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Foreword
Welcome to the 1st Joint Workshop on
Biophotonics and Molecular Simulations, held on
September 9-12, 2006 in Bratislava. The meeting aim
is to discuss frontiers of biophotonics experimental
research and molecular and complex-system
simulations techniques; their mutual coherence and
applications in medicine and biology.
We would like to offer you the opportunity to
meet new colleagues to share your ideas with. We are
sure, that the historical background of Bratislava, the
city in the heart of Europe, will provide a stimulating
atmosphere for our workshop.

prof. Pavol Miskovsky
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Cerebral perfusion in stroke patients monitored by timeresolved near-infrared diffuse reflectometry
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The assessment of cerebral perfusion is critical for monitoring patients suffering from
cerebrovascular diseases such as ischemic stroke. Magnetic Resonance Imaging (MRI) has
become the standard technique to assess cerebral perfusion in acute stroke. The particular
technique, perfusion weighted imaging, relies on intravenous injection of a bolus of a Gd3+
contrast agent (gadolinium diethylene triamine pentaacetic acid, Gd-DTPA) and on the
analysis of the kinetics of the contrast agent in the brain tissue. However, for such
investigations the patient has to be transported to the MRI facility, thus increasing potential
clinical risks and preventing continuous monitoring. Therefore, a simple method for noninvasive or minimally invasive quasi-continuous evaluation of cerebral perfusion at the bedside is a matter of investigation.
Several attempts were undertaken to develop an optical approach. Diffuse nearinfrared reflectometry (NIRR) was combined with intravenous injection of an optical contrast
agent, i.e. the dye indocyanine green (ICG), to estimate cerebral blood flow or perfusion, in
particular in adult humans [1-5]. These studies were based on NIRR with continuous light
[1,2,4,5] or frequency-domain NIRR [3]. The major source of uncertainty in such NIRR
measurements in adults is the large and variable contribution of extracerebral tissue to the
signals recorded.
We presented a new approach for monitoring perfusion deficits of the brain based on
the detection of the transit of an ICG bolus by time-domain diffuse NIRR [6]. With this timeresolved technique we measure the time of flight of the diffusely reflected near-infrared
photons which allows us to achieve depth resolution and to separate absorption changes in the
relevant deeper compartment, i.e. the cerebral cortex, from those in superficial layers.
The four-channel instrument [7] used in the present study measured time-resolved
diffuse reflectance of NIR laser light simultaneously at four positions on the subject’s or
patient’s head. Two picosecond diode lasers (PDL 800, PicoQuant GmbH, Germany) emitted
laser pulses at approximately the same wavelengths (803 nm and 807 nm) close to the
absorption maximum of ICG. The light was guided to a source position on either hemisphere
by optical fibres. The diffusely reflected light was collected at two sites on either hemisphere
3 cm frontally and caudally of the corresponding source optode and was delivered to fast
photomultiplier tubes (R7400U-02, Hamamatsu Photonics, Japan) by fibre bundles (diameter
4 mm, Loptek Glasfasertechnik, Germany). Single photon pulses of the photomultipliers were
amplified and fed into a four channel time-correlated single photon counting (TCSPC)
electronic system (SPC 134, Becker and Hickl, Germany). Thus, four distributions of times of
flight of photons (DTOFs) were acquired simultaneously within 50 ms.
From the measured DTOFs the total number Ntot of counts was determined together
with mean time of flight <t> and variance V=<t2>-<t>2. Compared to the integral, mean
time of flight and variance have their highest sensitivity in deeper layers. In particular,
variance turned out to be best suited to monitor absorption changes in the cortex and to be
least sensitive with respect to absorption changes in the skin [6].
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The method was tested on healthy volunteers and applied on a few stroke patients. Fig.
1 shows the time course of the three moments of the DTOF during the bolus passage at four
sites on the head of a stroke patient 4 h after symptom onset. The bolus is delayed in the
diseased hemisphere. The largest difference in the arrival time of the bolus, i.e. about 10 s, is
observed in ∆V indicating that this signal represents most closely the bolus kinetics in the
cortex. On the other hand, the integral signal Ntot that corresponds to a measurement using
continuous light is dominated by absorption changes in the skin and does not show a
significant difference between both hemispheres. One day later, after recanalization of the
middle cerebral artery, the delay in ∆V disappeared (data not shown). A more quantitative
analysis of the bolus kinetics was performed by determining the mean transit time.
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Fig. 1: Changes in total photon count Ntot, mean time of flight <t> and variance V due to a bolus of ICG
injected at t = 0 in a stroke patient. Each signal change was scaled to the range [0, 1]. The right
hemisphere was impaired by infarction of the middle cerebral artery.

The study demonstrates the potential of our method to monitor cerebral perfusion in
acute stroke as well as the necessity of a technique with picosecond time resolution to achieve
depth discrimination. The proof of the clinical usefulness of the method, however, requires
larger clinical studies in conjunction with established methods. Further developments of the
technique include an imaging approach [8] as well as fluorescence detection of the ICG bolus
[9].
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Time domain multi-wavelength optical mammography
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One in eight women in Europe and in the US will develop breast cancer during her
lifetime. Mortality reduction brought about by regular screening is now proved [1]. X-ray
mammography is the gold standard for breast cancer screening and diagnosis. However, its
sensitivity and specificity are not optimal. It is also less accurate in patients with dense
glandular breasts, with reported sensitivity as low as 48% [2].
Time-resolved transmittance measurements allow the optical characterization (that is
the assessment of both absorption and scattering properties) of highly scattering media, like
biological tissues [3]. The absorption provides information on tissue composition and related
physiologic parameters (e.g. blood oxygenation), while the scattering properties depend on
tissue microstructure. The technique is absolutely non-invasive and thus attractive for medical
diagnosis, and specifically for breast imaging.
For in vivo applications, red and near-infrared wavelengths are usually selected to take
advantage of lower light attenuation and consequent deeper tissue penetration. In that spectral
range, main tissue constituents show significant absorption. In particular, oxy- and deoxyhemoglobin can be identified based on their absorption between 680 and 800 nm, while lipids
and water show distinctive absorption peaks above 900 nm (specifically at 930 and 980 nm).
We developed a time-resolved optical mammograph operating in compressed breast
geometry to acquire projection images of the breast. It was the first instrument to allow breast
imaging at wavelengths longer than 900 nm, operating initially at 4 wavelengths and later at
up to 7 wavelengths (637, 683, 785, 832, 905, 916 and 975 nm) [4]. This provides sensitivity
not only to blood parameters, but also to lipid and water content for lesion identification and
more generally for breast tissue characterization. Time-resolved transmittance measurements
are performed continuously, while the compressed breast is raster-scanned. Interpreting the
data recorded every millimeter (i.e. every 25 ms), projection images are built either in craniocaudal or oblique (45°) view.
Late gated intensity images are used to obtain information on the spatial distribution of
the absorption properties of breast. Actually, late photons are particularly sensitive to the
absorption properties as the longer a photon propagates through a medium, the higher the
probability that it is absorbed. Thus, changes in the number of photons detected in the tail of
the transmitted pulse reflect changes in the absorption properties. Scattering images derived
from the diffusion theory for a homogeneous medium are also applied for lesion detection and
characterization.
The methods described here above are effective for imaging purposes, but do not
allow quantitative estimates of the optical properties. To quantify the optical properties and
consequently provide a reliable evaluation of derived physiological parameters, time-resolved
data are interpreted with a non-linear perturbative model that can account for the presence of a
localized inhomogeneity and thus model a breast lesion.
The optical mammograph was tested in a clinical study on 200 patients bearing
malignant and benign breast lesions [5]. Cancers are most often identified as strongly
absorbing areas in late gated intensity images at short wavelengths (<800 nm), because of
their high blood content due to the neoangiogenesis related to tumor development. Cysts are
typically characterized by low scattering at any wavelengths, in agreement with their liquid
nature. For both lesion types, a detection rate of approximately 80% was obtained when
S1-A2

