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Ry ET7T—varyOolMNEROREIZERL, &
JE S0 TR I $ 70 & 0 B I R S 0 E D T K D AR E
HoOMEZZOF L EOICHET LI EZHEEE L
TW5., ZRETOHMZEICE N TIE, DNAS XX
1R % %t G2, 30 kHz O K & 3 BB & I o 822 4 FEAM
LTEZ.DNASG T 2RI LRIy ET —
va ryERAEOBEEU LT DNA 4+ 0 —H U3
MRS, A XD ERNGIC LR CIXREO S
B W TH LRI EOFRREEMEREE NER S
LI EEBERL TS, BEIX, SF L TOER

EREBRFNT L7120, AXDTRESFRIC T 0T 4 — 4
AT 2 FEH L, S BN O EC X5 HEES RS

EOBENCLAMELZEIE L TVWAIERTHE. —F
T, BEHROEMNISH TIZEIC 1~10MHz O #8558
FRINDZD, ZORERFEOBETEAMERL 2K
SO L. KT, EHRoATAEREL, 1
MHz O E B 2 5 DNA 4 7 O E % € &7l
L=z WTHENT 5.
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B 1 ICHEE L -
KR K Z M2 L, IEF2 5 15 mm O &I [ &
o arFa—7 (% 2mm, NE1mm) %
BY5. Fa—7 EHcMmEBEOES+ (£ AEHE 46
mm) ZRETDH. 2k, KEERIZKE T DK S %2 K
THEZOWERZHREL TS, BT ONME % KiE
k3270, "Ly —N—2%fHL, F2—7

BE RS > 27 AKX E 7T,

T kenyoshi1980@chiba-u.jp

Xy BT —ay, w47 a7 )L, DNA, B
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Function Trig. ;
Oscilloscope

generator

Concave

ansducel

Silicone

Outlet tube Inlet
Sound Needle-typed
absorber| PVDF transducer

B1 BEERS AT A

PO OTa—FEEORBRREKERD XD IR O
M@ A BRE L. MEFERZRIS, RSO 0EE
# 1 MHz @ IEXHEAE 5 (10 %) Z#¥iEs 4 L CIRE)
FAANT L. BOERLEAMEZ Ims ITREL, 60s(C
Pilmo TR 2 RE L. 3k (DNA 4 F & B
B U U YRCTEAWT, EBFoES~ERSH
L., VIV URYTERAOTOROIREKE —E O E
THREISERTIZ LT, EHREboHBEMED @ L
ERloTWd. 12720, BEEREFRIZCENTY Y~
VRV TEBEEHLTBLT, Fa— T NOERILEIE
L7eRETH L. MEBRE O & H &2 50 LR,
ERAMEICBIT 5 E— A0E (-6dB 1E) X 3mm TH Y,
COMBEEERS/ARBHINIERE L CE AL, B
WRREZICV) VIRV TEHEBEHL, Fa—THD
WikzE2 ) ORI FRICHE LH L, B
T5. MEHRBEH%ZO DNA 4 F O G Wr4EE o i1
WOCHAMBEIC LV EH DNA HFOR ST 5 2
Ll LD ERfT AU



. FREICKT 2B EEOE/

K2 AP EE (BAEOE — 27 E) 15+ % DNA 4y
FTOUWEEOEERT. FED 1 MPa Ll EO#H
TIZ DNA ST OUBEERSMIC EF LTS Z &
NI TX 5. DNAS T O _EHUIWICILEEENF
ETD2E2CR=ZT o, KAKREEERICEST S5
FERABEOBENHER S0,

4. F ¥ ET— ¥ g VREDOTM

DNA Iy +ofEHE LYy 7T —va VBR EOREH
PEIZOWTRIET A720, Fa—725 5 mm @l 5o
MEIZHIED PVDF F TV A F a2 —H 2%EL, BF

ERHECBTAX Yy ET—Ya v ) A X% MLI-.

NI AF2a—YOERIZ3 mm TH Y,
JAIERAEERT 10 EThHD. W3 ICREEER
EOBFEDOY— 7 {EN 0.64, 1.27, 1.86 MPa DEH D
ZWWTE A TRT. 15~27 us O IR ICHBEICBR S T
WHEIRIIMERS F b 0EER THL. ZOES
WXy BT —va v/ A X(ERER S, i8Rk,

JRE ) A X)) MEELTWLIEEZLND O,
B FE AT A E LT AT H WD /N T — 2=y
ML ERT. 2L, & ARY R ERE RS O
FETHELEL TWD., ARICBWT, kS 0L
RS IR A A X O FE ISR 2D BEE 2R BN R

ot —F, THEOEMS L TEREKSDIC
KT DAL OMMREENBEIML, FEBKE
WIZE XD EROEFRBE LT BIEAEL TVWDZ LA
RTED. BHERSOERERE LT, BEEHED
M (MEEHDF2»DOEER) LFrv T —
2D ONEBEZLNLN, SEIOFHARICBWTZ
NS —o0FEREZRMNTHZEEFHLS, ¥y 7T —
varvi DNA BT OBREOMEMEZHERT L2 &0
H#EThHoTe., ZOMEEBRT D720, S%IFTF v

1 MHz (28

BT —va VELEDOFMFEOUEFELTOTETHD.

Bl ziF, BMEEHAT OO NTF VAT 2 —H 2 %H
SHETHREL, ¥y ETF—2a VyREIIC k5 EERIY

ZEMT D HEEBRFT LTS, Sy ET—3 3 %
A O FEAZAE R T 5 R AL & V] AR Eh - oo B R i
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1. Introduction

DNA damage can be categorized into base changes, cross
linking, and single- and double-strand breaks (DSBs).
Among them, the damage of DSBs is most serious and they
lead to cancer and death.

Ascorbic acid, vitamin C, is a well-known naturally
occurring organic compound with antioxidant properties. In
order to evaluate the protective effects of ascorbic acid
(AsA), as a representative chemical among antioxidants, on
genomic giant DNA molecules, we studied the double-strand
breaks of DNA caused by different damage source, visible
light in the presence of photo sensitizer, y-ray and
ultrasound through single-molecule observation by use of

fluorescence microscopy.

2. Methods
2.1Real-time observation of photo-induced breakage
under fluorescence microscopy

A low DNA concentration (0.1 pM in nucleotide units)
with AsA’s final concentrations as 0.5 mM and 1.0 mM was
used for photo-irradiation.'Fig. 1 shows an example of
observation on the time process of double-strand break on a

single DN'A molecule under photo irradiation.
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13.7s 22.8s
5 pm

0.0s

Figure 1:Real-time observation of double-strand break
caused under stationary light illumination with 450—490
nm for a single T4 DNA molecule stained by YOYO-1, as
observed by fluorescence microscopy.

2.2 Gamma-ray irradiation and ultrasound irradiation
T4 phage DNA (final concentration: 0.1 uM) was
irradiated by “Co y-rays at a dose rate 3860 Gy/h after
added ascorbic acid with a concentration as 0.5 and 1.0 mM.
The strength of ultrasound could be controlled by the
repositioning of transducers. Ascorbic acid’s final
concentration is 1.0 mM.>>
2.3 Measurement of single-DNA molecules’ length by
fluorescence microscopy
DNA molecules were fixed on a glass surface after added
YOYO-1. Glasses were pre-treated with 0.05% (v/v)
solution. Fig. 2

poly-(L-Lysine) showed a group of

representative images.



0 Gy
Figure 2: Examples of DNA images fixed on a glass slide
after irradiation with different doses of y-rays.

100 Gy 200 Gy

3. Results
3.1 Protective effect of ascorbic acid against
photo-induced DNA double-strand breaks

Fig. 3 showed the relationship between the content of
damage DNA and time, which demonstrates that AsA has a

good protection on photo-induced DNA damage.
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Figure 3: Protective effect of ascorbic acid against the
double strand breaks caused by photo-irradiation.

3.2 Protective effect of ascorbic acid against
gamma-ray-induced DNA double-strand breaks

The result of the observation was showed by Fig. 4. It is
found that the average length of DNA molecules s longer
after add AsA into samples, indicating the protective effect

of AsAagainst DSBs caused by y-rays.
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Figure 4: Protective effect of ascorbic acid against the
double-strand breaks caused byy-ray.
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3.3 Ultrasound-induced DNA double-strand breaks
As Fig. 5 showed, the average length of DNA remained
essentially constant, indicating the absence of protective

effect of AsA against ultrasound-induced damage.
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Figure 5: No apparent protective effect ascorbic acid
against the double strand breaks caused by ultrasound.

4. Conclusion

Comparing the protective effect of AsA among three
different radiation resources, the followings have it become
clear: For the photo-induced DSBs, AsA obviously slows
down the breaks and this protective effect is enhanced at
higher AsA concentration; With regard to the damage caused
by y-ray, AsA still exhibits protective effect being not so
significant compared to that for the photo irradiation. In the
experiment of ultrasound irradiation, AsA shows no apparent

protective effect against the DSBs.
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EEBEH TORHICHZDEBIZOVWTHRIT S.

2. [BHE

ABETTERICKH L TEETDHY, Kx i H
ThtoJH &2 T 5 Pluronic Fes #00 FIEME & L T
EHLE. MEs LTRHARKETrYy Yy (RY Py
LA XY AR) OfMICHKkETey 7 (K
FLoAXxHANR) EFESOMNI T vy 7R T,
HFAFMERY) ~—REEEHTHL. v 27N
TOERICHIGH S TR Y, fth o i By 1
DWEREEZEZDLMENOLLEZEZDBNTND
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3. ERF
3.1. ~A7unXT LOEB) %)

Fig. 1 ICEBRRZRT. NTVREOFH > R
7 AL, 20 fE x5 L > X (M Plan Apo20 X, Mitutoyo)
EFZELZLV—Y Ky 7 ZR#F (LDV, NLV-2500,
Polytec) & #BlMIE /L THERIND. N ZBKKT
W LEEFER T 7Y - LD E@mIZT Y
=2 N YR E T (Fuji ceramics, FBL28452HS) % %
EHETDH.AER LI~ A 7 aRXT )vE o N—T T R
H%é@,twﬁﬁ%%?é.%@%;A%H&ﬁ
38.8kHz D Bk & AT 5 &, EANIZ
EEEGPIERSND. twi%’LDV%IEL
TDOLV—VEREATLHLSIZEDLDED Z LI
v, NTIORBIREEZ N ET D . ztx%%ﬁfﬂﬂu\f:
v Ao E SR 20 mm, L2 X TEXI N
ZILDVO L —HDAKRy MMEIZ1.5umTHSH.LDV
WA THPABSINTEY, TOMGENH AT L
DM EREERETE 5.

