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ABBREVIATIONS

AIA — Antigen induced arthritis

ALA — 5-aminolevulinic acid hydrochloride
ALA-Me — Methyl 5-aminolevulinate hydrochloride
CE — Cartilage explants

DMEM - Dulbecco's Modified Eagle's medium
EP — Endogenous porphyrins

FBS — Foetal bovine serum

FLIM — Fluorescence-lifetime imaging microscopy
FWHM — Full width at half maximum

HA — Sodium hyaluronate

HE — Hematoxylin and eosin stain

l.a. — Intaarticular

I.v. — Intravenous

OA — Osteoarthritis

OVA — Albumin from chicken egg

PBS — Phosphate-buffered saline

PDT — Photodynamic therapy

PD — Photodiagnosis

PplIX — Protoporphyrin 1X

RA — Rheumatoid arthritis

ROI — Region of interest

SD - Standard deviation

TCSPC - Time-correlated single photon counting
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1. INTRODUCTION

Optical properties of fluorescent compounds (flpdrares) serve as a powerful means to
achieve optical molecular contrast using variousstruments including
spectrophotometers, microarrays, microscopes, anmtoseopes. Fluorescence
measurements can provide information not only alspetific molecular makeup of a
sample but also on the local environment surrougtie fluorophore. Distinct species
of fluorophores may be characterized accordindhéir texcitation and emission spectra,
their quantum efficiency, their polarization aneithfluorescence lifetinf&’. The most
common endogenous fluorophores used for the claization of biological tissue
include aromatic amino acids (tyrosine, tryptophaaed phenylalanine), structural
proteins (elastin, collagens and collagen crodss)inenzyme metabolic co-factors
(reduced nicotinamide adenine (phosphate) dinudedNAD(P)H) and flavin adenine
dinucleotide (FAD)), lipid components and porphgtinabsorption and emission
characteristics of which have been extensivelyistuend rewievetf. Both steady-state
and time-resolved fluorescence measurements canerbployed for receiving
quantitative and qualitative information with respeto composition and
pathophysiology of biological tissugs Autofluorescence-based contrast has been of
particular interest in clinical research studieghesuse of endogenous fluorescence for
tissue characterization does not require the adtnation of a contrast agent. Also,
techniques based on autofluorescence detectionmamenally invasive and highly
sensitive. The steady-state fluorescence techniciuaacterized typically by relative
simple implementation and rather inexpensive imsamtal setups, has been the most
explored as a clinical tool for the diagnosis cfedised tissuen vivo. The sensitivity of
many techniques for detecting particular stagedisdases is high, but their specificity
remains limited due to a number of factors emerdgnogn the difficulty to carry out
absolute emission intensity measuremeantsivo®. Additional information about the
tissue can be provided by exogenous fluorophoreth wiiell-known fluorescence
properties such as porphyrin sensitizers used atoplagnosis (PD) and photodynamic
therapy (PDTJ*2 Time-resolved spectroscopy technique employstemative method

to measure tissue fluorescence that is not seasitivthe factors affecting signals of

steady-state techniques. The fluorescence lifetmaisct properties of the fluorophores
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in biological tissues even if their fluorescenceapa are broad and overlapping. Also,
the fluorescence lifetime of fluorophores variestmthe molecular environment, but is
usually independent of fluorophore concentrationesjiite recognized inherent
advantages, the full informative potential of flascence lifetime has not been
extensively exploited in clinical settings due &veral barriers, such as the complexity
of the instrumental setup, the lengthy data acgomsiand analysis, and the high
instrumentation cost Numerous time-resolved fluorescence studies werglucted in
excised tissue specimersx vivo, however, due to changes in tissue biochemical
composition related to functional properties (meten, hypoxia) and tissue
morphology, the outcome of these studies cannofullg extrapolated toin vivo
measurements® ® 2 Therefore, new techniques have been developeddvestigate
biological tissues in conditions, which closely eewlein vivo ones, and to perform
time-resolved measuremeritsvivo> © Since fluorescence spectroscopy data cannot be
directly related to the morphological structure loblogical tissue, one has to use a
microscopic tissue analysis, which still remains gold standard for identifying tissue
types or a diagnosis. Recent introduction of coalf@and multiphoton laser scanning
microscopes initiated a breakthrough in biomedft@brescence imagifg *> Tissue
autofluorescence and fluorescence of exogenousofphores can be detected using
fluorescence microscopy, but different endogenouwsrdphores often cannot be
distinguished due to overlapping fluorescence speEluorescence lifetime microscopy
(FLIM), in which every single pixel in an image repents a fluorescence lifetime of
endogenous fluorophores, gives an ability to resolverlapping fluorescence spettfa

® 18 FLIM has been also applied to investigate progerand transformations of
sensitizers used in PDT?. These studies are very important in order toipedg assess
PDT progress in real time and to prediction of ageePDT effects on tissues. In
searching for new treatment modalities for rheumdatothritis (RA), PDT has been
considered as one of possible stratégiesSince the inflamed synovium in the case of
rheumatoid arthritis, a chronic inflammatory diseas$ the joints, exhibits many features
typical for neoplastic tissue such as hypermetabddictivity and extensive
neovascularisation, there are numerous attempé&naoy endogenous porphyrins for
diagnostic and therapeutical purposes in rheumgyads well.The principle of PDT for

the treatment of arthritis relies on the selectlestruction of the inflamed synovium
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caused by cytotoxic reactions involving reactivggen species that are generated in the
inflamed cells after photoactivation of a sensitiZ&linical PDT can be performed with
exogenous photosensitizers or precursors, such -amirolevulinic acid or its
derivatives, which are converted into the endogsruhotosensitizer protoporphyrin 1X
during haem synthesis. Since photo-induced damagi&gd PDT occurs only in the
vicinity of photosensitizer, it is essential, frarprognostic point of view, to determine
the composition and distribution of photosensiszar the tissues. When endogenous
porphyrins can be detected by means of spectrosmogymicroscopy methods, it is not
enough to rely on measurements in only one specirdifetime dimension, since
combination of several fluorescence detection nashmakes it possible to improve the
specificity of the fluorescence measurement andctoeve a higher contrast between

different fluorophores for diagnostic or other pasps.

