valid alternative method compared to
FDG-PET/CT in oncology. Anatomic imaging
alone using standard WHO, RECIST, and RECIST
1.1 criteria have limitations, particularly in assessing
the response evaluation of cancer therapies where
the volume of cancers was stabilized.
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Neuronal substrates of non-motor symptoms of Parkinson's disease: a
magnetoencephalography study

Masataka Tanaka

*Department of Neurosurgery, Osaka University Graduate School of Medicine
2-2 Yamadaoka, Suita-city, Osaka 565-0871 Japan

Abstract
Studies using electrocorticography have revealed that phase-amplitude coupling

(PAC) is exaggerated in patients with Parkinson’s disease (PD). The author recorded the

magnetic brain signals of 20 patients with PD and 20 healthy volunteers in a resting state

and investigated the whole-brain PAC non-invasively. f-low y PAC on the primary visual

area was significantly higher in patients with PD than in healthy volunteers. B-low y PAC

on the occipital visual areas was significantly correlated with the scores of the pareidolia

test and Montreal Cognitive Assessment.

Keywords: Parkinson’s disease, phase-amplitude coupling, magnetoencephalography

1. PURPOSE

Brain signal analysis targeted at participants with
Parkinson's disease (PD) has recently focused on
phase-amplitude coupling (PAC) which is the
phenomenon that phase of lower frequency oscillation
of higher
oscillations”. Previous studies have shown that PAC in

couples with amplitude frequency
the motor cortex and the subthalamic nucleus relates to
motor symptoms of PD**¥, and thus PAC may be a
biomarker of PD. In this study, PAC of the whole brain
of patients with PD was evaluated non-invasively
using magnetoencephalography (MEG) based on the
hypothesis that non-motor symptoms of PD also relate

to PAC.

2. METHOD

Twenty participants with PD and 20 healthy
volunteers were included in the study. MEG data were
acquired using a 160-channel whole-head MEG (MEG
Vision NEO; Yokogawa Electric Corporation, Tokyo,
Japan) in a 240-s resting state condition with eyes
closed. Participants with PD were in the on-medication
state during the recording without any medication
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withdrawal. The recording pass-band was 0.1-500 Hz
with a sample rate of 2000 Hz.

MEG data were analyzed using MATLAB R2015b
(Mathworks, Natick, MA, USA) and Brainstorm®. Of
the original 160 channels, 10 channels in the temporal
region were excluded in all participants for easily
being contaminated by muscle artifacts. MEG data
were resampled at 1000 Hz and high-pass filtered at
0.5 Hz for baseline correction. Independent component
analysis was used to isolate ocular and cardiac artifacts.
Band-stop filter in 60 Hz with the width of 1.5 Hz was
applied to eliminate the powerline contamination.
Finally, MEG data were resampled at 500 Hz to save
calculation time. The individual high-resolution MRI
cortical surfaces were down-sampled to about 15,000
triangle vertices. Each vertex location was transformed
to the FreeSurfer average anatomy® containing 15,002
vertices using Brainstorm’s multilinear registration
procedure. Forward modeling of neural magnetic
fields was performed using the overlapping-sphere
technique”. MEG source imaging was performed
applying the minimum norm estimation method onto

the preprocessed data and cortical current normal to
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Figure 1 The distribution of significant PAC.

Areas with significantly high SI value are plotted. A
shows the results of participants with PD (n=20), and
B shows the results of healthy volunteers (n=20).

each vertex was estimated.

PAC was evaluated for estimated cortical current of
each vertex. Each cortical current was filtered in
targeted frequency bands and analytic signal was
obtained using Hilbert transform. To quantify PAC, a
synchronization index (SI) was calculated based on
instantaneous phase and amplitude calculated from
analytic signal”. SI values vary between 0 and 1 and
were defined as:

N
S[ = | 1 2 oi(Bphs(t)-Hamp(0) |
=1

Z|

where N is the number of time points during each time
window for analysis, Ophs(t) is the phase value of the
lower frequency band time series at time point t, and
Oamp(t) is the phase value of the fluctuations in the
higher frequency amplitude time series at time t. SI
values between the phase of three lower-frequency
bands (0, 3-7 Hz; a, 812 Hz; B, 13-30 Hz) and the
amplitude of two higher-frequency bands (low 7,
35-55 Hz; high y, 65-90 Hz) were calculated. For
statistical analysis, SI values for each cortical vertex
were grouped into 360 regions of interest (ROIs) of the
Human Connectome Project parcellation of cortices®
and averaged in each ROIL SI values were also
calculated using phase-shuffled data to estimate SI
expected by chance (phase-shuffled SI) *'°. In the
phase-shuffled data, the time series of the