3.2. Pluronic N7 )V D VERL 5
Pluronic /N7 )V D ERL i ILLL R @ @
(DPluronic Feg K I K

Pluronic Fes KA (V2 0.1, 1 mM/300 ml) % 1E)k

T5.

@ W EB R AR No/PFH O 1E ik

NIRRT H D=7 A a~FH% > (PFH) 1Z/K

~OEMRIENE <, KFIZEBIT 237 VDR ZE

P& @ D . RFERTILPFH L E2FEDRARMKE A

T ONERKE LT T 5. NJPFH %

PluronicFes KW (1 mL) 28 Ao 7=/NMRN O KK &

BT DH. TDOH%, NJPFH 28 I S N7z KB %

ﬁ%&f%9%4ﬁfua:QummA(y%)fl

SHREGEL~A 7 a7V EERT S.

DTH5.



4. EBRER

Fig. 2C# & O MEE 1.5 kPa 2 ¥ % Pluronic
NT )& D T AT E R U T 8 PR A R 7 22 0
PFH N7 )L, 2257 )L O RENVFEPE 2R3, K
SNT VL, R TR T 2 IRENE
(R=R,)/R, ( Ry: ke, R :BRISEKE
£8) T&» 5. Pluronic /X7 )V IXHE % FF 7= 72\ PFH -
ZELNT AT, BB IRIEA K& < 72 5 LR
WINS W b, BERERA CIX, J&HK
WCEDHEOMMILY ZoRERITH KT 52
LR —REITH DN, KFERITEN L ITFORME
7L TW5. £72, Pluronic IEE OHEM & iz, 4t
WRMETIZR T 2 IRBIRIE XA Licn, £oORE
L L TI& Pluronic 23 THEIC X 2 50BN E 2 6
nos.

KFHH T AT A TELV—VRHALEZ AT ILIE
RIZADLEAIVERL DD, BT 5 N7 LN
ML edicon, MWEMEDORENSIFHRTS.
ZDONT NV OPRENE AL L BRE)EE O N A E &
WES L2 L CHIREEEEHT Lz (N7 VIR
X R A SR ICBRE) & & ONLFE 22 Y 180 i K His 9
%) . Fig. 3144 Pluronic REIZH 1T 5 T VIREI D
HIECX T A bE R L TND. EHIEMIC
AR EZ T T RLTWS (RNTILEE O,
200 um O A A Z N ZE 4 180, 07 EfEL TW
%) fitHZE 90° TOPRELB LR EMNET D &,
Pluronic # & 0.1, 1| mM @ R 1T F N 55, 37
EHEE SN D, Fig. 2128 L7 1 mM OFER T,
BHIREN KD REVWDIEBLZ 39um OREFTH 5
e, IhERRLELGASEFERUMEE &5 2
EROND . R R EIEEAIE R EE A TS
LZRMBEND DT, NTAOEMERET L, R
BNWA LI SF 2%, — 75T Pluronic J& AR X /X
TNRMEICH S FEEZER L, 55 Ch 1R+
NFEA L TWb. Pluronic IEMN EH I35 &L, N7
NRE Oy FEENEML, A0S oS
TRAFXF—PNMEY, BEEENTLEE LN D
23, Fig. 2 TIE P —F L O ITIKRT L, LR
A L TnWa. 2k, BRI R R OK
TR HPEZ TP 2@ &N ZRHTH D72l
BEEMETLEZEEZDLND.
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Fig. 1 Experimental system.

Air bubble

PFH bubble

Pluronic Fes with air

Pluronic Fes with PFH ImM
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Fig. 2 Comparison between the normalized

displacements of air, PFH and Pluronic bubbles excited

at 1.5 kPa.
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Fig. 3 Phase differences between the driving sound
pressure and the vibrational displacement on Pluronic

bubbles with several densities.
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[1] Church, Charles C. "The effects of an elastic solid
surface layer on the radial pulsations of gas
bubbles", J. Acoust. Am , 97.3 (1995),
1510-1521.

Soc.
[2] E. Stride, ”The influence of surface adsorption on
microbubble dynamics”, Phil. Trans. R. Soc. A,
366 (2008), 2103-2015.

[3] S. Morioka, et al., “Sound pressure threshold of
non-spherica oscillation of an attached bubble
evaluated by a laser Doppler vibrometer”, Proc.

IEEE 1US, (2012), 767-770.
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1.IXIC®IT
ITH:, ARFI (Acoustic radiation force impulse) 7¢ &

DEERIF D EZRMT 2B ERZEEINPELTHD.

AV BB ) K o TG LR 2 U2 = 1,
FAEOENOGA L 2E AWK OREZ R E L, Miko
WA FEM T AEINTCHD. oL BREHTHWS
U5 E AT IE Rk O E B 2 W E L0 B R Y R
<, MENPRREWSRALZANMMEH IR TWD. BHAREN
TITBERZWASE O Z RIENE L LT L, (Intensity
Spatial Peak Temporal Average) =720 mW/cm2 7>-> MI
(Mechanical Index) = 1.9 BFEE SN TWS. Ispta
WFZEME — 7 R RE 2R L, MLIBEEEICELD
HBWEH R EZFMT 2EETCHL. LaL,
ARFI 2 EDOHEMTHWOE N DR ) el &F L AT
LEDOHGIEHANTH > THAEB~ORENBREIN
%)

Flo, BERE-—L20EREBCERFETL2HE,
BHRECTORE EARKRELI 2D HEMshTnd V.

ZZCARBETIE, VX RBEICBEERS L, &
REICHTHHRELAZRELE. £72, BEEEK
gk 7 7 > b 2 TMM (Tissue Mimicking Material) |2
BLoD A Fx, W R R R & 2R R A JE L7z

2. BERZHEBOL ALY
2.1. M1

MI (Mechanical Index) 1L# & #IC L 2 IEEAIIEH
DEEWEFMTHEETHY, T T —va D
FIRE72rBERAFEOREERST. ML (1)
TRIND.

pr,a(Zsp)
Jr
S AT 2P o FOL A B [MHz], p,, XNV R SR EE
BN ERERDE 2z, TBITDERDOBEL EE
L7-BEROAFIE [MPa]THh 5.

MI = (D
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RN, B RS, Zaetk, &R, TMM 77 & b A, REREE

2.2. Lipea
Lo TEER AR PZRYFLIZLEDOES P TR
KRBE LR HERCB T LIHFEEYETHY, X (2)
TERIND.
1.
wa?p@w
1 (¢
= — ﬁi)m [mW/cm?] (2)
TT pc
T X N—2 Mo R R, ()8 ERBE, p()

BRI EE, plIBEE R OBE, c IHEETOEHTH
L. ARNOWMEMHEICRBIT 2 EEZTES T 0.54
dB/cm/MHz FEEE Tdh % 2. Z D= ERE LV bl
TIRETDHZET, LV REREEEZTEDDLZLNT
5. 2 THEBNORBEEMEA 0.3 dB/cm/MHz &
RELHBELIZS D% Iy &V 9.

3.ERGE
3.. Bhp ER

TR A& Fig. 1IZRT. KEMN3IkgD vV HF (U
NR=—=RXFRT A F) ZHEALTHEFICTEREZIT-
Jo. BHRMEETWIRE ¢ GERAE KK 2.5 MHz, O£
12.5 mm, A 25 mm) 2 Fig. 2 [ZR" 7 K 912, iR
EEREZMNET 2D OMERMAREBRIL 6 = 2.5
mm R T2, FOLICHA FHY—AZHEEFL, +
DONEICEVE S 2 W9 2 & T, AL E S B R
VR ERGICEBE T OME Lo TS, BFRH
BB, Tgpas =715 mW /em?, MI=1.8 & 72255 T%
BRaiTo7-. 777 v a vy = b —&—(Tektronix,
AGF3021B) O E %, AJJFEE 300 mV,,, JH#% 2.5
MHz & U, FifclEfi] &% OV PRT  (Pulse repetition time)
ENnEh (424ms,2s), (10.6ms,5s), (21.2 ms,
10s) D3 OOFMICHELTAA—R MNEEZH L,
ERFNFF 55 dB 0T —7 7 (E&I, 1040L) THINE
L, 1000 fMH 7 ¥ % KERE ~8 SR Z17To72. &



Ex o =015 mm (KA) ZHESRENICTHFAL, i#
BE S L BVES RS S L OMESDEEITY,

O RE AT RE R &R A O & K, MTR (Maximum
Temperature Rise) % HI & L 7=.
3.2. 77V PAER

Ty b AERLEBYER L RO FERSEMG TIT
Wy, 7 7 b A FEBR TR [ & OY PRT 1% (4.24 ms,
2s), (106 ms, 5s8) D2ODEMTIFoT-. 77 v
A DOFEME Fig. 3123, B ER & REOIED T
T — ATHEHER, A4 FHY—2E2H W CHEGHE
REMEXOWIRES EOMMESH DT EITV, 1000 B
MEREH ~SBEERFEZITo72. SEHWEZ 7 B
LIX IEC60601-2-37 O HKEIZH S E/ER L 7.

4. FEFR L

KB O R % Fig. 41257, Fig. 4 OfERNLIHY
FEBR TIE, FEfE R 2% 4.24 ms, 10.6 ms, 21.2 ms O HF,
MTR 1 &N Z 5 KT 0.60°C, 0.99°C, 1.78°C & 72 -
o, WHRBEREYEY TES (WFUMB) O 5 A R
T A CIEIRE EF A 1.5°C R IR AERICEREE L
BriEsanwEanTnwanfiikick -, H8HA
DHEBEHEANTHDICH b BT 1.5°C 28 2 51

DHRES N, 772 M ANERTIE, SEEMN 4.24
ms, 10.6 ms DK, MTR X%+ F 4 1.16°C, 1.80°C &

molo. 77 v b AEE, B ERILICERL DN
Lpas =715 mW /em®, MI=1.8 &fH—lZbnnbb T
BE RS oK RMEIZ L 2 Bl & EAREEE R L
7o, SHiCEmERE 77 PAEREZET D L&,
FORFEHEMTL 77 P AEBRTOD MTR O A K
o, THIRMEONATRBENEET D08
FEBRTITRE EA2MAl szt ELOND.