1.1. Actuality and scientific novelty

Rheumatoid arthritis (RA) is characterised by pesit synovitis, systemic
inflammation, and production of autoantibodiesindustrialised countries, rheumatoid
arthritis affects 0.5-1.0 % of adults, with 5-50vneases per 10000 annuall§’. The
cause of RA is unknown, but it is considered toabmultifactorial disease, resulting
from the interaction of both genetic and environtakfactors’. The prevalence of RA
is about 3 times higher in women than in men. Utatled active rheumatoid arthritis
causes joint damage, disability, decreased quafityfe, and cardiovascular and other
comorbidities. Disease-modifying antirheumatic drugduce synovitis and systemic
inflammation and improve joint functiéh However, numerous unresolved difficulties
still exist for people with rheumatoid arthritigydacontinuing introduction of innovative
treatments might help to overcome many of them.gtigmm remission induced by an
intensive, short-term treatment selected in acecweavith biomarker profiles is the
ultimate god®. Thus, PDT has been considered as one of thebpmssodalities for RA
treatment. The main aim of PDT application for sygmiomy is the selective approach
to synovial destruction and the prevention of daentgthe cartilage. Resent findings
showed that, besides inflamed synovium, endogepouyshyrins were also detected in

23, 24

cartilage tissues of rabbit rheumatoid arthritisdeian vivo and chondrocytem



vitro®® after the application of ALA or its derivativesnQhe ather hand, the relative
resistance of the chondrocytes to 5-ALA-PDT in camgbn with osteoblasts and cells
derived from synovial tissues had been shBwh Cartilage has a complex structure,
which consists of chondrocytes and extracellulatrimaso it is very difficult to obtain
the representative model of the cartilage tissaes/aluate accumulation of endogenous
porphyrins (EP). Until now, there was no data abibé induction of EP and their
accumulation pharmacokinetics in human cartilaggeue and chondrons of patients with
RA or OA after the application of ALA or its deries.

Another important natural component of cartilage agnovial fluid is hyaluronic acid
(HA). It was reported that HA of a high moleculagight (MW) exhibits anti-angiogenic
and anti-inflammatory properties, whereas low MVdgiments (<100 kDa) have the
opposite biological activity; they are inflammatpryimmuno-stimulatory and
angiogenit’. It is also known that MW and concentration of Hie decreased in
osteoarthritis and rheumatoid arthritis®> Thus, the HA preparation of intermediate
MW (GO-ON®), the clinical efficiency of which hadebn documentéd was chosen to
test its impact on the sensitization of cartilatje.order to examine and compare the
capacity of cartilage explants and chondrons of ga#ients to induce PpIX from ALA
and its methyl ester (ALA-Me), the accumulationesfdogenously produced PplIX has
been also studied in synoviocytes of patients Withand OA, which represent diseases

of inflammatory and degenerative genesis, respagtiv

This study also compared pro-sensitizing propemiesxogenous ALA and ALA-Me
after different administration routes by performing vivo and ex vivo superficial
fluorescence measurements of the endogenous parplagcumulated in the knee joint
tissues of rabbits with AlA. For the first time ALKe was usedn vivo to induce PplX
synthesis more selectively in the inflamed synoviurhese results contribute to the
development of a more selective synovectomy in Réebl on the photodynamic therapy

concept.

Several fluorescence detection methods have bembined to study the accumulation
of endogenous porphyrins in the sensitized tisamelsto distinguish structural features

of the synovium and cartilage tissues. This isfitet time the specimens of synovium
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and cartilage tissues of healthy rabbits and rabbith antigen induced monoarthritis
were investigated by means of fluorescence specdpys fluorescence intensity and
lifetime microscopy, and the observed structuratideess in specimens were validated by
applying the histopathological imaging based onveational rapid haematoxylin—eosin
(H&E) staining.

1.2. The aim of the study
To study accumulation and localization of endogengorphyrins by means of
spectroscopy and microscopy in experimental rheaoichatarthritis model and
postoperative samples of patients after applicatids-aminolevulinic acid or its methyl

ester.

1.3. Objectives

1. To compare the accumulation of endogenous porphiyrim synoviocytes,
chondrons and cartilage explants of patients witleumatoid arthritis or
osteoarthritis after incubation with ALA or ALA-Me.

2. To investigate the impact of hyaluronic acid pregian on the induction of
endogenous porphyrins in chondrons.

3. To compare the accumulation of endogenous porphyrirrabbit experimental
AIA modelin vivo after intravenous and intraarticular injectionsAbfA or ALA-
Me.

4. To determineevx vivo the accumulation of endogenous porphyrins in siymov
and cartilage tissues of rabbits with AlA aftevivo application of ALA or ALA-
Me.

5. To determine the localization of endogenous porpisyrin synovium and

cartilage tissues.

1.4. Defended statements
1. RA and OA synoviocytes accumulate from 5 to 10 #inmore PpIX than

cartilage explants and chondrons during 24 hoursncidibation with ALA or
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ALA-Me. RA and OA synoviocytes accumulate the sameels of PplX after
incubation with these precursors.
. ALA and ALA-Me equally induce PplIX synthesis in speensin vitro and ex

VIVO.

3. Preparations of hyaluronic acid boost PplX accutmian chondronsn vitro.

. Fluorescence intensity of PplX vivo on the skin surface of inflamed knee joint
of rabbit with AIA was up to 8 times higher aftertraarticular 16 mM ALA
injection than that after ALA-Me injection. The higst PpIX fluorescence
intensity detected 2 hours after injection of prsots.

. Fluorescence intensity of PpIX after intravenousrid ALA injection in vivo on
the skin surface of inflamed knee joint was abotitrtes reduced in comparison
with intraarticular injection, and almost undet&ttaafter intravenous 16 mM
ALA-Me injection.

. Based on the fluorescence intensity of PpIX induicethe inflamed synovium,
the injection of ALA-Me is about 5 times more eftige than that of ALA. The
cartilages of the inflamed and control knee jowmitsabbits with antigen induced
arthritis accumulate water-soluble porphyrins.