- A

Pearson's correlation coefficient

Figure 2 Correlation between B-low y PAC on the
occipital visual areas and non-motor symptoms of PD.
Significant correlation coefficients are plotted between
scores of non-motor symptoms and SI values of B-low
v PAC (n=13). A shows the correlation between
pareidolia test and SI, and B shows between MoCA
and SI.

low-frequency phase was shuffled by permuting

randomly  partitioned segments. A  thousand
phase-shuffled SI values were calculated and averaged.
For each combination, t values were calculated by
comparing the SI values to the phase-shuffled SI
values using Welch’s t-test. Values of participants with
PD were flipped horizontal so that the more affected
limbs should be the left side.

To estimate the difference of PAC between
participants of PD and healthy volunteers, t values
were calculated by comparing the SI values of them
using Welch’s t-test. To control false discovery rate
(FDR) over vertices

frequency bands, corrected P-values were calculated at

and combinations of the

each ROI for each combination by comparing the
distribution of t-values to the distribution of t-values
expected by chance. To evaluate non-motor symptoms
of PD, pareidolia test and Montreal Cognitive
Assessment (MoCA) were performed. Pearson's
correlation coefficient was calculated between SI
values of each ROI and scores of pareidolia test and
MoCA.

P-value<0.05 was considered significant for all
statistical analyses.

3. RESULTS
Participants with PD were 11 men and 9 women.
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The average age of participants with PD was 65.4
years (SD=7.7). The average levodopa equivalent daily
dose (LEDD) was 488.3 (SD=465.1). Pareidolia test
and MoCA were performed for only 13 participants
with PD. Scores were 2.4+4.3 and 24.0+3.3,
respectively. Healthy volunteers were 7 men and 13
women. The average age of healthy volunteers was
61.7 years (SD=5.5).

Significant o~y PAC and -y PAC were detected for
both participants with PD and healthy volunteers
(Figure 1). Only B-low y PAC on the left primary
visual cortex was significantly higher in participants
with PD than in healthy volunteers (Welch's t-test,
t(38)=4.0522, p=0.0480, FDR corrected). Following
these results, correlation between SI values of -low y
PAC on occipital visual related areas and scores of
both pareidolia test and MoCA was evaluated, and
significant correlation was found (Figure 2). B-low vy
PAC on occipital visual related areas were positively
correlated with pareidolia test and negatively with
MoCA.

4. DISCUSSION

In the resting state, the significant a~y PAC was
observed in the frontal, parietal, occipital and temporal
cortices among participants with PD and healthy
volunteers. The distribution of the significant o-y PAC
was consistent with the results of the previous studies
using ECoG signals'".

While previous studies have shown a~y PAC on the
occipital visual area for healthy volunteers'>'), we
detected B-low y PAC on the primary visual cortex in a
resting state for PD for the first time. Regarding the

occipital brain areas of PD, previous studies have
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shown that impairment of visual cognition of PD
relates to decrease in cerebral blood flow in the
parieto-occipital area'?, and that visual hallucination of
PD relates to decrease in y-aminobutyric acid' and
atrophy of the occipital cortex'®. p-low y PAC on the
primary visual cortex in a resting state may also be
related with impairment of visual cognition or visual
hallucination. This idea is supported by the correlation
between occipital B-low y PAC and pareidolia test or
MoCA. Attenuating B-low y PAC on the occipital
visual area may lead to the treatment of hallucinations
in PD.
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Abstract

Hokkaido University has constructed a dual magnetoencephalograph (MEG)
system wherein two MEGs are connected via fiber optic cables. The dual MEG system
can simultaneously measure the brain activities of two subjects communicating in real-
time via a visual communication interface. However, the initial interface setup did not
permit sufficient eye-contact between subjects. Eye-contact is essential for nonverbal
communication. Therefore, we augmented the visual communication interface of our
dual MEG system to one that is more realistic and permissive of good eye contact

between subjects.