5.%5¢9

K|ETIEUFRBE L TMM 77 > b2 O
FICBEERB LG40, BRmOIRE LR 21T
L. TORER, Tpus =715 mW/em?, MI=1.8 ® @5
WHRHEIZE L TCEREN O MTR 1%, VX REEEE
M CHRERFM 2 21.2 ms OB 1.78°C, 7 7 > b A HOD
B CEFFEFEM 2% 10.6 ms DO 1.80°C T - 7=

X B

[1] Herman BA,Harris GR.”Models and regulatory
consideration for transient temperature rise

during diagnostic ultrasound pulses.Ultrasound”, in
Medicine & Biology,pp.17-24, 2002

Martin O. Culjat; David Goldenberg, Tewari
Priyamva,Rahul S. Singh,

(2]
“A Review of Tissue
Sabstitutrs for Ultrasound Imaging”,in Medicine &
Biology,pp.861-873,2010
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- Transducer ! Arduino L T“& ! Function generator H
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Fig. 1 Measurement system of temperature rise.
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Guide sheath

Ultrasound
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(2.5 MHz)
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Focal point & temperature
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Fig. 2 (a) Schematic illustration of the transducer.

(b) Transducer with needle and thermocouple.

Thermocouple

\

-

Focused transducer
Sheath -
25 mm
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(Tissue Mimicking Material)

Acoustic absorption material

Fig. 3 Schematic illustration of experimental setup using

chicken bone in TMM phantom.
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Fig. 4 The relationship MTR and pulse duration.
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1. XC®»IZ
AE WL R EFEICLE R THERERFEL LT
ERTFICEBWTESELLTWD. IF, ZWa

B CILEEBERESCEEET - FOZEMIc Ly 58
TN, TR EE S B T I o E IR A A R A
BIZFIAT2@mcd 5. LORRCHERT -0
b, BEKICKDAEREEDOR RISV TEE
L AL BRGSO MR L L & R G, BRI BRAR
TOHVENDD.

ARIFFRIL, BEEOEKREZES, Z27 B &Mt
DEBMFMOBRERDNAF~—T— DR
EFHBELLTWD., EREME LT, 2AXTEH
7. TNETOERRT, AXDIR%Z %S K)E I 5E
WMOBKNERZL, v ET—a L DRREL XK
RGO EME IOV TRE 2T o 2. 2% %t
R LB ETFORBREBEN 2TV, BHEOK
ENoLEEBETFHENLZ U AATERR#ED L N
DEBIZOVWTOMPRIBLELEEZ DN, 22T
AT, T XX HEOMBOMRTFCH DT
nTAI 7 ACER L. BERBRRNOAEZL -
TAEZ D EEH LB LY v X7 BRIk
bz g3 5 B CHEAERFMO = O %k ILE
RUKEEAHER L.

AEAE T, BERBHICZVE(LORONER
45kDa D # RV B BB 'S IEIZ L > TRE L 72,
ZORER, BNEEEE o TAXY VRV EIT AR
THEKD TEEFE A ThHrERETE. TBFE A
i, AERNOZELRNHBRBICEDLLIMATHD Z
EPDOMBEAMICB T IBERRBNORELZ T
7o R O BF IR Rk 2 oxF g L L 7o AR o A T AR
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raiTH> 2 & & LT,
2. JRE
2.1. ZRTESXKEE (2D BN/SDS-PAGE) 'l
BRI EEAEERE XA T 4 TIRRET BRI
YTy BEY 5 71T 5. BN (Blue Native) -PAGE
T, 7~y —T7 N —%a@zflnTx o "I 8%
et L, X7 BOERMEECHEAMEZRFFL
FEERTORETIICHESTHEET D, =51, &
TTHl Z 7= SDS - PAGE T, HEHOBEARICE %
WEMEMAE D RTEMBEIZONTHIRDH &
MWARETH D .

22. REYOA A DV ITEBESHEY

A BT OFEERAE U 2 ER U, k28
WO AV =7 —va v ERE L. EIEICH
W= U 7 A 9-amino acridine (9AA) & %A L. WA
W B BT iMScope(f EBE AT 2 W TG ©
A A =D T hRIT-.

3. RERA*
3. YU TN ERRE

RN v TAAERIC H =0, B R R,
JH 3% $% 30 kHz THJE 20 , 100 , 150 kPa & & ®,
FEMBHEED 4K E LT, £, AXTIBITE I
mm, ZH% 4 HAOLOE W=, o 7L
KRS E L, B 20 EIERL .

A5 B % % Fig. 112”7 . B ¥ /L (80x80x50
mm?®) ZPEAKTHZL, 427 0F 22— T HNIZ%E
RENVTHRZED, FREFICHFRE L., Fa2—TN
WA X B KIAEERR 0.1 mL 2 A, 60 F0 R
L7 TR 7 e 1 R EE,
W EFR 2P THA S TR L.



32, ARV ERWER
B RES A TWE A rE, kE (0 C) T,
ECL lysis buffer Z W THEBR L 7=, WIZ, A X K
MO NI E FEE LT, Yvra=T7 g
e —X (2.0 mm) % 3 MWV THALE (Micro
Smash) T 60 F (5500 rpm) {E#h S &2 Z & TR -
MR E O 2 B L, aEMES v 7 E o EIY
EATolz. Dk, XN EOMMBEREZ — KRG
E@BNmmE%mmf THEL, EHICZWoTH®
RIKBN 2 ATV, SRYPEIC L et a7z, Bl
?//\7 FX 7 v E 5810 L, In-gel digestion
Liwﬂﬁ%ﬁot%,g ST LA T B DA
TE & AT

3.3. REMOAA—CUTHEBANE
WBHEOBOMEZLG XIS ALEHOAFEOROH
EHEZTGEOMORAH DA X I 2L EHIKEFR T
WY, 7744 AX y hEHWTES 10 pm O
JEhgE R 2 E R L. /R LU/ % ITO KA Z 1
K772 22 @+ 9-amino acridine(40 mg/mL 9-amino
acridine in 70% methanol)% /x> K A 7 L — Lk CT@& A
L7-. BAPE BT iMScope DR E X, AA A4 v E
— RTE v F 50um, WEHHA 250~900 m/z, FEH
B 1 [Bl/pixel, f#REE 2.10 kV, L —¥ — 4
JE 4, U= —BRE T2 L Lz, Ty 7 b =T X
IMS Solution & 7. JEFRE 4 Fig.3 128 L 7.

4. BR -BER

ZWRIOCERIKENEORE R, MRl EloR
W 6Lz fEIk % Fig. 2 1278 3. Control & ik L T,
150 kPa F THEEZ LIF TV IZoONKEICELS E
ELTWAE U RIEARy & fER L.

BERAIC LY B /o572 K 45kDa D %
VR BEBESIIEICL ST TEBEE Al LREEL
7. 37% DT F REFIA —FH L TWEDT, &
FHEMEZEHE > TRKXY U RIBIEI AL DHEKORESE
ThdrLFAETE. K Al X, AENOEZE
AHREICEbIERERTHD. LoT, HikEH
WIZ B N B LRV OB E MR D L [E R
IAZARB I ZAOBLEN B A X TR T IR
ERGE LERBEHOEREZITS ZLITLD AR
BERMIET LI ENARETHD.
BE, A X DERAOFBMHGEZ xR E LR#E o
/(%—V/ﬁaiﬁ\*ﬁ(f@ﬁﬁflﬁ%ﬁofkV) A

TIZEHRWM BB E I &T 5 R#Y o ®

$ﬁ75§7ﬁ§ﬁk%26nf:.

Egg
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/ Tube

A d Osilloscope

Transducer

|—| Function generator
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amplifier

Fig. 1 Experimental System.
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Fig. 2 The result of 2D BN/SDS-PAGE.
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Fig. 3 MALDI-Imaging Mass Spectrometry

5. F&EH

KFETE, AX IR T r4—LI2FBL, M
FEFEEOENCLDZ XTI EEARMBT NS, &
e o R EELTIEREAIZRELE. S 61T
AE BRI IREDOENLEALA A -V T E
BN E AW T, FICEKIFIBIC BT 20 o
AA=T T HRITol. 5%IZ, AXDR~DBE
W RS & A h AR 2 kg & L 72 MR AT SR
DL HETTETH H.

BECER
[1] Margarita M. Camacho-Carvajal, et al .
Two-dimensional Blue Native/SDS Gel

Electrophoresis of Multi-Protein Complexes from
Whole Cellular Lysates . Molecular & Cellular
Proteomics 3.2. P. 176-182. (2004).

[2] Toshihiko Matsumoto,Shuji Terai,Toshiyuki oishi,
“Medaka as a model for human nonalcoholic

steatohepatitis,”DiseaseModels&Mechanisms,3,pp
.431-440,2010.