. Three hours after intraarticular ALA-Me injectioplX is localized in the cells of

synovium and cartilage tissues.
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2. MATERIALS AND METHODS

2.1. Preparation of cell specimens
Samples of synovium and cartilage were obtainedp@stoperative tissues during
articular replacement surgery from patients witheoarthritis (OA) and rheumatoid
arthritis (RA) (Bioethical permission No 158200-220-63). OA patients were
diagnosed according to radiological criteria; RAiguats fulfilled the American College
of Rheumatology revised critefia Synoviocytes were isolated from postoperative
specimens of OA g 6) and RA (p= 6) synovial tissues. Experiments were performed
on 200 000 cells per well, which corresponds to 95%onfluence. Cells were seeded
into a 12 wells plate in a complete culturing DMEM 12 h until incubation with 1 mM
ALA (Sigma Aldrich Chemie, Miunich, Germany) or nsethyl ester (ALA-Me) (Fluka
Chemie GmbH, Hamburg, Germany). Non-adherent eadie removed and a medium
was changed with a Tyroide’s medium, which was areg by dissolving 8 g NaCl, 0.2
g KClI, 0.2 g CaCl 0.21 g MgCjx6H,0, 0.05 g NakPQ,, 1 g NaHCQ and 1 g glucose
in 1 dnT of deionized water without serum and antibiotics. Aftecubation with
prosensitizers the medium was removed, cells weashed three times with PBS
(Phosphate-buffered saline) and scraped cells vestespended into 20 pl volume. The
counting of cells was performed in control wellsduspending the cells in CASY®ton,
an electrolyte developed specifically for cell cbng, and using a cell counter CASY®
(Roche Innovatis AG). Fluorescence spectra of Sezadiand control synoviocytes were

measured in suspensions after 2, 4, 8 and 24 lodumsubation with ALA or ALA-Me.

2.2. Cartilage specimens
Pieces of cartilage were dissected from joint gissof patients with OA ¢+ 6), washed
with PBS and were cut into cartilage explants (6E2-3 mm on each side, which were
kept in an incubator at 37°C in a serum free med{dMEM, 1 g / dni glucose and
antibiotics) before the experiments. Cartilage spens were incubated with 1 mM
ALA or ALA-Me for 2, 4, 8 and 24 hours. Later thecubation medium was removed

and CE were washed with PBS before spectroscopasunements.
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2.3. Isolation of chondrons

Cartilage explants of patients with OA,(® 9) were used for the isolation of chondrons
(a group of cartilage chondrocytes surrounded bgommon membrane filled with
extracellular content). Pieces of cartilage wergseltted from patients’ joint tissues,
washed with PBS and cut into pieces of 1-3 mm ah eade. About 7 g of CE were
used for every experiment on chondrons. For ismiatif chondrons CE were incubated
(at 37°C and 5 % CHfor 12 h in a collagenase Il solution (545U/ml)den conditions
of constant shaking. 10 ml of collagenase Il solut{545U/ml) (Biochrom AG: C2-22)
were prepared for each 1 g of CE. After incubatbondrons were centrifuged for 5
min. at 400g to remove a supernatant. Then chondrons werepesdsd into 1 ml of a
Tyroide’s medium (without serum and antibiotics)dacounted under a microscope
using Fast-read 102 disposable slides for cell togn(Biosigma: BVS100). Later
separated chondrons in a Tyroide’s medium were eskéato 12-well plates (2*10
chondrons per well) and incubated for 12 h untlatment with ALA. To study EP
accumulation chondrons of each patientH8) were divided into a control group and an
experimental group (in duplicates), which were atied with Tyroide’s or treated
with 1 mM ALA for 2, 4, 8, and 24 h. For experimentith hyaluronic acid chondrons
(n, = 6) were divided into 2 groups (in duplicates)eadncubated with 1 mM ALA
served as control and the other was incubated WitiM ALA and 0.25% intermediate
MW (800-1500 kDa) preparation of sodium hyaluron@ié@) (GO-ON®, Rottapharm,
Ireland) for 12 h. After incubation the medium wasnoved, chondrons were washed
three times with PBS and were resuspended into I2@ojume for spectroscopic

measurements. All incubation procedures were paddrunder dim light.

2.4. Animals
Twenty eight clinically healthy adult (about 3.5 kgdy weight) male grey chinchilla
rabbits involved in the study were kept under stadchousing conditions. The animals
were housed one per cage with rabbit chow and t@enad libitum at the standard
conditions and cared for in accordance with theopean Convention and Guide for the
Care and Use of Laboratory Animals and the Lithaadaws. During the experiments
rabbits were fed with oat grains to minimize theerference of fluorescence originated

from chlorophyll degradation products. Antigen iondd arthritis (AIA) was induced in
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the right knee of animals following the procedudescribed in [23]. The intraarticular
injection of OVA (day 0) (Munich, Germany) producedtial acute arthritis, which
developed into chronic destructive inflammation several days. The severity of
progressing arthritis was determined by measuiegsivelling of affected and control
joints with a pair of callipers. The depilation mdbbit knees was performed 5 days
before the spectroscopic measurements using dapilateam for normal skin (“Veet”,
Dansom Lane Hull, United Kingdom). The study wagraped by the Lithuanian
Laboratory Animal Use Ethical Committee under that&Food and Veterinary Service
(No 0218).

2.5. Invivo application of prosensitizers

After the induction of AIA rabbits were randomlyvidied into 3 groups. Based on the
clinical signs of the joint swelling the applicatiof ALA (Munich, Germany) or ALA-
Me (Fluka Chemie GmbH, Germany) was performed rolie than 3 days after the
injection of OVA. 12 rabbits of the firgroup received 1 ml of 16 mM ALA (2.69
mg/ml, i.e. 0.9 mg/kg) solution either intraartiaty (i.a.; n = 7) or intravenously (i.v.; n
= 5). 12 rabbits of the secogdoup were injected with 1 ml of 16 mM ALA-Me (2.92
mg/ml, i.e. 0.97 mg/kg) solution (i.a.; n = 9 and;in = 3). The rabbits of the thigdoup

(n = 4) were not treated with ALA or ALA-Me and sed as control.