Keywords: magnetoencepahlography, hyperscannning, eye contact, communication

1. Purpose fields which are not disturbed by electric resistance.
Communication is one of the most important This characteristic is different from EEG, and makes
interaction for mankind. Brain mapping of possible finer estimation of brain signals. Compared to
communication activity requires methods of analyzing fMRI, MEG has higher temporal-resolution. However,

two brain activities with both expressions and speech there are few institutions with access to two MEG
sounds while subjects communicate. Hyperscanning devices for hyperscanning communication studies.
methods for recording the brain activities of two or Previously, we developed a dual MEG system at
more persons during communication tasks have Hokkaido University by connecting two MEG devices
recently been developed for functional magnetic with fiber optic cables. The fiber optic cables linked
resonance imaging (fMRI) and communication interfaces comprising projectors,
electroencephalography (EEG)" . projection screens, video-cameras, microphone and
Magnetoencephalography (MEG) is one of possible nonmagnetic speakers to enable interactive

means for hyperscanning. MEG captures magnetic communication. However, in our initial setup, video-
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cameras were located at the top of the projection
screens. Thus, subjects could not make direct eye-
contact as would be necessary for non-verbal
communication.

In this study, we sought to develop a face to face
interface for our dual MEG system that specifically
enables direct eye-contact.

2. Methods

Figure 1 depicts our initial Dual MEG system in
Hokkaido University. Our two MEGs are located at
200m apart and connected via fiber optic cables
running through a 500m PVC conduit. Our MEGs are
housed in magnetically shielded rooms, and devices
which produce electrical noise such as digital monitors
can not be used within. Therefore, live video feed was
projected from outside the room on to a projection
screen within via small windows. Audio/visual
transmission devices were also connected via the fiber
optic cables.

Figure 2 shows the previous face to face interface (a)

Hokkalde Univarsity Hospral
Mannetic shislded room

Hakkukdo Unhveesity
Magnetc shicied roam

waastona ><;’<_,:| -
Subijsct A = fE |

Figure 1 Dual MEG system in Hokkaido University

Subject B

and the interface enabling direct eye-contact we
develop in this study (b). Previously, video cameras
were conventionally installed at the top of the
projection screens so as not to obstruct the projected
image (a). In the present face to face interface(b), we

(b)

Half mirsar

Subject Subgsct

1 Shaoting directicn -
Gaze direcson

Vided camens

Figure 2 Face to face interface  (a) Current setting (b) Specific setting in this study
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installed a half mirror between the subject and
projection screen, allowing subjects to simultaneously
look directly at the projection screen while being
unobstructively filmed at eye level. Hence, both
subjects are able to make direct eye-contact with one
another.

Figure 3 shows illustrations of partner’s face images
which as seen by both subjects in the previous and
current setup. Previously, one’s partner always
appeared to be looking down (a), whereas in the
present setup, we aimed to have one’s partner always
appear to be making direct eye-contact (b). The
purpose of this study was to develop the above face to
face interface enabling direct eye contact thereby
permitting the recording of brain activities from two

subjects during realistic communication.

(@) (b)
AR\ AR
P o0
- -

Figure 3 lllustration of image on a screen
(a)Current setting and (b)Specific setting in this study

3. Results

At first, we constructed a box fitted with a half mirror
and projection screen inside of it. A video camera
installed on the side of the box flawlessly captured the
face of the subject reflected from the side of the half
mirror (Figure 4). Subjects were able to see their
partners directly in front of them at both sites.
Additionally, it was possible to place the camera
directly at eye level, thereby eliminating any apparent

Projector

A hall mirror in a box
(view from upperside)

Figure 4 Actual view from a subject




downward angular deviation of eye gaze. Furthermore,
the intensity of illumination was enough to grasp
expressions. Projected images were surrounded by the
black color the inside of the box, so visual information
was restricted to only the projected image. Subjects did
not report any practical delay of visual nor audio
transmission. During communication, MEGs were

successfully and synchronously recorded at both sites.

