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Fig. 3. Functional phot tic signal
sensor using P(VDF/TIFE) film.
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Two-photon excitation-induced photoacoustic microscopy (TP-PAM) with infrared

femtosecond pulse laser

(OYOSHIHISA YAMAOKA, YOSHINORI HARADA, TETSURO TAKAMATSU

Department of Pathology and Cell Regulation, Kyoto Prefectural University of Medicine

We reported that two-photon excitation-induced photoacoustic microscopy (TP-PAM) using microchip sub-nanosecond pulse

laser at 1064 nm showed optically-determined high spatial resolution in phantom experiments. However, in actual application for bio-
logical deep imaging, there are several problems to be solved: (a) water absorption at 1064 nm, (b)poor spatial mode of the excitaion
laser, (c)low efficiency of two-photon excitation and (d)target-dependent frequency filtering to extract TP-PAM signals. To over-
come these problems, we propose the use of Ti:sapphire femtosecond pulse laser as the excitation light source for TP-PAM. The
wavelength of the femtosecond pulse laser is variable in the optical window for biological tissues. The femtosecond pulse laser has
better spatial mode and higher peak power than the sub-nanosecond pulse laser. These characteristics are expected to improve the
spatial resolution and penetration depth of TP-PAM. TP-PAM using femtosecond pulse laser will provide new insights helpful in de-
tailed investigation of deep tissues.
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Optimal laser condition for selective caries removal using a nanosecond pulsed laser with 5.8

um wavelength range

(OTETSUYA KITA', KATSUNORI ISHII', KAZUSHI YOSHIKAWA?, KENZO YASUQ?, KAZUYO YAMAMOTO?,

KUNIO AWAZU' 2

'Graduate School of Engineering, Osaka University, Osaka, Japan

Department of Operative Dentistry, Osaka Dental University, Osaka, Japan

'Graduate School of Frontier Biosciences, Osaka University, Osaka, Japan

‘The Center for Advanced Medical Engineering and Informatics, Osaka University, Osaka, Japan

‘Research Institute of Nuclear Engineering, University of Fukui, Fukui, Japan

Er: YAG laser used in dental clinic cannot selectively remove caries. The resin bond strength after irra- e

diation is also low. The purpose of this study was to optimize the laser condition for selective removal of cari- 7" 7
ous dentin with a nanosecond pulsed laser in the 6 pm wavelength range corresponding to the absorption
peak of dentin. At the wavelengths of 5.75 and 5.80 um and the average power densities of 30-40 W/em’,
demineralized dentin was selectively removed without serious damages. Measuring resin bond strength, 5.80
um wavelength at 30 W/em® showed a significant difference in the results of Er:YAG laser. 5.8 ym wave-
length range was found to be effective for less invasive caries removal.
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Optical absorption coefficient determination from photo-acoustic waveform using continuous

wavelet transform

(OTAKESHI HIRASAWA', TOSHIHIRO KUSHIBIKI', MASANORI FUJITA?, MIYA ISHIHARA'

'Department of Medical Engineering, National Defense Medical College, Saitama, Japan

*Division of Environmental Medicine, National Defense Medical College Research Institute

In photo-acoustic (PA) imaging, valuable medical applications based on optical absorption spectrum such as blood oxygenation

imaging have been investigated. In order to improve accuracy in these applications, accurate optical absorption coefficient determina-
tion method has been required. Although PA signal intensity has been commonly used to determine optical absorption coefficients,
optical decay in background tissue directly causes error.In this research, we propose a waveform based optical absorption coefficient
determination method which is less affected by optical decay in background tissue. PA waveform corresponds to optical absorption
distribution therefore it reflects optical decay in optical absorber. In order to detect optical absorption coefficient related PA waveform
difference sensitively, we adopted continuous wavelet transform (CWT) which provides time resolved frequency spectrum. We
measured PA waveform induced from phantom using P(VDF-TrFE) sensor with wide frequency band. As a result, correlation be-
tween peak frequency extracted using CWT and optical absorption coefficient was confirmed.
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Optical absorption coefficient determination from photoacoustic waveform using
continuous wavelet transform

