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Analytical relaxation behavior of iron oxide nanoparticles in fluids under AC magnetic field
A. lkuta,Y. Kitamoto
(Tokyo Institute of Technology)
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Effect of ionic concentration on dynamic magnetic susceptibility of iron
oxide nanoparticles embedded in chitosan hydrogel matrix

M. E. Villamin, and Y. Kitamoto
Department of Material Science & Engineering, Tokyo Institute of Technology, Kanagawa, Japan

Recent interest in ferrogels consisting of iron oxide nanoparticles (FeOx NPs) attached to a polymer network, such as
chitosan hydrogel (CH), is driven by both the desirable properties of FeOx NPs and CH, which can be useful in many
biomedical applications [1-2]. One important potential application is magnetic based biosensing. In this case, it is
important to understand how certain chemical stimuli affect the magnetic properties of FeOx NPs inside the CH polymer.
However, actual demonstrations of using chemical stimuli on CH for sensing are limited. In our previous study, we
experimentally demonstrate how pH affects the magnetic relaxation of FeOx NPs embedded in CH under AC field [3].
We observed that as the pH solution decreased, the CH swells and the peak position of the imaginary part (") of the AC
susceptibility (ACS) is shifted to higher frequencies. From these results, we inferred that the CH swelling enhances the
Brownian relaxation, thus we have demonstrated that chemical stimuli can be magnetically detected. In the present
study, we extended our research by using other external stimuli, i.e. ionic concentration, and study its effect on the
magnetic relaxation of FeOx NPs in the CH. Swelling ratio (SR), which is a measure of water absorption of the hydrogel,
and ACS were measured after the FeO,.CH are immersed to different NaCl concentrations. SR results in Fig. 1 show
that the swelling of the FeOx-CH decreases as the ionic concentration increases. When CH is immersed in high NaCl
solution, the water inside the CH diffuses outside the CH causing it to shrink. In contrast, in low NaCl solution, the
water goes inside the gel resulting to swelling. The inset of Fig. 2 illustrates the frequency dependence of y” at different
ionic concentrations of FeOx-CH measured by ACS. From these results, the y” peaks are found around 200 Hz. The
frequency position of the " peak, f, is generally associated with the magnetic relaxation time, with t = 1/f, where 7 is
the magnetic relaxation time [4-5]. The ¢” peak frequency values are accurately extracted by fitting the data in the inset
of Fig. 2 with a Gaussian function. The " peak values at different NaCl concentration are plotted in Fig. 2. It is evident
that " peak frequency positions shift to lower frequencies as the ionic concentration increases. The shift is again
expected, since it is inferred that the swelling of the CH enhances the Brownian relaxation. These results, as far as the
authors’ knowledge, is the first time demonstration of ionic concentration sensing via magnetic detection, which may
become useful for magnetic biosensing applications.
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Development of Verification System for Magnetic Particle Imaging
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Wash Free Detection of Biological Targets Utilizing Magnetic Markers
K. Irie*, K. Akiyoshi*, T. Yoshida*, T. Sasayama*, K. Enpuku*, and M. Hara**
(Kyushu University*, Tamagawa Seiki**)
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Evaluation of dispersion characteristics of nanoparticles in magnetic fluid by small angle X-ray scattering
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Magnetocardiography Measurements via Peak to Peak Voltage Detector
Type MI Gradiometer

Jiaju Ma and Tsuyoshi Uchiyama
Graduate School of Engineering, Nagoya University, Nagoya 464-8603, Japan

In the previous study, we had reported a high-performance MI magnetometer [1]. However, for detecting extremely
weak magnetic field such as a bio-magnetic field, we have to cancel the background uniform noises such as
geomagnetic field. In this study, we have proposed a peak to peak voltage detector type MI gradiometer (shortened:
Pk-pk VD-type MI gradiometer), which is aimed to measure an extremely weak magnetic field. Meanwhile, we have
demonstrated Pk-pk VD-type MI gradiometer for detecting magnetic cardiogram signals, with simultaneous
measurement of cardiac electric activity. The new MI gradiometer is composed of a pair of MI elements: a sensing
element and a reference element. The distance between the coils is set to be 3cm. The figure 1 illustrates the block
diagram of new MI gradiometer. The pulse generator produces a rectangular voltage wave to differential circuit. Then,
the rectangular waves are transferred into three different positive pulses. We detect both the positive peak and negative
peak of induced waves in each pick-up coil excited by rising edge and drop edge of the excitation pulse, by using the
staggered pulses and analog switches. Finally, the Pk-pk VD-type MI gradiometer outputs the difference between the
sensing element and reference element for canceling out uniform magnetic field noise. Therefore, we can achieve a
highly sensitive, low noise level, and stable MI sensor system for bio-magnetic field measurement in unshielded
environment, at room temperature. Both of sensing and reference Ml elements illustrate good linearity. The difference
in the sensitivity of sensing and reference elements is within 1%. The noise floor of the Pk-pk VD-type MI gradiometer
is lower than 2 pT/Hz? in the frequency range from 1 Hz to 100 Hz. It is 1/5 of noise level of previous MI gradiometer
in a 1-100 Hz frequency range.