detection was required in both cranio-caudal and oblique views. If lesion location in just one
view is accepted, the detection rates increase significantly, reaching 96% and 90% for cancers
and cysts, respectively. The detection rate for other benign lesions, such as fibroadenomas, is
presently much lower (<40%).
The effectiveness of the technique in localizing and identifying different lesion types
was analyzed as a function of various parameters (lesion size, compressed breast thickness,
age, body mass index, breast parenchymal pattern).
The capacity to assess the density of breast based on the average lipid/water content or
scattering properties was also tested, suggesting that optical measurements could be
effectively used to identify the breast parenchymal pattern non-invasively.
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Optical biopsy for non-invasive diagnosis of cancer is an ongoing challenge to
biomedical optics. Various optical techniques have been under investigation for this purpose
for more than a decade.
Extensive clinical studies on the measurement of optical properties of tissue using
spatially resolved steady-state diffuse reflectance spectroscopy revealed that human tissues in
vivo often are too inhomogenous to fulfill the requirements for diffusion theory. The
measured absorption and scattering spectra represent numbers averaged over several cubic
centimeters of tissue. The averaging process appears to be strongly influenced by the position
of the inhomogeneities such as bloodvessels with respect to the optical measurement probe.
As a consequence, subtle changes in tissue composition related to early disease are often
masked by the much larger variations in the results induced by the inhomogeneities. Hence
spatially resolved steady-state diffuse reflectance spectroscopy is less suitable for early
diagnosis of cancer.
Differential Pathlength Spectroscopy is a recently developed technique that measures
optical properties of turbid tissues more locally and has since been evaluated on optical
phantoms and for various clinical applications. In vivo studies during bronchoscopic
diagnosis of cancer on 120 patients revealed that the locally measured optical properties
represent several features of the local microvasculature relevant to the type and stage of the
disease. In recent studies we expanded this to measurements on Barrett’s esophagus, oral
cancer, nasopharyngeal cancer, and intraoperatively to breast cancer and brain tumours.
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Introduction
Elastic Scattering Spectroscopy (ESS) is an optical technique which is sensitive to
cellular and subcellular changes in cells associated with malignancy. Development of
statistically based analytical algorithms enables diagnoses to be made from ESS spectra. We
are conducting a translational research programme using ESS to address clinical problems in
the management of breast cancer.
Equipment
The ESS system consists of a pulsed xenon lamp which transmits white light pulses
through an optical fibre placed in contact with the tissue under examination. A second optical
fibre placed 300 microns from the illuminating fibre transmits scattered light back to a
spectrometer, which outputs measurements to a laptop computer. Multiple point
measurements are measured through a glass plate using a mobile stage, enabling scanning
across a flat surface.
Data Analysis
Spectra are ratioed against Spectralon® as a reference material. The routine for
spectral analysis consists of smoothing, cropping, data reduction, normalization and principle
component analysis. A discriminant algorithm is developed by linear discriminant analysis on
a training set of data. The sensitivity and specificity of this algorithm is determined by testing
this algorithm on independent data. Images are generated by plotting the canonical scores of a
matrix of measurements collected using the scanner.
Applications to Breast Cancer
- Rapid diagnosis of sentinel node metastases enables an immediate decision for surgeons to
proceed to completion axillary lymph node dissection; this avoids a second operative
procedure for node positive patients. ESS measurements are taken from the cut surface of
bivalved nodes. Using point measurements in a study of 139 nodes from 68 patients, ESS
diagnosed sentinel node metastases with a sensitivity of 75% and specificity of 89% [1].
Small metastases were likely to be missed by using point measurements, as only tissue
adjacent to the probe is interrogated. This was addressed by use of the scanner. An early study
using ESS scanning of 84 axillary nodes from 47 patients, shows the technique detected
sentinel node metastases with a sensitivity of 77.8% and a specificity of 97.5%, which is
comparable to existing pathological techniques.
- Ductoscopy (nipple endoscopy) shows promise as a method for early detection of breast
cancer, evaluation of nipple discharge and for determination of resection margins. Collecting
pathological samples to make diagnoses through a ductoscope is difficult, due to the narrow
calibre thereof. We have begun studies to build a training database of matched ESS spectra
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with histopathology of pathology visualized at ductoscopy. We will thereby develop an
algorithm capable of differentiating benign from malignant pathology.
- Aneuploidy may be a useful prognostic marker in breast cancer. Determination of
aneuploidy by image and flow cytometry is difficult and time consuming. The nucleus is the
major intracellular light scatterer, hence nuclear changes such as aneuploidy may be
detectable using ESS. We aim to identify features within ESS spectra which are able to
diagnose aneuploidy rapidly, reliably and inexpensively.
- We are initiating work to rapidly diagnose core biopsy specimens to enable an instant
diagnosis of breast cancer.
Conclusions
ESS is able diagnose sentinel node metastases with comparable accuracy to existing
pathological techniques. The advantages are low cost equipment, low running costs, speed of
detection and avoiding the need for tissue preparation or interpretation by an experienced
pathologist.
In addition ESS may aid screening of high risk patients, enable rapid diagnosis of
breast lumps and aid prognostication following breast cancer surgery.
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MALDI Imaging Mass Spectrometry is a technology that allows one to simultaneously
map hundreds of molecular components present in thin tissue sections with a lateral resolution
as high as 30-50 µm.
MALDI Imaging-Matrix Spotting Enabling Technology is an important tool
supporting Mass Spectrometry tissue imaging.
It prepares a regional deposition of matrix onto tissue substrates for MALDI-TOF-MS
analysis.
Also allows one to visualize localized distribution of peptides, proteins, lipids, drugs,
conglomerates etc. within the target tissue.
MALDI-TOF-MS analysis is then performed on each specific matrix
deposition. The spectra are processed and software differentiates, for example diseased
from non-diseased cells.
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A clear correspondence between the structure and the function is well recognized in
molecular biology and biochemistry. The structures are described in 3D by means of
microscopy or imaging spectrometry. However, the dynamics of these structures cannot be
neglected bringing time-domain as extra 1D. Such a 4D determination is a subject of our
research. The 3D structure based on chemical imaging by secondary ion mass spectrometry is
introduced. The time-resolved fluorescence spectroscopy determines the dynamics. The
examples spanning from supramolecular structures based on cyclodextrines to tissues of brain
and cardiac cells are discussed.
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The construction of novel nanostructured materials attracts much attention in materials
science due to possibilities for contributions to low-dimensional research and/or potential
technological applications. Preparation and processing of metal nanoparticles (MNPs) is
motivated for the last several decades by their variety of applications (the electroanalytical
properties of various MNPs, the employment of nanoparticles in sensors, and the modification of
electrodes by MNPs), mostly in biotechnology
and medicine [1-3]. More recently, with
advances in colloidal nanocrystal synthesis,
interest has grown in producing nanostructured
thin films with well-defined structures and
controlled properties. Therefore we present the
Langmuir-Blodgett (LB) technology whose
superior property dwells in the capability of
depositing a defined number of MNPs
monolayers.
In a typical experiment it was necessary
to hydrophobize the surface before MNPs
deposition by a monolayer of stearic acid by the
LB technique by the Langmuir trough (Type
611,
Nima
Technology,
England). Fig. 1. Results of ellipsometry measurement of iron
Consequently, iron (II, III) oxide nanoparticles oxide NP films of various thicknesses.
in oleic acid/oleyl amine envelope were
deposited in form of 16 layers onto the silicon wafer. The monolayer thickness as well as quality
of the deposition was verified by the ellipsometry measurement (SE400, λ = 632.8 nm,
SENTECH, Germany), see Fig. 1, for various number of MNPs layers. The MNPs exhibit high
effective index of refraction nMNPs=20. The results of MNPs monolayer thickness are in
accordance with Transmission Electron Microscopy.
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Photodynamic Therapy (PDT) has recently been accepted as a new tool for the selective
destruction of malignant- and non-malignant tissue and cells and is applied successfully in
many countries since many years in form of clinical trials. Approval for PDT in special
application fields was obtained only in the latest years. PDT is effective, cheap and without
severe side effects. It can be used also in cases, where classical therapies fail or crossresistance is present.
The principle of PDT is that a photosensitizer, light and oxygen work together to cause
death (by necrosis or apoptosis) of the target tissue/ cells. The photosensitizer itself is nontoxic, but it can transfer the energy of absorbed light to molecular oxygen or other targets and
thus produce reactive oxygen species and other radicals. The activating light by itself (visible
or near infrared radiation) is harmless too. Since the penetration depth into tissue increases
with the irradiation wavelength, also the spectral properties of the sensitizer determine the
target depth. Under optimal conditions, target cells or tissue are destroyed.
PDT can be performed repetitively without the accumulation of serious side effects, and
it can be combined with most other treatment modalities. Its minimally invasive nature and
scar-free wound-healing has made it a good option for the treatment of skin cancers and other
skin disorders. For palliative treatment of invasive cancers, PDT causes less trauma than most
alternative treatments, and it is sometimes the only remaining treatment option. In addition,
PDT has proven to be effective in treating conditions where an increased risk of cancer is
present.
PDT is applied in many clinical disciplines, at inner and outer surfaces, to eliminate
malignant and inflammatory tissue, bacteria and other microorganisms. It is used in the fields
of ENT, urology, dermatology, gastroenterology, neurosurgery, gynecology and recently for
prostata carcinoma.
The first photosensitizer used was a hematoporphyrin derivative, which did not yet show
optimal qualities. In order to overcome the limitations, e.g. concerning spectral properties,
second and third generation photosensitizers were developed and tested. Photosensitizers that
have already obtained regulatory approval I are: Photofrin®, Visudyne®, Foscan®, MetVix®;
others or are currently in clinical studies. As a special case, endogenous porphyrin can be used
as a potent photosensitizer and its synthesis is induced by addition of the precursor in the
heme biosynthesis way, aminolevulinic acid (ALA). Exogenous ALA can produce
photosensitising amounts of protoporphyrin IX (PpIX) in a variety of tissues, and especially
in those that are abnormal. The metabolic conversion of exogenous ALA into a
photosensitising concentration of PpIX is relatively fast, requiring only 1 – 3 hrs.
Furthermore, since the PpIX is part of a biosynthetic pathway, it has a built-in clearance
mechanism that restricts possible systemic patient photosensitivity to less than two days. The
fluorescence properties of PpIX can be exploited also to locate occult cancer.
After application of a photosensitizer to the patient via different routes (i.v., topically,
orally,…), the time point of the optimal accumulation ratio between normal and target tissue
or cells is used for irradiation. This is carried out with different light sources, such as a dye
laser coupled to a fiber optic and specially designed applicators for uniform illumination of
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body cavities. The main side effect of systemic treatment is skin photosensitization. The
patient should avoid bright sunlight for days to weeks.
What are the mechanisms behind photodynamic treatment of e.g. tumor tissue?
After distribution in the organism, the sensitizer can affect the blood vessels or directly
kill tumor cells. In the vascular-mediated effect an interference with anti-angiogenic pathways
as well as a vascular shut-down and blood flow stasis can be observed. Whether the sensitizer
reacts directly with the tumor cells, depends mainly on its chemical properties. However, it
has to enter the cell and to be distributed intracellularly. This localisation determines the site
of damage and depends on several cell qualities and on the incubation parameters.
After irradiation, the primary mechanisms are the production of radical oxygen species
and other toxic substances. The amount of damage depends mainly on the protocol and on
cellular defense mechanisms. The intracellular targets of the phototoxic action, closely
connected with the sensitizer localisation, are the starting points of different pathways of
damage processing leading finally to cell death via apoptosis or necrosis. The cell death mode
in turn influences the immune response. A stimulation of the immune system may lead to the
observed lasting tumor cure, being mediated by several mechanisms such as cytotoxic T-cell
response against tumor cells.
The cell death modes and its pathways were investigated in more detail by many groups.
Cell membrane destruction leads generally rather to necrosis and induces mainly stress genes.
Also lack of energy shifts all ongoing processes to necrosis. Apoptotic cell death is reached
by many pathways and can be characterized by caspase activation and nuclear and DNA
fragmentation. PDT promotes the internal or mitochondrial pathway in many cases. Parallel
pathways may be induced for damage repair or independently of damage processing.
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Photodynamic therapy (PDT) is a novel treatment modality, which has been approved
for several cancer indications as well as aged-related macular degeneration. The therapeutic
effect is based on the formation of reactive oxygen species (ROS) of which singlet oxygen is
assumed to be the most important species. The ROS’s are formed through light-activation of a
photosensitizer in an oxygen dependent manner. The photosensitizers used in PDT are in most
cases related to the porphyrin structure although there are examples of non-porphyrin-based
photosensitizers that may be utilized for clinical purposes. Singlet oxygen is highly reactive
and oxidises several biomolecules and may thereby inactive the target cells, the vasculature
and stimulate immune responses. Photofrin was the first photosensitizer approved for clinical
use and the development of Photofrin was a major breakthrough in PDT. It is still the most
commonly used photosensitizer despite several limitations such as low molar absorbance at
clinically useful wavelengths above 600 nm and long cutaneous skin photosensitivity. Much
of the research the last 15-20 years has been devoted to development of photosensitizers with
therapeutic properties superior to those of Photofrin. In addition, the fluorescing properties of
photosensitizers, combination of PDT with other treatment modalities and the immunological
response to PDT may be utilized to improve cancer treatment. Recent and novel
developments to improve the efficacy and specificity of PDT will be presented.
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PDT has been originally developed as a therapeutic modality for the palliative or
curative treatment of solid tumours. The intensive research activities, which were carried out
in order to understand the factors controlling the biodistribution of porphyrin-type
photosensitisers at a cellular and tissue level, as well as their photodynamic efficacy in vitro
and in vivo, allowed the extension of PDT to the treatment of a variety of non-oncological
diseases.
Thus, the discovery that hydrophobic porphyrins display a high affinity for tumours
partly because of their preferential transport in the bloodstream by LDL (these proteins are
taken up by hyperproliferating cells, including neoplastic cells, through receptor-mediated
endocytosis) opened the way to the use of PDT for the prevention of restenosis after balloon
angioplasty of occluded arteries: the latter procedure most often creates a lesion in the
treatment site, thereby promoting the hyperproliferation of smooth muscle cells (SMC)
leading to hyperplasia. The local delivery of the photosensitiser by specially developed
catheters immediately after the completion of angioplasty results in the selective loading of
SMC, which are inactivated by subsequent illumination with appropriate light wavelengths.
Hyperproliferation is typical also of psoriatic cells and in actual fact PDT is presently
adopted for the treatment of psoriasis and other skin pathologies using red light-activated
photosensitisers. This therapeutic modality is characterized by distinct advantages over the
currently used phototherapeutic approach, based on the use of UV-A and psoralen derivatives.
Such compounds bind to DNA, so that a high risk exists of mutagenic and cancerogenic
processes thus limiting the repeated applicability of this technique. On the other hand,
porphyrins and their analogues generally localize at the level of cell membranes, hence cell
death is usually due to membrane damage, with no major involvement of the genetic material.
The specificity and efficacy of PDT in the dermatological field is further enhanced by the
availability of formulations which allow the in situ deposition of the photosensitiser, inducing
its sufficiently uniform penetration into the epidermal layers, with no significant diffusion to
the dermis. As a consequence, the possibility of generalized photosensitivity is minimized.
The scope and potential of PDT are further enhanced by the molecular engineering of
the photosensitising agent, introducing selected chemical features which orientate it toward
predetermined cells and/or give it the possibility to efficiently absorb light wavelengths with a
fine control of the penetration into the diseased tissue. Typical examples of the results
obtained through a concerted application of chemical, physical, biological approaches are
represented by the rapidly emerging use of PDT for the treatment of microbial infections and
the sterilization of virally infected blood through non-invasive transdermal irradiation.
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Tissue oxygenation plays an important role in the outcome of many therapeutics, including
photodynamic therapy (PDT). Therefore, monitoring the rate of oxygen consumption during PDT is
important for the determination of the correct therapeutic dose administered to the patient. Differences
in this consumption rate as well as differences in the initial oxygen concentration between normal and
neoplastic tissue may partially be responsible for a selective treatment of the target lesion.
Recently, an optical technique was developed for non-invasively measuring the O2 content [1].
It locally deduces the partial pressure of oxygen (pO2) by measuring the phosphorescence emission of
an injected dye. The pO2 is related to the phosphorescence emission through the Stern-Volmer
relationship:
τ 0 τ = I 0 / I = 1 + k qτ 0 pO2
(Eq. 1)

