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ABSTRACT-Phase-resolved  fluorescence  studies of a
photosensitizer for photodynamic therapy, mono-L-aspartyl
chlorin e6 (ME2906), have been carried out. The
experiments were done for its water solutions in the
concentration range from 3.13x107 to 8.00x10° M, and
some photophysical parameters have been experimentally
determined for the lowest singlet excited state of ME2906.
It was confirmed that ME2906 molecules were in the
isolated molecular state below 1.00x10°M. It was also
confirmed that the fluorescence in this concentration range
was ascribed to the electronic transition from the lowest
singlet excited state to the ground state. It was found that,
above 1.00x10°M, a part of ME2906 molecules form
dimers in water solution, which causes the red shift of
fluorescence spectrum and the enhancement of fluorescence
in the 700-750 nm wavelength region. Semiempirical
molecular orbital calculation revealed that the sodium
aspartate attached to the tetrapyrrole ring through the
ethanoic acid group was remarkably bent with respect to the
tetrapyrrole plane, which seems to hinder the formation of
Me2906 dimers up to 1.00x10° M.
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INTRODUCTION

Photodynamic therapy (PDT) has been evolving as a
modality for the treatment of malignant tumors.  Most of
the clinica work on PDT has been carried out, using
hematoporphyrin derivative (HpD). [1,2] HpD is effective
as a photosensitizer of PDT, but has some problems to be
overcome.  One of them is that HpD does not absorb
photoradiation strongly in the red region of the spectrum
where the radiation penetrates deeply into human tissues.
Thus, extensive research has been done, looking for new
photosensitizers that have optical absorption at longer
wavelength, for example. A promising candidate is mono-
L-aspartyl chlorin 6 (ME2906), where the double bond of
the D ring in the porphyrin ring is reduced and long
wavelength absorption isrealized. [3] As a photosensitizer
used in PDT, photophysical properties of its triplet state
were reported by Spikes and Bommer. [4] Some
preliminary studies were also reported on its singlet state
such as fluorescence decay time. [5] However,
photophysical information of ME2906 is very limited and

systematic studies are only a few.

It is indispensable to acquire the detailed information
on the dissipation processes of the photon energy absorbed
by photosensitizers, which play essential roles in PDT, in
order to have comprehensive understanding of PDT in a
molecular scale. The purpose of this report is to present
experimental results of phase-resolved fluorescence
measurement on ME2906, which is currently an important
photosensitizer in PDT. In this study, we have done the
phase-resolved fluorescence measurement on ME2906
solutions in wide concentration range. We have discussed
the nature of the emitting molecular state of ME2906, based
on theresults.  In addition, the emitting molecular state has
been discussed, being related with the molecular
configuration of ME2906.

MATERIALSAND METHODS

Mono-L -aspartyl chlorin €6 (ME2906) is structurally
a compound similar to porphyrin, but a sodium aspartate is
attached via the peptide linkage to an ethanoic acid at the
15th position and a sodium propanoate at the 17th position
of a tetrapyrrole ring. Its molecular weight is 799.69 [6].
Its chemical structureisgiveninFig. 1 astheinset. Inthis
study, ME2906 was dissolved in distilled water. Its
concentration was varied from 3.13x10” to 8.00x10° M.

Excitation and fluorescence spectra of the ME2906
water solutions were measured with a SPEX Fluorolog-3
fluorescence  spectrophotometer (New  Jersey, USA)
equipped with a Tau-3 fluorescence lifetime measurement
unit. The fluorescence measurements were carried out in
the back scattered and the normal 90° geometry to compare
their results with one another and check the effect of self-
absorption on the measurements.  The effect was found not
to be serious in this study. Fuorescence quantum
efficiency was determined, using standard-grade perylene
(Merck, Darmstadt, Germany) dissolved in ethanol as the
standard of the efficiency. Its efficiency is 0.87 when
excited at 367 nm. The absorption spectra of the ME2906
solutions and the ethanol solution of perylene were
measured with the Shimadzu UV-2500 UV-VIS
spectrophotometer (Kyoto, Japan) to determine their molar
extinction coefficients.