2.6. Preparation of sensitized specimens for microscopy

The microscopy and spectroscopy of endogenousiyyzed porphyrins were performed
ex vivo by measuring fluorescence spectra of synovium cartlage specimens taken
from healthy and sensitized rabbit knee joints.c8pens of the inflamed joint were
taken 3 hours after intraarticular injection of AlMe. Then healthy and sensitized
specimens were immediately frozen with Solid8f&ryo spray (Carl Roth GmbH + Co.
KG). Frozen tissues were microsectioned with a tony@ Leica CM1100 (Leica
Biosystems, Germany). Frozen sections of 15 unk thiere collected on Histobofid
(Carl Roth GmbH + Co. KG) glass-slides and air-dirs room temperature. The same
15 um-thick cryostat sections were studied by mezn8uorescence intensity and
lifetime microscopy, as well as spectroscopy teghes. Later the morphological
structures of those samples were distinguishedxpyess staining with haematoxylin 2

and eosin (Fisher Scientific, UK).
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2.7. Statistics
Samples of synoviocytes, CE and chondrons wereapedpin duplicates for every
measured incubation time point. Five spectral measants were performed for each
sample of suspension or CE. EP fluorescence injensalues obtained from
fluorescence spectra were used to calculate thegedluorescence intensity value for
each patient. These values were further averagkedlatng the average value of an
experimental group.
Generally, three zones on the surface of skin (gver inner, outer and central parts of
both control and inflamed knee joints) were usedetister the fluorescence spectra at
preset time intervals for every rabbit during vivo experiments. The fluorescence
intensity values of endogenous porphyrins were inbth by subtracting the
autofluorescence background from the fluorescenpecteum measured after
administration of prosensitizer. Analogously, foegistered fluorescence spectra of each
tissue specimen were used to calculate EP fluonescimtensity values duringk vivo
experiments. Later, EP intensity values obtainechffluorescence spectra were used to
calculate the average fluorescence intensity vétweeach rabbitin vivo and each
specimenex vivo, which were used to calculate the average valuanoéxperimental
group.
To evaluate the differences between EP fluorescenensities after ALA and ALA-Me
application in a single experimental group the \lon signed-ranks test was used. To
evaluate the differences between EP fluorescerniemgdities after ALA and ALA-Me
application in independent experimental groupswhieoxon rank-sum test (also known
as the Mann-Whitney U test) was used. Data wereesgpd as mean + SD, showing
confidence intervals corresponding to a confiddeeel of 95%. P values less than 0.05
were considered to be significant. Software Orighi8 was used for statistical

calculations.

2.8. Fluorescence spectroscopy
The accumulation of EP in synoviocytes and chonslnwas determined by measuring
fluorescence spectra of 2°1€traped cells resuspended into 20 pl of PBS iassdube.
The spectra of endogenous porphyrins were obtdigesibtracting the autofluorescence

background of control specimens (normalizing iniignsat 580 nm) from the
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fluorescence spectra measured after administratioprosensitizers. Values of EP
fluorescence intensity were measured at the maak pe.g. at 635 nm for PpIX). The
analogous calculations were applied to obtain EBréscence intensity values of CE
specimens.

The kinetics of the accumulation of endogenouslydpced porphyringn vivo were
studied by measuring fluorescence spectra on tHacguof the skin of rabbit knees
hourly up to 4 hours after the injections of eitAérA or ALA-Me. Then 25 rabbits (21
treated and 4 control) were sacrificed and botrogiymm and cartilage specimens were
taken from left and right joints for the spectrgsicadetection of porphyrins accumulated
in articular tissues.

A custom-made spectroscopic device based on a dipties fluorescence spectrometer
USB 2000-FL (Ocean Optics Inc., Dunedin, Florid&A;) 339-1026 nm) (FL) was used
for fluorescence measurements bothvitro andex vivo (Fig. 1.). The excitation light
from a LED (an emission peak at 403 nm, FWHM 20 angpted into a lamp holder (L)
LS-450-L (Ocean Optics Inc., USA) was focused t@ @md of a bifurcated bundle
(SOMTA, Latvia), which consisted of a central filzred six circularly arranged fibres of
200 um each (BF). The central fibre in the tip of thenBle was set for excitation of the
samples. The light emitted from the samples wakedeld and transferred through the
six lateral fibres to the other end of the bundid then with a pair of converging lenses
(L, and L) was directed through a 500 nm longpass filter((IKC 18’, LOMO, Russia)
to the tip of a fibre connected directly to the @&pemeter.

In vitro

In vivo

Ex vivo
¢ ‘ / S
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Fig. 1. Scheme of the experimental set-up for #8soence measurements

2.9. Fluorescence microscopy
Tissue specimens were imaged by means of a corffacatscence microscope “Eclipse
TE2000” (Nikon, Japan) with a confocal scanning iGhstem performing sequential
scanning with a beam of a diode laser (405 nm}YQat total magnification using a
40x NA 0.95 Plan Apo objective. The three-chann@BRdetector (band-pass filters:
500-590 nm and 621-755 nm for green (G) and reccfi@hnels, respectively) was used
for standard images. Image processing was donegy ubi@ “Nikon EZ-C1 Bronze
v.3.80” and the “ImageJ 1.43” software.
A pulsed diode laser emitting at 405 nm (PDL 800f8¢oQuant GmbH, Berlin,
Germany) was coupled to a laser scanning microsdé¢igen “Eclipse TE2000” to
measure the lifetimes of tissue autofluorescencksamsitized tissue fluorescence. The
pulse repetition rate was set to 20 MHz, which ve#ld using a measurement time
interval of 50 ns. FLIM was performed using a tiowrelated single photon counting
(TCSPC) module PicoHarp 300, and 3200 channelsdeftector were used to register a
fluorescence decay curve. A single channel SPARdtien unit was used for photon
counting at 650/160 nm or 637/13 nm spectral rafgégHM) by changing filters. Each
fast FLIM image representing the average fluoreseelifetimes was obtained by
collecting 1000 counts at the peak value and thegenresolution was set at 512x512
pixels. Registered fluorescence decay curves wdtedfwith exponential decay
functions to obtain characteristic fluorescencetiihe values, which were used to
calculate the FLIM images by means of the softw@yenPhoTime v.5.2 (PicoQuant
GmbH, Berlin, Germany).
A spectrometer QE65000 (Ocean Optics Inc., USA) amamected to a Nikon “Eclipse
TE2000” confocal scanning C1lsi system to measusgyial fluorescence spectra during
sequential scanning of samples with a beam of dediaser (405 nm). The light emitted
from the tissue was collected through a long péies {'J)KC 18’, LOMO, Russia) and

directed to the tip of a fibre connected directl\ttie spectrometer.
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3. RESULTS