Takeshi Hirasawa’, Toshihiro Kushibiki’, Masanori Fujita?, Miya Ishihara’
WMMMEMNM%RMCOH@
ﬁvmofENmmmalMedxmnNahaﬂlDa&mcMﬂimlCdkgeRmhkﬁim

Abstract: In photo-acoustic (PA) maging, valuable medical applications based on the optical absorption spectrum such as blood
axygenation imaging have been investigated. Accurate determination of optical absorption coefficients is essential for these applications.
Although amplitudes of PA sigrals have been commonly used to determine optical absorption coefficients of optical absorbers in
blobg]calummmpMdMWmWWWMmmmmWemamea
determining optical coefficients from temporal waveforms of PA signals using continuous wavelet transform (CWT).
Tmmﬂwmehmsofﬂ%mgﬂsmm&adwmwnlpnﬂmmﬁmﬂmmmdmm energies. Thus this
method not greatly affected by optical atteruation in surounding tissue. Peak frequencies of the time resolved frequency spectra
caloulated by using CWT was used to determine optical absorption coefficients. As a result of experiment using phantoms, correlations

of the peak frequencies of CWT with optical absarption coefficients of the phantoms were confirmed
Keywords: optical property, cxygen saturation, molecular imaging, frequency spectrum, POVDF-TrFE)

1. Introduction

Optical absorption coefficients of biological tissues are
closely associated with physiological perameters such as
concentrations and axygenation of hemoglobin [1-4]. Several
optical imaging techniques such as diffuse optical tomography
have been developed to measure optical absorption coefficients.
However, spatial resohutions of these techniques have been

Photo-acoustic (PA) imaging (PAT) is an imaging technique
combining ultrasound and optical imaging [1] In this technique,
optical absorbers in biological tissues such as hemoglobin are
illumirated by a nanosecond pulse laser to prodhuce broadband
ultrasound  (PA sigral) then, PA sigrals are detected by
ultrasound serscrs. Since ultrasound scattering is much weaker
than optical scattering in biological tissues PAI is capable of
high resolution imaging (~1mm) at depths beyond Imitations of
optical imaging techniques due to optical scattering The
amplitade of the PA signal is directly proportional to the
absorbed optical energy which in fum is a fimction of optical
absorption ccefficients of biological tissues. By varying the
wavelength of excitation pulses, spectroscopic information can
be obtained. The multispectral PA imaging acquires the spatial
distribution  of optical absoption spectra to  quantify
concentrations of chromophore. By quantifying concentrations
of oxy hemoglobin and deaxy hemoglobin the oxygen
saturation of hemoglobin can be caloulated

PA images are spatial mapping of the absorbed optical energy
E(mJ cm™), which is the product of the optical absarption
coefficient p,(cm™) and the fluence F (mJ em?) (2], The fluence
at a suface of the optical absorber in biological tissues is
atternated by surounding tissues and varies with wavelength
due to spectral dependence of optical properties of surrounding
tissues [3]. Thus, in order to quartify the p, of the biological
tissue, compensation of the fluence attenumtion has been
required. Currently, effects of the fluence attemuation have been
compensated by solving the coupled radiation transfer equation
and PA wave equation [4] However, the caleulation requires
some assumptions to obtain a unique solution and it is
time-corsuming, These factors have limited the applicability of

thismethod

We propose a method for determining the u, using a temporal
waveform of the PA signal. This method is not greatly affected
by optical attenuation in surcunding tissue, becawse the
temporal waveform of the PA signal depends on the spatial
profile of absarbed optical energy along the detection axis of the
ultrasound sensor rather than the amplitude of absorbed optical
energy. Thus, the p, can be determined without a compensation
of the fluence afteruation. However, the temporal waveform of
the PA signal is strorgly affected by noiss due to the bow
signal4onoise matio (SNR). We focused onto the frequency
spectrum of PA sigrals to reduce effects of noise. Continuous
wavelet transform (CWT) which is a time-resolved frequency
spectrum analysis was wsed to obtain frequency spectnm
maintaining the temporal resoltion We repart the result of
CWT for the PA signals from several phantoms with various 1,