4. Discussion

In this study, a face to face interface using a half
mirror to specifically enable direct eye contact was
developed. It permitted natural face to face
communication without the appearance of eye gaze
deviation intrinsic to conventional video
communication interfaces. In addition, to record brain
activities simultaneously at two sites, it is essential to
minimize delay or jitter of audio and visual
transmission”, something we successfully achieved.
Overall, our unique face to face interface should
contribute towards high quality hyperscannning
communication studies.
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Abstract
Decision-making in social situations is an integral part of everyday life. Individuals

with autism spectrum disorder (ASD) frequently report that they experience difficulties

with this skill. The temporoparietal junction (TPJ), which has repeatedly been reported to

be dysfunctional in individuals with ASD, is implemented in complex decision-making

processes. To further explore the function of this area, we combined behavioral economic

tools and repetitive transcranial magnetic stimulation in a sample of healthy volunteers.

The results suggest that the TPJ plays a key role in intergroup bias in trust decision

situations. Our findings will contribute to a better understanding of the function of TPJ,

and may be useful for the development of new therapies for ASD.

Keywords: temporoparietal junction, autism spectrum disorder, behavioral economics

1. PURPOSE

Decision-making in social situations is an integral
part of everyday life. Individuals with autism spectrum
disorder (ASD) frequently report that they experience
difficulties with this skill'?.
junction (TPJ), which has repeatedly been reported to
with ASD, is

The temporoparietal
be dysfunctional in individuals
implemented in complex decision-making processes
To further explore the function of this area, we
combined behavioral economic tools and repetitive
transcranial magnetic stimulation (rTMS) in a sample
of healthy volunteers.

2. METHOD
2.1. Participants

Healthy right-handed volunteers were enrolled in
this study. They did not meet the criteria for any
psychiatric disorders according to the Structured
Clinical Interview for DSM-IV Axis I Disorders
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3-6)

(SCID I). This study was approved by the institutional
review board of Showa University Karasuyama
Hospital, and was conducted in accordance with The
Code of Ethics of the World Medical Association.
After providing a complete description of the study to
all participants, written informed consent was obtained
from all of them.

2.2. ' TMS

rTMS sessions were performed in a neuronavigated
structural
resonance imaging (MRI) scans acquired on a 3 T

fashion using T1-weighted magnetic
Siemens Verio scanner. Individual stimulation points in
the right TPJ were defined based on the previous
studies”. Task performance in the behavioral task
(described in the below) was investigated after
application of continuous theta burst stimulation
(cTBS) over rTPJ (vs. sham stimulation).



2.3. Behavioral task

We modified the iterated version of the two players
Trust Game®” (Fig.1). of the
participants in trust decision situations (role of

Intergroup bias

investor) was estimated. Every investor played ten
consecutive rounds of the Trust Game with the same
counterpart before changing partners (ingroup or

outgroup).

WEE A
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Fig. 1 Behavioral task

3. RESULTS

The data obtained from 15 healthy volunteers (15
males, 28.1 £ 3.2 years) were analyzed. We found
that the intergroup bias of the participants was reduced
after application of ¢TBS over rTPJ compared with

sham stimulation (Wilcoxon test, p < 0.05).

4. DISCUSSION

The results suggest that the TPJ plays a key role in
intergroup bias in trust decision situations. The neural
network including TPJ has repeatedly been reported to
be dysfunctional in individuals with ASD®. Our
findings will contribute to a better understanding of the
function of TPJ, and may be useful for the
development of new therapies for ASD.
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Abstract

The main objective of this study is to demonstrate magnetic detection of external
chemical stimuli by coupling pH responsiveness of chitosan to dynamic magnetic
properties of iron-oxide nanoparticles in order to develop a magnetic sensing label of
skin gas such as ammonia. The magnetic detection flow is as follows; the decrease of pH
of chitosan hydrogels causes swelling (the increase of volume), leading to the change of
the magnetic properties of the iron-oxide nanoparticles in the chitosan hydrogels such as
magnetic relaxation behaviors. Magnetic hydrogel microbeads were successfully
synthesized using a commercially available ferrofluid and chitosan with the
concentration of 2 and 3%. The size of the microbeads increased in the pH range under 4
due to swelling of the chitosan hydrogel. Dynamic magnetization measurements of the
microbeads under alternating magnetic fields show a peak at around 200 Hz in the
frequency dependence of the imaginary component. The frequency response around the
peak changed in the pH range where the swelling was remarkable, indicating the
dynamic magnetic behaviors of iron-oxide nanoparticles depend on hydrodynamic
environments in the gels which are influenced by pH.