3.1. Spectroscopic study of patients with RA or OA synawecytes, chondrons

and cartilage explants

To determine whether the dynamics of PplX accunanatollowing administration of

ALA or ALA-Me can be associated with the enhanceitammation state in RA versus
OA, the simultaneous sensitization experiments vperéormed on RA and OA groups
of synovial cells. In addition, the accumulationndynics of EP was followed in CE

specimens and chondrons taken from patients with OA

control cells suspension

600+ sensitized cells suspension (8 h)

500 ‘ 635 nm

400+
3004
2004

703 nm
1004 f

Fluorescence intensity (a.u.)

o

500 ' 600 ' 700
Wavelenght (nm)

Fig. 3. Typical fluorescence spectra of control aedsitized (incubated 8 h with ALA or
ALA-Me) synoviocytes suspended in PBS

Spectroscopic measurements confirmed that syno@sayf patients with RA and OA
have ability to accumulate the excess amounts d@bgegnous porphyrins after treatment
with ALA and ALA-Me. Typical fluorescence spectrd oontrol synoviocytes and
synoviocytes incubated with ALA or ALA-Me in sus@ons are presented in Fig. 3.
Two distinct bands in the fluorescence spectra alibe autofluorescence background
with peaks at 635 nm and around 700 nm clearlycatdd the presence of endogenous
protoporphyriri®. Fluorescence of endogenous porphyrins was noisteegd in

suspensions of control synoviocytes during a whblkgervation period.
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Fig. 4. Average peak fluorescence intensity (at 635 nm)esabfPplX at different times

after incubation with 1 mM ALA or 1 mM ALA-Me meased in suspensions of
synoviocytes isolated from synovium tissues ofgrdt with RA (A, for each time point
n, = 6) and OA (B, p= 6), error bars — SD. Dotted bars represent denfie intervals

(at 95%).

Fig. 4 shows time related changes in the averagaH fluorescence values for RA,

6) and OA (p = 6) synoviocytes in suspensions. The averagasittes of PplX after
ALA application were higher in comparison with ALMe at all time points, especially
at 24 h. Furthermore, there was no significanteddhce (p > 0.128) between the
averaged fluorescence intensity values of PpIX oreakin RA and OA synoviocytes at
the same time points. One has to mention that tht@bfe variations both in the
measured intensities and the accumulation dynalhmaee been observed between cell

samples isolated from individual patients withire tRA and OA groups (data not

shown).
3000+ 1-control cartilage 6004 OA
= 2-sensitized cigtllage = B ALA
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Fig. 5.A — typical fluorescence spectra of control (cutyeind sensitized (curve 2, after
24 h incubation with 1 mM ALA) OA cartilage explantAn inset shows a subtracted
spectrum of PpIX with a main peak at 635 nm; B erage values of PpIX fluorescence
intensity (at 635 nm) measurest vivo in CE (n, = 6) at different time points after

incubation with 1 mM ALA or 1 mM ALA-Me, error bars SD. Dotted bars represent
confidence intervals (at 95%).
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Fig. 5, A shows a typical autofluorescence spectairmontrol CE and a fluorescence
spectrum of sensitized CE, in which the fluoreseebands of PpIX at 635 nm and at
about 705 nm are clearly distinguishable. Averdgeréscence intensity values BplIX
measured in cartilage explants of patients with @#= 6) at different time points after
incubation with 1 mM ALA or 1 mM ALA-Me are preseat in Fig. 5, B. There was no
significant (p > 0.184) difference in fluorescenctensities after application of ALA or
ALA-Me at all time points of observation period. Wever, it is seen that the PplX
intensity values in CE were five or more times lowecomparison with those obtained
from synoviocytes (p= 0.005, at each time point)e Blightly decreased values of this

ratio were detected after 24 hours of incubation.
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Incubation time (hour)
Fig. 6. Average fluorescence intensity values diXRjat 635 nm) measured at different

times in suspensions of chondrons obtained fronemigt with OA: A — after incubation
with 1 mM ALA (n, = 3); B — after 12 h incubation with 1 mM ALA alome adding
0.25 % sodium hyaluronate(r 6), error bars — SD. Dotted bars represent cenfid
intervals (at 95%).

Taking into account the differences in preparattbrCE and synoviocytes’ specimens,
the more detailed study of PpIX accumulation wadgomed on chondrons. Average
fluorescence intensity values of PplX measured itierdnt times in suspension of
chondrons (Fig. 6, A) were not significantly diéet (p > 0.366) from those values
measured in CE (Fig. 5, B) up to eight hours olibation. However, after 24 hours of
incubation with ALA, the fluorescence intensities BpIX diminished in suspended
chondrons and became significantly (p = 0.028) lothan corresponding intensities in
CE. According to the obtained ratios of fluores@enuotensities, the specimens of

chondrons from patients with OA accumulated abaumt times less PpIX than the
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synoviocytes (Fig. 4.). As expected, chondronshefdontrol group did not accumulate
any endogenous porphyrins.