2. Materials and methods
2-1. PA signal analysis using CWT

Continuous wavelet transfomm is a time resolved frequency
spectrum analysis method. Since the PA signal is a pulse wave
generated by imradiation of a laser pulse, sensitivity for temporal
changes of the frequency spectrum was required for an analysis
method This we adopted CWT as the analysis method which
hes scalable temporal resolution and frequency resolution. The
detailed description of CWT was shown in refererces [5, 6] In
this research, we chose the complex-marlet wavelet that is the
product of a complex simsoidal function and a Gaussian
finction as the mother wavelet of CWT. The CWT of the PA
sigral is the 2D matrix complex data with the vertical axis is
with time. In order to improve the temporal resolution of
complex-morlet wavelet, the number of sinusoidal waves ina
Gausstan function was decreased, and the appropriate offset was
added to sinusoxdal finction [5].
The intensity of CWT is associated with the power spectrum of
the PAsignal. We extracted the parameter to determine the p, by
comparing the 1, and the absolute value of CWT.
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Fig 1 (a) PA signals generated from phantoms with i, of
282em” and 80.0 em™, (b, ¢) CWTs of PA signals generated
from the phantom with p, of 282cm™ (b) and 80.0em™ (€).

2-2. PA signal measurement using phantoms

We measured PA signals generated from phartoms. The
phartoms consisted of two layers : the upper layer was a
transparent layer, and the lower layer was an absarption layer
that generated the PA signal. Each layer contained 1.5 wt%6 of
agar and had a thickness of 9.5mm. The lower layers contained
black ink as optical absorbers, and their i, were 2.82, 481, 105,
206,413, 0r 800cm™.

A tunable Tizsapphire laser (LT2242, Lotis.Tii) pumped by a
second-harmonic  generation of Nd:YAG laser (LT2211,
LotisTii), providing 15ns puses at the repetition rate of 15Hz
was used as the source of excitation pulses to generate the PA
signal. The excitation pulse was imadiated to the phantom via an
optical fiber with a core diameter of 0.4 mm, and a numerical
gperture of 0.39. The wavelength of the excitation pulse was
tuned to 720 nm. The wavelength was in a range of the optical
window of biological tissue.

In order to analyze the frequency spectrum of the PA sgnal,
an ultrasound sensar with a wide frequency band was required.
We used an onginally designed ultrasound sensor made of
P(VDF-TrFE) to detect PA signal. The ring-shaped detection
element of the sensor had an inner diameter of 0.6mm, and an
outer diameter of 4.0mm. By passing the optical fiber through
the hole of the ring-shaped elemert, the optical excitation axis
and the ultrasound detection axis were aligned coaxally. The PA
signal was measured by bringing the ulfrasound sensor into
contact with the upper layer of the phantom via optical
transparent acoustic coupling gel (UF clear gel, FUKUDA
Denshi). The detected PA signal was amplified by low noise
FET amplifier (SA-220F5, NF Electronic Irstruments) and then
recorded by digital oscilloscope (DSO8104A, Agilent).

3. Results and discussions

Temporal waveforms of measured PA signaks generated from
the absorption layers with i, of 282 cm™ and 80.0 cm™ placed
under the optical transparent layer with 1" of 0 cm™ are shown
mnFig 1 (a). In arder to compare the temporal waveform of the
PA signal, the vertical axis of this figure was normalized The
CWTs of the PA signals were also shown in Fig 1 (b)and Fig 1
(c). The vertical axis of the CWT represents frequency of the PA
signal. As shown in Fig, 1 (¢), the PA signal generated from the
frequency component. Thus, we used the peak frequency of the
CWT asa parameter to determine the 1, which isthe frequency

R=0s6ss

Peak frequency sf CWT [Mile]
- :
-
v
*

T =

L 10 0 30 40 50 ] o ]
Absorplion coeMickenl [om ']

Fig 2 Relationships of optical absorption coefficients with the
peak frequencies of CWT, The emor bar expresses standard
deviation of measurements (m=4).

with the maximum CWT intensity. The peak frequency of
CWT was increased from 096 MHz to 326 MHz by
increasing the , from 282em™ to 800cm™. By analyzing the
PA sigral generated from other phantoms, correlations of the
peak frequency of the CWT with the p, with a comelation
coefficient of 0.97 was confirmed. However, by focusing onto
the p, range of 1-20em” the comelation coefficient was
decreased to 0.88. Thuxs, the accuracy especially at low p, should
be further improved

For the biamedical application, the effects of optical scattering
should be discussed. The optical scattering in surounding tissue
causes not only optical attenuation but akso the spatial expansion
of the excitation pulse. The spatial expansion of the excitation
pulse decreases the frequency of the PA sigral This effect could
be prevented by using a focused ultrasound senscr.