Where τ0 [s] is the phosphorescence lifetime in the absence of O2, τ [s] is the phosphorescence
lifetime for the local pO2 [mmHg] value, Io and I are the steady-state phosphorescence intensities at
zero pO2 and local pO2 respectively. The quenching constant kq [s-1mmHg-1] is a diffusion-limited
second-order rate constant. Among several possible phosphorescent dyes, the Pd-meso-tetra (4carboxyphenyl) porphyrine complex (PdTCPP) has been used to measure the pO2 in various biological
samples, and, more specifically, in the ocular fundus of various animal species [2]. Except for the
intravenous administration of the dye, this “quenching” technique is non-invasive. In some
contributions it has, however, been mentioned that sustained pO2 measurements by phosphorescence
quenching could transiently or permanently reduce the blood oxygenation or perfusion, reduce the
blood-barrier integrity and even alter the tissue integrity. These side effects can be attributed to the
singlet oxygen molecules resulting from the quenching of PdTCPP triplet states by O2. Indeed, the
high reactivity of the singlet oxygen could lead to vascular and tissue damages depending on the agent
concentration and on the applied light dose, a well known effect in PDT to occlude subfoveal
choroidal neovascularization secondary to age-related macular degeneration (AMD) [3]. This suggests
that the oxygen sensor PdTCPP is phototoxic and could induce PDT-like damages in tissue. This
hypothesis has never been clearly demonstrated, nor studied in vivo.
With the aim of quantifying the PdTCPP photoxicity for the eye fundus and of measuring how
the induced photodamage relates to tissue oxygenation and drug/light dose, we simultaneously used
this dye as an oxygen sensor and as photosensitizer.
Materials and Methods
The experiments consisted of measuring the pO2 by phosphorescence quenching at various
time intervals during a quasi-continuous light activation of the dye, and of comparing the administered
light dose to the histological alterations of the ocular fundus of piglets.
A Frequency-Domain Phosphorescence Lifetime Imaging device (FD-PLIM) using amplitude
modulated light (500 Hz) for exciting the phosphorescence was used for this study. This latter device
was used to perform PDT and oxygen measurements simultaneously.
The phosphorescent probe PdTCPP was bound to albumin prior injection. Then, the probe (20
mg/kg of animal weight) was mixed with the serum, the pH was adjusted to 7.4, and the serum/probe
solution filtered with 0.2-mm sterile filter before iv injection on 4 young anaesthetized piglets (~ 10
kg). Each eye of the 4 animals received a mean retinal irradiance of 5 mW/cm2 at 532 nm for various
durations in order to apply light doses ranging between 0 and 9 J/cm2. The diameter of the illumination
spot was 15 mm centered on the optic nerve head. This light was amplitude modulated at a frequency
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of 500 Hz to allow simultaneous measurements of the pO2 with the FD-PLIM. At the end of the
experiments, the eyes were enucleated under deep anesthesia and the animals were sacrificed. The
enucleated eyes were then photographed using a standard operating microscope (Zeiss, Germany) and
examined histologically for alterations. A Zeiss fundus camera was modified for imaging the
phosphorescence of the eye fundus in the frequency domains. The FD-PLIM instrumentation has been
described in detail elsewhere [4]. Briefly, it measures the apparent luminescence lifetimes of an
endoscopic image pixel by pixel. Its principle consists of modulating the excitation light and
measuring the phase shift or the demodulation between luminescence and excitation, from which the
luminescence lifetime can be deduced.
Results
Under white light illumination, the optic disk of the eyes that had been irradiated with 9 J/cm2
after dye injection appeared hyperaemic. Electron microscopy of the optic nerve head revealed an
important interstitial edema, seen as a thinning of the endothelial cells and swelling of the
mitochondria, spacing of the individual smooth muscle cells layers, and loosening of the collagen
bundles. The presence of polymorphonuclear leukocytes in the subendothelial space and the granular
appearance of the interstitial fluid indicate leakage and extravasation as early signs of an inflammatory
process. In the irradiated but non-injected control eyes, the cells of the vascular wall appeared normal
and the collagen fibers in the underlying matrix were densely packed.
To assess structural effects at the blood-retinal barrier, occludin was immunolocalized in
retinal wholemounts. In the absence of circulating PdTCPP, irradiation at 9 J/cm2 did not induce
changes in the staining pattern of either arteries or veins. Irradiation in the presence of the dye,
however, caused local redistribution of occludin, blurring the characteristic reticular pattern.
Transversal cryostat sections from eyes that had been irradiated for various lengths of time in
the presence of PdTCPP showed edema to various degrees.
The evolution of phosphorescence lifetime and thus of pO2 during the irradiation/PDT process
was continuously monitored with the FD-PLIM device. The sequences of images showed that the
phosphorescence lifetime increases during the irradiation process. This increase is more marked in
extravascular tissue and at the beginning of irradiation. The phosphorescence lifetime rises from
~100 µs (corresponding to a pO2 of ~25 mmHg) to about 600 µs (corresponding to a pO2 <1 mmHg)
within the 8 first minutes of irradiation (corresponding to a light dose of 2.4 J/cm2), reaching a plateau
value close to 600 µs.
Conclusion
In conclusion, our study showed that PdTCPP is phototoxic and can induce tissue alterations
after light exposure. PdTCPP is, to our knowledge, the first oxygen-sensing probe that has been
investigated in vivo for its photosensitizing properties in ophthalmology.
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Flow-cytometry experiments have shown that hypericin (Hyp) phototoxicity induces
both, apoptosis and necrosis of U-87 MG human glioma cells in a concentration- and light
dose-dependent way. Fluorescence imaging technique was used to monitor intracellular
localization of Protein kinase C (PKC) in U-87 MG human glioma cells. It is shown that PKC
localization, which reflects its activity is influenced by Hyp and this influence is different
from that observed for phorbol 12-myristate 13-acetate (PMA) which acts as PKC activator.
Fluorescence binding experiments were realized to determine the binding constant of Hyp to
PKC which is compared with that already determined for PMA. Finally, molecular modeling
was used to compare structural models of the PKC-α,−β,−γ/Hyp (C1B domain/Hyp) and the
PKC/PMA (C1B domain/PMA) complexes. The influence of Hyp and/or PMA on PKC
translocation in U-87 MG cells, co-localization fluorescence pattern of Hyp and PKC, the
higher binding affinity of Hyp to PKC in comparison with PMA, as well as the binding mode
of Hyp to C1B domain of PKC suggested by molecular modeling support the hypothesis, that
Hyp competitively binds the same binding site in PKC as PMA.
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Resonance Raman, surface-enhanced Raman spectroscopy, time resolved
spectroscopy and molecular modeling were employed to study the interaction of hypericin
with human serum albumin. This interaction reflects (i) a change of the hydrophobicity of the
tryptophan environment, (ii) the formation of an H-bond between the carbonyl group of
hypericin and N1-H group of tryptophan, leading to a protonated-like carbonyl in the drug,
(iii) a decrease of the strength of H bonding at the N1-H site of tryptophan, and (iv) a change
of the tryptophan side-chain conformation. A single-exponential rotational diffusion time of
31 ns is measured for hypericin bound to HSA, indicating that it is very rigidly held. Energy
transfer from the tryptophan residue of HSA to hypericin is very efficient and is characterized
by a time constant for energy transfer of 3 x 10-15s. The model for albumin-hypericin complex
is presented. In this model Hyp is bound in II A subdomain of HSA close to the
tryptophan214 (distance 5.12Å between the centers of masses).
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Part of this abstract is presented as a separate poster P-11.
The incorporation and subcellular localization of photosensitizers (pts) are critical
determinants of their efficiency in photodynamic therapy of cancer (PDT). Serum proteins are
mainly responsible for the transport of drugs into the different parts of the human body,
including tumor tissue. The binding of anti-cancer drug, including pts, to the various types of
serum proteins is mainly governed by the degree of hydrophilicity/lipophilicity [1-5].
Probably, the most important natural transporters of hydrophobic photosensitizers to tumor
tissue are the low-density lipoproteins (LDL) [5].
Hypericin (Hyp), a natural photosensitizing pigment occurring in plants of the genus
Hypericum, binds to human serum albumin (HSA), as well as to low-density lipoproteins
(LDL) [6,7]. According to hydrophobic character of Hyp and possibility of its specific
targeting into tumor cells through LDL as transport system, the study of interaction of Hyp
with LDL is important and can provide useful information about physiological relevance of
Hyp application in PDT and photodymanic diagnosis.
By means of UV-absorption and fluorescence spectroscopy we showed that Hyp
interacts with LDL, most probably with lipid fraction of LDL. Hyp binds to LDL in
monomeric form up to concentration ratio Hyp/LDL = 30:1. Further increasing of Hyp
concentration leads to the quenching of its fluorescence due to formation of Hyp aggregates
inside LDL molecule and/or dynamic self-quenching of excited singlet state of Hyp
molecules. We also demonstrated that photoactivated Hyp oxidizes LDL in a light dose and
excitation wavelength dependent manner and that the level of oxidation of LDL depends on
the amount of Hyp inside the LDL molecule. The maximum of the photosensitized oxidation
of LDL by Hyp is achieved for Hyp/LDL = 30:1 molar ratio, which corresponds to the
maximum of fluorescence of Hyp in LDL. For higher Hyp/LDL ratio a decrease in LDL level
of oxidation was observed.
Further we studied the cellular uptake and the intracellualar internalization
mechanisms of Hyp as the function of the presence of different transport serum proteins in
cultivation medium (HSA, LDL, 10 % serum enriched medium and serum depleted medium).
For this purpose, U-87 MG human glioma cell line was chosen as a model system.
Our results suggest that the internalization of Hyp into U-87 MG cell line is associated
with different mechanisms depending on the composition of the cultivation medium. We
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detected differences in the intracellular concentration of Hyp as well as in the time of
maximum level of the uptake in the presence of different serum proteins in the medium.
In addition, our results show that the accumulation of Hyp in U-87 MG cells in the
presence of LDL is proportional to the Hyp/LDL molar ratio. This indicates that aggregation
state of Hyp inside LDL does not influence the ability of LDL to be internalized into cells.
The special role of the LDL receptor pathway in Hyp delivery to U-87 MG cells was
confirmed by the substantial increase of Hyp uptake in the presence of LDL via the activation
of LDL receptors on the cells surface. Moreover, fluorescence co-localisation experiments
demonstrated the lysosomal-targeting mechanism of Hyp incorporation in the presence of
LDL following LDL receptor endocytosis pathway.
Acknowledgement
This work was supported, by the Slovak Science and Technology Assistance Agency under the contract APVT20-036104, by the Scientific Grant Agency of the Ministry of Education of Slovak Republic under the grant s
VEGA No. 2265 and VEGA No. 1/2283/05, and by the contract No. 2003/4837 of the French Government (cotutoring doctoral thesis of S.K.).
References
[1] A. N. L. Derycke, P. de Witte, Adv. Drug Deliver. Rev. 56 (2004), 17-30.
[2] G. Jori, J. Photoch. Photobiol. B. 36 (1996), 87-93.
[3] Y. N. Konan, R. Gurny, E. Alleman, J. Photoch. Photobiol. B. 66 (2002), 89-106.
[4] E. Reddi, J. Photoch. Photobiol. B. 37 (1997), 189-195.
[5] W. M. Sherman, J.E. van Lier and C. M. Allen, Adv. Drug Deliver. Rev. 56 (2004), 53-76.
[6] P. Miskovsky, Current Drug Targets 3 (2002), 55-84.
[7] P. Agostinis, A. Vantieghem, W. Merlevede and P. de Witte, Inter. J. Biochem. & Cell Biol. 34, (2002), 221- 241

Time resolved luminescence and singlet oxygen formation
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Photosensitized generation of singlet oxygen (1O2) by molecules of a photosensitizer
(pts) is a crucial process in photodynamic therapy (PDT). Upon administration into blood
stream photosensitizers associate predominantly with serum proteins (low density lipoproteins
(LDL), human serum albumin (HSA)). The interaction of hypericin (Hyp), natural
photosensitizing agent occurring in the plants of the genus Hypericum, with HSA has been
already intensively studied [1-4], however only few works about physicochemical properties
of Hyp bound to LDL have been published [5,6]. In this study we present time–dependent
fluorescence and phosphorescence study of Hyp in complex with LDL as well as the evolution of
1
O2 formation under illumination of Hyp/LDL complex.
Special apparatus for infrared phosphorescence measurements [7] was engaged to
monitor Hyp phosphorescence (895 nm) and 1O2 formation (1278 nm) under illumination of
Hyp in complex with LDL at different Hyp/LDL molar ratios.We have demonstrated that
amount of produced 1O2 increases linearly with Hyp concentration until concentration ratio
Hyp/LDL = 25:1. Beyond this ratio the formation of 1O2 shows saturation behavior. With
respect to this result we assume that the amount of produced 1O2 depends on the quantity of
monomeric molecules of Hyp inside the lipidic part of LDL. The dependence of the intensity
of Hyp phosphorescence on Hyp/LDL ratio is similar to that for 1O2 formation.
Observed shortening of the fluorescence lifetime of Hyp above Hyp/LDL molar ratio
25:1 suggests quenching of excited singlet state of monomeric Hyp at higher Hyp/LDL
concentration ratios. This result is consistent with our previous observation of the quenching
of Hyp fluorescence at high Hyp/ LDL ratios (> 30:1) [6].
We also have attempted to correlate these recent data with our previous results
containing information about the concentration and light dose dependence of Hyp
photosensitized oxidation of LDL [6]. Our effort is to build up coherent model describing 1O2
formation and biological activity of Hyp inside LDL particles.
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The in vivo antitumour activity of the natural photosensitizer hypericin was evaluated.
C3H/DiSn mice were inoculated with fibrosarcoma G5:1:13 cells. When the tumour reached a
volume of 40–80 mm3 the mice were intraperitoneally injected with hypericin, either in a
single dose (5 mg/kg; 1 or 6 h before laser irradiation) or two fractionated doses (2.5 mg/kg; 6
and 1 h before irradiation with laser light; 532 nm, 70 mW/cm2, 168 J/cm2). All tumours in
control groups treated with hypericin alone as well as those irradiated with laser light alone
had similar growth rates and none of these tumours regressed spontaneously. Complete
remission of tumour in photodynamic therapy (PDT)-treated groups was similar (14–17%
single dose vs. 33% fractionated dose), but the fractionated schedule of hypericin dosing was
found to be more efficient than the single dose, measured by survival assay (p<0.05). Our
experimental model showed that fractionated administration of hypericin can produce a better
therapeutic response than single administration.
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In the last decade confocal and two-photon laser scanning techniques have caused a
revolution in fluorescence microscopy [0]. In particular, multi-dimensional features like
optical sectioning capability in conjunction with the large penetration depth of two-photon
excitation and multi-wavelength capability have resulted in a new quality of biological
imaging. Moreover, a combination of the scanning technique with fluorescence lifetime
imaging (FLIM) provides direct access to effects that involve energy transfer from the excited
fluorophores to the local environment. FLIM can be used to map cell parameters such as pH,
ion concentrations or oxygen saturation [0], aggregation effects [0], to probe protein or DNA
structures by lifetime-sensitive dyes [0], and to investigate the molecular proximity of
proteins by Förster resonance energy transfer (FRET) [0, 0]. Fluorescence lifetime imaging
(FLIM) is also useful to distinguish fluorescence components in autofluorescence
measurements of tissue [0, 0].
A number of FLIM techniques have been developed in the last ten years. The
techniques are based on gated cameras, phase and modulation techniques, and time-correlated
single photon counting (TCSPC). Classic TCSPC is based on pulsed excitation at high
repetition rate, detection of individual photons of the periodic light signal, the measurement of
the photon detection times, and the build-up of the photon distribution versus the time in the
signal period [0]. Advanced TCSPC techniques use a multi-dimensional recording process,
i.e. build up photon distributions over the time in the signal period, the time from the start of
the experiment, the wavelength, and the position of the excitation beam in a scanning area [0].
Moreover, the data of the individual photons can be stored directly and be used to correlate the
photons by software. Thus, modern TCSPC techniques can be used to record multi-wavelength
FLIM data, fast dynamic changes in the fluorescence decay profile, or combined fluorescence
correlation and fluorescence lifetime data [0, 0].
The typical configuration of TCSPC for FLIM is shown in Fig. 1. At the input of the
detection system are a number of photomultipliers (PMTs), detecting the fluorescence signal
from the excited spot of the sample in different wavelength intervals. The TCSPC electronics
makes us of the fact that the detection of several photons within one signal period is unlikely.
The photons detected in all PMTs can therefore be processed in a single TCSPC channel [0].
A ‘router’ is used to combine the photon pulses of all detectors into a single timing pulse line
and to determine the PMT channel in which a photon was detected.
The TCSPC module receives the timing pulse, the PMT channel number, and the scan
clock signals (frame sync, line sync and pixel clock) from the scanner of the microscope. For
each photon, the TCSPC module determines the location within the scanning area, x and y,
the time of the photon in the laser pulse sequence, t, and the detector channel number, n.
These values are used to address a memory in which the detection events are accumulated.
Thus, in the memory the photon density over x, y, t, and n builds up. The result can be
interpreted as a number of images for different wavelength, each pixel of which contains a
full fluorescence decay curve.
The technique features multi-wavelength capability, picosecond time resolution, nearideal efficiency, and works at any scan rate of the laser scanning microscope. The
fluorescence decay curves in the individual pixels of the images are resolved into a large
number - typically 64 to 1024 - time channels. Double-exponential decay profiles can
therefore be resolved into their lifetime components and intensity coefficients [0, 0]. The
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same hardware can be used to simultaneously record fluorescence correlation curves and
fluorescence decay curves in selected spots of a sample [0].
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Fig. 1: Multidimensional TCSPC in the FLIM mode

An application of the technique to autofluorescence imaging of tissue is shown in Fig.
2. An unstained sample of live mouse kidney tissue was excited by two-photon excitation at
750 nm in a zeiss LSM 510 NLO. The fluorescence was collected by non-descanned
detection, split into 16 wavelength channels by a polychromator, and detected by a 16-channel
multi-anode PMT [0, 0]. The acquisition time for the data shown in Fig. 2 was 10 minutes.
The acquisition time for highly fluorescent samples of high photostability can be reduced to
30 seconds for 16 wavelength channels and to a few seconds for a single wavelength channel.

Fig. 2: Multi-wavelength autofluorescence lifetime images of mouse kidney tissue

Fig. 2 shows clearly different lifetimes at different wavelength. Moreover, around
375 nm the SHG signal of collagen is detected. The data quality is sufficient to run a doubleexponential decay analysis on the data of selected wavelength intervals [0, 0]. The technique
is therefore likely to separate different endogenous fluorophores and different binding states
of a single fluorophore. Applications to autofluorescence imaging of human skin, protein
interaction, and pH imaging are described in [0, 0], [0, 0], and [0].
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Ionic contrast terahertz near field imaging
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Pioneered studies in the field of terahertz (1 THz = 1012 THz) technology followed by
more recent advances in laser technology have paved the way for a wide range of applications
including terahertz imaging for semi-conductor characterization, chemical analysis and
biological and medical imaging [1]. Among the involved advantages and by contrast to x- ray
imaging, the sample does not suffer from terahertz imaging thanks to the low associated
photon energy. Terahertz imaging in biology has been used for tissue investigations with
diagnosis perspectives in dermatology, and odontology [2]. Furthermore, recent developments
in terahertz guiding through waveguides and metal wires [3] offer the perspective of probing
biological samples in situ. In this work, we show that absorption spectroscopy in the terahertz
range is very sensitive to biological ion concentrations [4]. Hence, terahertz transmission
spectroscopy offers an efficient way to observe neurons by the variation of intra- and extracellular ionic concentrations, mainly potassium (K+) and sodium (Na+). This technique offers
a promising alternative to conventional techniques. Furthermore, by probing with a near field
geometry which allows a spatial resolution beyond the diffraction limit (≈300 µm at 1 THz),
we succeed in observing sub-wavelength changes in axon geometry.

Figure 1: (a) Terahertz generation and detection with photoconductive antenna. (b) Setup for near field
microscopy with aperture. (c) The central neural tube of Lumbricus terrestris worm is glued on a 200 µm-thick
glass microscope plate.