To find out whether the application of HA can affdélte accumulation of endogenous
porphyrins in chondrons, the experiments were pewd adding the 0.25 % sodium
hyaluronate to the incubation medium together wi&bhA, and chondrons were
incubated for 12 h. The control group was incubatelg with 1 mM ALA. The average
PpIX fluorescence intensity values from the susjpessof chondrons (n= 6) are
compared in Fig. 6, B. The Wilcoxon signed-ranks,tevhich was performed on the
average PplX fluorescence intensity values frontispens with HA and control ones

after 12 h of incubation, showed significant (p.831) difference between them.
3.2. Spectroscopic study of endogenous porphyrins in rddit AIA model

3.2.1. Invivo spectroscopic evaluation of endogenously synthesirz
porphyrins

The averaged spectral data of thevivo measurements arepresented in Fig. 7. The
fluorescence spectra that were measured aftenjeation of ALA revealed significant
difference between the inflamed and control joifftee autofluorescence intensity of
rabbit knees decreases with increasing wavelemgtiie the fluorescence spectra of
rabbit knee exhibit fluorescence bands with the&kpeasound 635 and 700 nm after ALA
injection. The mean fluorescence intensity at 685abtained in the spectra registered
on the skin surface of the arthritic joints 2 hoafter the injection of ALA was about
five times higher than that in the spectra of tbatml joints. The typical fluorescence
spectra of PpIX possess a dominant fluorescenck ge&35 nmwith a second peak
around 700 nm. Therefore, the spectral changesvia detected on the skin surface of
rabbits after the injections of ALA or ALA-Me intthe right (arthritic) knee could be
assigned to the accumulation of the PplX in thentgiof rabbits. The comparison
between theaveraged fluorescence intensity of the inflamed eknpeint and the
fluorescence intensity of the control knee afteg Hubtraction of the corresponding
initial autofluorescence indicated the significambduction of endogenous porphyrins,
especially of PplX, in the inflamed knee 2 h aftar injection of ALA. Whereas, the
fluorescence intensity registered on the skin serfaf the arthritic joint after the i.a.

injection of ALA-Me was very weak (Fig. 7, B) andwas almost undetectable on the
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control joint.
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Fig. 7. Theaveraged fluorescence spectra measured on tlaenied (right) knee joint
and the control (left) knee joint 2 h after i.gjestion of ALA (n=7) @) and ALA-Me
(n=9) B). Dashed lines depict averaged autofluorescenceroésponding knees before
the injection of prosensitizers. Dotted lines rapre confidence intervals (at 95 %)

Fig. 8 shows the averaged values of the fluorescentensity at 635 nm (after the
autofluorescence background substraction) that werasured at different times after
l.a. injection of prosensitizers ALA (A) and ALA-MdB). The highest mean
fluorescence intensity and the contrast betweernntfieemed and the control knee joints

were observed two hours after the injection.
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Fig. 8. Values of fluorescence intensity (mean ) S PpIX (n vivo) averaged at
different times after i.a. injection of ALA (a numabof rabbits, n = 7) (A) and ALA-Me
(n =9) (B). * Fluorescence intensities of PpIXthe right knee differ significantly from
those on the left knee, P < 0.05. Dotted bars sgnteconfidence intervals (at 95 %)

The measurements of the fluorescence spectra perthn vivo on the skin of arthritic
and control joints at 1 hour after the injectionAdfA into an ear vein (i.v.) revealed a

significant difference in fluorescence intensity @G85 nm, however, these intensities

24



were not significantly different at 2 h after tmgeiction (Fig. 9, A). After the intravenous
injection of ALA-Me endogenous porphyrin fluorescerwas almost undetectable (Fig.
9, B).
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Fig. 9. Values of fluorescence intensity (at 635 nmean + SD) of PplIXi( vivo) being
averaged at different times after i.v. injectionAfA (a number of rabbits, n = S5A|
and ALA-Me (n = 3) B). * Fluorescence intensities of PplX on the righee differ
significantly from those on the left knee, P < O0.@wtted bars represent confidence
intervals (at 95 %)

3.2.2. Ex vivo spectroscopic assessment of endogenous porphyringissues
after ALA or ALA-Me injections

Four hours after the injection of prosensitizes dmimals were sacrificed to take tissue
specimens of synovium and cartilage for furtherctpscopic studiegx vivo. The
measurements were performed not later than 5 rfier. #the specimens were collected.
Fluorescence spectra that were registered in gszfter i.a. injections of ALA or ALA-
Me differed both in intensities and relative coofition of endogenous porphyrins (Fig.
10). The cartilage specimens had more than twadhkaence bands in the red spectral
region reflecting several types of endogenous poips induced after the injection of
either ALA or ALA-Me. The fluorescence spectra bétcartilage in addition to the band
of PpIX had another band with a peak around 620 amd a region of increased
fluorescence intensity at 650-680 nm correspondtog water-soluble uro- and
coproporphyrin&” 3% 3 Meanwhile, the spectra of the synovium specimrgained

only the fluorescence bands of PpIX.
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Fig. 10. Averaged fluorescence spectra of endogang@uoduced porphyrins in synovial
and cartilage tissues of arthritic joint after irgections of ALA (n = 7) A) and ALA-
Me (n = 6) B). Insets: the fluorescence difference spectra Wate obtained by
subtracting the averaged autofluorescence spedtvaimg measured on either synovium
or cartilage of the control group animals) from tt@responding averaged spectrum
registered on inflamed tissues

Comparison between the peak intensity values ofltlseescence spectra obtained after
subtracting autofluorescence showed that afteritheinjection of ALA the mean
fluorescence intensity of PpIX in cartilage tisswésan arthritic joint exceeded that in
synovium tissues more than two times (Fig. 10, set). However, in the group that
received ALA-Me the recorded average fluorescentansity of PplX was higher in the
inflamed joint synovium in comparison with cartiagFig. 10, B, inset). According to
experimental data, PplIX fluorescence intensityrthrdic synovium had increased about
five times on average when ALA-Me was injectedinatead of ALA (Fig. 11). The i.v.
injection of ALA or ALA-Me, however, induced a negble PplIX fluorescence signal
in all synovium tissue specimens, and no signal detected in cartilage specimens
taken from an arthritic joint (data not shown).deneral, no PplX fluorescence signal

was registered in tissue specimens of controlgoint
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Fig. 11. PplX fluorescence intensity mean + SDG@% nm) in specimensx vivo after
l.a. injection of prosensitizers, n = 7 for ALA and= 6 for ALA-Me. * Fluorescence
intensities of PpIX in the inflamed synovium aft&lA-Me application differ
significantly as compared to ALA application, P <O0® Dotted bars represent
confidence intervals (at 95 %)