The fluorescence decay time of the ME2906 water
solutions was measured with the Fluorolog-Tau-3
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fluorescence measurement system in the frequency domain
[7]. The rate constants of the radiative and the non-
radiative deactivation-process were determined, using the
results on quantum efficiency, n, and decay time, 1, of the
fluorescence. Theradiative (kz) and the non-radiative (kyg)
rate constant were determined by the expressions, k- =n /1,
and kyp = (1-n) / T, respectively.

RESULTSAND DISCUSSION

Excitation and Fluorescence Spectra

Typical results of the excitation and the fluorescence
spectrum for ME2906 water solution are shown in Fig. 1,
where ME2906 concentration is 2.50x10°M.  The
excitation spectrum was measured, detecting at 662 nm, and
the fluorescence spectrum was measured, exciting at
400 nm.

The absorption peaks have been observed, for
example, at 400, 502, 600 and 655nm for ME2906
dissolved with phosphate buffer saline solution (PH = 7.4)
[3]. The corresponding absorption peaks were observed in
the excitation spectrum shown in Fig. 1. Basically, similar
results were obtained in the concentration range from
3.13x107 to 1.00x10° M. The absorption peak at 400 nm
tends to be smeared out above 1x10° M.

The emission peak is observed around 662 nmin the
spectrum shown in Fig. 1.  The emission wavelength was
insensitive to ME2906 concentration up to 1.00x10° M.
The normalized fluorescence spectra are shown in Fig. 2.
They coincide with one another when ME2906
concentration is below 1.00x10° M, thus indicating that the
emitting state involved isidentical in this concentration
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Fig:1 Excitation (solid lines) and fluorescence (open
circles) spectrum of ME2906 water solution. The
concentration of Me2906 is 2.50x10-6 M.

the fluorescence spectra plotted against wavelength, is
shown as a function of ME2906 concentration in Fig. 3.
The solid circles stand for the experimental results. The
solid line represents the linear dependence of the intensity
upon ME2906 concentration. The intensity obtained in the
present study is proportional to the concentration up to
1.00x10° M, and it tends to saturate above 1.00x10° M.
These results clearly show that the emission observed blow
1.00x10° M is assignable to the electronic transition from
the lowest singlet excited state of an isolated ME2906
molecule to its ground state.

The spectrum shown by solid circlesin Fig. 2 isfor
the solution at 8.00x10° M. The emission wavel ength was
673 nm at this concentration. The emission peak clearly
shifts to the red as compared to those observed below
1.00x10° M. In addition, the mission in the 770-750 nm
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Fig:2 Normalized fluorescence spectra of ME2906
water solutions.
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Fig:3 Fluorescence intensity as a function
of ME2906 concentration. The solid
circles stand for experimental results and
the solid line for the linear relation between
ME2906 concentration and fluorescence
intensity.



wavelength region becomes more intense, as compared with
those below 1.00x10°M. This strongly suggests that a
part of ME2906 molecules form dimers above 1.00x10° M,
as discussed later based on the results of the phase-resolved
measurements.

Quantum Efficiency and Decay time of Fluorescence

The quantum efficiency and the decay time of the
fluorescence are given as a function of the ME2906
concentration in Fig. 4. The solid squares and the circles
represent the quantum efficiency and the decay time of the
fluorescence, respectively. The quantum efficiency was
0.008-0.010 in the concentration range below 1.00x10° M,
and is relatively insensitive to the concentration. It
decreased rapidly above 1.00x10° M. It reduced to less
than 2.0x10° at 8.00x10°M.  Excitation wavelength
dependence of fluorescence decay time was preliminarily
investigated for some solutions to find that the decay time
was almost independent of excitation wavelength. It
indicates that the rate constant of the intersystem crossing
process does not change so much and that the excited
ME2906 molecules quickly relax to its lowest singlet
excited state. The decay time was almost constant around
3.3 nsin the concentration range from 3.13x107 to 1.00x10
°®M. It showed a dight drop at 2.00x10°M and then
gradually increased up to 3.8 ns at 8.00x10° M.