In our experiment, we generate and coherently detect broadband polarized single cycle
pulses of terahertz radiation by illuminating photoconductive antennas with two synchronized
femtosecond laser pulses [5], as illustrated in figure 1a. Near field microscopy with aperture
[6,7] is performed by focusing the terahertz radiation onto a sub-wavelength-diameter hole,
and provides a high precision, background free signal (figure 1b). The axon is positioned
closely behind the subwavelength hole and the transmitted terahertz radiation is focused by
another hemispherical lens to the photoconductive detector. During imaging, the delay
between the two femtosecond pulses remains constant, and the amplitude of the transmitted
terahertz beam is recorded, and the position of the axon is controlled by a three-axis
micrometric displacement stage.
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Figure 3: Deconvoluted 3D image of the axon using
FEM simulations.

The demonstration of terahertz near-field neuron imaging with a 200 µm aperture
diameter is depicted in figure 2, showing transverse scans of the same axon, bathed in a
physiological solution. As in all our ICT measurements, the delay remains fixed, and the
amplitude of the terahertz signal is recorded versus the position of the axon. In this
experiment, [K+]0 was progressively increased from physiological [K+]0 (2.5 mM), to a
concentration matching the one inside the neuron (95 mM). First, as expected from relative
absorption efficiency between K+ and Na+, we observe a strong contrast between inside
neuron, where the absorption value is higher, and the extracellular solution, revealing a highly
contrasted neuron profile. When [K+]0 matches the intra-cellular K+ concentration [K+]i, no
signal modulation is observed, demonstrating that the contrast is indeed generated by ion
differential absorption, and that the contribution of the membrane to the signal and that of all
other tissues that would have remained, is completely negligible. Furthermore, a very good
correlation between the amplitude of the terahertz signal and Vm is demonstrated. 3D images,
referencing 2D slices to the centre of the neuron, show the thickness of the axon encountered
by the terahertz beam. The reconstructed 3D image of an axon is displayed in figure 3.
In conclusion, this work demonstrates that terahertz near field microscopy allows
functional imaging of excitable living cells and reveals that axonal Na accumulation is
associated with water exchange between intra-axonal and extracellular compartments.
Variations as small as 10 µM of ion concentration and 20 femtolitre of water volume has been
successfully detected using a non invasive, non perturbative technique.
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Terahertz time-domain spectroscopy and spectrochronography of complex and biological molecules
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I present the THz and Raman spectra of sulfur-containing di- and tetrapeptides in the
form of molecular polycrystalline powder and in solution. The spectra measured in farinfrared region with the use of terahertz (THz) time-domain spectroscopic technique. The
spectral features in THz and Raman spectra are different among sulfur-containing di- and
tetrapeptides. I am discussing the possibility to observe and to assign the low-frequency THz
and Raman lines to the disulfide bridges. The experimental results are compared with ab initio
calculations to discuss assignment of the vibrational modes. In addition the possibility to
observe the low frequency the molecular motions in native liquids and the mixtures is
discussed.
The analysis of the protein functioning is one of the main problems of the modern
biophysics. It is known that proteins exhibit structure-function relationship. The disulfide
bond involving the sulfur atoms of two cysteine residues plays an important role in the
stabilization of the spatial structure of protein molecules. The marker bands of the disulfide
bridges can be used in the study of the protein structure and in the interpretation of the results
obtained with the methods of molecular dynamics.
To observe and to assign the low-frequency Raman and THz lines of the disulfide
bridges, we study three pairs of substances. Each pair can be considered as a monomer-dimer
pair. Each of the dimers is formed owing to the disulfide bridge. Cysteine and the
corresponding dimer (cystine) are the substances of the first pair. The monomer of the second
pair is the LC dipeptide consisting of leucine and cysteine. The monomer of the third pair is
the IC dipeptide consisting of isoleucine and cysteine. In the experiments we use the
lyophilized samples pressed at a pressure of about 1 GPa.
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Use of fluo-3, fluo-4 and Oregon Green 488 BAPTA-5N in
the study of calcium signalling in rat ventricular myocytes
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During excitation-contraction coupling in mammalian cardiac myocytes, membrane
depolarization activates voltage-dependent L-type calcium channels. The calcium influx
activates calcium release channels (RyRs), localized in clusters at the dyadic junctions of the
sarcoplasmic reticulum (SR) membrane, which in turn release calcium from the SR that is
necessary for contraction. This release of calcium ions can be observed by means of confocal
microscopy as transient increases of calcium concentration, represented by fluorescence
changes of calcium sensitive indicators. The use of slow calcium chelators such as EGTA
along with calcium indicators allows measurement of local calcium fluxes - calcium spikes that represent activity of elementary Ca-release units. It was shown, that the time course of
calcium spikes measured with Oregon Green 488 BAPTA-5N (OG-5N) and high
concentration of EGTA reflects the time course of calcium release flux into the cytoplasm [1].
We have compared three fluorescent
Ca dyes (fluo-3, fluo-4 and OG-5N) for
indication of Ca spikes evoked by calcium
currents in isolated rat ventricular myocytes.
Calcium currents were activated by voltage
pulses to 0 mV from a holding potential of 50 mV using whole-cell patch clamp
technique. Calcium spikes were measured
using Leica TCS SP2 confocal microscope in
line-scan mode with the acquisition
frequency of 2000 lines.s-1. The amplitudes
and kinetics of detected spikes were analyzed
by fitting the fluorescent intensity profiles,
centered on individual dyads, with a model
20 ms
of calcium release flux.
In OG-5N, the activation time
Figure 1. Comparison of normalized calcium spikes
recorded with different indicators. Average calcium constant of calcium spikes was ~3.1 ms and
spikes recorded with 1 mM OG-5N (solid line) and the spikes reached the peak amplitude within
with 60 µM (dashed line) or 100 µM fluo-3 (dotted ~6.5 ms. The time constant of release flux
line) were aligned with respect to their latency
termination was larger than that of its
(arrow points to t = t0).
activation, and was ~5.5 ms. Spike
amplitudes were distributed modally. The signals detected by fluo-3 and fluo-4 had the time
course similar to that of OG-5N (Figure 1), but the time constants of activation and
termination were larger. The average parameters at two concentrations of the indicator, for
data recorded with fluo-3 and fluo-4 are given in Table 1.
The histograms of amplitudes normalized to the average amplitude had effectively the
same shape for both, fluo and OG-5N indicators, while the noise level, when expressed
relative to the average amplitude, was significantly lower for fluo indicators (Table 1). The
latencies of calcium release signals were independent of concentration and quality of the
indicator, which shows that all indicators measure this parameter faithfully.
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Table 1. Parameters of calcium spikes
Parameter

OG-5N

60 µM

100 µM

Fluo-3

Fluo-4

Fluo-3

Fluo-4

4.13 ± 0.16

4.06 ± 0.20

4.31 ± 0.26

4.31 ± 0.15

4.42 ± 0.16

1.577 ± 0.044

11.77 ± 0.85

14.50 ± 1.4

7.54 ± 0.25

10.52 ± 0.40

τA (ms)

3.13 ± 0.11

3.47 ± 0.19

4.08*+ ± 0.34

3.80* ± 0.18

4.26*+ ± 0.16

τT (ms)

5.48 ± 0.22

9.05* ± 0.49

8.11* ± 0.68

10.44*# ± 0.35

10.06*# ± 0.40

α (s-1)

3.70 ± 0.32

4.54 ± 0.21

4.00 ± 0.27

5.37* ± 0.15

4.38 ± 0.16

Amplitude

0.77 ± 0.02

6.25+ ± 0.30

7.06+ ± 0.43

4.36# ± 0.12

5.54+# ± 0.16

Time to peak (ms)

6.67 ± 0.17

8.22* ± 0.24

8.94*+ ± 0.46

9.20*# ± 0.29

9.85*+# ± 0.24

FDHM (ms)

10.80 ± 0.19

15.22* ± 0.25

15.51* ± 0.47

17.63*# ± 0.44

17.94*# ± 0.33

RMS noise

0.163 ± 0.005

0.455* ± 0.019

0.639*+ ± 0.043

0.329*# ± 0.007

0.374*+# ± 0.007

5.08 ± 0.14

14.66* ± 0.84

11.59* ± 0.64

13.86* ± 0.48

15.09* ± 0.43

t0 (ms)
FM

S/N ratio
*

significantly different from OG-5N (1-way ANOVA)
significantly different from fluo-3 (2-way ANOVA)
#
significantly different from 60 µM indicator (2-way ANOVA)
+

We conclude that the signals detected by fluo-3 and fluo-4 in the presence of EGTA
roughly correspond to the time course of calcium release flux; however, due to their lower
off-rate these indicators are not suitable for measuring the kinetics of calcium release flux. On
the other hand, OG-5N and fluo indicators provide latencies that were undistinguishable, and
therefore fluo indicators may be safely used for detection of calcium spikes and for
determination of their latencies.
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Potentiation of calcium release in cardiac myocytes by
previous calcium influx
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Excitation-contraction coupling is the process by which electrical excitation triggers a
myocyte contraction. In rat cardiac myocytes, depolarization of the sarcolemma activates
voltage dependent calcium channels (DHPRs) that provide influx of Ca2+ ions that activate
juxtaposed calcium release channels (RyRs) and thus induces calcium release from the
sarcoplasmic reticulum (SR) to the cytosol. The released calcium inactivates DHPR calcium
channels. Efficiency of calcium current (ICa) to activate Ca2+ release is important for reliable
function of cardiac muscle cells. The calcium release-dependent inactivation dominates the
inactivation of calcium current during normal physiological function of cardiac myocytes.
Nevertheless, this aspect of calcium current kinetics is not well understood, yet.
We used cardiac myocytes, which were enzymatically isolated from left ventricles of
male Wistar rats and the patch-clamp method in the whole-cell configuration to apply voltage
stimuli and to record the current through the membrane. We studied the calcium currents
isolated from the other membrane currents. For blocking sodium channels we used the
tetrodotoxin and the membrane potential of -50 mV. We used cesium ions to block potassium
channels. The internal solution was composed of 135 mM CsMetSO3, 10 mM HEPES, 10
mM CsCl, 1 mM EGTA, 3 mM MgSO4, 3 mM Na2ATP, 50 µM cAMP, 300 mosm, pH 7.1,
and the external solution: 135 mM NaCl, 5.4 mM CsCl2, 1 mM CaCl2, 5 mM MgCl2, 0.33
mM NaH2PO4, 10 mM HEPES, 20 µM TTX, 10 µM IBMX, 300 mosm, pH 7.26.
We used the protocol with the short prepulse, during which the depolarization of cells
to the ICa reversal potential (60 mV) was used to eliminate Ca2+ influx. After the prepulse, a
various tail voltage (-40, -80 and -120 mV) of 20 ms duration was applied, then the membrane
was held at the holding potential of -50 mV for 10 ms and than followed by the test pulse (50
mV amplitude) of 70 ms duration.
The global increase of calcium ions in the cytoplasm was buffered by EGTA, meaning
that we could study the calcium flux directly from individual dyadic junctions. Calcium
release from the SR, specifically the flux of calcium from dyads to the cytosol, was measured
as spatially resolved calcium transient using confocal microscopy and the calcium fluorescent
indicator Oregon Green BAPTA 5N. Confocal images represent repeated recording of a line
of the cell in the time at a frequency of 2000 Hz. In confocal records, we identified the site
calcium release and we estimated the time profile of intensity at this place. We fitted its time
course and analyzed the latency, i.e., the duration from the start of voltage step to the onset of
the calcium transient.
Under control conditions, the process of calcium release activation was sensitive to the
tail potential. Latencies of calcium release evoked by repolarization after a short prepulse
were much shorter than those evoked during a 70-ms depolarization. At less negative
repolarization potentials, at which the tail Ca current deactivated more slowly, the tail ICainduced Ca2+ release displayed an elevated probability and a significantly increased latency.
We wanted to know if there will be any change in the activation of calcium release, if we
enhance triggering of Ca influx using the calcium channel agonist S(-) BAY K8644. The drug
significantly decreased the latency of calcium release from the SR and significantly increased
the peak amplitude of calcium current through the sarcolemma during depolarization. Increase
of the open time of calcium channels due to BAY K8644 action did not affect the latencies of
tail ICa-induced calcium release. In the presence of the drug, the latency of tail ICa-induced
S2-A6