MCG measurement by using the Pk-pk VD-type MI gradiometer is carried out on a male subject (aged 26) in siting
position, without any magnetic shielding equipment. We set up the MI gradiometer on a wooden table, and the sensor
head is perpendicularly placed to the chest surface, with a distance of 10 mm between the chest surface and sensor head.
The measurement point is set at the chest surface, 25 mm to the left of the pit of stomach. The output superposing noise
of new MI gradiometer is lower than previous MI gradiometer. Meanwhile, we have successfully measured the MCG
signals in averaging over only 6 cycles. Comparing with the previous MCG measurements [2], we have markedly
reduced the cycles for arithmetic average processing. The Fig.2 illustrates the simultaneously measured ECG and MCG
signals in averaging over only 6 cycles. As illustrated in Fig.2, we can obviously identify a sharp magnetic peak,
corresponding to the QRS complex of ECG. The amplitude of this magnetic peak related to the R peak is approximately
100 pT, which coincides well with the reported MCG value.

Reference
1) J. Ma, and T. Uchiyama, IEEE Trans. Magn., VOL. 53, NO. 11, (2017).
2) T.Uchiyama and T. Takiya, AIP Adv., vol. 7, no. 5, 2017

PG

Differential &
Time-delay

J\Wl pick-up) Vout
[ ‘ MCG 100 pT

Pulse current

[

Aejap-awn)
8 |eruaiajia

= 22
PG: Pulse generator 2 S
Bs +Bu; sensing L reference [#7]: Analog switch 0.2V
Bs: Magnetic signal
i Bn: Noise
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Fig. 1. The block diagram of Pk-pk VVD-type M1 gradiometer.
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Fig.1 Wave forms at -20dB simulation data.

L ZD N

1)  Alain de Cheveigne, Jonathan Z. Simon, “Denoising based on time-shift PCA”, Journal of Neuroscience Methods,
vol. 165, pp. 297-305, 2007.

2) M. Iwai, K. Kobayashi, “DIMENSIONAL CONTRACTION BY PRINCIPAL COMPONENT ANALYSIS AS
PREPROCESSING FOR INDEPENDENT COMPONENT ANALYSIS AT MCG” , Biomedical Engineering
Letters, August 2017, vol. 7, no. 3, pp. 221-227.
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Remote sensing of ciliary beating with magnetic sensors
R.Makibatake, D.Oyama, J. Kawai, H.Tatsumi
(Kanazawa Institute of Technology)
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ALz FIH LIz i =N O EEE) 2 JER IR -CHIE T 2 Bl 2 Big L7z,
EBRFE

B4 1-A-b O L 512, #AEBITEL 100 pm ORA F 256G S, SEEB) L 5 Wa R PO RERE FE o2 1k
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HEEEENC L O Bia R L OEHEE OBb &Y, SRERMAKE VX > CEBHE LT,
ERHER

(1) XA YT LA Z-80CITMmRLTeny~— T 2 LT, B 100 pm DA &2 FIC ATz, F
R LT T DR DD | BEREE OB WA R & FICAND 2O HEEE R Lz, (2) Yakr vy
BOFRT LIRIE~ND U LEFIH LT

SQUID X, v 7% kA v =4 o AR ek A, B, b Cu
R L7z MIE 12§ 2 R A S i g 5,
IR A R B R B 25 7T Boellfifl g g,
BTHHZ LBt (3) MBS S04 x04 X
b o2 o2 [

HRFEICHEAT DL I F ) X R
7B ERAWT, B R ZINENOBEERE

SQuID Lateral ventricle

00! o+
d 00010203 00010203 00010203
Time (s) Time (s) Time (s)