The rate constants of the radiative and the non-
radiative processes, determined using the results of the
quantum efficiency and the decay time of the fluorescence,
are shown in Fig. 5 as a function of the ME2906
concentration. The non-radiative constant was 2.9-
3.2x10° s* and is almost constant in the concentration range
investigated. On the other hand, the radiative constant was
2.5-3.1x10° s'! and was insensitive to the ME2906
concentration in the concentration range from 3.13x107 to
1.00x10°° M, where the fluorescence intensity was
proportional to the ME2906 concentration and the decay
time is independent of the concentration. However, the
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Fig:4 Quantum efficiency (solid squares) and
decay time (solid circles) of fluorescence as
a function of ME2906 concentration.
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Fig:5 Rate constants of radiative (solid squares)

and non-radiative (solid triangles) processes.

These constants were calculated with equations

shown in the text.
rate constant decreased in the higher concentration range.
It reduced to 4.0x10° s'at 8.00x10° M.

The fact that the rate constant of the radiative process
is constant below 1.00x10°M coincides with the
interpretation derived from the steady-state fluorescence
measurement, which is that the fluorescence is ascribed to
the electronic transition from the lowest singlet excited state
of an isolated molecule to its ground state. The drastic
change of the radiative rate constant above 1.00x10° M
again coincides with the change of the normalized
fluorescence spectra in the same concentration region
observed in the steady-state measurement. Thus, the
reduction of the radiative rate constant above 1.00x10° M
indicates that an emitting state other than the monomeric
singlet excited state contributes to the fluorescence of
ME2906. A most probable possibility is that a part of
ME2906 molecules form dimers, as indicated by the
changes in the fluorescence spectra above 1.00x10° M.

Molecular Configuration

We carried out semiempirical molecular orbital (MO)
calculation by the AM1 method to determine the optimized
molecular configuration of ME2906 in the ground state and
to have an insight into the experimental results obtained
above. The calculation was done with WinMOPAC Ver.3
[8]. The COONa groups in ME2906 molecule were
assumed in the calculation to be negatively ionized in water
solution. For comparison, similar calculation was carried
out for a hematoporphyrin molecule as well. The
optimized conformation of ME2906 is given in Fig. 6(a).
The gray, black and white balls stand for carbon, oxygen and
nitrogen atoms, respectively. Hydrogen atoms are not
shown in the figure for simplicity.
The tetrapyrrole ring of ME2906 is not so planar as that of
hematoporphyrin.  In addition, the sodium aspartate group
attached to the tetrapyrrole ring through the ethanoic acid
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Fig:6 Optimized molecular configuration
of ME2906 in the ground state. which is
shown in (a). For comparison, similar

calculation was done for
hematoporphyrin, which is shown in (b).

group is remarkably bent with respect to the tetrapyrrole
plane. This makes a striking contrast to a highly planar
configuration of a hematoporphyrin molecule, which is
shown in Fig. 6(b). The comparison of these optimized
molecular configurations clearly reveals that ME2906 has
much smaller possibility to form dimers, as compared with
hematoporphyrin [9], because of the steric hindrance caused
by the sodium aspartate group bent with respect to the
tetrapyrrole plane. This is why the emission ascribable to
an isolated molecule was observed for the ME2906 water
solutions up to 1x 10°M. The possibility is nevertheless
increased gradually for a pair of ME2906 molecules to form
a dimer by coming closer to each other with the sodium
aspartate group pointing outward and arranging their dipole
moments in antiparallel, thus stabilizing the energy of the
dimer. It seemsthat this takes place above 1.00x 10° M.