MHz 8 E I FRAICH: 5 DNA 815 O & EK M
LT & HE EE A mILT S S S T i et

T REAERT: T610-0394 FERF R AT 2~ JEERAS 1-3
I FHERT T263-8522 TIERTIHENFEEXIMER 1-33
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¥ —U—F DNA "HHUW, TrET7r—a, B

1. L &IC

BE W RN ERICEZ D EBEL2EZ L2 LT
BE 0 o B RIZ R 5 % Ak o T e Wk R TG
B~ HRERICE > TEETHD. BEIHHES
\Z &k 5 DNA %5 O G IEM L & o B M 28 58 <
BRMENTWIHEBLTHY, TD AT =X LR
NRDOENT WS, WEDOHFIEIZEHB VTSI E
WEY F vy EF—3 3 D34 L DNA o FE
PERFER S, Sy ETF—va BN ko
YRU T E TS L TRBEAIC DNA %
FHT L ERRESALTVWE Y., —F, ¥y T
—3a N DNA DO HLDICEBEMICERL,
BHEZLH X500 F 0B LNICHR S TR,
DNA O 8 #5513 & o (& ¥ 02846, 8 oo BT 12 4 45
END.DNASGFO _AKOEOM T NUIMrEn s
EHUW I RFICEERRNBELRBEE LML T

By, ThzEafm+sl tRnHEELD.
F72, BEERMICELET D DNA S F 250 2I1I2T 5

LT, ¥ ET—Ta vOEEMRERICE ST
a2 _EHUKAEFM T2 EE 2L
N5 Bt kHz IR RBEREZFEHLZZNET
DIFFEICEBNT, Sy T —va RN EAETIEE
JEE “EHEYE AN ECLZMETENTEREE CTH
HILEMHERL, FYyET—3 32K Y DNA 4
Fo EHEGHmASIEEIESND I EEERMIC
~ LTz,

AR EEEUIBAEE 2 EORET N4 AN b
DL MEWNERICH CER SN D B R T
MHz # CTh 5. £ 2 TRHEE TIE, EBICERISH
THHA SIS MHz H@ &K &2 WE U7z, —HEH
B O FELAEMEIC DD TR 5.

2. ¥ EF—v3y

Ty T—va BB LE, WETOEDNET
LB OBE (BAF¥rET—vay) ROF
BEEOHN (FAXFyETF—vay) I0ko T
RHEICEET 2 RE & FIE N D /20008 2%
WRETAHLTHD D, BELEKIANB SIS
KX BIENEHI E - CTIES) - HIRT DRI, B
WMEN, (LFEREZD ZERMenTEY, =
NOWAERICERZEBLE 22208 TWY
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| Function generator H

| Power amplifier |

Oscilloscope

PZT transducer

I DNA solution

U v 46 mn/ Silicone tube
_ |
] |
100 mm

Sound absorbing material

Fig. 1 Ultrasound exposure system.

5. ¥, BROBEEPEHIRDICHENFYET
—vaVvREOHMEEIIRELS DI LR AMBN
TV, ZOERELT, BROBMEE 2D
—FEM B OREORKPAELS R D720, [idn
RET D20+ 0REHNAEI R0 Z LR
FFohb.

3. RBRAE

3.1 5 F DNA BB DR

A0 A DNAEIRE L TO.1uM O T4 7 7
— Y DNA (165 kbp, 57 um) &R EER L7z, T®
HEKEFHRAFAN CHEAFMERE (DO) ZHEL T
B <.
32 BERESH

AW BE > A7 A% Fig. LIZRT. YU UK
> 7 (7 A4 A Fusion200) ZH W, v U arFz—
T2 mm, N T mm)IZWE L. PZT M & #E 8+
(Japan prove 12401 R50, £ S EfE 46 mm) O £ A7
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EFROR S ZEHEBRNT S FEEZAVWE. 2O Fik
ZRWDZ L TAKHEE o O S Y)W o FE i 25 T RE
Th2IENBEOMELL RSN TND Y,



BE WS %O DNA WiRICH®E L EFR YOYO-1 %
%MLTT477—me%mébt®%,ﬁ7z
12 DNA % i B & 8 T O BE 85 T 8l 42
BEts iz DNA S+ EB 15645 %E%JML %@
FERNDS DNA —~ 2+ H7=0 o —EEYKEIE n &
WA TEHEAEL L.

(1)

TIZT, LiITEE RN % O DNA 5B E, L)
XL T D RS &2 % TuvZe vy DNA 43 1
FHEEZRLTWD.
3.4 Xy T —var ORI

DNA B DI fEIZ PVDE /A R 7 4 v &% E
L, ¥vE7—vary&iffiLELE. BIEOER
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Looten-Baquet and R. Torguet, “Ultrasonic

cavitation monitoring by acousitc noise power
measurement”, J. Acoust. Soc. Am. 108, 2012,
2000.
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Coefficient value
a, 173.6
a, 3.164x103
as -7.079x10°
a, -1.885x107
as 6.178x10°
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Figure 3 Experimental setup
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Figure 4 Echo shift time vs. time for fat and muscle

tissues.
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4 Relationship between temperature rise and time.
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BHEL, Yue—70n5 55 cm B2 LE 2B VT 90
ETE—LNRET DI LHIES 2% E L.
Tu—7OEFEHEEIZSMHz & L. £, PR
BT oOPLEKET 2 MHz Th Y, 3IES (Agilent,
33500B) C Burst ¥ % /1 L 7.

3QARA—D VT VAT A
AHETIEYF 7Y 7 JE M 31.25 MHz, 64 F %
VRNADA A= U TV AT A E AW, EE2E
DHFEFTELTHLAEE 6 MHz OV =T 7 LA RO
Ta—7EMWl. FBLORMIZ 13 2R Yy M,
FH 192, F 7RI 0.36 mm, % 7% A X 0.26X10 mm
Thb.

4. EBRAFER

Figure3 72> 5 Fig. 6 {22 MHz OB EHEE N L AT D L
XERELBVWEZIIBT D2 — T OMEREEBED
BRoOfEREZ R, X7 e — 720 O MEE, HEfh
ENENRDO ALY SV OO KE TIERL L7
HDTdHDH. Fig. 3, Fig. 41X 5 MHz % 6 cycles, A7)
WX 144 Vpp & L72. Fig. 5, Fig. 61X 5 MHz % 6
cycles, AJJFEL % 14.4 Vpp & L, 2 MHz % 200 cycles,
ANJNBIE%E 10V & L7z, Fig 3I2BWVWTIEE A LEHE
W E A2y 7MHz % Fig. SICBWTEEIM L. 2h
g, TMHz i ick o CTAhELELOTHDL LV 2
EERT.

5.
ARETEHLWVEEBEEA A -V 7 FiEL
Lfﬁﬁbfwécmmm’;of%%ntzn—%
BUHAMEFR D EBR L., E—2ZzBELEE

% BULIZHMERSORAZHER L. TOREE, M
WHEOEEAREICEWT 7 MHz OGN RBAET D
AR L.

LS, BFEBREXITV, 772 FAD 2 KK E
EBERRTDLZENEETHD.

D N
[HiP#%MA¥- AR, U REEA, JNAREE, CE
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Ultrasonics, vol. 41, no. 3, pp. 353-365, 2014.

[2] T. Eura, K. Yoshida, Y. Watanabe, “Blood Flow
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vol. 49, 07HF05-1-6, 2010.

[3] N. Yoshimato, K. Yoshida, Y. Watanabe, 1. Akiyama,
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—hTayEe ik, BEEZHAOTERZEES
LRENEALTEY, TOZMIRENIIIERICH
W2 ERHIBITND.

AWFFETIE, = U DR OBEEBUIE T
LHETHNCER TS, avE ) IIREEEOE
JE, BRI —E &7 D LD IR E B A I
AL S B HETEEZIT> T D, T ETHAIL,
SNR [\ ED729i2, avE ) OfETE 7 LT Y X
LOBEE R ZMELE ~DOISH ZEt L T & 223 K
WwETIEa v E Y OREEMHETESE VA NS T
FEEA LB oA MEOMR%Z, ARk~
7 M AERWEREZE L TfTo7. SNR Ok
ZERT 5 & &b, WOEREREICET o mE A
To7-.

2. EEMEBBEO T a—~DEE

AR URAE AR SR TR A L TR T 2 R R %
HTDZERMENTWS, D, KR
B SV A BRI T 2 &, @ E SRS
DO PMEVERER LY L VEETS. LoT, M
SENAR VAR N ER L 72D, ma—[F50D
LA () KA~ 7 50 #rio, TR
DRV A RS ZHEGE TIIZEEF O AD oY
TV TREBE (f) L EZREOSRE R —
BSH T, MEEFEREATI FREEH LTV,
ZOLE, MBEOBEREN NSV, B

¥ hrETY OMGEEETTTY O B wbhE T
& KRR 1-3
B
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SN L, JEEEEE, *EREZOKElL, aVvE) DO RNT T 7 MiETE

AL THIIE, ZAE B O LAWK & EA K E
W (f) B—%T 572, SNR OLITMEE 72
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Fig. 1 Simulated frequency characteristics (left) and
(right)  of
frequency-dependent attenuation.

Fig. 1 (left) £V, A SDT a3 —OF0JEREER )
PE—27 ORRERY, FEHORHICHER B KO
Yo 7N TR T Y= L3RS,
DL x, Ta—OPLBEEESPERE R,
H TN TRy & DZE% dSNR (degradation
signal to noise ratio) & EFHT DH. dSNRIZE Y AD
ZEHIREIZ A Ry O 3 — 2 X0 B Ry O o —
DL VORRKERDZENTET, ZDOZEIN Loss
L72% (Fig. 1 (right)).
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\Z T4 D Sephadex 75 O 22 —{Z 5 % Ula-Op
(University of Florence) (Z#&f5c L7-)JAHrig 7 L% v
TNT LA 7 r—7 (B5K0.8X10N-64CH P=1.0

temporal ~ waveforms echoes  with

-
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Fig. 2 Experimental system of measuring Doppler

frequency.
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BT 5 X)L EREE SAMHz & L, FEH+4,
+5, 46 dB iR L Tk L7z, Fig. 3I2F =2—7 b
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EDO RTIEBEDALY NT A% Fig. 4 IZENEN
R EEERERO K77 - A7 b T AL, 6.0 x
102 Hz 7>57.0 X 10% Hz ¥ 0 8RB0 TR
kA=A b £, 307 =2 L0iED
nic F7 7 B OMHE % Fig. 51271, BER
ﬁ#%%ﬁénéFfiﬂﬁﬁinm1m}uf%
D, WEOHEIZL > TR T EW D B
SE, WERENSE ELZZ ERbnd.
FERIEIZEX Y, SNR OBGENK S 2 & E &
MRSz, L LEZ 07 SNR B fEHTE
59, EEHEINETa—OPLEREOEH)C
FoMEbLZRT NG, 5%, 5725 SNR DL
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Fig. 3 Frequency characteristics of echoes with and without
compensation. Center frequency of transmitted signal was

5.1 MHz.

.|
zo}w W"»\"”"‘ O o 4'1'“ L* f Ml \M M l""rWW

2000 1000 1000 2000

Frequency [Hz]
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Fig. 5 Comparison of the expectations of Doppler
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[1] S. Hiryu, et al, J Comp. Physiol. A., Vol. 194,
pp.841-851, 2008.
(2] KWW &, B FIFHRE 5 FR N AR, Vol

111, pp.43-48, 2012 .
[3] FUBERM, A AT ZEZ250 a5, ppl36, 2015.
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I DA =A KON THEWELEARHR NS .
WEOWRTIE, BEHRMEEF O 2 v E VIZ CF
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VI ERBT L ZENREINTWVDHI2]. e, U
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MATHIZERT D E, BEHOBH SV AD TF & O F
WEHEZICE U T, TF 2 MENICEBLESE D Z LBl
ENTWA[3]. ZhbDZ b, Ekoaye RN
FIRFAEAT 4 D BRITIE, fifEfAko TF L EE LRV E D
CHEDOTF 2SR FREND.
ARG TIE, HEOMOawE Y BRITT D0,
TEYUMNED X IITHH DS NV AE A - WIS S
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L, BEREDOEMNMICH LEZOBEBENED X ST
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= a NNV AEANPLBRN TS, Ta—abr—
2 v /8L 203100 2> 5 40 kHz 1T
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N— T EERR L.