4. Conclusions

We proposed a method to determine the 1, from the temporal
wavefom of the PA signal We used CWT to analyze the
frequency spectum of the PA signal maintaining temporal
resolution The parameters associate to power spectrum of the
PA signal was obtained by using complex-maret waveket asa
mother wavelet of CWT. By comparing the CWT and the p, of
the phantom, comrelation of peak frequency of the CWT withthe
Uy was confimed.
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Reconstruction of photoacoustic signal sources by solving inverse problem
Shinpei Okawa®, Takeshi Hirasawa,
Toshihiro Kushibiki, Miya Ishihara (National Defense Medical College)

A method to solve the inverse problem reconstructing the photoacoustic (PA) signal sources and their optical

properties is discussed with some numerical studies. It is demonstrated that the inverse problem, which is

formulated by the numerical simulation of light and PA wave propagations employing finite element method, is

solved by using truncated singular value decomposition.

F—O—F: EFRIEST 70—, KILEGEA, BEHEX, AREHRE, THU0 FRIETAE, VR
(photoacoustic tomography, photon diffusion equation, wave equation, finite element method, truncated singular

value decomposition, inverse problem)

1. FL&HIC

ARMEADERRINT 5 &, BT RAF—D— TR
TREN, TORIZE - THMIPERT S Z & THEEAIIC
EhE CEEEE) HAAELS. ZoOXRTERSEFAELE
HEEORTFEA A= IV RBACHEESRL TS 0.0,

HeE BT AR A — U ZERTE I I T
HY, MERIZ L DRBROFEREFED RN RA A—
CUYNAETHD LR YORENRH DN, BERLLT:
WA ORDHE (Ry 2 VF0F) ItEBROM
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\ x [mm]
25

(a) Light source
(x, ¥) = (0,25)
(b) Detector array :
16 detectors inx = —14~16 on y =25
(c) Target (Strongly absorbing region)
(x, y)=(0,14),
4, = 0.002, 0.005, 0.010 or 0.020 mn1,
and u,’=1.0 mm!
(d) Background
Ha=0.001 mm! and p,"=1.0 mm-!

B1 ¥Ial—varORE
Fig. 1. Schema of the measured object in the numerical experiment.

(2-4) EREHAMEORE A6 oFIO LIIX
ERIZRATAITRZ WS, —BTHEAvihiddy 234
HZERTES. LaLRis, METF—FICR/ A XH
FEhTHEY, i, XROPQELEICHFREREICL-
TERILLAERS)BENERORMER L ix—Fd+, B2
EEATWAHZ b, —RWTHIERAGWAET CiiEf
AR LE AT

0L HREE, HTE-RICT L ) B RESARIES
BRVWLIRD., /A XLHMEEZNESEIHRE/ LD
PECHREZ 0L LTHBY-TLEI>FETHS.

LI=UDVTD L H It RESMLTZ L &, U VIZIEREZR
T5IThY, D IREREMARSICEDL, Thilltizo T
HHTFITHD. DTIREENIRHRRMOIENLOE O &
LT, ThUAOHREOMBER-1-177 D" 2BV T,
(L)) =VD U %Ko, A ZUTO L S I2H#ET S,

Ap, = (LJ) Am. (8

L 5% RMOKIL, Generalized Cross Validation
(GCV) #EWEFWTHRETS. GCV EiRUToEMNRS
BT ARREOIT LUV EERETHD LT+ 5,

OCV(a)= | am—Lisg, | 1(MT)
[trace {7 - Loy Y10}

¢

ZITalTbiloBRECKTHY L BBEMTHITSH
5. RDEAOFFOBRERHERDLIET IS Ladb,
THE D EERPC L THBRETIMIREIZA2S.

3. ¥E>saL—ray

(3:1) YEal—2arOFHF  LhROEREHER
EEFETAOICHAR I 2 L—2a 3Tk,
) XQ2FRERETHRVT, HEF—F%2L3a
L—ira L.