CONCLUSION

Photophysical properties of a photosensitizer,
ME2906, for photodynamic therapy have been investigated
with the phase-resolved fluorescence measurements. The
parameters describing photophysical properties of its lowest
singlet excited states have been experimentally determined
for the first time. In addition, it was confirmed that
ME2906 molecules were in the isolated molecular state
below 1.00x10° M and that the fluorescence is ascribable to
the electronic transition from the lowest singlet excited state
of an isolated molecule to its ground state. It seems that,
above 1.00x10° M, some molecules form dimers in water
solution, which causes the red shift of the fluorescence
spectrum and the enhancement of fluorescence in the 700-
750 nm wavelength region.  Semiempirical molecular
orbital calculation revealed that the sodium aspartate group
bonding to the tetrapyrrole ring through the ethanoic acid
group was remarkably bent with respect to the tetrapyrrole

plane, which seems to hinder the formation of a ME2906
dimer up to 1.00x10° M.

REFERENCES

[1] T. J. Dougherty, J. H. Kaufman, A. Goldfarb, K. R.
Weishaupt, D. G. Boyle, and A. Mittelman,
“Photoradiation therapy for the treatment of malignant
tumors’ Cancer Res. vol. 38, pp. 2628-2635, 1978.

[2] Y. Hayata, H. Kata, C. Konaka, J. Ono and N. Takizawa,
“Hematoporphyrin derivative and laser photoradiation
in treatment og lung cancer” Chest vol. 81, pp. 269-277,
1982.

[3] K Aizawa, T. Okunaka, T. Ohtani, Kawabe, H.
Yasunaka, S. O'hata, N. Ohtomo, K. Nishimiya, C.
Konaka, H. Kato, Y. Hayata, and T. Saito, "Localization
of mono-L-aspartyl chlorin e6 (NPe6) in mouse tissues'
Photochem. Photobiol. vol. 46, pp. 789-793, 1987.

[4] J. D. Spikes and J. C. Bomme, “Photosensitizing
properties of mono-L-aspartyl chlorin €6 (NPe6): a
candidate sensitizer for photodynamic therapy of
tumors” J. Photochem Photobiol. B Bial. vol. 17, pp.
135-143, 1993.

[5] D. Kessel, “Determinants of photosensitization by mon-
L-asartyl chlorin e6” Photochem. Photobiol. vol. 49, pp.
447-452, 1989

[6] S. Gomi, T. Nishizuka, O. Ushiroda, N. Uchida, H.
Takahashi and S. Sumi, “The structures of mono-L-
aspartyl chlorin e6 and its related compounds’
Heterocycles val. 48, pp. 2231-43 1998.

[71 3. R. Lakowicz , Principles of Fluorescence
Soectroscopy, New York: Plenum Press, 1983.

[8] WinMOPAC Ver.3 supplied by Fujitsu Limited.

[9] T. J. Dougherty, "Porphyrin Localization and treatment
of Tumors,” D. R. Doiron and C. J. Gomer, Eds. New
York: Alan R. LissInc., 1984.



	Main Menu
	-------------------------
	Welcome Letter
	Chairman Address
	Keynote Lecture
	Plenary Talks
	Mini Symposia
	Workshops
	Theme Index
	1.Cardiovascular Systems and Engineering 
	1.1.Cardiac Electrophysiology and Mechanics 
	1.1.1 Cardiac Cellular Electrophysiology
	1.1.2 Cardiac Electrophysiology 
	1.1.3 Electrical Interactions Between Purkinje and Ventricular Cells 
	1.1.4 Arrhythmogenesis and Spiral Waves 

	1.2. Cardiac and Vascular Biomechanics 
	1.2.1 Blood Flow and Material Interactions 
	1.2.2.Cardiac Mechanics 
	1.2.3 Vascular Flow 
	1.2.4 Cardiac Mechanics/Cardiovascular Systems 
	1.2.5 Hemodynamics and Vascular Mechanics 
	1.2.6 Hemodynamic Modeling and Measurement Techniques 
	1.2.7 Modeling of Cerebrovascular Dynamics 
	1.2.8 Cerebrovascular Dynamics 