FEEIL, BI=E (9 X 45 X 235m) Zx v b TK
o 7-2¢f] (6 X 45 X 235m) WTHT->7~. 1ZU®
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A mR e L, REEOEHFZ oML TR L
7o BRI L 72 B A S BI E N IC R E U 7o R M
@D 7 ¥ 7 F (Terk Technologies Corporation, Model
FM+) /4L, FM L3 —R—TZE L. D%,
DAQ (National Instruments, Model NI PXI-6358, 16 bit,
fs =500 kHz) % AT PC TRk L7z,
ayE Y ORITIE, BHEICRELZ 26O 6EE
v 7 4 5 A Z (IDT Japan, Inc., MotionXtra NX8-S1) T
R Lo, W L-mBx, E—vard¥y 7 F vV
7 ~ (DITECT DippMotion PRO version 2.2.2.0) % H\»
T L, 3 WeRITBi 2B L7z, ©54 027
T L-EBET L~ 7 CHBMLEESIEI NI T
1;:1 75‘1 ﬂﬁ;ﬁ L.
3. BB R
FRETRAT T 2 4 HED 2 7€ U OF = & TRAT BT

ZEHT S Z LS L (Fig. 1). FRRITH, %
:W%U@EWﬁfﬁﬁéTF%ﬁﬁbfwt(ﬁg
B). V¥ TF 7 HARAT & HEEAERITTED L S
”ﬁﬂﬁ L7z2v% Fig. 2 133, BAGRATR: IS, &=
UEY O TF LI L T2y, A AR RAT R 121X
TF #= S AN R 5z (Fig. 2A). 2 OfFE AN
T — 7 TR SN (Fig. 2B). E¥H D TF O ¥
1%, HARFRFTRFIC X 47.1 kHz, HEORITRIZIX 47.0
kHz & & T o7z, — HIEEMERZAR, BEMARITR O
1.0 kHz (2% L, #EEMRATHIZIT 1.9 kHz (280 L 7=,



O, MoK K L AD TF A5 D
HH XV A D TF OREREEZILT 572D Th b1 E
IMEFRDL T, &b TE N W EEK L O TF 0% %
Neighboring TF & & L 72. Neighboring TF I3 Bl 7
TRED 0.6 = 0.6 kHz 2> &, HE K RATRICIZ 1.2 =
0.6 kHz I[Z A ZIZH N L 72 (Fig. 2C, Tukey’s HSD test, P
<0.05). Thbb, avEViIMmoEKE O TF O %
EIRT X2 TF # 2L S ¥ 7.

4. B

AT, EEERREERIT P, 27T U EMm
DFEEEDTFOEEILT S L IICHE O TF 2 £k &
Wiz, WMEOHMETIE, avEYRNFTERMEICXL,
B EEEZNET LS ELIICHEED TF 2 &b HE 5
TENMESATWS[2,3]. £, = oa—ofE
W5 b, TF O & RE S5 & HEER E R E
kT2 n, FELHEERICEVHL N> TW
5H[4]. ma—ubr—3 g kD 3R ZEM O RS
WX, WikE DB FEICEHRTAILNERND L. £
DIz, a7 VILHEMEICEER TF 28§
kD TF L O EE 2B LB ZLOND.

FERITT52a vV REOEFOKENER L
TWAEAE, HUEZEKTEELILICHEEOFEFOD
BMEZS®5EELZLNTER[5]. KRE THER
ENie TF OEALIE 5 WL B IE -+ 2 %2 G~

L7010, avE Y O SV R E R L 72 FM % (Fig.

3A,B) Z1ER L, itdt/jv 2 @ J& 3%, IF, TF, Duration
DOEAICK T AHAFHBEOEEFE L. FOR%E,
M AEAHBE O &2 FAEIC 9 5 729121, IF & Duration &
8% EALZEDLMENH DN, TF X 2%, 2 F VK1
kHz B S H 57210 TL VW ERbhol=. 2 XY,
AUEYDONRLVADEFESHBEME AR T EE 57D
%, TFOEARNEHTHDLZ ENRBINT-.
5.%¥¢%

AWETIE, FERITT28B0 a7 O
PRIV ADFHEEPEIZONWTHE L., /i, v
B AR RATRIIC E B D TF & 8{K D TF & D% %
NP B EmA RN, £, RIEEICE Y, TF O,

BRAELZCL S TESMBEUENET S22 M bhrol.
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Fig. 2 (A) Representative changes in mean TF of the
pulses. (B) Changes in mean TF by all grouped bats.
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2. ERG B
21 A CoOFEFEHA

FEBRIT 201547 A 20 A, 10 A 5 H (< & R AE A
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BN DR <, JEEEOE R H(CF ) & Z ORI ICE
W EE R GFM, (FM) THRERR S 7= F SV 2 &
WS 9 % (Fig. 1A). Zoa v N ERBT SR E
N (Fig. IB) T4 5D~ A 7 THRENT Y FRHO~
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field. (B) Three-dimensional flight trajectory. Arrow shows
flight direction. Four filled circles show microphones. (C)
Change in CF2 frequency, IPI, CF duration.
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Fig. 3 (A) Spectrogram of R. ferrumequinum nippon in flight
chamber. (B) Three-dimensional flight trajectory. Arrow shows
flight direction. (C) Change in CF2 frequency, IPI, CF duration.
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1. Introduction
Action potentials can be evoked by irradiating infrared
[1]. The

gathering much attention as substitution of electric

laser (IL) to neurons laser stimulation is
stimulation because IL is able to stimulate nerves without
contacting tissues. In general, severely hearing impair
people has been encouraged to wear cochlear implants.
However, invasive surgery is needed to wear cochlear
implants. Our goal is to develop the noninvasive hearing
aids using IL as a substitute for an electrode stimulation.
The purpose of this study was to develop a speech
encoding scheme for the noninvasive hearing aid to
convey intelligible speech. Previous our studies revealed
that which

created a

rodents perceived laser-evoked sounds
click We

click-modulated speech sound as a simulation of the

resembled sounds. therefore
noninvasive hearing aid system. In this experiment, five
Japanese native speakers were participated. The simulated
sounds were presented to the subjects, and they answered
Our data that

click-modulated speech sounds were at least partially

how they perceived. suggest
intelligible and that the speech encoding scheme can be
applied to the noninvasive hearing aids to restore speech
perception in hearing-impaired people.

2. Materials and methods

2.1. Subjects

Five Japanese people (22-27 years old) who had not listen
the simulated sounds of pulsed laser were used as
subjects.

2.2. Stimuli

Fifty simulated sounds were presented to the subjects.
The simulated sounds exhibited in the experiments were
60 dB SPL and synthesized from the 4-mora words which
5.5-7.0degree of of

Familiarity-controlled Word-lists (FWO03). These words

have intimacy in development
were uttered by a woman.

The simulated sounds were click train, repetition

51

rate of which followed formant frequency and amplitude
envelope transition of an original speech sound (Fig.1).
Frequency information were derived everyl5 msec for the
center frequencies of the first two formants. Amplitude
extracted using half-wave

envelope information was

rectification and low pass filter (LPC).

2.3. Experimental procedure

Experiments were conducted under following procedures.
In experiment I, four alternative choices were presented
before subjects listened to the simulated sounds. Then,
the the

alternative choices within 5 seconds after the stimulus

subjects answered what they heard from
was presented. The trial was carried out 50 times. The
simulated sounds were presented randomly. In experiment
II, the subjects listened to the simulated sounds and

dictated how they perceived on response sheets in roman

A B
Original speech sound Click-modulated speech sound
[mo]

[a] [ma] [gu] [mo]

[a] [ma] [gu]

Amplitude

[a] [ma] [gu]

24 [a]l [ma] [gu] [mo] [mo]

N

I

=

>

o

c

)

=

=3

e =

[T > —_—

0 —

750 0 750
Time [ms]

Fig. 1 An example of the stimulus. Upper figures show
the waveform and amplitude envelope (dotted line), and
lower figures show spectrograms. (A) Original speech
sound. A Japanese word “[a][ma][gu][mo].” (B)
Click-modulated speech sound synthesized from the
original sound (A).



letters within 10 seconds after the sounds were presented.
The same sounds were used as the sounds which the

subjects listened to in Experiment I.

3. Results

3.1 Experiment I (alternative choice task)

The results of experiment I was shown in Fig.2A. Fig.2A
shows when the subjects answered what they heard from
four alternative choices, percentage of correct answer was
73 % on average. The value was significantly higher than
chance level (25 %).