R S®D LM TE, A N :
Rt S O TRBYC A 5 R DT (L B %

Z . SQUID 7>5 10 mm HEi 72 A7 7> 5 Al ?2100

ETHIENTE, EBEREETOT v k .¢ ) = %2 i & & t 12 1

o & B BRI, 15 Hz OREREEDZEL Time (<)

BAHECTEX, 70, FICT v hod Fig. 1. Beating of ependymal cilia and remote sensing of beating. (A-a) Time-lapse

HC ST AERNE - CRE ST images of an ependymal cilium, taken at 0.00 s, 0.03 s, 0.05 s from left to right.
— A Ly =] 5= Co

% & Tk (A-b) A schematic block diagram of measuring the beating of ependymal cilia in the

2

lateral ventricle of a newborn rat using the SQUID. (B-a) The magnetic signal from
1) Sawamoto K. New Neurons Follow the ¥ W usine Q (B-2) ¢ &

Flow of Cerebrospinal Fluid in the Adult
. ic si - i i le. (B- A i
Brain. Science. 2006:311(5761):629-632. The magnetic signal from a post-freezing and thawing sample. (B-c&d) A magnetic

ependymal ciliated cells in the culture condition measured by the MI sensor. (B-b)

. . signal from ependymal cilia beating in a lateral ventricle of a live animal. Red dots in
doi:10.1126/science.1119133. £ pency ¢

the panel (B-d) show the magnetic signal associated with the heart beat. The

rectangle shown by the arrow is magnified and shown in panel (B-c). Scale bars in

(A-a) 10 pm.
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Localization Method of a Solenoid Magnetic Marker Coil
Daisuke Oyama, and Yoshiaki Adachi
(Applied Electronics Laboratory, Kanazawa Institute of Technology)

[FLOIT MR LEE 22 & OAERBRRHIER I, FHIPEE IS T 2 HREONBEZMD Z L NEE
Thd. HHREICY— D —a A NV EMEEND I VERD M THRGE T2 RAESE, Rt Tl
T =2 PO WEEZ RN T aA VOMEEHEE L, fiRE L EEOMEGDENRB I b b, —iKIZ,
< — = T A VIR (T HD Ao W R & L CIEAR 10 mm B2 EE O PRI 2 L3O ST
Y. —F, AERBEEEHINTEE, SO A 8 & LIRS0 DERT 72 Tl gl 2 xtg & L
TR BILR L oo H 5. T b DG, MR LY & FER 0T 23 5E O X GERIZAE v £F
FHL, BEBRELTY LA FO~—T—aA4 ARNE LTS, L, MEHEIZBWTELS R
ENTVARLA R—IET I H IR S EZ0T 524 VIO THELLEET AL TIEHRLS, YL/
A REla A LV ONEHEEICITEY) TRV, 22 TARIFRE T, YL/ A Flag VONEH#EICHNDET
NERET DD, YIal—railioTY L /A R af VONERHEEIZK T 50 REE T Lo kg
rBIhoT.

Ak AR TOVI a2 L— a3 VICHWIERIER L OWIREE T VA Figl ISR d. fERIIR & o ik
D, HEEET NV E LTERO~—h—aAf VA LEROHAKR AV E, YL A RElaAf L ERE
L7z, WREET LV E LCIEaA v E B L-MERET LV E, MEAIREIC ISR ERET VY, W
[RAEAAR—=NVETNEREL, HAGDEA)~E)ZMEH L-HE O E & AR OHEERE S g L7z,

V2 ab—vg TR 100 mm OEROFEE EISK 20 mm G T3 72 289 AT OIS A RE L, -
PETS mm OERREIRANIZ T o F MZEE LR AR aA v ET Y U A R oA VRED RSG5 &
FHE L. B LSS AT — 2 BT ) A RAF— 2 &2 A, FigllR L7580 OMAEHhET
MEHELZ B I Ro7c. EHROMEITITEEREREE e, KREBRTIIEFROME L ME LT X L
W22 2 CHES R LB BIRHEE 2 1000 BV IR L, (rEHEEREAE O LR 2 E I LT
#ER  Fig. 2 ICE ST R L BEE L OFRERT. MEOTHIT A L OBk axial) &5 (radial)
W CRRLTWD. (ERORLMR 2 A LV OEEIITHRBEICMEIRET LV, BRA A R—IVET IV E
WG A TREREITEN -T2, —TF, YV /A REaf VoA, PRIEICHERET LOBR S
AR—IVETNEM D LIERFIEIZH A THEERENELS 7250, ARMEERET V& HW5D 2 & Tk
FiE L RRREORE TOME « MEOFRNARETH D Z LN gnoT.