	1.3 Cardiac Activation 
	1.3.1 Optical Potential Mapping in the Heart 
	1.3.2 Mapping and Arrhythmias  
	1.3.3 Propagation of Electrical Activity in Cardiac Tissue 
	1.3.4 Forward-Inverse Problems in ECG and MCG 
	1.3.5 Electrocardiology 
	1.3.6 Electrophysiology and Ablation 

	1.4 Pulmonary System Analysis and Critical Care Medicine 
	1.4.1 Cardiopulmonary Modeling 
	1.4.2 Pulmonary and Cardiovascular Clinical Systems 
	1.4.3 Mechanical Circulatory Support 
	1.4.4 Cardiopulmonary Bypass/Extracorporeal Circulation 

	1.5 Modeling and Control of Cardiovascular and Pulmonary Systems 
	1.5.1 Heart Rate Variability I: Modeling and Clinical Aspects 
	1.5.2 Heart Rate Variability II: Nonlinear processing 
	1.5.3 Neural Control of the Cardiovascular System II 
	1.5.4 Heart Rate Variability 
	1.5.5 Neural Control of the Cardiovascular System I 


	2. Neural Systems and Engineering 
	2.1 Neural Imaging and Sensing  
	2.1.1 Brain Imaging 
	2.1.2 EEG/MEG processing

	2.2 Neural Computation: Artificial and Biological 
	2.2.1 Neural Computational Modeling Closely Based on Anatomy and Physiology 
	2.2.2 Neural Computation 

	2.3 Neural Interfacing 
	2.3.1 Neural Recording 
	2.3.2 Cultured neurons: activity patterns, adhesion & survival 
	2.3.3 Neuro-technology 

	2.4 Neural Systems: Analysis and Control 
	2.4.1 Neural Mechanisms of Visual Selection 
	2.4.2 Models of Dynamic Neural Systems 
	2.4.3 Sensory Motor Mapping 
	2.4.4 Sensory Motor Control Systems 

	2.5 Neuro-electromagnetism 
	2.5.1 Magnetic Stimulation 
	2.5.2 Neural Signals Source Localization 

	2.6 Clinical Neural Engineering 
	2.6.1 Detection and mechanisms of epileptic activity 
	2.6.2 Diagnostic Tools 

	2.7 Neuro-electrophysiology 
	2.7.1 Neural Source Mapping 
	2.7.2 Neuro-Electrophysiology 
	2.7.3 Brain Mapping 


	3. Neuromuscular Systems and Rehabilitation Engineering 
	3.1 EMG 
	3.1.1 EMG modeling 
	3.1.2 Estimation of Muscle Fiber Conduction velocity 
	3.1.3 Clinical Applications of EMG 
	3.1.4 Analysis and Interpretation of EMG 

	3. 2 Posture and Gait 
	3.2.1 Posture and Gait

	3.3.Central Control of Movement 
	3.3.1 Central Control of movement 

	3.4 Peripheral Neuromuscular Mechanisms 
	3.4.1 Peripheral Neuromuscular Mechanisms II
	3.4.2 Peripheral Neuromuscular Mechanisms I 

	3.5 Functional Electrical Stimulation 
	3.5.1 Functional Electrical Stimulation 

	3.6 Assistive Devices, Implants, and Prosthetics 
	3.6.1 Assistive Devices, Implants and Prosthetics  

	3.7 Sensory Rehabilitation 
	3.7.1 Sensory Systems and Rehabilitation:Hearing & Speech 
	3.7.2 Sensory Systems and Rehabilitation  