3.2 Experiment II (dictation test)

Correctly perceived vowel rate was shown in Fig.2B.
Correctly perceived consonant rate was shown in
Fig.2C.Correctly perceived mora rate was shown in
Fig.2D. Fig.2B shows that the average of accuracy
reached 40 % on average. The percentage was also
significantly higher than chance level (20 %). Fig.2C
shows that the average of accuracy reached 40 % on
average. The percentage was also significantly higher

than chance level (20 %). Fig.6 shows that correctly

A
100 Alternative-choice task
R Chance level *k%k
o
Y— El 80 -
°%
° _
o> 60
©c P
- O
C®© —
Q. 40 |
o
&, g - =
s 20
o
0 i

s1 s2 s3 s4 s5
Subject

average

Correctly perceived consonant rate

100 1 Chance level

— 80

s

> 60 -

o

©

S5 40 |

3 *%
o

< 20 4

o - ..... =

s1 s2 s3 s4 s5
Subject

average

Accuracy [%]

O

Mora accuracy [%]

perceived mora rate exceeded 19 % on average.

4. Discussion

Our data showed that subjects were able to understand the

contents of the click-vocoded speech sounds to at least

some extent (Fig. 2). As seen in Fig. 2A, subjects were

able to comprehend the contents of CMS relatively easily,

if the right answer was provided as an option. The

relatively high performance in the alternative-choice

compared with the dictation task (Fig. 2B-D) could be

due partly to top-down cognitive processing.

5. Conclusion

Our data shows that laser-evoked sounds are at last

partially intelligible as speech sound. These results open

up the possibility of the speech encoding scheme can be

applied to the noninvasive hearing aids to restore speech

perception in hearing-impaired people.

6. Reference
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Fig. 2 Intelligibility of click-modulated speech sound. Error bar represents standard deviation of the mean, and the
horizontal dotted line indicates chance level. Average scores were compared with chance level (CL) using a
one-sample t-test (** <0.01, *** <0.001). (A) Results of alternative-choice task. Vertical axis shows percentage of
correct answers. CL is 25%. (B) Correctly perceived vowel rate in dictation task. CL is 20%. (C) Correctly
perceived consonant rate. CL is 6%. (D) Number of correctly perceived morae.
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Fig.1 Recording site of Cochlear microphonics

Measured Cochlear microphonics by inserting a silver line
electrode in the hole of bulla. The electrode was hooked
onto the round window of cochlear. Reference electrode

was placed on a brain surface.
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Fig.2 Experimental environment. All experiments were held
in sound proof faraday cage. Sound stimuli were presented
from a speaker placed 10 cm from the right ear.
2.3 HHIE
2. 3.1 Maskee

JE W BT 2, 8, 22.6 kHz, fk#ERFRIE 91 ms 325 B
AUREMIZTIms H TAYREMIZ10ms D b —
— XA bEMEMLE. HFELVLIE 60 dB SPL A {f
AL
2. 3.2 Masker

B EEL 1 D 32 kHz(1.4kHz B < )2 5o 1
F U E =T HTHER LT, Mk R EIE 452 ms

NG B Y EFRIIEL 50 ms 2B RS D KEF X 2 ms
Dh—=rRN=RFEMHLL.

HFJE L L1 Maskee 7> 5-10 dB 7> 5430 dB £ T
10dB %A CTHEM L7,



743 ms

1ms

452 ms

91 ms

Fig.3 Temporal structure of the test sound. All stimuli

were tone bursts. Masker of intensity was -10, 0, +10,
+20 dB SPL from the threshold maskee. Duration of a
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199 ms. Interstimulus interval was 1 ms.
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56

JE R PE VT E CAP OIREN /NS < 2 w2 &
bz (X 4).

CAP amplitude compare

o & A M o M &~ O

Difference from no masking [dB]
3

'
=
N

12345678 9 1020304050 60
Frequency of masker [kHz]
4 2TOYAN—DEELABEBICHTS CAP DRIEZL

BLE. EREOIRA—HABOHBRERLTVIERAARLA
5.

4. B8R

MR D H TV DRI, EENE SRS DR
BIERA W 2 BT 2R E2BHRAL LD el Lo
TWB 7D 2, ZOREMNIE D LRSI K - THITE
SNDDOTHNIERONHNZAFIET D IRE K O X
D b IMANC AL B T 5 & A O MR o RN O R
M ZITHEEZLND., ZOZENLRKERDO < A
XUTERTIE, BRAEOYAT—PNLVEWHREE
BonsThAH ETFTHRL TR, 4 TR LTzl
D 3kHzUL FTORBEE O~ AX Y TR NBMMO~ 2D
—LHARTEWE WS RN S . HE T A
BEOFLMLHANTOIESHA, E LD CAP IZIXEAE
BN B2z oNnb®, BE SRt
FTHEME R OPLE S B X, BEMRERE R L -
EEZOND. EEAWE~ AT — BB &R EZ R
LBRREIAHEICE > TELEsAF =TT,
BRI LD~ A D —DEEORIDEWVIIH D DT
T nneEEZEILND.

5. 2% TR

[1] Agnella D. Izzo, Claus-Peter Richter, E. Duco Jansen,
and Joseph T. Walsh, Jr, “Laser Stimulation of the
Auditory Nerve,” Lasers in Surgery and Medicine,
38, 745-753 (2006).

Yehoash Raphael, Richard A Altschuler, “Structure
and innervation of the cochlea” Brain Research
Bulletin, 60, 397 — 422 (2003).



R
mB S

72 B O
N II=E

BACHRFFIE

B 5t

TIREAERT: T610-0321 AR LT & $EAA 1-3
TN T3EESE A T651-2194 Lo s = 7 7 X 52 [ BT 8-3

E-mail: T duq0366@mail4.doshisha.ac.jp,

mmatsuka@mail.doshisha.ac.jp,

I nagatani@kobe-kosen.ac.jp

% —U— F Axial Transmission, F'EE, M

LAXCBHIT
ML R E (3000 i R0 AR TS A e U AR 2 2 R I
FIE L, H%:EOM&T_J:D%?)?@)Xﬁ%i%iJDéJ@

DEBEBRLELTERSNTNSD
BRAZITIE T & RV E EFEAL A /T RE T, HPT AT & &
HOMLENEL, FEE, ZMiThHs L bEMX
7Y == 7T L TWD ¥V BUE, BT LOEE R
My & LT AT ¥ (Axial Transmission
HDH.ATHEE, 7904, 74072 F, HETITD
NTEY, EFEFEHATHEHSA TS, IiEE
CREBOREFFMEITS FETHD. REFITE
MBEZXZTHEY, ZOFHEIELEVRELHEIZ
EWEL, EFOBFICREL BB 5.

ATIEE, TvA4 v Y 2HVWTEFORE T LES
AEETNICERTOBERAEZE TS, £ LT,
WEHE» O EETORMENEE ZFML T D 9.
nL, 2L OWETIIEEL - BHELRELTEY,
BORL LR FEORFIE AT RN, 22
T, BORY—ET VEMERLL, YIa2lb—va i
fT22¢7T, BORE—-MENEEREBERICE 2 5 EHE

AR D

AT, REBEHDOEESAME EROICHEL, %
DT =2 ERNTEDIRILCAY—ET VEMER LI
DTHET D

DO EEE i, X

technique) 2%

in

L

2. EBk

2.1. EZBRRAR

73 Al O 72l Y > oS OREE 2 iz,
EEBEREE»D, EERH 10 mm O [HEIRD 4 >0
i L7z alk &2 B L7z, £ 72 HBRIR BB o B AT IS
ETNAER OB EERET DO ONE 75\)3)?1’5
AU 7o, MEBCREE O Kk BB (v b
—, ML-521) ZHWTHFE L7z, {EL7zilk 2K 1
IZ/RT .

o7

Anterior(A)
Lateral (L) Medial (M)
Posterior (P)
1 FEBECE
EG. Trigger Oscilloscope
& j
\- Transmltte 1\ eceiver

N\

Specimen

Pre-amp.

Power amp. /

Degassed water
Acrylic supporters

2 EHFR
2.2, EBRF

BV AEEHCT, BB A EW Lot 2 8
WL 7z, FEBRROMBSE A X 2 (2779, 15 4 (Agilent
Technologies, 33250A )7 & H ) L 72 #i&#& 5V,.,, 1.3MHz
DIERKI 1% %, XU —7 > 7 (NF, HAS 401 )T 20 dB
BEE U, WA N T AT 2 — I L 2. E A,
FOZHMNT7 AT 2 —F I FRA PVDF b7 >
AT a—Y (B, E& AW, e E =z
NENO NI AT a—Ho0FiLicEs, AkzH
WU EEREZEA N T AT 2=V TR L
7. ZOEH %, 7 U 7T v 7 (Tektronix, TDS520D)%
AW T 20 dB #4fE L, A4 3 © Zx = — 7 (Tektronix,
DPO3054) CHIM L7z, EERHEEHTT 7 UV VR TEeA T
BE L, GihEBMAtiTicid koicflELE. %
L T#l 8% Tangential J7 [ & Radial A2 1 mm 3 D
L CHRBEBN L. £/, <A 27uit—2%
WTHME R TOREORES 2 ME L.

: 3 mm)



2.3. ERHER
BOFHBMEOREE B ZERL L LT, FHESOF
WoHEHRZFH L., —3BHCB T 5 554 Rt 3
Z[X 3 12759 . Medial & Lateral Ml ® F#E 20 & <,
Posterior il O HHAE AR WFER L oz, B O FH
LA 20%Z b L CTH Y, HFHOKEKMIL 4500 m/s,
e /METEA 3700 m/s, EHEIEK 4150 m/s Th o 7.

3. 7 VAERK
3.1. 2 KT AH A

BE—dhE G KE L, #WPYE FDTD % (Finite
Difference Time Domain method) % i\ T & F s o
2ab—varyETI. TOEDHDIT, RIFETITZEMS
iR e 40 pm DO F O 3 WL AE) —F TV EZER L.

mubm,%%fﬁbht FAERE 1| mm O AR
Z, H—WNFLEERHOCTERS LA A LT
&2, PCHIP (Piecewise Cubic Hermite Interpolating
Polynomia)Z W\ T, EHMOA LM THREATL. £
LT, TOMMETOFRMZ, H#HEO KGO E AR

THIM L7z, —REHcB I 2 MiMERZIK 41287,
3.2. 3 RAi

DRI EIT o7 4 o0RBOMBEE S DY D -
wx,%ﬁ@%mﬁﬁfwkﬁ@mﬁﬁ#ﬁTéiﬁ
WA L=, Wiz, RUMEICH D EHEN 4 >0
B CERT S Lo, TOMDOEET — ¥ %, PCHIP
ERAOWCTHBILE., ERLE3IRERE T LEK

5T,

4. F L ®

EERWIZMEE 1 mm OFHRT — X 27, Z 0O
BAaIUIC, R ANEE, PCHIP 2 WV THiM 247\,
3WuAB—ETNVEER L. 5%ITFORE— %
DEBEWREWRICG 228 B2 RFAT 5720, HE
FDTD EE#HWTy I alb—va &7 9.