Ca2+ release events did not depend on the tail potential, i.e., on the rate of deactivation of
calcium influx.
We conclude that under control conditions, the single short calcium channel openings
activate Ca2+ release with low fidelity. Therefore, the subthreshold local Ca2+ influx has a
potentiating effect on the Ca2+ release machinery. The more openings (reopenings) happen,
the higher is their effectivity in activation of calcium release. In the presence of the activator
BayK 8644, the single-channel openings of the calcium channel are long enough to activate
release with high fidelity.
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Advanced techniques of fluorescence microimaging and fluorescence time-resolved
microspectroscopy provide space, spectral and/or time resolved information capable to
monitored in details intracellular interactions of fluorescent molecules .
Fluorescence lifetime is a unique feature of a fluorescent molecule. It characterizes the
fact that fluorescence emission is time-delayed relatively to the excitation striking the
molecule. This is mainly related to the time lag between the molecule reaching the lowest
vibrational level of its first excited state and the subsequent molecular deactivation by
emission of a fluorescence photon.
The fluorescence lifetime is usually comprised within 10-9-10-7 s interval. It is
sensitive to chemical and physical factors influencing electronic states of the molecule, i.e.
molecular conformation, solvent state and properties (temperature, pH, presence of particular
ions, dissolved oxygen in solution, etc.), complexation to other molecules and/or to solid
surfaces or particles.
When excited molecules are located in various environments (like inside a living cell),
the fluorescence decay may be a superposition of several exponentials of different lifetimes.
Besides monitoring static properties of the fluorescent molecule environment a variety of
interesting dynamical events having characteristic duration comparable to the fluorescence
lifetime can be observed, e.g. rotation mobility of the fluorophore or of a species to which it is
conjugated, like an antibody or protein, critical binding reaction, FRET.
Determination of the fluorescence lifetime is the most common task to be achieved for
time resolved fluorescence experiment. This can be accomplished either as time domain or
frequency-domain measurements. Principe of frequency domain fluorescence lifetime
microspectroscopy will be presented and applications will be discussed on the basis of our last
results.
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A new setup for time-resolved fluorescence micro-spectroscopy of cells, based on
multi-dimensional time-correlated single photon counting (TCSPC), was designed. We report
that the spectrometer allows fast and reproducible measurements of endogenous flavin
fluorescence that can be measured directly in living cardiac cells after excitation with blueviolet picosecond laser diodes. Bulk of the cardiomyocyte autofluorescence signal generated
after excitation by 440-480nm light is localized in mitochondria and has its origin in flavins
and flavoproteins, emitting in a spectral range from 490 nm up to 560 nm [1].
Two complementary approaches for the analysis of spectrally- and time-resolved
autofluorescence data are presented, comprising the fluorescence decay fitting by exponential
series and the time-resolved emission spectroscopy analysis. In isolated cardiac myocytes, at
least 3 exponential decays are necessary to describe the autofluorescence decay kinetics in
living cardiomyocytes. The resolved parameters indicate that the flavin autofluorescence
originate from molecular species with characteristic time constants lying within three lifetime
pools. The fastest component featured lifetime around 0.1-0.2 ns, the intermediate lifetime
was estimated within the range of 0.5-1.2 ns; and the lifetime of the component with the
longest decay varied within the 1.5-8 ns. The observed lifetimes and their relative amplitudes
were dependent on both excitation and emission wavelengths, as well as on the
cardiomyocyte metabolic state, determined using modulators of the respiratory chain [2].
From the wavelength-resolved fluorescence decays measured by the TCSPC technique,
we have subsequently constructed the time-resolved area-normalized emission (TRANES)
spectra [3] that allows semi-quantitative analysis without a-priori knowledge of the excitedstate kinetics of the fluorophore. We found that in addition to components with nanosecond
lifetime, a sharp emission peak at ~504 nm with short (picosecond-range) lifetime is present
in FAD and flavoprotein fluorescence in vitro, as well as in autofluorescence decays observed
in cardiac cells. The existence of this fast component is most probably related to an electron
transfer between FAD isoalloxazine moiety and adenin (for free FAD) or protein residues (for
FAD bound in flavinoproteins).
The developed setup for spectrally resolved TCSPC combines the strength of both
spectral and fluorescence lifetime analysis and provides a solid base for the study of complex
systems with intrinsic fluorescence, such as identification of the individual flavinoprotein
components in living cardiac cells.
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Figure 1. Example of the spectrally-resolved fluorescence decay of flavin autofluorescence in one cardiac
myocyte after excitation by 438 nm picosecond diode laser. A) Full experimental recording. X axis – time, Y
axis – wavelength, Z axis - intensity. B) Multiexponential fit of the data in one selected spectral channel at
central wavelength 504nm. C) Flavin autofluorescence decay shown as time-resolved emission spectra (TRES)
plot with 1ns step. D) Example of the measured single cardiac cell with the laser beam spot.
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Nicotinamide adenine dinucleotide (NADH) is the principal electron donor in mitochondrial
oxidative energy metabolism, responsible for vital ATP supply for contraction of cardiac myocytes.
Intrinsic NADH fluorescence is long used for non-invasive fluorescent probing of metabolic state.
Nevertheless, in cardiomyocytes, a comprehensive study of NADH autofluorescence (AF) is still
missing. Our aim is therefore to investigate dynamic characteristics of NADH autofluorescence
directly in living cardiomyocytes utilizing simultaneous detection of their fluorescence spectra and
fluorescence lifetimes.
We have used spectrally resolved time correlated single photon counting (TCSPC) method to
study the amplitudes and the lifetimes of mitochondrial NADH molecules in cardiomyocytes
following excitation by a pulsed laser diode (375 nm, 20 MHz). Data were acquired via TCSPC
interface using SPCM software (SPCM_95, Becker&Hickl, Boston Electronics, U.S.A), by 16-channel
photomultiplier (PML-16, Becker&Hickl, Boston Electronics, U.S.A), after spectral decomposition
via an imaging spectrograph (Solar 100, Proscan, Germany). Cells and in vitro samples were mounted
on an inverted microscope (Axiovert 200M, Zeiss, Canada) and studied at room temperatures.
We have found that at least 3 exponential decay model, with 0.4-0.7 ns, 1.2-1.9 ns and 8.013.0 ns lifetimes is necessary to describe the AF in cardiac cells in control conditions at wavelength
between 450 and 550 nm. This finding is in agreement with results in cardiac mitochondria [1]. In
cardiomyocytes, NADH is the main electron donor necessary for creation of the electrochemical
gradient used in the process of oxidative metabolism for ATP generation. This process is initiated
following dehydrogenation of NADH by the lipoamide dehydrogenase (LipDH) in the Complex I of
the respiratory chain. We therefore questioned whether modulation of LipDH activity is capable of
affecting fluorescence spectral and lifetime characteristics of cardiomyocyte autofluorescence.
Application of rotenone (1 µM for 5-20 min), the inhibitor of the complex I of the respiratory chain
and therefore of the LipDH-related NADH dehydrogenation in single cardiomyocytes induced
significant increase in cardiomyocyte autofluorescence (Fig. 1Aa), determined as total photon counts.
This result is in accordance with the rise in free mitochondrial NADH content following restriction of
the respiratory chain. Normalized AF spectra in control conditions and in the presence of rotenone
were identical (Fig. 1Ab), suggesting same molecular contributors. Rotenone shortened fluorescence
lifetimes of all three lifetimes in living cardiomyocytes (Fig. 1Ac), leading to shorter mean lifetime.
On the other hand, dinitrophenol, an uncoupling agent for ATP synthesis was used to stimulate NADH
dehydrogenation to NAD+ by LipDH. As expected, application of DNP resulted in significant decrease
in cardiomyocyte autofluorescence (Fig. 1Aa), in accordance with higher NADH dehydrogenation
rate. Interestingly, after normalization, spectral broadening towards red spectral region of about 20 nm
was observed in the presence of the uncoupler (Fig. 1Ab). Fluorescence lifetimes of the 1st and the 2nd
component were significantly slowed in the presence of DNP when compared to control conditions
(Fig. 1Ac), leading to significantly increased mean lifetime.
Furthermore, NADH production in living cardiac cells was promoted in cardiomyocytes using
ketone bodies. 3-β hydroxybutyrate (BHB, 3 mM) was applied in basic extracellular solution in the
presence of different concentrations of acetoacetate (AcAc): 150 µmol/L to favor NADH production
and 1.5 mmol/L to maintain close to physiological conditions. BHB in the presence of 150 µmol/L of
AcAc significantly increased cell AF (Fig. 1Ba) in accordance with rise in free NADH concentration
in cardiomyocyte mitochondria. This effect, which was reversed by rise of AcAc to 1.5 mmol/L, did
not affect the spectral shape (Fig. 1Bb), or the fluorescence lifetimes (Fig. 1Bc). Obtained results were
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comparable to enhanced NADH concentration and NADH dehydrogenation by LipDH in vitro (data
not showed). From recorded data, we have constructed decay-associated spectra (DAS) to gather
spectral information on individual lifetime components (Fig. 1Ca to Cc). DAS data showed that in
control conditions, the 1st and the 3rd lifetime components of cardiomyocyte AF have emission peak
around 470 nm, while the 2nd lifetime component presents slightly blue-shifted spectral maximum
around 450 nm. Rotenone increased DAS intensity of all three lifetime components, while DNP
mainly affected the 1st and the 2nd components, as did the BHB/AcAc.
Our data demonstrate that spectrally-resolved fluorescence lifetime detection provides a
promising new tool for quantitative analysis of mitochondrial NADH consumption rate in living
cardiomyocytes, thus greatly improving investigation of energy metabolism and mitochondrial
dysfunction at cellular level.
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Figure 1. Analysis of spectral characteristics, fluorescent lifetimes and decay associated spectra of NADH.
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Vibrational imaging by CARS microscopy
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During the last decade, ultrasensitive microscopy has become one of the most
important tools in biophysics. Using fluorescence excitation, sensitivities down to the single
molecule detection limit can be achieved. While fluorescence microscopy is an extremely
useful tool, it has the disadvantage that the sample needs to be labelled. For this reason we
developed Coherent Anti-Stokes Raman Scattering (CARS) microscopy as a non-linear
optical technique suited for live cell microscopy (1). It features high spatial resolution and
sensitivity. Contrast is generated on basis of the vibrational spectra of the sample molecules
and can thus be used for microscopical imaging without the need to use external staining.
Because of the low scattering of the near-IR excitation wavelengths used, CARS microscopy
is ideally suited for whole tissue investigations. After a brief introduction into the basic
principles of CARS microscopy, recent technical developments such as CARS correlation
spectroscopy (2) and first applications to live cell and organism microscopy (3) will be
presented.
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Raman spectroscopy has the capability of identifying different biochemical
constituents of living cells, such as nucleic acids, proteins and lipids, with the advantage of
acquiring all this information concurrently. The natural environment for many cells (such as
blood cells) is to be in suspension. Optical Tweezers permits one to constrain a floating cell
allowing one to measure its Raman Spectrum (OTRS). This technique is non destructive, non
invasive, (and therefore sterile), and little or no sample preparation is required. There were
several successful biological applications of OTRS, for example, the detection of glutamate in
a single nerve terminal [1] or the study of the effect of alcohol solution on single human red
blood [2]. Our study focuses on obtaining time-resolved information and we succeeded in
keeping a single yeast cell alive in the trap for up to three hours, while studying its living
processes such as the detection of a hyper-osmotic stress response [3] and the cell-cycle of a
single yeast cell [4]. The interpretation of the acquired data is often ambiguous because the
growing cell undergoes continuous movement and rotation in the optical trap due to the
Brownian motion and organelle motility as well as the variation of its shape and size. We use
the Rayleigh scattered light in order to gain insights into this dynamics and its effect on the
acquired Raman spectra.
In many cases it may not be just desirable to have information about when
biochemical changes take place inside a cell but also to find out where these changes occur.
However a Raman imaging with a single beam optical trap cannot be performed. To facilitate
imaging we propose using multiple trapping beams around the periphery of the cell to
immobilize the cell. This not only allows for immobilizing asymmetric cells, but also
distributes the optical trapping power more evenly throughout the volume, limiting photodamage. Holographic Optical Tweezers (HOT), produced by a Spatial Light Modulator, are
used to generate such multiple tweezing sites and to scan a floating cell back and forth across
the focus of a stationary Raman excitation beam. In this way an image of the entire cell is
built up. We demonstrated the first example of a Raman image of a cancer cell in suspension,
with movement completely controlled by HOT [5].
This new technique will make it possible to acquire previously inaccessible time- and
space-resolved information of cells in suspension. Biomedical interest in areas such as drug
delivery systems, cell-cell interactions and cell signaling means that this is a technique which
has great future potential.
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Subglobular structure is one of the features of protein molecules. The correlated motion of
large parts of a protein molecule is proved with the molecular-dynamic computations (see, for
example [1]). This may serve as an indication of the existence of the selected degrees of freedom.
The interest in the problem of the subglobular motions has been stimulated by the experimental
results on the low-frequency Raman spectroscopy. The characteristic frequencies (20–30 cm–1)
correspond to the picosecond oscillation periods and, hence, terahertz frequencies. Note that the
simplest calculations yield similar results [2]. Being related to the motions of the large parts of a
protein molecule, the low-frequency oscillations can be directly associated with the functional
activity of enzymes, since, in accordance with the structure–function relation, the functional
activity involves the conformational transformations of a protein molecule as a whole. Raman
spectroscopy is a powerful tool in the analysis of the function-related conformational changes of
protein molecules [3].
We discuss the commonly accepted assumption regarding the overdamped character of the
low-frequency oscillations of macromolecules in solution and present both the results of the
calculations and the experimental data. In accordance with the model calculations, the Q factor of
the low-frequency oscillations of macromolecules can reach a value of 10, which corresponds to a
relatively narrow low-frequency Raman line. Using the experimental data on the Raman
spectroscopy of simple model molecules (tetrachloroethane and tetrabromoethane), we discuss
possibilities for the low-frequency oscillatory molecular motions in solution.
The disulfide bond involving the sulfur atoms of two cysteine residues plays an important
role in the stabilization of the spatial structure of protein molecules. The marker bands of the
disulfide bridges can be used in the study of the protein structure and in the interpretation of the
results obtained with the methods of molecular dynamics.
To observe and to assign the low-frequency Raman lines of the disulfide bridges, we study
three pairs of substances. Each pair can be considered as a monomer-dimer pair. Each of the
dimers is formed owing to the disulfide bridge. Cysteine and the corresponding dimer (cystine)
are the substances of the first pair. The monomer of the second pair is the LC dipeptide consisting
of leucine and cysteine. The monomer of the third pair is the IC dipeptide consisting of isoleucine
and cysteine. In the experiments, we use lyophilized samples.
The Raman lines that may be assigned to the disulfide bridge are observed in the intervals
135–185 and 215–235 cm-1 in the spectra of the peptides containing the disulfide bond (cystine,
(LC)2, and (IC)2). Based on the existing data, we assume that these lines correspond to the SSC
bending mode and the SS torsional mode. The lines observed may serve as the low-frequency
markers of the disulfide bridge. The assignment of the Raman lines observed in the interval 9–18
cm-1 is discussed.
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Small biomolecules and their hydrated complexes can be investigated, in the gas phase
and at the quantum level, by means of a combination of a microwave Fourier transform
spectroscopy experiment in a supersonic molecular beam and ab initio quantum chemistry
calculations. Most (hydrated) biomolecules have a permanent electric dipole moment and
exhibit a pure rotation spectrum. Supersonic gas expansion can easily form the parent species
and the hydrated complex with water on any site of the parent molecule available for
hydration. Therefore our strategy is to study sugars, amides, and their hydrated complexes in
the microwave range because their structure may be determined more accurately with the help
of high level ab initio calculations. A few results obtained recently in our group [1-5] will be
presented.
In particular, Conformational flexibility in the smallest hydrated sugar - the
glycolaldehyde-water complex - has been investigated. The water molecule inserts into
glycolaldehyde using H-bonding selectivity: the two lowest energy conformations are
stabilized by two intermolecular hydrogen bonds, and the next two by one intra- plus one
inter- molecular hydrogen bonds. A dynamical flexibility associated with the two lowest
energy conformations has been experimentally observed, and accurately modeled with a two
dimensional potential energy surface involving the hydroxyl group and the free OH water
group coordinates. The conclusions drawn from the role played in the conformational
flexibility by the hydroxyl and carbonyl groups are extended to other carbohydrates and
biomolecules [1].
Also N-methylformamide (a secondary amide) has been investigated in order to study
the the conformational flexibility and the relative energy between the E and Z conformers. By
following a systematic methodology, the MP2/VTZ level of the theory was found to provide
accurate molecular parameters. The controversy on the relative energy value has been
theoretically and experimentally resolved [2].
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In polymer theory there is still a strong focus on developing a qualitative
understanding of many fundamental problems like polymer dynamics in different
environments, crystallization, or the thermodynamics of complex polymer system. Most
computational studies are based on atomistic models behaviour. While these methods are
quite useful to gain qualitative insight, quantitative predictions of the behaviour of entire
chain are very hard to obtain from them.
The main problem in simulating complex macromolecular systems arises from the
huge number of degrees of freedom which limits the macroscopic length scale. One way to
get around this problem is reduce the degrees of freedom by coarsening the models and
keeping only those degrees of freedom relevant for the particular range of interest.
The present contribution describes a method of systematically generating mesoscale
models from atomistic models taking into account the chemical details of the systems. The
method has been applied on different types of polymer; here the results of simulations carried
on poly (vinyl alcohol), poly (acrylic acid), cellulose and polystyrene are presented. [1-3]
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We present various computational tools that can aid research of nanoscale systems, by
providing concrete examples of multiscale modeling workflows, in which mesoscale models
are contructed from atomistic data, and mesoscale simulation methods are used to generate
input for finite-element calculations. The link between the micro- and mesoscale is discussed
into more detail, in particular the coarse-graining route via the Flory-Huggins theory of
mixtures. We investigate a simple method to estimate the Flory-Huggins interaction
parameters from force field calculations, based on sampling the density-of-states of molecular
pairs in the space spanned by coarse-grained coordinates. We show how we use the densityof-states to calculate the excess free energy of mixing, and how this leads to mesoscale
interaction parameters. The role of entropy introduced by the process of coarse-graining and
ways to calculate this contribution are discussed.
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Ketoprofen (KP) and Nabumetone (NB) are non-steroid anti-inflammatory drugs
(NSAIDs), both of which undergo phototoxic degradation process. The initial steps along the
reaction pathways involve photoinduced decarboxylations of the deprotonated acids, for
which the two systems display a different behaviour. For KP, the decarboxylation occurs with
very low barrier (2-4 kcal/mol) from the first excited singlet state, and spontaneously from the
first excited triplet state. NB, on the other hand, decarboxylation from the active metabolite 6methoxy-2-naphthylacetic acid (MNAA) is associated with a small barrier (3 kcal/mol) in the
triplet state. For neutral KP, both the three lowest singlet excited states and the lowest triplet
state are all stable, and no decarboxylation is observed.
Following the dissociation, radical rearrangements and reactions with molecular
oxygen occur, thus serving as a source for superoxide, singlet oxygen, and peroxy radicals
that in turn can induce damage to a variety of biological macromolecules, including lipid
peroxidation and DNA damage. These effects, albeit unwanted in normal treatment of
inflammatory conditions, can be utilized in conjunction with anticancer drugs in order to
facilitate radiotherapy treatment [1].
We herein report on the photodegradation pathways of these compounds, including the
generation of reactive oxygen species, studied at the B3LYP/6-31G(d,p) level of theory,
including bulk solvation effects [2,3]. The difference in intitial photodegradation is explained
in terms of the orbitals involved in the processes, and how these change depending on
protonation state of the system. All calculations are performed using the Gaussian 03
programme [4].
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In this talk I will describe modelling of multi-photon processes and general non-linear
optical effects for biological applications using molecular marking. The project is rooted in
that novel compounds featuring large multiphoton absorption cross sections are of great
interest due to many attractive applications exploiting high order non-linearity of media's
response to exciting light. These include, for example, ultrahigh-resolution biological imaging
using multiphoton confocal microscopy, high-efficiency upconverted lasing from infra-red or
visible light, photodynamic therapy and optical power limiting, where the range of radiation
amenable to effective suppression can be extended to the infra-red region. Our applications
have been carried out in collaborations that involve design by theoretical modelling, synthesis
and characterization. The research has mostly addressed organic and organometallic
compounds, but has recently also been extended to the design of multiphoton quantum dots.
These offer the combined advantage of brilliance and photo-resistance of normal quantum
dots with the 3-dimensional confocality and penetration of multiphoton excitation, something
that can have a broad ramification on fluorescence based experiments in biology.
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In our contribution we will shortly present our results concerning the modeling
of interactions between the PDT agent hypericin and selected macromolecular targets - HSA
(human serum albumine) as transporting medium and PKC (proteinkinase C) as important
molecular target. At the end we will outline challenges and paths to modeling of molecular
interactions involved in PDT at reaction kinetics level.
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In the present study, ground and excited state properties of naphthazarin, alizarin,
quinizarin, emodin and danthrone (fig. 1) were investigated within the frame of density
functional theory (ground state) [1] and time-dependent density functional theory (TD DFT)
in adiabatic approximation (excited states) [2-6].
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Fig. 1. Molecules considered in the presented computational study. For the lack of space, only neutral
forms and the single protomer of each molecule is depicted.