	3.8 Orthopedic Biomechanics 
	3.8.1 Orthopedic Biomechanics 


	4. Biomedical Signal and System Analysis 
	4.1 Nonlinear Dynamical Analysis of Biosignals: Fractal and Chaos 
	4.1.1 Nonlinear Dynamical Analysis of Biosignals I 
	4.1.2 Nonlinear Dynamical Analysis of Biosignals II 

	4.2 Intelligent Analysis of Biosignals 
	4.2.1 Neural Networks and Adaptive Systems in Biosignal Analysis 
	4.2.2 Fuzzy and Knowledge-Based Systems in Biosignal Analysis 
	4.2.3 Intelligent Systems in Speech Analysis 
	4.2.4 Knowledge-Based and Neural Network Approaches to Biosignal Analysis 
	4.2.5 Neural Network Approaches to Biosignal Analysis 
	4.2.6 Hybrid Systems in Biosignal Analysis 
	4.2.7 Intelligent Systems in ECG Analysis 
	4.2.8 Intelligent Systems in EEG Analysis 

	4.3 Analysis of Nonstationary Biosignals 
	4.3.1 Analysis of Nonstationary Biosignals:EEG Applications II 
	4.3.2 Analysis of Nonstationary Biosignals:EEG Applications I
	4.3.3 Analysis of Nonstationary Biosignals:ECG-EMG Applications I 
	4.3.4 Analysis of Nonstationary Biosignals:Acoustics Applications I 
	4.3.5 Analysis of Nonstationary Biosignals:ECG-EMG Applications II 
	4.3.6 Analysis of Nonstationary Biosignals:Acoustics Applications II 

	4.4 Statistical Analysis of Biosignals 
	4.4.1 Statistical Parameter Estimation and Information Measures of Biosignals 
	4.4.2 Detection and Classification Algorithms of Biosignals I 
	4.4.3 Special Session: Component Analysis in Biosignals 
	4.4.4 Detection and Classification Algorithms of Biosignals II 

	4.5 Mathematical Modeling of Biosignals and Biosystems 
	4.5.1 Physiological Models 
	4.5.2 Evoked Potential Signal Analysis 
	4.5.3 Auditory System Modelling 
	4.5.4 Cardiovascular Signal Analysis 

	4.6 Other Methods for Biosignal Analysis 
	4.6.1 Other Methods for Biosignal Analysis 


	5. Medical and Cellular Imaging and Systems 
	5.1 Nuclear Medicine and Imaging 
	5.1.1 Image Reconstruction and Processing 
	5.1.2 Magnetic Resonance Imaging 
	5.1.3 Imaging Systems and Applications 

	5.2 Image Compression, Fusion, and Registration 
	5.2.1 Imaging Compression 
	5.2.2 Image Filtering and Enhancement 
	5.2.3 Imaging Registration 

	5.3 Image Guided Surgery 
	5.3.1 Image-Guided Surgery 

	5.4 Image Segmentation/Quantitative Analysis 
	5.4.1 Image Analysis and Processing I 
	5.4.2 Image Segmentation 
	5.4.3 Image Analysis and Processing II 

	5.5 Infrared Imaging 
	5.5.1 Clinical Applications of IR Imaging I 
	5.5.2 Clinical Applications of IR Imaging II 
	5.5.3 IR Imaging Techniques 


	6. Molecular, Cellular and Tissue Engineering 
	6.1 Molecular and Genomic Engineering 
	6.1.1 Genomic Engineering: 1 
	6.1.2 Genomic Engineering II 

	6.2 Cell Engineering and Mechanics 
	6.2.1 Cell Engineering

	6.3 Tissue Engineering 
	6.3.1 Tissue Engineering 

	6.4. Biomaterials 
	6.4.1 Biomaterials 


	7. Biomedical Sensors and Instrumentation 
	7.1 Biomedical Sensors 
	7.1.1 Optical Biomedical Sensors 
	7.1.2 Algorithms for Biomedical Sensors 
	7.1.3 Electro-physiological Sensors 
	7.1.4 General Biomedical Sensors 
	7.1.5 Advances in Biomedical Sensors 