X B
[1] NIH Consensus Development Panel on Osteoporosis
Prevention, Disgnosis, and Therapy: J.A.M.A., 285.
(2001), pp. 785-795.

[2] L. “Bone

Ultrasound,” Ist ed. Springer, (2011).

Pascal, H. Guillaume, Quantitative

o8

Velocity (m/s)
4500
4000
|
3500

X 3 SEERAE R

. Velocity (m/s)
1 4000
D o

X 4 FEF D 2 WA

Velocity (m/s)
4500

4000

3500

K 53T AT

[3] R. Siffert, J. Kaufman, “Ultrasonic bone assessment:
‘The time has come’”, Bone, 40-1 (2007), pp. 5-8.

[4] C. F. Njeh, “Quantitative Ultrasound: Assessment of

Osteoporosis and Bone Status,” Ist ed. Taylor and

Francis, 1999.

C. M. Langton, S. B. Palmer, and S. W. Porter, “The
measurement of broadband ultrasonic attenuation in

cancellous bone,” Eng. Med., 13. (1984), pp. 89-91.

M. Talmant, S. Kolta, C. Roux, D. Haguenauer, I.
Vedel, B. Cassou, E. Bossy and P. Laugier, “In vivo
Performance Evaluation of Bi-Directional Ultrasonic
Axial Transmission for Cortical Bone Assessment”,

Ultrasound Med Biol, 35. (2009), pp. 912-919.
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F—U—F BEE KEE, BERM

1L.IXC®IT
BEOFHRIEOZKHEE T X A THEL -
GO NV U AEOEETH D EEE (BMD:
Bone Mineral Density) WHAWVWSLH LS. LL, HH
FEZBE T 5 ERITEE LSS B oMM, AKX
LAk & OB E, WIS, RE® OEHEL
BREDEBERIEFHSNA TS, B2, 1990 4 LIKE,
BEENRFTSTOLEINY A7 BEWNT — A RHE
SNTEBYL, Zo—KELT, ErHESLEIZLS
FHag = oRBRENEHEALTWD. BITE,
FH 2T =7 2 IERENICFEM T 5 FiE LML
SNTELT, MPRLRPICEENLI X P Vv
(EERE) VOREZMD Z & TIHREAITH
i3 2 FENRFLTHD. LrL, ZO%ER I
BOHMMERNMEEICLERELE2DEEZ2bND T
D, BFOWMEHMEEZEEMNICE T 2B E BN
7E 7% (QUS: Quantitative Ultrasound) & ¥ £ o ZF4fh
FEELTHFFTES. BEREICLD, HEMIC
SR O % CIR IS E 2B A TR & 7 D AT HE
TR H 5.

TZTARMETIE, BEEEBLIBICLAETTEEL
NI T 270, TOAERE TP OBEE DL

HWE (FH) oBEELEERVICHETT D.
2. EBRFIE
2.1. RAp

AREBRTIX IS Bl EH DT X Beg kO RERE
BN HERRICKEFZUVHL, 7L — FRQ0
X5x0.5 mm)REEZER L. 2k, HiEhhm
(Axial)?2» b B EREFER A & S R IZ 235
REZFER L7, 2ok, BEABERPRENT,
/E P Ay HT Kk (PBS), D-(-)-Ribose, Protease Inhibitor
Cocktail Set III, Penicillin-Streptomycin % % L 7=
W ic®R L, iz ®RMEHEIL PBS &
Penicillin-Streptomycin % #i % L 72K IR L, & B
DRI N ITCTH /R E T2 Y. 72k, FRE
WIZHERB LIV RBELRL TS RDL91, 7v 7 —
H—HTHEZER T2 HNT, BRENOZEXE +
ST L7e RIS B 2 iR IR LTz,

29

1 MHz | (JJ]

00000000 oooo!
00000000 O O

Trigger

Function generator Oscilloscope
Transducer
diameter 10mm  Bone sample

Degassed water

= 1=a

Power-amp. Pre-amp.
Transmitter Receiver
1. EBR*%R.
At =1t water — £ bone
60 24 !
404 R ..
Z 20 ‘ E !\M
E 0 “ | i‘%’ 0 _uT) — l\/\\ b
: £ |
<209 < 4
401 P  ater e bone
60 T T T T T T -2 T T T T T T
3436 38 40 42 44 26 28 30 32 34 36
Time [ps] Time [us]

B2 (a) KEEBWMLEER. b) BFEEMLIZER.
22. BERTEAE
AREBTHWZERZZK 112”77 . PVDFE&E
BEEER N7 v AT 2 —H (EZ 10mm) %+ 4512
Bl U7z Ko iz [l BICskmE Lz, BiRg bR
& 7 Vp-p, A% 1 MHz D IES%IE 1 %, U —7
V7T 20 dB HEE L, 253 0> PVDF [T 7B MR i Y
FZ o AF a—VIICHIML, TikidRESEREBO
EFHMICERSE=. 20k, BKkE R E 25
W L7V AEWEE S 9 —F O PVDF [ & FE A
N7 VAT a—HTZEL, HonfGEET )T
VT AOAB IR Lk, AV r R a—T THEE
L 7.
HFHIILUL T OFETHEHEB L.
WRET, AKDOHZZFHBIR L 7-BEROGREE %
BET 5K 2 (). ZOBBEF T, b ENY D
Yoo 20BME t e T2, 72, B 2R
BL,KERBZFZHLEZTROETEZ BT 5 (X
2(b). 2O L ENVoEe s a X0 E
Chone &, ZAULH 2 DDREMZEAL 20 5 WA K 0 FE
DEHEV e VRO BN S .

F9, KR Z20



v

water

vbane =T A 7 <
1=y A7)

ZIZT, Vo FKOFHE, d IREOEFH A O
B Tho. B4 &5 OB HIMIZE > TR I
TATICHRE L, BEEOERBEMMELZT Y. B5
NI EM O & 4R o FEME L.

2.3.3 REBTRBR G E

EREEGH TR OWMENEEICS 2 5 2B % ik
RBE D0, FHPTEHORE D 3 5T RBRE2 1T

Sfc. WEHIEEMER IS, TomBLIREL L
7o AN ERUBREE 2 vy, B o RUEHINE H TR B

FERL L=, B O T, £ 60 mN O EF TO
JEFT-OFT AR 2 W E LT

3. KRR

B 312 37°CC 14 HMEAR L 72 B E 406 A4 plc il Bt
LSRR O FHEMORES 2 RT. BEER
EAMRRENT, 2R 0OR NS 2H BITHITT50m/s

REPEF WAL, £ O%ITEE BRI L.

BREATE 14 POl ERZLR S 2L, B AL
BUWTIEL 95 m/s, #AEBIZH VT 107 m/s D 5 5 ik
DISH BT, — 5 THES RN, Y10 H
BB ST, R BRI U CEENERAIC
Wb Utz KAt T, BB C iz B W\ TiE 152 m/s,
B DICBWT 180m/s DEREBON AL, O
FU, BEAFERLZRHIEERSREE LD b,
W OFRBEIMOEEIC LY, 2EOFFHE TN
SV AR LTz

BJ 41 3 ST B oM ER R E2 =T, kSR
ABHIH 60 mN TR L7z icxt LT, BELE %
AR U723 BHE R 46.1 mN TR L, Maw 2 & 23FE
MEN., 2L, ME-EMEROME XN 74
mN/mm & # 71 mN/mm ToH 0, REHZ L 2 E1{biE
DTN ThoTo., ZO/ELY, BEEBOERIC
L OEBREDIKTNHER SN

)]
ABRETETXEET D HWWT, BEEEGNE
SNk E 2 IREUR A LR L. BE e
MUBREZ W 5 S v 5 MHz 38R o #3533 3 %
FELEEZA, PIHNICEENPNE R L%, (KTFOM
mAER L. 2L, BEEREAEE DY Tl o
PERHERERL, TOBRKTT2Z A2 TR"®BL T
W5, F£, BEEBOAKIZLY, BRENMIT
THZEE3IAMTHRBRERI VMR L. 4% 2
NOLORELZ IV ERNICER CIEMTE X, B

60

—O— LR ERGEUR A
—A— WERUEERGUR B

0 2 4 6 8 10 12 14
Incubation period [days]

3800~ -
—@— HESIGE C
37507 —A— S IGEUE D
= 3700
)
23650
2
2 3600
35504
3500
T T T T T T T T
0 2 4 6 8 10 12 14
Incubation period [days]
M3 HEAERBICIIBERETEREL.

70

—— BRI AR
60+ | —— HBeBIHKE
%‘ 50
S 40
§=
£ 304
—
20
10
0 T T T T T T T T
00 01 02 03 04 05 06 07 08

Displacement [mm]

B 4. 3 ol T RBRAE R

FWEICII2EHEEZHN LI BRI 5
L TE B,
X R

[1] M. Saito et al., “An in vitro model to test the
contribution of advanced glycation end products to

bone biomechanical properties, osteoporosis, and
diabetes mellitus,” Osteoporosis Int. Vol.17,
pp-1514-1523 (2006).

[2] M. Saito et al., “Collagen cross-links as a

determinant of bone quality: a possible explanation
for bone fragility in aging,” Osteoporos Int. Vol.21,
pp-195-214 (2010).