Keywords: magnetic sensing, magnetic gel, nanoparticles

1. PURPOSE

Ferrogel, which integrates of magnetic nanoparticles
(NPs) with stimuli responsive polymer matrix, exhibits
dual-responsiveness to both chemical and magnetic
external stimuli. These materials are very promising
for biosensing applications based on magnetic
techniques. In these materials, it is possible to couple
the chemical responsiveness of the polymer matrix to
the magnetic property of the magnetic nanoparticles.
In a previous study, we have demonstrated that
magnetic behaviors of bulk iron-oxide nanoparticles
embedded in the chitosan hydrogel matrix are
influenced by the change of pH." In the present study,
we synthesized and evaluated microbeads of the
magnetic composite hydrogel to apply to a magnetic

30

sensing label to detect skin gases such as ammonia.
Since hydrogels have a porous structure to facilitate
such gasses as an analyte to interact with the magnetic
nanoparticles inside, stimuli-responsive magnetic
hydrogels satisfy the requirements for a gas-sensing
label.

The materials used in the synthesizing the ferrogel
beads are chitosan as the stimuli responsive hydrogel,
and iron-oxide nanoparticles as a magnetic naterial.
The following are the advantages of using chitosan;
abundance,  biocompatibility, and ease of
functionalization.*”

Magnetic composite hydrogel microbeads are
synthesized by absorbing a ferrofluid of iron-oxide

nanoparticles to chitosan hydrogels prepared via a



centrifugation method wusing a glass-capillary
microtube. These beads configurations allow to
increase the surface area per unit volume of the
ferrogels that may improve the sample chemical
sensing capability. For the magnetic microbeads,
ynamic magnetic susceptibility under alternating
magnetic fields was investigated as a function of
frequency, discussing the relationship with the

swelling properties.

2. METHOD

Chitosan microbeads were first synthesized, and then
were submerged to a ferrofluid solution. During
submerging to the solution, iron-oxide nanoparticles of
20 nm in average diameter were incorporated into the
chitosan hydrogel forming a magnetic composite gel.
Chitosan beads were made by dissolving a chitosan
powder into the 1% acetic acid solution. The chitosan
solution was then transferred to precut capillary-glass
tube with 60 to 70 um in diameter. Then, the glass tube
was placed inside a centrifuge tube containing 70 pL
of 0.1M NaOH coagulation bath. The microtube with
the chitosan solution was set in a centrifuge and spin
with a speed of 130 rpm. Microbeads were formed as
the chitosan solution was dropped into the coagulation
bath of the NaOH solution via physical crosslinking.
Then,
crosslinked using sodium tripolyphosphate (TPP) as a

the chitosan microbeads were ionically
crosslinker with concentrations of 1, 3, 5, and 7%. The
average diameter of the microbeads was around 150
pum at pH of 7.

Microscope images of the microbeads for each pH
condition were taken using an optical microscope to
evaluate the swelling of the hydrogel microbeads
depending on pH. For magnetic properties, we
measured dynamic magnetization under alternating
fields Property
Measurement System (Quantum Design Corp.: PPMS)

magnetic using a Physical
at 10 Oe of a field strength in the frequency range of
10-10000 Hz. The measurement was performed by
submerging the microbeads in a solution tuned at each

pH at 300K.

3. RESULTS

Figure 1 shows that the diameter of microbeads
increases as the pH value of the medium decreases
(acidic) in the range lower than 4. Whereas the
diameter of the microbeads was almost constant in the
pH range of 4-7, it increase with the decrease of pH in
the range lower than 4. Moreover, the amount of the
TPP crosslinker has no effect on the swelling ratio of
the microbeads. It can also be observed that the
microbeads with 3% chitosan have larger swelling
ratio as compared to 2% chitosan. This suggests that
the chitosan concentration affects the swelling of the
microbeads. Because the amount of chitosan, which
shows a pH response, is probably larger for 3%
chitosan than for 2%.