As mentioned before, the fluorescence peak of wskible porphyrins (at ~ 620 nm)
was registered in the spectra of cartilage speanwnboth knee joints besides the
fluorescence band of PplX. Fluorescence intenditthese porphyrins in the cartilage
specimens of both arthritic and control joints Isadilar values in all groups, only after
l.a. injection of ALA (Fig. 12) the mean fluorescenintensity at 620 nm was about two

times higher in the arthritic joint cartilage.
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Fig. 12. Fluorescence intensity at 620 nm (mearD} & water-soluble porphyrins in
cartilage after i.a. injection of ALA (n =7) or A-Me (n = 6) and i.v. injection of ALA
(n = 5) or ALA-Me (n = 3), the control group n = Botted bars represent confidence
intervals (at 95 %)
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3.3. Study of endogenous porphyrins localization in seitgzed tissues

Healthy cartilage

Fig. 13. Images of the healthy rabbit cartilagecgpen: A — a fluorescence image taken
combining G and R channels; B — a H&E stained logioal image; C — a fast FLIM
image in650/160nm spectral range; D — normalized distributiormaeérage fluorescence
lifetimes of healthy cartilage i650/160nm spectral range (curve 1) as well as sensitized
cartilage in650/160nm (curve Il) and37/13nm (curve lll) spectral ranges, time gates
:yellow — 3-5 ns, blue — 5-6.5 ns, green — 6.5-40rad — 10-15 ns ; E, F — time-gated
fluorescence lifetime images (gates are shown ciungs). Total magnification 40x

Fluorescence intensity and lifetime microscopy ies@f the cartilage specimen of a
healthy rabbit are presented in Fig. 13 togethdén worresponding histological images.
The highest autofluorescence intensity of healtlartilage was detected in the
green/orange spectral region (520-590 nm), whidls fato a green channel of the
microscope, and no fluorescence was registereldeimed spectral region (621-755 nm)
(Fig. 13, A). From the histological image (Fig., B the tissue was defined as a healthy
transitional layer of articular cartilage. Dark speeen throughout the histological image
are cells” (namely chondrocytes) nuclei and a lghk area is an extracellular matrix.
The brighter green spots seen in the fluorescamegye clearly correspond to the dark

spots seen throughout the histological image (E8y.B). Fast FLIM imaging (Fig. 13,
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C) revealed that the lifetimes of intrinsic fluotmpes of the healthy cartilage were
limited between 5 ns and 10 ns, as indicated irdiigibution of average lifetimes (Fig.
13, D, curve I). The cells of a healthy cartilagedhshorter average lifetimes than
extracellular matrix. Since fast FLIM technique oals to gate different average
lifetimes, which then can be assigned either tdiqdar fluorophores or their specific
environment-sensitive states, a combined image ben split into several pictures
depicting average fluorescence lifetime valueshiortr intervals. As it is seen in gated
images (Fig. 13, E, F), the specific structuredimtjsiishable in tissue specimens at
lifetimes between 5 ns and 6.5 ns (Fig. 13, E)espond to cells, while the structures
seen at lifetimes between 6.5 ns and 10 ns (FigF)L8an be attributed to extracellular
matrix when compared with a histological image.

Sensitized cartilage
Typical fluorescence spectra being registesxdvivo on the healthy and inflamed
cartilage specimens takguost mortem from healthy and sensitized rabbits three hours
after ALA-Me injection are presented in Fig. 14, Bontrary to the spectra of the
healthy rabbit specimens, the highest fluorescememsity of sensitized cartilage was
detected in the red spectral region, which falte ithe range of the red channel of the
microscope (620-700 nm). Two distinct bands in therescence spectra clearly
indicated the presence of endogenous porphyrins.niibroscopic fluorescence imaging
of the sensitized cartilage (Fig. 14, B) revealedyoweak fluorescence in the red
channel though. This fluorescence pattern very weeliresponds with intratissual
location of the cells identified from the histologi image (Fig. 14, C). Besides the dark
spots seen throughout the histological image thatall nuclei and the light pink area
resembling to extracellular matrix as in the contrartilage, a tangential zone of the
cartilage with flattened chondrocytes is seen m tibp of the image. Below it lays a
transitional cartilage zone, while a calcified dage and a subchondral bone (dark area)
are present in the bottom of the sample. No damafgeartilage is seen in the

histological image.
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Fig. 14. Images of the sensitized cartilage specinfe — normalized fluorescence
spectra of healthy and sensitized cartilage, coéwaas represent the spectral ranges of
fluorescence microscope ‘green’ (G) and ‘red’ (Ramnels; B — a fluorescence image
taken combining G and R channels; C — H&E stainstblogical image; D — a fast
FLIM image in 650/160 nm spectral range; E-H — time-gated fluorescerifetinhe
images (lifetimes gates shown on pictures). Todmification 40x

Fig. 14, D represents a fast FLIM image of a sewsit cartilage, which is completely
different from a healthy cartilage image with rebdo emerged shorter and longer
average lifetimes. The distribution of averagetilfes of fluorophores in the sensitized
cartilage in 650/160 nm spectral range is limitetween 3 ns and 13 ns (Fig. 13, D,
curve Il). The gating of fluorescence lifetime ineag(Fig. 14, E-H) revealed that the

shortest lifetimes in the range of 3.5-5 ns beltmghe fluorescing subchondral bone
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structure (Fig. 14, E). The pattern of extracelHulaatrix (Fig. 14, G) can be

distinguished at the same average lifetimes likinénhealthy cartilage — between 6.5-10
ns (Fig. 13, F). However, contrary to the gatedgenaf healthy cartilage, lifetimes

between 5-6.5 ns cannot be attributed to the patiecells but to a very weak pattern of
calcified cartilage. Instead, the cells of the #erexi cartilage can be distinguished in the
image gated at longest fluorescence lifetimes 13.0s (Fig. 14, H), and this pattern
corresponds with location of cells in a histologicaage (Fig. 14, C) as well as with a
red fluorescence pattern in a fluorescence imamge (B, B). The fluorescence spectra of
sensitized cartilage (Fig. 14, A) imply that thendest fluorescence lifetimes in the
650/160 nm spectral range are determined by endoggnsynthetized protoporphyrin