B 1i2valb—iaryTROREE BEfds X
BAAE, wHBCEROBEERT L. #ET"XkTT,
—iA 50 mm OEFFE L. EFFEEORLERRE
L, (x,»)~(0 mm, 25 mm)DOfLIZ R ERE L. LFE
FOBRHMEIZ =25 mm OB LD x=—14 5 16 mm ¥
TOHEMAIC 2 mm MR TAE L7 16 Iprd L.

EFRAFEROBEEXMELT, Ry 2777 FOXE
FRHEMITL =1.0 mm?, 7, =0.001 mm!TH—LL, Efg
(bt B OFIHRF (x))=(0,14) ZH.LIZ—LH 2 mm DEH
THIIC R E L. B bty 12 0.002, 0.005, 0.010,
0.020 mm? & FE{L & H 7.

r=1,v=1500m/s & LT, 0.1 us MW CHFBHEORED
B S0ps OMOKFEEEHA L. BET—ZICiBlET
— 5 ORFED 0,0.01,0.1, 1.0 %OHEMEFE(=SD) 2FoH
TR ) A XEAMLTE.

I 0.5 mm MR CACHR L7 10,201 @0 A THIRE X
5 20,000 HO=ATEER TRIBLLE.

B FEARIZ BV TH, —E4% 2 mm THAEFFO/N
B TERSEESEIL, TOBEEMA TAy, 2L
fo. ZokE, {75 LiX 8000 % 625 BOEFEEFES. /MAE
iA@Y LTEY, MEF—F0yIal—
Yarih LbHRWVERLSWTEMREITO Z L THEEOR
ERLEBEMEET LV LEOBEORELHLIBEERT
EX-P vl 2R

BREFOITHLEEIZ 025, EREZ 600EELT10M
ZEIZGOV OEEHAEL, BEEERDE.

(3-2) BREEBR REF—FORKMER Sv2”
U FOROBRRIZL > THREB A UEXETEEST
—FZThY, /A4 XOKE Eiiy, BLHEEL» L OXETRE
TRk bhehofk, wZEEHAEATL=0.010mm1nL X,
FeRAAIR T4 U7 T8 ORIE QRO g, Z{LHm
BEE LT EEORKMO 38 (FRETHT-.

123



::_]if3

u, [mm')
Lo = w s oo

SD=1.0%

x [mm]

x-y plane

y=14

2 R Eh o RULRE A
Fig. 2. Reconstructed absorption coefficients: the distribution in x-y plane (left column), and
the profiles on y=14 (center column) and x=0 (right column) when the standard deviations of
noise were 0.1 % (upper row) and 1.0 % (lower row) of the maximum of the detected signals.
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Flg 3. Full-width at half maximum (FWHM) of the reconstructed absorption coefficients in (a) y=14 and (b) x=0
in case of true 4,=0.010 mm'!, and (c) the maximum of the reconstructed A, as a function of true Ay, with various
SD. SD=0 (circle), 0.01 (square), 0.1 (triangle) and 1.0 % (times symbol) in (c).
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8:20-8:50 Plenary Lecture 5 Room A

Chair:  A. Matsuno (Ichihara, Japan)

PL5 Nanoparticle-based immunocytochemistry reveals micro-architecture of the cell nucleus
Pavel Hozak (Prague, Czech Republic)

8:50-9:20 Plenary Lecture 6 Room A

Chair: T. Ito (Kumamoto, Japan)

PL6 TGF-g signaling in progression of cancer
Kohei Miyazono (Tokyo, Japan)

9:30-11:30 Symposium 9 Room A

In vivo optical imaging and its applications to medicine
Chairs: T. Takamatsu (Kyoto, Japan)
D. Orringer (Boston, USA)
§9-1 Label free in vivo stimulated Raman scattering microscopy for cancer surgery
Daniel Orringer (Boston, USA)
S§9-2 Label-free optical imaging of biological molecules for the detection of lesional tissues
Yoshinori Harada (Kyoto, Japan)
S9-3 Photoacoustic imaging and sensing in medicine
Miya Ishihara (Tokorozawa, Japan)
594 Intravital multiphoton imaging revealing cellular dynamics in bone physiology,
inflammation and cancers
Masaru Ishii (Osaka, Japan)
$9-5 Raman spectroscopy for in vivo diagnosis and detection of gastric precancer and cancer

at endoscopy
Zhiwei Huang (Singapore, Singapore)