Figure 2 shows the frequency dependence of the
imaginary component of dynamic magnetization " for
the magnetic hydrogel microbeads synthesized at 3%
chitosan concentration. The frequency dependences
were measured in the pH range of 2-7. In Fig. 2, " was
normalized by the value at a peak frequency around
200 Hz for each pH condition. The frequency at the
peak is shifted to the lower frequency range with the
decrease of pH, in particular in the range lower than 4.
In addition to the peak shift, whereas the frequency
dependence in the frequency range lower than 200 Hz
looks flat for the pH range of 2-3, the frequency
dependence shows a clear peak at around 200 Hz for

g —=— 3% CH_7 % TPP
450 -8— 3 % CH_5 % TPP
—&— 3% CH_3 % TPP

400 30
| CH3% —&— 3% CH_1 % TPP
350 Q ‘ —=— 29 CH_T % TPP
g g (i . —e— 2% CH_5 % TPP
2 30 I ] 1 —a— 99 CH_3 % TPP
Z 250 —%— 2% CH_1 % TPP
B X
a

pH

Fig. 1 pH dependence of diameter for magnetic
composite hydrogel microbeads.
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pH higher than 4. These features of the peak at 200 Hz
are probably explained by the swelling behaviors of
the microbeads in the pH range lower than 4 seen in
Fig. 1. The frequency dependence of ¥" in Fig. 2 was
similar to that for microbeads synthesized at 2%

chitosan concentration.

4. DISCUSSION

We discuss the relationship between the swelling
behaviors seen in Fig. 1 and the frequency dependence
of ¥" seen in Fig. 2 as a function of pH. In the pH range
lower than 4, the hydrogel microbeads are swelled and
their volumes are increases. Iron-oxide nanoparticles
exist in the network structure of the chitosan hydrogel,
the swelling of the gel induced by the decrease of pH
increases the space where the iron-oxide nanoparticles

exist, leading to the increase of the freedom of the
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motion for the nanoparticles. In other words, the
effective viscosity in the gel decreases for the
nanoparticles. Thus, the iron-oxide nanoparticles are
probably easy to coagulate each other by considering
with the increase of the salt concentration due to the
decrease of pH. The coagulation or clustering of the
nanoparticles in the rheological matrix will reduce the
Brownian relaxation frequency (the peak at around
200 Hz seen in Fig. 2).Y Thus, the imaginary
component of dynamic magnetization increases in the
frequency range lower than Brownian relaxation
frequency at around 200 Hz. In addition to this
behavior, the clustering will introduce magnetically
polydisperse properties of magnetic nanoparticles,
leading to the flat frequency-response of dynamic
magnetization in the frequency range lower than 200
Hz.

This study demonstrated the detection of pH changes
based on the magnetic technique using pH responsive
chitosan hydrogels incorporating magnetic iron-oxide
nanoparticles. For further study, a pH response at
around neutral condition using other polymers will
expand applicability of this type of stimuli-responsive
magnetic hydrogel.
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Abstract
Oliviero et al. (2011) reported that 10 min of transcranial static magnetic field

stimulation (tSMS) using a strongly powered cylindrical neodymium, iron and boron

(NdFeB) magnet can reduce the amplitude of motor evoked potentials (MEPs), Since

then, tSMS is getting a lot of attention as a new non-invasive brain stimulation (NIBS)
techniques next to conventional methods, such as rTMS and tDCS. This study aimed to

investigate the possibility of non-invasive modulation of visual spatial cognition
by the application of tSMS over the parietal association cortex or temporal lobe in
healthy humans. The main result of the present study is that transient inhibition of
right temporal lobe, induced by tSMS, improves the visual spatial cognition, as

tested with a line's length judgement task.

Keywords: transcranial static magnetic field stimulation (tSMS), visual spatial

cognition, non-invasive brain stimulation (NIBS)

1. Introduction

Oliviero et al. (2011) " reported that 10 min of
transcranial static magnetic field stimulation
(tSMS) wusing a strongly powered cylindrical
neodymium, iron and boron (NdFeB) magnet can
reduce the amplitude of motor evoked potentials
(MEPs), Since then, tSMS is getting a lot of
attention as a new non-invasive brain stimulation
(NIBS) techniques next to conventional methods,
such as rTMS and tDCS. Further, we showed that
tSMS over S1 decreases the amplitude of the N20
component of somatosensory evoked potentials
(SEPs) following median nerve stimulation 2,
tSMS over M1 reduces the N33 component of
SEPs * and modulate cortical nociceptive
processing ¥ similar to other NIBS techniques.