The influence of solvent effects on vertical transitions in different ionic and
protomeric forms were evaluated with the help of polarized continuum model (PCM). In the
work, basis set size effects and the influence of selected density functional on predictive
power were thoroughly examined and compared with results obtained at CIS level and with
semiempirical ZINDO method. The calculated transition frequencies and oscillator strengths
were compared with available data from absorption spectroscopies obtained at different pH
and different solvents.
Inclusion of solvent effects within the polarized continuum model was found to be the
most important factor, significantly improving quantitative agreement between theoretical
predictions and experimental observations. In general, the deviations between the
experimental and predicted transitions were found to be below 0.3 eV, which makes (within
the inherent limitations) TD DFT method the method of choice for low-lying excited states
for medium sized molecules .
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Partitioning of macromolecules into micropores was recently newly pioneered by
molecular experiment with visualization of single DNA macromolecules encased in two
interconnected cavities [1]. A molecular simulation of excluded volume chain (coarse-grained
bead-spring model) in this situation was performed here focused on the distribution of
conformations in the twin-cavity and on the conformational transition from the single cavity
occupancy to the conformation bridging the two cavities, which appears on the increase of
confinement, Figure 1.
We present a simple concept of interplay of confinement and concentration for
flexible macromolecules encased in the interconnected cavities [2]. For flexible
macromolecules the chain starts to penetrate effectively to the other (smaller) cavity when the
coil size reaches the cavity size.
In the next step we show that similar bridging transition occurs induced not only by
increased concentration but also by increased chain stiffness. Moreover, at strong confinement
and high chain rigidity an unexpected asymmetric bridging, Figure 2, is observed as a stable
conformation during the translocation process for which a tentative explanation is proposed
[3]. For more rigid chain the penetration of chain into the other cavity is not governed by the
coil to pore size ratio as for the flexible chain but by a complex interplay of confinement,
concentration and chain rigidity. It is shown that the chain can redistribute its local properties
(such as persistence length) along the chain segments located in different cavities in order to
decrease the overall free energy. Observed asymmetric translocation conformation, Figure 2,
appears as the result of such equilibrium.
We started investigation of translocation between cavities through cylindrical channel
between cavities (instead of simple opening between interconnected cavities) and investigate
also the role of asymmetric neck between cavities. This asymmetric channel is supposed to
contribute to possible mechanisms of macromolecular translocation in real systems.
These results are relevant for many processes such as separation of macromolecules in
gel permeation chromatography or gel electrophoresis, biological applications such as
macromolecular translocation into or across bio-membranes, phage infection or translocation
of proteins across bio-membranes. Similar is the mechanism of macromolecular transport in
drug delivery or biotechnology of gene transfer. Obviously the observed effects in two
interconnected cavities will appear also in larger systems of many interconnected cavities
which are characteristic for random porous medium. We believe that the system of
interconnected cavities is a suitable model for generic issues for these complex systems.
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Figure 2
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Figure 1. Scheme of two interconnected spherical cavities with encased semi-flexible
i macromolecule.
Figure 2. Probability of chain conformation having i segments in cavity 1 and N-i segments in cavity 2. Bridging
transition on increasing chain stiffness and the break-up of bridging conformation into two asymmetric
conformations for higher rigidity is seen in the increase of probability in the middle range of translocation
variable i; chain length N=100 for symmetric cavities, D=10, chain stiffness energy parameter b = 0-35 is
indicated in the insert.
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Lipid-protein interactions are of fundamental importance for understanding both the
structural integrity and functions of biological membranes. Among membrane proteins, the
integral ones are of special importance due to the wide variety of function they perform in the
cells, such are e. g. receptor activity, energy transduction or active transport. Despite
extensive experimental and theoretical studies, the knowledge on the mechanisms of proteinlipid interaction is still incomplete (see [1,2] for recent reviews). In order to overcome the
problem of the complicated structure of the integral proteins and their isolation and
purification, chemically synthesized peptide models of specific regions of natural membrane
proteins have been used in biophysical studies of the mechanisms of protein-lipid interactions.
Among others, the α-helical peptide acetyl-K2-L24-K2-amide (L24), has been successfully
utilized as a model of the hydrophobic transmembrane α-helical segments of integral proteins
[3]. This peptide contains a long sequence of hydrophobic leucine residues capped at both the
N- and C-termini with two positively charged, relatively polar lysine residues. The central
polyleucine region of these peptides was designed to form a maximally stable α-helix which
will partition strongly into the hydrophobic environment of the lipid core, while the dilysine
caps were designed to anchor the ends of these peptides to the polar surface of the BLM and
to inhibit the lateral aggregation of these peptides.
These model peptides acetyl-K2-A24-K2-amide (A24), acetyl-K2-I24-K2-amide (I24),
acetyl-K2-L24-K2-amide (L24), acetyl-K2-(LA)12-K2-amide (LA12), acetyl-K2-G-P24-K2-Aamide (P24), acetyl-K2-V24-K2-amide (V24) have been studied by using of the molecular
dynamics method. The simulations were done by using of the Gromacs software [4]. The
system we used for simulation has been set up using a rectangular box employing periodic
boundary conditions. An equilibrated DMPC, DPPC bilayer surrounded with water molecules
has been used [5] as the model bilayer. The molecular dynamics (MD) simulation took place
within up to 10 ns at temperatures at which bilayers occurred in the liquid-crystalline state.
Molecular dynamics simulations were performed at constant pressure and temperature.
The trajectory analysis gave the information about the protein behavior in the model
membrane, its influence on the membrane and structure parameters of the system. Detailed
results will be given in the lecture.
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Figure 1: Systems (I24 in DMPC and DPPC) after 10 ns simulations (the water has been removed)

The figures presented above illustrate the positions of the I24 peptide in the model
membranes in liquid-crystalline state.
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The low-affinity fluorescent indicators Rhod-5N and MagRhod-2 are used in confocal
microscopy for measurements of intracellular concentrations of Ca2+ and Mg2+ ions.
However, the association constants of their complexes with Ca2+and Mg2+ are not known with
sufficient precision and often vary from batch to batch (1, 2). We have measured the calcium
dependence of fluorescence of Rhod-5N, as well as the magnesium dependence of
fluorescence of MagRhod-2 and MagFluo-4, using high temporal resolution confocal spot
microfluorimetry. The fluorescence was excited of Rhod- and Fluo-based indicators was
excited at 543 nm and 488 nm and the fluorescent emission was measured in the range of 550600 nm and LP 505 nm, respectively.
Because of the low affinity of indicators and unavailability of low-affinity calcium
buffers, the measurements were done in the absence of Ca2+ and Mg2+ buffers, and the
theoretical concentration dependence accounted for the material balance of all components.
The estimated equilibrium constants (KMe) of indicators are summarized in Table 1.
Table 1. The properties of fluorescent indicators

Ion

KMe (mM)

(∆F/F)max

n

Ca2+

0.7 ± 0.06

7.9 ± 0.37

7

MagRhod-2

Mg

2+

18.9 ± 1.7

2.3 ± 0.05

12

MagRhod-2

Mg2+

18.3 ± 0.9

2.4 ± 0.07

12

*

Mg

2+

7.4 ± 0.4

2.1 ± 0.05

12

Mg

2+

7.3 ± 0.6

2.2 ± 0.05

12

Indicator
Rhod-5N
*

MagFluo-4
MagFluo-4
*

in the presence of 1mM CaEGTA

The affinity of all indicators to the studied cations is very low. Interestingly, the
maximum fluorescence increase upon complexation (∆F/F)max was much smaller than
advertised by the supplier (3).
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Main sources of cell autofluorescence, when excited by visible light, are oxidized
mitochondrial flavins and flavoproteins having overlapping emission spectra in the
wavelength region of 490-560 nm. Their redox fluorimetry is based on the loss of flavin
fluorescence in reduced state.
Our aim was to develop tool for investigation of mitochondrial redox responses in
living cells, based on spectrally and spatially resolved intrinsic fluorescence.
The study was done on isolated rat cardiac myocytes. Spectral and spatial distribution
of autofluorescence was recorded using laser scanning confocal microscope LSM 510 Meta
(Zeiss), in response to excitation by 458 nm.
To gather emission spectra related to mitochondrial metabolism and respiration, we
applied modulators and/or substrates specific for individual levels and pathways, which
implicate flavin cofactors. Mitochondrial responses to application of the mitochondrial
uncoupler 2,4-Dinitrophenol, the blockers of respiratory chain at the level of Complex I and
Complex IV rotenone and sodium cyanide, respectively, and the medium-chain fatty acid
octanoate, were detected as changes of autofluorescence intensity and spectral shape. To
identify major spectral components, principal component analysis (PCA) was applied on
multispectral images of modulated myocytes. Resulting three distinct spectral species were
ascribed to LipDH and ETF flavoproteins, free FAD and acyl-CoADH, according to their
responsiveness to modulators [1]. Subsequent application of linear unmixing algorithm on
multispectral images enables us to simultaneously monitor changes of cell autofluorescence
related to LipDH, free FAD and acyl-CoADH. We also applied this approach on
characterization of the autofluorescence photobleaching in cardiac cells and revealed
spectrally nonuniform photobleaching decay due to different bleaching rates of the individual
spectral components.
Using multispectral imaging, applying PCA and subsequent linear unmixing, we
developed a new tool for investigation of oxidation-reduction properties of isolated
cardiomyocytes on subcellular level.
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In recent years spectroscopic methods have been developed as useful tools in a large number of medical
applications [1]. The fluorescence detection gives a possibility for real-time, noninvasive diagnosis of tumors
and other tissue pathologies [2]. In general, the predictive accuracy of optical biopsy is better than prediction
based on biopsy solely [3, 4]. Laser-induced autofluorescence is used to discriminate between normal and
atherosclerotic tissues [2], for early detection of bronchial cancer [5], breast cancer [6], gastrointestinal neoplasia
[7]. Fluorescence spectroscopy is also utilized for investigation of different skin lesions, as well as for
differentiation between malignant and benign cutaneous neoplasia.
In the present study, we report the results obtained with the excitation at 337 nm of the endogenous
fluorescence of base-cell benign and malignant cutaneous lesions. Initially, lesions were classified visually by
experienced dermatologist and dermatoscopically (MoleMax II, DERMA Instruments). Each lesion was
evaluated using ABCD scoring criteria as follows: Asymmetry (A), Border (B), Colour (C) and Dermoscopic
structures (D), according recently published dermatoscopy’ manual [8]. All suspicious lesions were excised.
After excision materials were investigated histologically by standard methods. The histological examination was
used as a “gold” standard for determination of the lesion type.
All skin lesions were exposed to a 14 µJ, 10-Hz repetition rate, 337-nm, nitrogen laser ("ILGI-503",
Russia). Optical fibers were used to deliver the excitation and fluorescence signal. Several spectra of each lesion
were detected. Averaged spectrum from the health skin area was used like an indicator of the spectral changes in
the lesion areas. The signals were registering using a fiber-optic microspectrometer (PC2000, "Ocean Optics",
Dunedin, USA). A computer was used to control the system and to store and display the data.
The spectra and dermatoscopic evaluations were obtained as described above from 38 cases of base-cell
lesions, namely 21 cases of base-cell carcinoma (97 fluorescence spectra detected), and 17 cases of base-cell
papilloma lesions (83 spectra). All subjects were Caucasian volunteers with skin type II and III by the
classification of Fitzpatrick. All measurements were carried out after approximately 10 min of rest for each
patient at room temperature ranged from 23 to 25˚C.
Using excitation at 337 nm, normal skin fluoresces in the region 400-550 nm with highest intensity at
470-500 nm (collagen cross-links fluorescence) [3] and one secondary maximum at 440 nm where is NADH
fluorescence [4]. Keratin content in normal skin has influence on the fluorescence in region over 500 nm. The
influence of melanin and hemoglobin content could also be observed in fluorescence spectra of normal skin.
These pigments deform the spectral shape of fluorescence signal measured. Hemoglobin has two strong
absorption bands at 420 and at 540-575 nm. Melanin has non-structured absorption in whole spectral region
investigated and its influence is pronounced in the decrease of fluorescence signals detected from more
pigmented skin areas.
Fluorescence intensity obtained from benign basocellular lesions had lower values than from that of
normal skin signals. Relative increase of fluorescence maximum in long-wavelength region were observed for
all cases of papilloma, related to increase of keratin content in these lesions, which fluoresces in 520-560 nm
(figure 1a). In the case of a base-cell carcinoma the fluorescence intensity was much lower that of surrounding
normal skin. Besides that, there was observed differences in the form of the fluorescence signal of the tumor, in
comparison with fluorescence signal of the normal skin in the short wavelength spectral region around 380-460
nm, see figure 1b. Normalized with respect to maximum spectra are presented for better visualization of the
spectral shape differences observed in lesions.
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(a)
(b)
Figure 1. (a) Normalized with respect to maximum autofluorescence spectra of base-cell papilloma, compared to the
spectrum of normal skin; (b) normalized with respect to maximum autofluorescence spectra of base-cell carcinoma,
compared to the spectrum of normal skin. All spectra are averaged by lesion type. Spectra are smoothed regardless of the
instrumental noise.