12:50-13:20 Journal sponsored lecture: AHC Lecture Room A

Chair: T. Koji (Nagasaki, Japan)

J2 Aquaporin water channels of the cell membrane
Kuniaki Takata (Maebashi, Japan)

13:20-14:50 Workshop 5 Room A

Deep tissue two-photon microscopy
Chairs: K. Takata (Maebashi, Japan)
T. Misgeld (Munich, Germany)

WS5-1 In vivo imaging in the mouse spinal cord
Thomas Misgeld (Minchen, Germany) (22 min)

WS5-2 In vivo imaging of axon branch stabilization by correlated neuronal activity
Edward S. Ruthazer (Montreal, Canada) (22 min)

WS5-3 Imaging analysis of synapse dynamics in vivo
Shigeo Okabe (Tokyo, Japan) (22 min)

WS5-4 Imaging of cellular dynamics during the adaptive immune response
Takaharu Okada (Yokohama, Japan) (22 min)
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Symposium 9

$9-1
Label free in vivo stimulated R.
cancer surgery

ing microscopy for

Daniel Orringer’, Christian Freudiger’, Minbiao Ji?, Sunney Xie®

' Department of Neurosurgery, Harvard Medical School and
Umversﬂy of Michigan Medical School, Boston, Massachusetts, USA
? Department of Chemistry, Harvard University, Boston,

Massachusetts, USA

Contact: danielorringer@gmail.com

Surgery remains in the it of cancer. However,
surgeons lack a reliable method for delineating tumor from normal
brain during surgery. Here we describe the use of stimulated Raman
scattering (SRS) microscopy as a label-free means of differentiating
healthy brain and from tumor-infiltrated brain on a cellular level. SRS
microscopy effectively demonstrates key histologic hallmarks of
normal brain structures as well as glioblastoma. Traditional
hematoxylin and eosin light microscopy confirms that SRS
microscopy can accurately identify microscopic infiltration of tumor
cells into adjacent brain. Moreover, SRS microscopy is capable of
differentiating tumor from normal brain both ex vivo and in vivo in

§9-2
Label-free optical imaging of biclogical molecules for the
detection of lesional tissues

inori Harada', Tetsuro Takamatsu '

"Department of Pathology and Cell Regulation, Kyoto Prefectural
University of Medicine, Graduate School of Medical Science, Kyoto,
Japan, Contact: yoharada@koto kpu-m.ac.jp

Label-free optical imaging is considered to be ideal for the
detection of lesional tissues in patients from a viewpoint of safety.
There is a possibility of unanticipated adverse reactions of
exogenously administered dyes. Optical imaging of biomolecules in
tissues was often expected to detect various diseases. Recent
progressive technologies of laser light sources and optical receivers
have made possible to identify minute biochemical changes
associated with diseases which had difficulty in in-situ visualization
without dyes. In this paper, we introduce our label-free optical
imaging studies by wusing Raman scattering light and
autofluorescence.

High-resolution Raman mapping analysis of rat infarct heart
tissues was achieved by wusing slit-scanning Raman

human glicblastoma xenograft models. These results demc
the potential of SRS microscopy as a method for delineating tumor
from normal brain during surgery.

59-3

Phot oustic Imaging And Sensing In Medici

Miya Ishihara'

'Dept. of Medical Engineering, National Defense Medical College,
Tokorozawa, Saitama, Japan

Contact: miyaishi@ndme.acjp

Optical imaging has received great attention in biomedicine

because of its rich contrast and non-ionizing radiation. Photo-
acoustics has been widely studied as new imaging modalities, which
has overcome the drawback of pure optical imaging by taking
advantage of rich optical contrast and ultrasonic spatial resolution for
deep imaging. It is capable of high-resolution three-dimensional
structural, functional, and molecular imaging.