	7.2 Biomedical Actuators 
	7.2.1 Biomedical Actuators 

	7.3 Biomedical Instrumentation 
	7.3.1 Biomedical Instrumentation 
	7.3.2 Non-Invasive Medical Instrumentation I 
	7.3.3 Non-Invasive Medical Instrumentation II 

	7.4 Data Acquisition and Measurement 
	7.4.1 Physiological Data Acquisition 
	7.4.2 Physiological Data Acquisition Using Imaging Technology 
	7.4.3 ECG & Cardiovascular Data Acquisition 
	7.4.4 Bioimpedance 

	7.5 Nano Technology 
	7.5.1 Nanotechnology 

	7.6 Robotics and Mechatronics 
	7.6.1 Robotics and Mechatronics 


	8. Biomedical Information Engineering 
	8.1 Telemedicine and Telehealth System 
	8.1.1 Telemedicine Systems and Telecardiology 
	8.1.2 Mobile Health Systems 
	8.1.3 Medical Data Compression and Authentication 
	8.1.4 Telehealth and Homecare 
	8.1.5 Telehealth and WAP-based Systems 
	8.1.6 Telemedicine and Telehealth 

	8.2 Information Systems 
	8.2.1 Information Systems I
	8.2.2 Information Systems II 

	8.3 Virtual and Augmented Reality 
	8.3.1 Virtual and Augmented Reality I 
	8.3.2 Virtual and Augmented Reality II 

	8.4 Knowledge Based Systems 
	8.4.1 Knowledge Based Systems I 
	8.4.2 Knowledge Based Systems II 


	9. Health Care Technology and Biomedical Education 
	9.1 Emerging Technologies for Health Care Delivery 
	9.1.1 Emerging Technologies for Health Care Delivery 

	9.2 Clinical Engineering 
	9.2.1 Technology in Clinical Engineering 

	9.3 Critical Care and Intelligent Monitoring Systems 
	9.3.1 Critical Care and Intelligent Monitoring Systems 

	9.4 Ethics, Standardization and Safety 
	9.4.1 Ethics, Standardization and Safety 

	9.5 Internet Learning and Distance Learning 
	9.5.1 Technology in Biomedical Engineering Education and Training 
	9.5.2 Computer Tools Developed by Integrating Research and Education 


	10. Symposia and Plenaries 
	10.1 Opening Ceremonies 
	10.1.1 Keynote Lecture 

	10.2 Plenary Lectures 
	10.2.1 Molecular Imaging with Optical, Magnetic Resonance, and 
	10.2.2 Microbioengineering: Microbe Capture and Detection 
	10.2.3 Advanced distributed learning, Broadband Internet, and Medical Education 
	10.2.4 Cardiac and Arterial Contribution to Blood Pressure 
	10.2.5 Hepatic Tissue Engineering 
	10.2.6 High Throughput Challenges in Molecular Cell Biology: The CELL MAP

	10.3 Minisymposia 
	10.3.1 Modeling as a Tool in Neuromuscular and Rehabilitation 
	10.3.2 Nanotechnology in Biomedicine 
	10.3.3 Functional Imaging 
	10.3.4 Neural Network Dynamics 
	10.3.5 Bioinformatics 
	10.3.6 Promises and Pitfalls of Biosignal Analysis: Seizure Prediction and Management 



	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	Ö
	P
	Q
	R
	S
	T
	U
	Ü
	V
	W
	X
	Y
	Z

	Keyword Index
	-
	¦ 
	1
	2
	3
	4
	9
	A
	B
	C
	D
	E
	F
	G
	H
	I
	i
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Committees
	Sponsors
	CD-Rom Help
	-------------------------
	Return
	Previous Page
	Next Page
	Previous View
	Next View
	Print
	-------------------------
	Query
	Query Results
	-------------------------
	Exit CD-Rom