This study aimed to investigate the possibility

of non-invasive modulation of visual spatial
cognition by the application of tSMS over the
parietal association cortex or temporal lobe in

healthy humans
2. Methods

16 Healthy subjects performed a visuo-spatial task
requiring judgements about the symmetry of
prebisected lines. Visual stimuli consisted of

symmetrically or asymmetrically transected lines,
tachystoscopically presented for 150 ms on a
computer-monitor (Fig. 1). Performance was examined
before immediately after, and 10 min after tSMS of 20
min. We used a cylindrical NdFeB neodymium magnet
(diameter, 50 mm; height, 30 mm) with a surface
magnetic flux density of 534 mT, maximum energy

density of 49 MGOe, and a nominal strength of 862 N
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for tSMS. An NdFeB magnet or a non-magnetic
stainless cylinder (for sham stimulation) was settled on
the scalp over the right parietal association cortex (P4)
or temporal lobe (C6) of 16 subjects for periods of 20
min.
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Fig. 1 tachystoscopically presented line bisection

3. Results

9 of 16 subjects misjudged prebisected lines by
length of the
right-side segment (that is by judging lines to be

consistently underestimating the

exactly prebisected when the bisection mark was
actually located to the left of the true midpoint, or by
judging segment longer when lines were exactly
bisected). In these subjects who showed leftward bias,
scores of tasks were significantly improved at tSMS
over C6 as compared to tSMS over C4 and sham
stimulation conditions (Fig. 2). In the right-biased
group, no intervention effects ware observed for

stimulation under any condition.

4. Conclusions

The main result of the present study is that transient
inhibition of right temporal lobe, induced by tSMS,
improves the visual spatial cognition, as tested with a
line's length judgement task.
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Abstract
'Essential hypertension', which accounts for about 90% of all hypertension cases, is

high blood pressure without clearly defined etiology. Elucidation of its pathology and the

development of the treatment regimen is an urgent needed in japan. Previously, we found

a new association between the carotid body (CB) and hypertension. Here we focus on the

the synaptic plasticity via the glutamate NMDA receptor in sensory nerve endings of CB,

and develop a novel treatment method and and preventive therapy for essential

hypertension to control CB using a method applying rTMS (Repetitive Transcranial

Magnetic Stimulation Method).

Keywords: Essential hypertension, carotid body, Magnetic Stimulation Method

1. PURPOSE

The purpose of this study is to elucidate the
relationship between carotid body and essential
hypertension in terms of synaptic plasticity, and to lead
to the development of new non-invasive and non-drug
treatments and prophylaxis for hypertension. The
cause of "essential hypertension" remains unknown.
"Essential hypertension”" referred to as the most
prevalent disease in Japan accounts for about 90% of
hypertension. However, the cause of "essential
hypertension” remains unknown. In the past, we found
a new link between carotid body and hypertension.
Furthermore, it has been reported the hyperactivity of
carotid body as one of the main causes of essential
hypertension. Although, up to now, several treatments
for hypertension with carotid body control have been
proposed, they have problems of being as invasive as
existing treatments and having side effects.

Now we focus on the sensory nerve endings of
carotid body and synaptic plasticity through glutamate

NMDA
hypertension treatment and prevention methods to

receptor and develop new essential
control carotid body by a method applying rTMS
(Repetitive Transcranial Magnetic Stimulation).

This paper reports on preliminary experiments and
future prospects of this research.

2. METHOD
a) Preliminary Experiment of Magnetic
Stimulation of Rat Carotid body

Urethane anesthesia (1000 mg/kg) was performed on
male Wister rat 200g (8 to 9 weeks old), and the left
femoral artery was cannulated for invasive blood
pressure measurement. A subcutaneous incision is
made and the femoral artery is decapitated. Next, the
distal side of the artery is ligated with a nylon thread,
and the blood vessel on the proximal side is clipped.
After dissecting the artery with iris scissors (MB54-2
INOX), we cannulated the blood vessel and connected
it to a blood pressure measuring transducer (Figure 1)
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The cannula was made by connecting a nylon tube
(PES50 Narishige) with an epoxy adhesive to a 23G
needle. To identify the right carotid body, we dissected
the sublingual gland and sternohyoid muscle and
identified the right common carotid and carotid
bifurcations. Next, we performed continuous and
intermittent electrical stimulation around the carotid
body covered by the connective tissue capsule (Figure
2). The stimulation electrode was made by modifying
a glass tube for electrodes (Narishige) and a stainless
steel wire (width 0.3 mm). Lab Chart software (Bio
Research Center) was used for electrical stimulation
and recording. The stimulation intensity was 5 V, the
stimulation frequency was 50 Hz, and continuous
stimulation was performed for 10 seconds. The
experiment was performed three or more times on one
rat, and three rats were used.

b) Development of repetitive magnetic stimulation
device for rat carotid body

We are developing a magnetic coil with iron core to
stimulate rat carotid body effectively, and are preparing
an electronic substrate for repetitive stimulation (Fig.
3).