Photoacoustic imaging is based on optical absorption and
ultrasonic detection. The technique now is ready to provide clinicians
with three-dimensional microvascular network using hemoglobin as
endogenous optically absorbing molecules. The photoacoustic
apparatus for small animal imaging has been offered commercially.
The advantage of the photoacoustic imaging is that it can create
multiscale multicontrast imaging of biological structures ranging in
size from organelles to organs: from microscope to medical imaging
system.

The state-of-the-art photoacoustic imaging technology and our
approach will be infroduced.

This research was partially supported by Health and Labour
Science Research Grant for Research on Medical Device
Development, and JST Industry-Academia Collaborative R&D
Programs (In vivo Molecular Imaging: Towards Biophotonics
Innovations in Medicine).

microsp yscopy in conjunction with resonance Raman effect of
cytochromes. We also successfully obtained a Raman image of an
artery and a vein in the proximity of a cardiomyocyte in an intact rat
heart,

As for autoflucrescence imaging studies, measurement of
nicotinamide adenine dinucleotide (NADH) autofluorescence intensity
together with eliminating the influence of hemoglobin was available to
visualize adenomas in endoscopically ted colonic specimens.
NADH is known for its role in cellular metabolism, and visualization of
metabolic events during tumor development has potential for
endoscopic detection of neoplasms.

We suggest that label-free optical imaging using Raman scattering
light and metabolism-related intrinsic fluorophores can be applied for
diagnostic imaging of human diseases, taking advantage of its non-
invasive nature in the future.

594
Intravital Multiphoton Imaging Revealing Cellular Dynamics in
Bone Physiology, Inflammation and Cancers

Ma Ishii'?, Junichi Kikuta'%, Yoshinori Kagawa'

"Laboratory of Cellular Dynamics, Immunclogy Frontier Research
Center, Osaka University, Osaka, Japan.

2JST, CREST, Tokyo, Japan.

Contact: mishii@ifrec.osaka-u.ac.jp

Intravital multiphoton microscopy has launched a new era in the
field of biology. The near-infrared excitation laser for multi-photon
microscopy can penetrate thicker specimens, enabling the
visualization of living cell behaviors deep within tissues and organs
without thin sectioning. By using this advanced imaging technique we
have established a new system for visualizing in situ behavior of a
diversity of living cells within intact tissues and organs.

Bone has been a mysterious organ where various kinds of
hematopoietic cells undergo differentiation into specific lineages,
processes that occur in specialized locations called ‘niches’, and
proper localization of precursor cells to such niches is the first critical
step. However, by means of conventional methodology such as
histological analyses with fixed and decalcified bone tissues, the
information regarding cellular movements was completely missing. By
means of ‘intravital' multiphoton microscopy, we succeeded in
visualizing the various dynamic phenomena in bone marrow cavity.
Especially we have focused on the behavior of osteoclast, a cell type
contributing bone remodeling, and revealed a novel mechanism
controlling migration and localization of osteoclasts in situ.

In this presentation, | will present the latest data on this new
concept in the field of bone and inflammatory biology, as well as show
our recent trials for visualizing and analyzing the cellular dynamics in
various kinds of biological systems such as immune reaction and
cancer cell invasion. | would also like to discuss the future application
of this novel methodology in immunology and more.
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[PO152]

NIR-emissive alkynylplatinum(II) terpyridyl complex as a turn-on
selective probe for heparin quantification by induced helical
self-assembly behaviour

Margaret Ching-Lam Yeung'; Vivian Wing-Wah Yam'
"The University of Hong Kong

A convenient and selective sensing protocol has been established for the quantification of
both unfractionated and low-molecular-weight heparin based on the heparin-induced helical
self-assembly feature of a NIR-emissive alkynylplatinum(II) terpyridyl complex, of which the
detection range covers the clinical dosage level.
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[PO153]

Photoacoustic measurements of various gold nanoparticles to design
contrast agents for in vivo imaging

Miya Ishihara'; Takeshi Hirasawa'; Ryota Sato?; Toshiharu Teranishi?
'National Defense Medical College; *Kyoto University

We performed a comprehensive photoacoustic measurement of various gold nanoparticles in
order to design exogenous imaging agents for enhancing the contrast. The shape of the gold
nanoparticles was varied from spherical, to rod, and to octahedral structures. The temporal
signals were sensitive to the shape of the
particles and their concentration, which
enabled to derive the optimum design.
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