SE
1) AfRHMf, 5 31 8] B ARERBR T2 RS, Vol. 29, pp.178-179 (2016).
2) N. Derby, S. Olbert, American Journal of Physics, Vol. 78, 229 (2010).

Forward model Inverse model 1.0
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current £ 08 -I-{'
<3
Eo o7 f
" \%4.0 or 0.5 mm 538>
) SE6 o6 f © ©)
r=3132 - i §8L o5 f
P magnetic 859 o4 |
4 dipole SES
Ne o, g ET 03 F
N RS 3
/ \\\; S 02 (lA_)I(B) G HH |—|
~ ideal solenoid displacement displacement angle
L current (axial direction)  (radial direction)
© ¥ 05mm Fig.2 Localization errors corresponding to the forward and inverse model.
Fig.1 Forward and inverse model of numerical experiments. (A) - (E) correspond to the combination of the models indicated in Fig.1.
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Effect of ELF Magnetic Field on anticancer drug potency to human liver cancer cells
T.Maeda?, M.Kakikawa?, S.Yamada?
(*Kanazawa University, 2Komatsu University)
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ARFZEETIZZ N ETE Mgy ARk A549 (23T, AZTRERIC X 250 AKIVE B R 2 fedR L 7=,
LrL, DAIIAEORE L R TRAEL, NAMBOMWEIZR RS, —#lL LT, AL X > THIERN
WCHFET DX NI E iR EN R, HlRO@ENReD, 20T bkk2 2RO M AKIREIZ 33\ TA ik
WAL GET DMEND D, %_T‘ZIKEJ:F%‘Emi, DADHTHREE - FECENEHDMFRAICELT, b

T2 AABIERK HepG2 & IV T, ARt FUT K 2 5y AFIVE R~ e B R EAl 24T - 72,
b AEIE A~ D IB{E B R R 8 w#ﬁﬁ&
SR SRR RS FE 50 mT,  JA B %k 60 Hz 2 L 7=, i 12
P AFIOIERBEIFIC & 5 (BRI 2 RAET 2 7201, ABIET 25
IX Cisplatin, Doxorubicin, Mitomycin C, Etoposide, Bleomycin @ 5 f& ? E 0.8 %%
FHOFLAS Al % Fl 7z, Cisplatin, Doxorubicin, Mitomycin C D {EH] ,Z ig 0.6 ok
MBI & 5 DNA A B, Etoposide 1 R A Y A %;m
— R IEICLS DNAGRFLE, Bleomycin (X DNA2 AE{EINT = S o)
(X% DNAGRIETH 5, RERIEER - BB AlED ST
Bis AFIZTRIN L, [KISRSRT 05 hed h KB, HIASAMAREL 0 05 el
oo AR ==7 v AIEIC &> Tl OMIESF 2 HE Ui (n=8, **p<0.01)
T52&T, HASAKIERICHR 5 A R B 4 P L 7= Fig.1 Effect of MF on Cisplatin potency
B ABHER~NOBERREAZEDOHELER L
b RF2S AR HepG2 IZxf L C AR R 2 R 8E L7228 6, Zp o Kok
L3 AUFI Cisplatin, Doxorubicin, Mitomycin C % i SH 7210 | E g 0.8 * %
R IEUREE T K3 % IR RE D MU A A O SR B 506 [ &
ZihEh, Figl, Fig.2, Fig.3(Zamd, FEBR RN 5 Cisplatin T = 8 4
VBG4 h 12385V T 40%, Doxorubicin CrxsaFER] 0.5 h g %0.2
\Z BV THI 40%, Mitomycin C Tl SUeRER] 2 h 280 THRI 35 %, E % 0
FENgEFRRE (A CHgEBRBEO M AR RIS LT, Z O o 05 1 2 4
R0 € MRS AMIZERICSOT b, E LS AR & BRI, R s <0.01)
ERREFRIC L AR AFWER B AHEE S -, UL, VEfaH Fig.2 Effect of MF on Doxorubicin potency
BN K E < 30N B RUSHIEZ N Z ORI AR TR 12
B eV RN LN, %@#ﬁh%iﬁﬁLWﬁﬂ&@ £% 1 *
ZNENOPA AAITRIGEE A b RO RISHRIZ 3T, £20s *
TR e b KE W Z LW HeR &7z, Etoposide, Bleomycm :.Z S 06
B L CRBERAET Th B, £, SRR L BEAAMIE  ES,,
RO A 7 = X LFEEMPSRTOR, (IR A D =X £&
LAD—KE LT, RIWBEAD e SR AAIAONES X7 BT Z ﬁ .
& 52, B AR AR LT B AR D 5, 7 2 o o5 1 2 4
T, WS L0 B OWEIRTEC B 2 AL~ D SRR B e L0t a0 08 Pap<o.01)
B L CHHERIEYRTHh S, Fig.3 Effect of MF on MMC potency