¢) Analysis of NMDA receptor expression by
RT-PCR in rat carotid body

We used ISOGEN (Nippon Gene Co., Ltd.) for
total-RNA extraction. RNA concentration is measured
with a spectrophotometer and concentration adjusted.
Next, TagMan Reverse Transcription Reagents (Applied
Biosystems) is used for cDNA synthesis. We mixed 20 pl
of total-RNA solution, 4 pl of 10 x TagMan RT Bufter, 4
ul of MgCl, 4 pl of NTP mix, 1 pl of Random Hexamers,
0.4 pl of RNaseinhibitor, 0.5 pl of reverse transcriptase,
5.7 Wl of DEPC-treated water, 25 © C for 10 minutes, 48 °
C for 30 minutes The reaction was carried out at 95 ° C.
for 5 minutes to obtain cDNA.

Primers are designed with PrimerExpress based on the
mRNA sequences downloaded from nucleotides in
GenBank, and blasts are used to confirm primer
homology. PCR is carried out using a reaction detection
reagent according to the designated method (0.5 ul of
DNA-containing sample, 1 ul of primer solution, 10 ul of
total reaction solution). The PCR conditions were 50 ° C.
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for 2 minutes and 95 ° C. for 10 minutes, and 50 cycles of
95 ° C. for 15 seconds and 60 ° C. for 1 minute. The PCR
products were subjected to agarose gel electrophoresis to

confirm amplification of the desired product.
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Fig. 4 Decrease in blood pressure by

carotid body electrical stimulation

3. RESULTS

Electrical stimulation of rat carotid body

We observed enhancement of noradrenaline synthesis
ability and CB hypertrophy in intra-CB chemoreceptor
cells of SH rats and found a new relationship between
CB and hypertension ”. In 2013, Paton et al. showed
that surgical removal of innervation to CB in SH rats
leads to rapidly and long-term decreased sympathetic
nerve activity and blood pressure ? Furthermore, in
2016, it was reported that blocking P2X3 receptors in
CB chemoreceptor nerve terminals with antagonists
reduces sympathetic nerve activity in hypertensive rats
and suppresses carotid hyperreflexia®. However, these
methods have the same problems as existing essential
hypertension treatments in that they are invasive and
may have serious side effects. Now, we examine the
hypothesis that non-invasive magnetic stimulation of
carotid body will lead to the treatment of essential
hypertension. We first examined whether direct
electrical stimulation of the carotid body induces blood
pressure reduction. As described in detail in Chapter 2,
when the right carotid artery bifurcation of an adult rat
was subjected to electrical stimulation at 5 'V, 50 Hz for
10 seconds, a significant decrease in blood pressure
was observed immediately after the stimulation (Fig.

4). The respiratory rate was increased but the heart rate
did not change.
4. DISCUSSION

In this study, significant decrease in blood pressure
and increase in respiratory rate were observed
immediately after electrical stimulation of rat carotid
body. These results suggest that blood pressure is able
to be reduced by stimulating the carotid body
noninvasively by using a time-varying magnetic field
of appropriate strength.

The mechanism of these results remains unclear.
Thus, it is necessary to proceed with detailed analysis
including whether synaptic plasticity is involved. In
the future, we need to proceed with detailed analysis
including the involvement of synaptic plasticity. To
elucidate whether synaptic plasticity in the carotid
body is involved in these results, we currently examine
by RT-PCR whether the expression of NMDA
receptors in rat carotid body is induced by electrical
stimulation.

In addition, we develop an iron core coil for magnetic
stimulation of rat carotid body to perform repetitive
magnetic stimulation of it.

Further progress in this study is expected to lead to
the development of new and non-invasive treatments

for hypertension.
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