S. Viguet-Carrin et al., “An in vitro model to test the
contribution of advanced glycation end products to
bone biomechanical properties,” Bone, 42, pp.
139-149 (2008).
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F—U—F BEK, &KE, EEHR
LIXL®HIC

WA, BEEREBTIRENMCHEATWS ., BEEE
PriB e I3 I MHz 3o (K 98 FE 8 5 3% o< r 2
(Low Intensity Pulsed Ultrasound : LIPUS)% ffi 4+ % =
ETCHORBEERODLILENTE L. WRABRORR
Mo, BEREIERICEVEO®mAEICEST 5 HHEN
30-40 WK SN D ZEbHLNICER TS V.
LaL, BEEOMHICEYBOWA EEINLD A
B = RLOERFITREMP S TR 2D

— R, AR EFET e ADO—-D L L
T, BRESIE, BV LUIENC LV EPICEMNDGH R

SNz erE®ELE Y., ZOFRBMOERE LT
WENEN & EBEEREMR S TVD P kHz UL F o

RE B CTIERBELNERFR LB LS TV DN,

LIPUS & [Al U MHz & TIL BV EA O AN H £ D H1F
TERW. 2O, MHz i COF T FHREBEMNITEE
PEAZ KL K3 2 AT B 2% @ .
INFEFTCHEZEEME AR LBEE N7 2T
2—H LT, Br T AT 2—%) R L, MHz 1%
DOBFLEBFICLIBTOEMFREEZRE LY.
AT AEROEEEEZ LV LR T 572
W, MEEZEEMEE AR LUBER N7 VAT 2 —9
(LLF, (kB N T7 v AT a2—%) 2ER L. 72, &
BRIV AT 2 —VOZWEERE/FESOVTHRF L.
2. ERGIE
2.1. ZBRAE

A OERTIEEZX. 1I12/R7T. 34-36 A # o f#
e VR BRE R R R s B R o M B BUE & Y
D L7, 20k, Bl (Axial) FHIZH > THEZ
G H L, BRI T Uiz B EBRRE O BT 11.0
mm, XX 1.00£0.00 mm & L7=. —J, 34-36 H i
D e 72w 2 KRG B L A AR B RE A B
WUy icidse, BEE 1.0 mm, & 1.00 £ 0.03
mm O MBCRICIT Lz, R#F7ECix, ‘Bilk &g
AEE A A MER L, T 5 0RE 2 EEME & &2
L, BEW T v AT a—V & 8 AKFERLE. (K. 2)

61
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Cortical bone

@

Bone samples

b 1.00%0.01mm

Proximal

’] 10 mm
Axis] o . Cartilage samples
/" [ Duying] Eﬂ%éé
1.00£0.0lmm

Distal

Cartilage —
{ 5.2 Cutout
V4 direction m

[¥. 1 Fabrication process of bone and cartilage

plate samples.

Sample  Brass

yrd

14 mm

6/
F4| 80 mm

| |
10 mm M(deposited)

[X]. 2 Construction of ultrasound transducer.

J—

> Coaxial cable

Bakelite

Power  Function
amplifier generator

Oscilloscope

Pre-amplifier

Transmitter Receiver
] | | (0 1)

‘Water

60 mm

[X|. 3 Experimental setup.

2.2 ERF

BEEBROERREZR. 3 27T, FEHEELLT
PVDF £ RMME 7 > 27 =2 —+%  (EA 20 mm, i
P 40 mm, Toray Engineering) ZfEH L, FiE#
(33250A, Agilent) & /XU —7 7 (HAS 4101, NF) %
VT 70 V,, 0.7 = 2.0 MHz O IEGXJE 10 DN — A K
FazEMLE. ZEMWZSRM PVDF F 7 0 A7 2
—YHBHNE () BRI AT 2— V2 FHhn —&K
THEIICHRELL., METHZEEFZ2T VT 7



(BX-31A, NF) T 40 dB g L, v o X a—7
(DP03054, Tektronix) T & @M L 7/-.
2.3. FIV AT a—HOFFAf

KERNT VAT a—HVORBERZHEKE LTS
72, 0.25 MHz [ FE T 0.7 — 2.0 MHz O #8 & I % 18 &}
L, 7 AT a—FTHEELZMEL, BRENEDD
PVDF b T U AT a—H L OMXLIEIC
. ERBRBLUEBE

HlE LT 950 kHz DB E W V2%, BRI AT 2 —H
WS LEBEOBE R 2K, 4 (a) 1R T. £, 775
kHz OB E I SNV AERFNT VAT a—HICRE LIZEE D
BB EEX. 4 (b) IR, BN AT 2—5CHEL
L7z FE DR IR B 1% 44.6 uV,, £720, BTV AT 2—HT
B LR IE M (38.4 uv,,) LRBEOMERLE. Zh
LOMEIE PVDF b7V AT a—H 0K 150 53D 1 D RKEST
ot UL EXY, BE W& CiE O EE MR L.
Wiz, () BT AT 2— 0552
MELEZ., BEOZOXK.5) CREEDONT AT
2=V OZWIKEREE, K. 5(0b) IZKEF NI AT
2 — VO HEEEREEZRT. BRI VAT 2 —HIZ
BWTI10-12MHz fFilTlcE—7 RA LN, ZRiE
B OEEN 3600 -4400m/s THH7H, ES 1 mm D

HETHE, 114 EOEARILENREE TV Z L& &R
LTW5. F7, 1.0 MHz 23 F 5 7 150k 1E o kg

X 2500 -2540m/s TH o772, > TEZ 1 mm D

HEHZ BT 5 1/4 W EOE A HIEIT 625 kHz 7 & HE
EEND. 7B, BREITE L A2 45ERE L&

TIE, B N7 AT a2 — VO KIEE (93.6 nV/Pa)
WEE N7 VAT a—HFORKEE (27.5 nV/Pa)L VK
3AfERENVZ ENDbo T,
SEHAWTEIRE %2 X MEITEE CFHM L L 25,
FZEAENLA XU T RIS PR EENRTELT,
a7 —HFUNETHoT=. oFD, KFERFTaT—F
D MHz DO EBEEZ RBL TN EZ I LND.

4. Lo
MHz OB E R SV AZFEH D5 WVITHE IR L
T-BICAETCDHBEBMIZOWVWTHATZ. () B T v

WIRERE» S, WF o EEE LT &
FIEELLIWEID LEaroT-. BB, SEHW-HKE
TR oS — 20 RN ER S T HAp IRIEEAEE E0. i
ST, fFONTEEBEITZT =T IEbb0EE 2605,
X m

[1] JD. Heckman, JP. Ryaby, J. McCabe, JJ. Frey, RF.
Kilcoyne, J. Bone Joint Surg. Am. 76, 26-34 (1994).

[2] S. Mitragotri,
255-60 (2005).

[3] LR. Duarte, Archives of Orthopaedic and Trauma
Surgery 101, 153-9 (1983).

AT 2 —H D

Nature Reviews Drug Discovery, 4,
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= 20+
3
3
£ 0
£
< 204
40 50 60 70
Time[pus]
(b) a bone transducer (950kHz).
= 20+
=3
)
ERNS
=
g
< 20
40 50 60 70
Time[ps]
(b) a cartilage transducer (775kHz).
.4 Received waveforms.
— 25 o O Transducer A
é" ° A Transducer B
Z 20+ o O [0 Transducer C
= Transducer D
% 15*000 o o°g Y
2 Rs ®° o 8,
2 0P8, 8m0,00° B o
E ueg“ AAAﬁesAAV V° 83850 oS a8BREE SBSDDDDDDB 8000,
54 AXmmE o §o o oooogAev i
0.8 1.0 1.2 14 16 1.8 20
Frequency[MHz]
(a) bone
W O Sensor E
£ 80+ A Sensor F
= A
% 60- AAM O Sensor G
- e V_ Sensor H
S 40
s 204
A

1.6

1.4
Frequency [MHz]

T
1.2
(b) cartilage
[¥]. 5 The received sensitivity of transducers as a function

of frequency.
[4] E. Fukada, I. Yasuda, Journal of the Physical Society
of Japan, 12, pp1158-1162 (1957).
[5] JC. Anderson, C. Eriksson, Nature, 227, pp.491-492
(1970).
[6] M. Okino et.al.,
(2013).

Phys. Lett. 103, 103701
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¥ —U— K @, Brillouin BEL, Hdk

LI ®HIZ

MEE X, BAEHOAL—XREEHORHL, fif &
FEIZRHEBEOEMICEIRT 5. EF OB &bt
WV, BT BEE 72 & o B E R BN EA e B RE & 7
STW%. 2L, IfEERTH L XHBERAWEE D
T CIL, W R R 00 B 2R SR A X EE LoV

OB L, BB M S iEst e Y 2 2 (02 T —
vRTu T AT h Y THERENS . Milgs~ b
VI 2AQEKERTaT7—rrxy N —7 ORKIC
W, 2 BEDOKERN LT 0T 427 I BNFEET S,
INHIZE s TR INTZHENOKIL, JEMA ML
ABRMb L E, BHA~NEHREZEZ, HEE2HHS
o, ZoXoCEoliesr Rl ET, e O
WX EERDFHERE FO[].

HE OFEAM G5 & LTI E R B MRI R, 54 138
T ZWEEORH bEA TWD . SR O AR
JrikE L CIE, in vitro oK J& 3G G D E S0, SR
Bz onsd. AY—RKE~ ) 7 2OFMICIX
FoAvTrT—varbvnbnisn, ECRESN
MO XS/ OREE725[2]. Lien-> T, @&E DMk
RERFTRIC DB GHELBEL THRFT 52 & 118
L.
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2.2  BHM Brillouin BELVE 4]
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Fig. 1 Reflection induced @A scattering geometry.
k; : wave vector of the incident light.
kg : wave vector of the scattered light.
q : wave vector of the sound wave.
®/2: angle between the incident laser beam and
the normal line of the specimen surface.
@ : the rotation angle in the plane.
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Tab 1. Maximum and minimum velocity and anisotropy

Max [m/s] Min[nv/s] anisotropy
Trabecula [5] 5.25%103 5.01x103 4.5%
Cartilage 150 um | 3.82%103 3.72x103 2.6%
Cartilage 500 pm | 3.67%103 3.62x103 1.2%
Cartilage 950 um | 3.73%103 3.58x103 -
Superficial layer
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X marks mean measurement points in Fig. 3.

Fig. 2 Wave velocity distribution in a direction parallel

to the subchondral bone.
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Fig. 3 Velocity anisotropy in the cartilage.

0 degree indicates wave propagate
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