—239 —



14pB - 1 A2 | AR EEAE (2018)
IR IRENEES T 31T 2 bk o/ R0 WG DO WO FE 28 4L,

AR, fARBIR, BE R
(RBRR)
Absorbance change of iron oxide nanoparticle suspension under damped oscillatory magnetic field.
M. Suwa, A. Uotani, S. Tsukahara
(Osaka Univ.)

XL &I
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BUEFHEIZ L > ORBR STV D 2D, BT — A v b ORLFZFENTE S, S LAEIc L v BlERT 5, LrL,
AL AR OB N2 AL S R — VRl L 7T v U aldin g By 5 2 S d#E LV, & 2 CTARIFE T, BERE
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EEBRIEE
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1) D.B. Reeves, J. B. Weaver: Appl. Phys. Lett., 107, 223106 (2015).
2) H. Mamiya, B. Jeyadevan: Sci. Rep., 1, 00157 (2011)

3) G A vanEwijketal.: J. Magn. Magn. Mater., 201, 31-33, (1999)
4) F. Bentivegna, etal.: J. Appl. Phys., 85, 2270-2278 (1999)
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Dynamics of magnetization and easy-axis of magnetic nanoparticles dispersed in liquid
S. Ota!, S. B. Trisnanto?, Y. Takemura?
(‘Shizuoka University, *Yokohama National University)
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BEBIEDO~ 7~~~ A Mt (7 /v VR KT 2) 1ZO0WT, KIS Skl e | #RICK
V) 75 Sy hnliis 2 [ L 72 AR B L7, Figure 1 ISR TP R & BIAREL OBALIE 5 D25 % 75 5 dilinliz
BRUTBALER S U TR LY, ZoB bR LIZEr THY | ZUTE oGty TR
Bl & EARRBOWAL R —Th 5 Z & 2R L TWD, $FIZ 02 kHz &\ 92— /LREFIREH, 77 7 R FnIRE(#]
b U TR EIE S T, AL ERERALREAIER U, BN ERIHEMT 52 B n sk n T, &
b REIEM LT EEZOND, BB LA SR I EERE L RSN TWD D, EsT
X, ZORALBIERA e AT U U R &R Lic, ZAUIRES AR (BALECmER) &R aie (b
FoEfe) CEIAFEHIT T 2B O = 2L F—IREBRE R D Z L 2R L TWD, BALORM - FEFnmiE
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1) R. E. Rosensweig, J. Magn. Magn. Mater., 252, 370 (2002).
2) H. Mamiya and B. Jayadevan, Sci. Rep., 1, 157 (2011).
3) S. Ota, T. Yamada, and Y. Takemura, J. Appl. Phys., 117, 17D713 (2015).
4) S. Ota and Y. Takemura, Appl. Phys. Express, 10, 085001 (2017).

5) T. Yoshida, S. Bai, A. Hirokawa, K. Tanabe, and K. Enpuku, J. Magn. Magn. Mater., 380, 105 (2015).
6) S. B. Trisnanto, S. Ota, and Y. Takemura, Appl. Phys. Express, 11, in print (2018).
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Magnetic property of interaction-free magnetite nanoparticles with different size and shape
H. Fukumoto', H. Mamiya?, J. Cuya', K. Suzuki!, H. Miyamura' and B. Jeyadevan!
(1: The University of Shiga Prefecture, 2: NIMS)
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%, RWFETlE. 4 XCBRICK 2REIROFEZTX 27209 4 XD K7 5 J\[H{K MNPs DR % 1T
W, X HICHEMEIRTH B ) A B RTRENCHE T 5 2 L TSR T A A ER o ik o ERL A 5
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Shape of the coil and the induction heating experiment of acupuncture warming applicator
S.Yamada, Y.lkeda", S.lkeda
(Komatsu Univ., *Kanazawa Univ.)
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Development of a 100-mm gap magnetic circuit type magnetic field generator for magnetic hyperthermia

T. Ito, T. Nakagawa, R. Hasegawa, S. Seino, T. Yamamoto
(Graduate School of Engineering, Osaka University)
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