The ratios R1=I385/I490 and R2=I550/I490, were found to be the most appropriate for differentiation between both
types of base-cell lesions and normal skin. R1 differentiates rapidly carcinoma vs. papilloma and normal skin,
and R2 differentiate papilloma. For boundary values are selected values: R1 > 0,18 - base-cell carcinoma, and for
R2 > 0,54 – base-cell papilloma, as if the lesion investigated has R1 and R2 higher than the indicated boundary
values the version base-cell carcinoma is chosen, to reduce possible number of omitted cases of malignant lesion
detection. In the table 1 are presented ratios values as well as their standard deviations and the diagnostic
accuracy obtained in comparison of the normal skin, base-cell papilloma and carcinoma.
Table 1. Values of ratios chosen for development of diagnostic algorithm for differentiation of normal skin, base-cell
papilloma and base-cell carcinoma with their standard deviations and the diagnostic accuracy obtained in comparison
between normal skin and lesions as well as between base-cell papilloma and carcinoma of the skin.

Skin condition
Normal skin
Base-cell papilloma
Base-cell carcinoma

R1=I385/I490

R2=I550/I490

0,15 ± 0,01
0,14 ± 0,03
0,26 ± 0,07

0,36 ± 0,05
0,62 ± 0,09
0,46 ±0,08

Diagnostic accuracy
Healthy/Disease
Papilloma/Carcinoma
--87,5 %
-82,2 %
92,6 %

It was received a good correlation between histological analysis of the skin and repeatability of the
features of the fluorescence signals from patient to patient with one-type lesion obtained from spectroscopy.
Although the number of reported cases do not permit us to create general diagnostic algorithms, on the base of
the observed spectral changes, results of the present study suggest that the used method of approach, related to
creation of algorithms between specific wavelengths of obtained lesions and normal skin spectra can provide
useful information on the given lesions.
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The skin is one of the most investigated subjects using optical spectroscopy because of its easy
access and great diversity of skin alterations, which give optical properties changes. Laser-induced
autofluorescence spectroscopy (LIAFS) is applied for investigation of optical properties of normal and
diseased skin [1-3].
In present study autofluorescence spectra of normal mice, chicken and pig skin in vivo and/or in
vitro were measured and were compared with the results obtained from fluorescent measurements of
normal human skin in vivo. All skin samples were exposed to a 14 µJ, 10-Hz repetition rate, 337-nm,
nitrogen laser ("ILGI-503", Russia). Optical fibers were used to deliver the excitation and fluorescence
signal. Constant distance between end tip of the excitation/emission fibers and skin surface were applied
using mechanical stand to avoid influence of vertical positioning on the fluorescence intensity level. The
fluorescence spectra were registering using a fiber-optic microspectrometer (PC2000, "Ocean Optics"
Inc.), controlled by computer.
Six pig skin samples as well as twelve chicken samples were obtained from abattoir. Skin from
the samples was gently removed and several square skin pieces 2x2 cm were prepared from each
sample. Every piece was investigated by LIAFS method detecting 4 to 6 points. Results from the
fluorescence measurements were averaged by piece and animal type. Third animal model used were 12
mice in vivo (mouse type - C57/B1), which skin fluorescence was examined for purposes of
photodiagnosis and photodynamic therapy procedures in earlier study. The mice were used for
investigation of malignant melanoma growth and phthalocyanines photosensitizing efficiency for PDT
[4]. However, before implanting of MM cells we measured autofluorescence in the mouse leg, where the
tumor would be applied. From other leg, which was used as control, we measured five fluorescence
spectra every week during all experiments and this procedure was applied for every animal, included in
the study. These measurements were used for feed-back purposes.
Several healthy volunteers from the institute were measured for needs of LIAF spectroscopy of
human skin. Five to seven points from medial, lateral part of the hand and palm were detected and
averaged for every person and for exact anatomic area and skin phototype. Three of the volunteers
included in the study had phototype I, eleven persons had skin phototype II, and five of the volunteers
had skin phototype III.
On figure 1 is presented comparison of the fluorescence spectra obtained after excitation at 337
nm for all skin samples. Spectra are averaged by origin and smoothed using Savitzky-Golay method to
reduce the experimental noise. From the comparison applied is obvious that the closest fluorescent
features to that of the normal human skin
have mice. These animals are widely used
for photodiagnosis and photodynamic
therapy applications [5, 6].
Some recent reviews discuss in
details
endogenous
chromophores
consisting in human skin – absorbers and
fluorophores, their content and spatial
distribution in the skin layers, as well as
Figure 1. Comparison of the skin autofluorescence spectra
from different species using excitation at 337 nm. Spectra
are averaged for every kind of skin and are smoothed and
normalized with respect to maximum intensity.
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their impact over fluorescent spectra [3, 7 – 9]. The fluorophores, which determine the normal skin
fluorescence signal, are collagen, elastin, NADH and flavins. The resultant spectrum obtained from
human skin is situated at the 380-520 nm spectral region [2, 3, 7, 8, 10].
Fluorescence of murine skin is detected by So et al [11] using two-photon excitation technique
and the signal obtained is addressed to NAD(P)H for the epidermal layer and to collagen and elastin
fibers in derma. Investigations for detection of neoplasia are made and the fluorescence maxima
pronounced are recognized as collagen I, NADH, FAD, and porphyrins [12]. Tumor mice skin
measurements revealed well pronounced absorption of hemoglobin at 390-430 nm compared with
normal skin, where this feature is not expressed [13].
Other very used model in optical studies is porcine skin tissue. It is used for investigations of
drug delivery, wound healing after heat or chemical burning, modeling of light distribution in the skin
and etc. In summary, using single and two-photon excitation fluorescence in porcine skin are observed
several fluorescent maxima, related to different fluorophores in the pig cutaneous tissues – collagen with
maxima of the signal at 350-420 nm region, elastin –at 400-450 nm NADH and NAD(P)H, which
fluoresce at the region at 400-500 nm and flavoproteins, fluorescing at green spectral region (>500 nm)
[14, 15]. Collagen type VI, which is not typical for human skin [16], is well pronounced in pig skin and
has fluorescent maximum in pure form at 420-450 nm and has significant influence in the shape of the
fluorescent signals obtained from this skin kind [17].
Chicken skin fluorescence is used in some experiments for investigation of collagen spectral
features. Using second harmonic generation through confocal imaging of biological tissues is measured
collagen content in chicken skin in vitro. The signal obtained is addressed to the second order nonlinear
susceptibility of different types of collagen, existing in chicken skin – type I-III [18], which are expected
to induce fluorescence signal at proper conditions. Type I and type III collagen are also extracted from
chicken skin in work of Cliche at al [19].
Optical spectroscopy, and in particular laser- or light-induced autofluorescence spectroscopy
(LIAFS), provides excellent possibilities for medical diagnostics of different tissue pathologies including
cancer. However, to create whole picture of pathological changes, investigators collect spectral
information from patients in vivo or study different tumor models. Fluorescent measurements, related to
tumor modeling of human skin, drug penetration, wound healing, and progression of diabetic and
chemotherapy complications are traditionally made on animals. Therefore it is very important to find the
most appropriate and close to the human skin samples from the point of view of laser-induced
fluorescence spectroscopy, which will give the possibility for easier transfer of data obtained in animal
models to spectroscopic medical diagnostics in humans.
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Recent progress in biological sciences asks for development of geometrical modeling
tools capable of creating 3D models of biological structures, which would make easier to
grasp and communicate very complex features of biological objects. Currently, computer
hardware offers great possibilities for representation and visualization of virtual biological
models.
The structure of muscle cells is given by the three-dimensional organization of their
numerous intracellular organelles. These organelles, vary widely in their size, shape, and
location within the cell. The organelles often display complex spatial relationships. To
understand them in their complexity, realistic computer models of cells may be instrumental
and may serve for virtual experiments as, for example, in validation of the stereological and
morphological techniques.
The basic organelles of striated muscle cells are myofibrils, mitochondria, t-tubules,
and sarcoplasmic reticulum, organized in elementary contractile units, the sarcomeres, which
repeat along the longitudinal axis of muscle cells at about 2 micron periodicity. Each muscle
fiber is enwrapped by a thin membrane, sarcolemma.
We present here a modeling concept based on the theory of implicit surfaces [1],
which provides a suitable way for modeling of organic like surfaces. An implicit surface is
defined as a set of points that satisfies the equation (implicit function) f(x)=0. Each organelle
of muscle cell is represented by a single complex implicit equation. According to the
requirement of general implicit modeling, we have developed the modeling tool – XISL
(XML based scripting of Implicit Surfaces) [2]. XISL provides utilities to define and to
process the various forms of implicit functions (Figure 1)

Figure 1. Textual notation of the depicted object in XISL language.

Our aim was to create tools for construction of idealized models rather than of exact
ones. Modeling starts in the modeling plane, a continuous planar graph that divides the plane
into a finite number of closed non-intersecting polygons (Figure 2 left), which represents
contours of myofibrils inside the polygons. The system of polygons enables tight placement
of contours of neighboring organelles. To build 3D implicit objects we used quadratic
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interpolation between two implicit functions belonging to the same object in adjacent
modeling planes. The myofibrils that span many sarcomeres are defined by corresponding
profiles in each plane.
Many organelles are very small. Their modeling using the polygon-based approach
would require many closely spaced modeling planes. To avoid this, the small organelles are
defined by a set of skeletal elements (points and lines) and a set of distance functions assigned
to them. These elements are drawn directly into the three-dimensional scene. An example of a
resulting model is given in Figure 2.
It can be concluded that the modeling based on the theory of implicit surfaces is
suitable for creating models of skeletal muscle cells. The software implementation with
nowadays personal computers allows creation of rather complex geometric models with all
advantages of computer presentations and secondary processing like sectioning, zooming,
rotating etc.

Figure 2. Left: Modeling planes define the basic topology of myofibrils. Right: An example of the final model
of a muscle cell segment clipped at the front plane.
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Volume estimation of single cardiac myocytes stained with calcium indicator Fluo-3 is
complicated by low fluorescence of this probe when imaging cells in resting conditions.
Therefore, a user interaction is needed for cell border identification, which is not precise and
is time-consuming when large groups of myocytes are analyzed. Active contour algorithm is
an automated segmentation method used for detection of cell borders in confocal data with
low contrast [1]. The aim of this study was to apply this algorithm for volume estimation of
cardiomyocytes stained with Fluo-3.
The work was done on Wistar rats (Dobra Voda). Left ventricular cardiomyocytes
were isolated following retrograde perfusion of the heart with proteolytic enzymes [2].
Confocal images of isolated myocytes were obtained by laser scanning confocal microscope
LSM 510 Meta (Zeiss) after staining with Fluo-3 fluorescent probe (1 µmol/l, ex/em 488/515
nm). All computations were performed using the IBM Linux parallel cluster with computation
libraries and scientific computing software (NAG).
We used an active contour model [3] in each separate optical slice of the cell (Fig. 1).
Potential functional of active contour was selected as:
2
P(v(s)) = -I(x(s), y(s)) – ∇I ( x( s ), y ( s))

To find a contour v(s) that minimizes contour energy, Euler-Lagrange equation was
solved using finite differences minimization algorithm [4]. Cell volume was computed as a
sum of voxels inside the contours, multiplied by single voxel volume. Rendered shape of
cardiomyocyte calculated from 3D confocal data (original data shown at Fig. 2B) is
demonstrated at Fig. 2C.

Figure 1: Cardiomyocyte shape segmetation in single 2D slice by active contour algorithm.
Initial shape is identical with image borders. A) 2nd iteration, B) final iteration. Bar: 20 µm.

To estimate the dependence of the algorithm on the settings of the confocal
microscope, we tested the same procedure on fluorescently labelled spheres (Focal-Check
Microspheres, Molecular Probes, 15 µm, ex/em 488/515 nm). As presented in fig. 3A, the
estimated values of sphere volume were most dependent on the confocal pinhole diameter.
Detector amplifier gain influenced the calculated volume in a lesser extent (fig. 3B). Laser
illumination had only marginal effect on the sphere volume under condition that intensities
below 2 µW (1% of laser intensity) were chosen (fig. 3C). In myocytes, we detected
invaginations of the calculated shape to the interior of the myocyte if the image is detected
with a low signal-to-noise ratio. To avoid underestimation of the cell volume resulting from
this limitation, we have applied a pre-processing routine before the segmentation procedure,
implemented as a Gaussian blurring with variable kernel size (fig. 3D).
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Figure 2: Brightfield image (A), orthoslices
of 3D confocal image (B) and rendered
shape (C) of the isolated cardiac myocyte.
Bar: 20µm.
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Using the method described above, we have estimated mean value (± SEM) of the
cardiomyocyte volume to 42.8 ± 1.6 pl (N=66). For comparison, we have applied the same
segmentation algorithm to myocytes stained with membrane indicator di-8-ANEPPS
(5 µmol/l, ex/em 488/>560 nm). No significant change in cell volume was observed when
compared to the Fluo-3 stained myocytes.
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Figure 3: Impact of confocal pinhole diameter (A), amplifier
gain (B), laser intensity (C) and Gaussian bluring kernel size
(D) on the resulting rendered volume of the fluorescently
labelled sphere. Dashed line: theoretical volume of the sphere.
Fixed parameters used for the measurements if not specified
otherwise: pinhole diameter 2AU, amplifier gain 475, laser
intensity 1.4 µW, kernel radius 3 pixels.

Conclusion
We have used active contour algorithm for estimation of the volume of single cardiac
myocytes stained with calcium indicator Fluo-3. Algorithm testing on model spheres with
known shape allowed us to find optimized settings for the confocal scanning protocol and
data pre-processing. Described method can be used for fast calculation of cardiomyocyte
volume after staining with wide range of fluorescent indicators, making possible the quasisimultaneous measurement of the cell volume and its functional parameters (calcium
concentration, membrane potential etc.) on the same myocyte.
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Spectrally resolved fluorescence microscopy starts to be an essential tool for
inspection and characterization of complex physiological processes occurring in cells.
Simultaneous imaging of multiple signaling fluorescent molecules with various subcellular
spatial distributions allows to investigate the different levels of physiological processes at
same time without needs for repetitive measurements [1]. The range and character of
processes depends on the chosen fluorescence dyes. Although a wide variety of fluorescent
probes is currently available, the number of probes that can be applied simultaneously is often
limited by the overlaps among their fluorescence spectra [1]. From this point of view, the
separation of the fluorescence contribution from multiple dyes becomes the one of the major
challenge in the spectrally resolved microscopy.
If the spectral characteristics of the fluorescence molecules are considered, the
mathematical methods can be applied in the post-processing of the fluorescence images to
calculate a spatial distribution for each fluorescence probes in a sample. Three methods can be
used to classify image pixels based on the spectral signature – principal component analysis
(PCA), supervised classification (SCA) and linear unmixing. The last two mentioned methods
require knowledge of the reference spectra for given dye, which are not always known a priori
or cannot be easily recorded for given samples. The first one method – PCA can be applied
for blind or adaptive spectral decomposition of spectral images without any knowledge of
their spectral composition.
In this study, we developed the spectral decomposition method based on PCA for
spectrally resolved confocal microscopy. This method allow to estimate the number of, in
principle unknown, fluorescence compounds in a given samples and calculate their spatial
distributions. As test data for all our calculations, we have used a set of autofluorescence
images of isolated rat cardiac myocytes. Test data was recorded using laser scanning confocal
microscope LSM 510 Meta (Zeiss), in response to excitation by 458 nm.
The data for PCA analysis were extracted from spectrally resolved confocal images by
following way: The each recorded fluorescence image was firstly segmented to obtain pixels
belonging to the cells and to remove all background pixels from further analysis. The
segmentation was done by using maximum intensity value projection of spectral image to 2D
gray-scaled image following by selection of appropriate threshold intensity value to depict all
pixels that belong to inspected cell. Then, the spatial relationship of pixels was ignored and the
resulting spectral image of cell was considered as set of m independent spectra where m was
number of extracted cell’s pixel. This procedure was repeated on different (n = 6 - 18)
cardiomyocyte’s autofluorescence images what has resulted to set of M independent spectra,
where of M was sum of pixels extracted from each confocal images. The spectral data were
arranged as a spectral matrix D of range M x 16, where 16 is number of channels used for
capturing of spectral pattern. Such constructed spectral data set was the input for further PCA
analysis.
In the first step of PCA analysis, the number of significant independent sources of
variation (the components), which could generate the matrix experimental data without lost of
information, was defined. The number of rows or columns in the data matrix, whichever is
smaller, defines the maximum number of extractable components. The PCA approach
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assumed that observed experimental data matrix can be expressed as a linear combination of
independent components and if matrix notation is used, this fact can be expressed:
D=S*C

where S is the matrix of independent spectral features and C is the matrix of the relative
contributions of the independent components in the spectral mixtures. To identify S
respectively the number of components, matrix D was decomposed into eigenspectra matrix R
and an abstract eigenvector matrix C according to
D=R*C

Eigenvalue’s extraction was done by using single value decomposition technique [2,
3]. The one-tailed F-test based on the calculation reduced eigenvalues was applied to
determine the most significant eigenvalues that reveal eigenvectors that could be considered
as true sources of structural variations in the data matrix [2]. F-test was performed on the
significance level of 0.01. After the number of components was known, individual
component’s spectra were estimated following the obtained eigenvectors using target
transformation method described in [4]. As an initial estimation of potential target spectra, the
difference spectra between the spectral pattern observed in cardiomyocytes after specific
modulation of metabolism and respiration, were chosen. The final spectra were computed
using Levenberg-Marquardt fitting alghoritm.
In this study, we have developed tool that allow to analyze the composition of spectral
resolved fluorescence images without any a priory knowledge about spectral characteristics
related to inspected images. The results of study constitute an important background for future
study of simultaneous imaging with multiple fluorescent compounds in living cells.
Acknowledgement
This work was supported by the Slovak Grant Agency under the grant VEGA No. 1/2283/05 and the Slovak
Agency for Support of Research and Development under the contract APVV- 20-056105.
References
[1] M. E. Dickinson, G. Bearman, S. Till, R. Lansford and S. Tille, BioTechniques 31 (2001), 1271-1278 .
[2] E. R. Malinowski, Factor Analysis in Chemistry, 2nd ed., John Wiley &Sons, Inc., New York (1991).
[3] W. H. Press, S. A. Teukolsky, W. T. Vetterling and B. P. Flannery, Numerical Recipes in C, Cambridge
University Press (1992).
[4] S. Beauchemin, D. Hesterberg and M. Beauchemin, Soil Sci. Soc. Am. J., 66 (2002), 83-91.

Investigation of cardiac tissue using TOF – SIMS analysis
CS. BIRO1, M. ARANYOSIOVA2,3, A. CHORVATOVA4, D. CHORVAT jr.2 and D. VELIC2,3
1

Faculty of Mathematic, Physics and Informatics, Comenius University, Bratislava , Slovakia
Laser Center, Bratislava, Slovakia
3 Faculty of Natural Sciences, Comenius University, Bratislava, Slovakia
4 Research Center of Sainte – Justine Hospital , Montreal, Canada
e-mail: biro@ilc.sk
2 International

Time-of-flight secondary ion mass spectrometry (TOF-SIMS) was reported to be very
promising and valuable method for identification of specific molecules in muscle cells, brain
tissues [1], or blood cells [2]. In our study, heart muscle tissue and isolated cardiac myocytes
from spontaneously hypertensive rats (SHR) were analyzed using TOF-SIMS technique by
gold cluster ion bombardment. The objective of this study was to identify phospholipids,
cholesterol, fatty acids and their fragments in isolated cardiomyocytes and heart tissue, as well
as imaging of their spatial distribution within the cardiac tissue slices.
Cardiac myocytes were islated by proteolytic enzymes, stored in physiological
solution and measured dryed on Si substrate after cleaning in pure water. Tissue slices of
10µm thickness were prepared using cryo-microtomy, deposited on Si substrate and dried at
room temperature. Experiments were performed by using TOF-SIMS IV instrument (IONTOF, Muenster, Germany). Au+ and Au3+ primary ions were used for the analysis.
The analysis was performed in both positive and negative polarity. In positive polarity,
membrane related ions such as cholesterol (m/z 369.4, 385.4) and phosphatydilcholine (m/z
147.1, 184.1) were clearly identified. In the mass range m/z 720 – 900 fragments were
observed and most probably corresponded to phospholipids. Peaks over mass m/z 1200 might
correspond to cardiolipin, a unique phospholipid, typical for cardiomyocytes membrane. In
animal tissues, cardiolipin contains almost exclusively 18 carbon fatty acids and high
percentage of them is typically linoleic acid [3]. In negative polarity, observed PO2 and PO3
molecules most probably represent the phosphate group of phospholipides. Linoleic acid peak
(m/z 279.5), fatty acids peaks and phosphatidylglycerol - as a precursor of cardiolipin
synthesis - were identified. ToF-SIMS images of the cardiac tissue were obtained from 500 x
500 µm2 areas in both polarities.
SIMS technique along with Au3+ cluster primary ion beam is a promising tool for
detection of high mass biomolecules. Au3+ cluster primary ions provide 10-times higher yield
of higher-mass molecular ions from cells and tissue samples, compared to Au+.
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Operational data of a novel segmented hollow-cathode 224 nm silver ion laser are
reported. The laser represents a next step in a series of segmented hollow-cathode laser
designs: starting from simple laboratory test versions heading towards a practical sealed-off
laser tube.
In 1976 laser action was demonstrated by McNeil et al. on the 224 nm Ag-II transition
using a sputtered hollow-cathode (HC) discharge for excitation [1]. It was only in the late nighties
that the first commercial silver ion lasers (and 248 nm copper ion lasers) became available [2].
Ultraviolet metal ion lasers are pumped by asymmetric charge transfer collisions
between ground state metal atoms and noble gas ions. In case of the 224 nm Ag-II laser
transition helium ions are to collide with silver atoms to excite the upper laser level. It follows
that high density of both helium ions and silver atoms is needed for efficient laser excitation.
High density of helium ions can be reached in HC discharges. At the same time the sputtering
effect of the discharge can be utilized to create the necessary metal density at room
temperature. For that purpose the cathodes are made of silver. Small amount of a heavier
noble gas (e.g. argon) added to helium will increase the sputtering efficiency improving thus
the laser operation.
Ultraviolet Raman spectroscopy represents a powerful analytical method that is
successfully applied in the field of biology, pharmacology, material and forensic sciences.
The widespread usage of UV Raman instrumentation in the future will require the availability
of low-cost reliable deep ultraviolet lasers. We believe that metal ion lasers are well suited for
this application area, however, prolongation of the laser's lifetime and enhancement of the
power are still desirable.
The schematic view of the laser tube is shown in Figure 1. The electrode system is
placed inside a stainless-steel vacuum vessel, which is sealed with conventional copper
gaskets. The applied modular design allows one to connect more vessels in series when higher
output power is to be reached. The recent experiments are carried out with three modules
(only one module is shown in Figure 1). There are three pairs of 5 cm long silver cathodes
inside each module. The 3 mm diameter active discharge region is located in-between the two
cathodes facing each other. From above and from below the cathodes and the discharge region
is surrounded by two copper anodes. All the electrodes are placed inside a grounded
aluminium box.

Figure 1. a) The scheme of the laser tube. Only one module (out of three) and one laser mirror is shown.
b) The cross-section of the electrode system at the module center.
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The discharge is excited with 100-300 µs long rectangular (400-800 V) negative voltage
pulses applied to the cathodes with typical repetition frequency of 3-5 Hz. Beside these highcurrent (1-3 A) pulses a ~0.5 mA base current is maintained continuously to ensure smooth
transition period at the beginning of the high-current regime.
The voltage and the peak laser power are measured at optimal discharge conditions as
a function of discharge current. Obtained data are depicted in Figure 2. The maximal peak
power obtained is 220 mW. The laser efficiency taken as the ratio of the output and input
power is calculated from the fitted voltage and power curves in Figure 2. It is noted that there
is an optimal current value of 2.7 A for which the laser operates in a most efficient way.
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Figure 2. The current dependence of the peak laser power, the discharge voltage and the laser efficiency at
optimal discharge conditions: 16 mbar of the He + 2% Ar buffer gas.
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Proper and early diagnosis of cancers is of high importance for successful treatment.
For most cancers, a biopsy is the main tool for diagnosis and staging. Recently, method such
as photodynamic diagnosis (PDD) has been introduced into the cancer diagnostics. The basic
principle of PDD is similar to that of photodynamic therapy (PDT). After systemic or topical
application of a photosensitizing compound or its precursor, photosensitizer is accumulated in
a tissue to be detected/treated to a higher content as compared to surrounding healthy tissue at
least in a certain period. In PDT chemical reaction, resulting from production of reactive
species after light absorption by a photosensitizer is utilized. In PDD, on the other hand,
emitted fluorescence is of importance. In relation to PDD, aminolevulinic acid (δ-ALA) and
its esters belong to the most attractive compounds for clinical applications [1, 2].
In this study, δ-ALA was administered to ten patients suffering from different types of
superficial precancerous lesions from area of oesophagus. Four hours after ALA
administration, in vivo fluorescence measurements of accumulated PpIX were performed by
the endoscope equipped with fiber spectrometer. Results of measurements show the
significant increase of the intensity of fluorescence signal coming from suspected area of
lesions compared to the normal surrounding tissues. In addition to the clinical measurements,
the biopsies taken after fluorescence detection were investigated using spectrally resolved
confocal microscopy.
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Cellular uptake and intracellular localization of Hypericin
in Glioma cell line U - 87 MG
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Study of the intracellular localisation and effects of
Hypocrellin A in human cervical cancer cells using
fluorescence microscopy and Fourier transform infrared
microspectroscopy
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S. LEFRANCOIS1, V. ROUAM1 and M. REFREGIERS1,3
Synchrotron SOLEIL, Gif sur Yvette, France
Dept Biophysic, Univ. PJ Safarik, Kosice, Slovakia
3 CBM, CNRS UPR4301, Orleans, France
4 BIOMOCETI, EVRY, France
e-mail : matthieu.refregiers@synchrotron-soleil.fr
1
2

Hypocrellin A (HA), a lipid-soluble peryloquinone derivative isolated from natural
fungus sacs of Hypocrella bambusae, is reported as a highly potential photosensitiser in the
photodynamic therapy (PDT) since many years [1]. We decided to investigate at the same
time, the localization and the interaction of hypocrellin correlated to the physiological
modifications observed inside the cells (i.e. proteins and phospholipids global changes).
i) localization, confocal fluorescence microscopy was used to investigate the
intracellular fate of the drug in HeLa cells after 0, 0.5, 1, 2, 3, 5, 24h. Our preliminary
fluorescence experiments show that Hypocrellin A is first localized inside the cytoplasm but
not in the nucleus, as time pass, HA begin to relocate around the nucleus, after 24 hours, we
do observe only a perinuclear localization of hypocrellin. Those results confirm previous
studies [2].
ii) Chemical sensing of the cells Additionally, Fourier Transform Infrared (FTIR)
microspectroscopy is used to observe the changes of the chemical structure of the biological
molecules in HeLa cells. The IR spectra of HeLa cells and 24h HA treated HeLa cells were
generated and compared. Our further studies are to analysis the IR spectral changes between
HeLa cells alone spectra and 24h HA treated HeLa cells spectra and to use the synchrotron
based Fourier Transform infrared (SR-FTIR) microspectroscopy to focus on the HA target
organelles to observe the spectral changes induced by HA .
Our next step will be to couple the two technique and to use the synchrotron radiation
beam to probe the cells in order to increase the resolution of FTIR and fluorescence pictures.
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