IX, which accumulates in cells.
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Fig. 15. FLIM images before (A) and after (B) pHa&aching in650/160nm spectral
range: green colour &1 = 1.2 ns, blue colour &2 = 4.2 ns, red colour €3 = 15.7 ns.
Total magnification 40x. C — changing of sensitizadtilage fluorescence spectra during
exposure to 405 nm light; D — calculated fluoreseeiifetimes and its amplitudes before
(Al) and after (A2) photobleaching

Fig. 15, A, B shows recalculated FLIM images of sensitized cartilage before and
after its extended exposure to the laser radiatitotobleaching of a specimen was
induced by scanning it repeatedly during ten misuéh a beam of a 405 nm laser
connected to the scanning fluorescence microscope, same system used for
fluorescence imaging. The recalculated FLIM imadesensitized cartilage specimen
revealed that the highest intensity of the fluoee®e signal corresponding to the longest
decay constant; was detected in the cells (Fig. 15, A). Comparigdth the fast FLIM
images also indicated the resemblance betweenidtréodtion patterns of fluorophores
with longest average decay times (Fig. 14, H) &odé of fluorophores with the highest
magnitudes oftz (Fig. 15), In addition, the calculated values ftie tfluorescence

intensity of T3 were lower in the areas, where the average floeree decay times were
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shorter. Decreased fluorescence bands of PpIX andcaeased fluorescence band of a
photoproduct were seen in the fluorescence sp€Eita 15, C) registered after the
exposure of specimens to 405 nm radiation. The Fiohgiges calculated after exposure
also strongly differed from those calculated forexyposed areas. This difference is
caused only by the different inputs of the magretidf three calculated decay times.
The highest magnitude before exposure was,ofhile after exposure that of took the
lead (Fig. 15, D). Assuming that the longest flsoence lifetimes are determined by
PplX, its photodegradation leads to decreased inptihe longest lifetime magnitude,
since PplX is very unstable, especially, when enposs at the absorption region of the
Soret band.

Healthy synovium

Er:‘ ‘r -

e

Fig. 16. Images of the healthy synovium specimen: A fluorescence image taken
combining G and R channels; B — H&E stained higjiwlal image; C — a fast FLIM
image in 650/160 nm spectral range, total magnification 40x; D —rnmalized
distribution of average fluorescence lifetimes e#lhy (I) and sensitized (lI) synovium
in 650/160nm spectral range, time gates: green — 4-8 ns; 82d0 ns

Fluorescence, FLIM and histological images of teosium specimen of healthy rabbit
are shown in Fig. 16. The green tissue autofluemse was dominant while the red
fluorescence was not distinguished in the combifig@orescence image (Fig. 16, A).
Dark spots seen throughout the histological imagekndiscrete synoviocytes, and the
light pink area represents fibrous elements of siladissues (Fig. 16, B). The specimen
was described morphologically as healthy synoviline characteristic average lifetimes
of fluorophores in the fast FLIM image (Fig. 16, G the healthy synovium were
distributed from 4 ns to 8 ns (Fig. 16 D). The ggtprocedure of the FLIM image did

not allow distinguishing between cells and fibrelesments of healthy synovium.
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Sensitized synovium

o T

Fig. 17. Images of the sensitized synovium specimer fluorescence image taken
combining G and R channels; B — H&E stained higjiwlal image; C — a fluorescence
lifetime image in650/160nm spectral range; D, E — time-gated fluorescdifiegme
images (lifetimes gates shown on pictures); F -etgated fluorescence lifetime image
(E) interlaced with a pattern of cells from hisw@ikal image; G — FLIM image: green
colour —t1 = 1,3 ns (14 %), blue colourt2 = 4.1 ns (44 %), red colourt3 = 15.4 ns
(42 %); H — a FLIM image (g) interlaced with cedittern from histological image. Total
magnification 40x

The characteristic greenish autofluorescence wa® aominant over dim red
fluorescence in the sensitized synovium specimag. (E7, A). The signs of tissue
inflammation in the histological image showed itsat the activation of synovial
fibroblasts and the accumulation of inflammatoriissevhich were picked out by dark
circular area of nuclei (Fig. 17, B). However, thst FLIM image of sensitized inflamed
synovium (Fig. 17, C) differed from that of healtlgynovium by presence of
fluorescence pattern with longer lifetimes. Averadieiorescence lifetimes of
fluorophores in the sensitized synovium were prgézh(Fig. 16, D) in comparison with
lifetimes of healthy synovium and were found toliogted between 4 ns and 10 ns. The
gating of fluorescence lifetime images (Fig. 17 H) revealed that the pattern of fibrous
elements (Fig. 17, D) can be distinguished at #mesaverage lifetimes as in the healthy
synovium — between 4 - 8 ns. The longest averhgeescence lifetimes — 8 - 10 ns
(Fig. 17, E) were measured in the cells of theifead synovium, and this gated pattern

corresponds very well with the pattern of cellg(Hi7, F), which was retrieved from the
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histological image. As it is seen in the calculatediM image of the sensitized
synovium, the fluorophores with the different flascence lifetimes were localized in
different sites of the specimen (Fig. 17, G). Thpuits of magnitudes calculated for
(4.1 ns) andr; (15.4 ns) were almost the same in this specimethen650/160 nm
spectral range. In the FLIM image interlaced withadtern of cells from the histological
image the longest fluorescence lifetimeg (15,4 ns) corresponded to intracellular
localization of PplIX, because it was absent inthgatynovium (Table 1). All calculated
fluorescence lifetimes for specimens of synoviund aartilage tissue (healthy and

sensitized) are presented in Table 1.

Table 1. Fluorescence lifetimes of fluorophores sghovium and cartilage tissues
fluorescing in 650/160 nm and 637/13 nm spectralgea calculated from FLIM

measurements. Data expressed as mean = SD (a nahdaanples n = 10).

Fluorescence lifetime (ns)

Tissue
T1 (%) T3
Healthy cartilage (650/160 nm) 0,75+0,1 3,1+0,2 9,71£0,5
Sensitized cartilage (637/13 nm) 0,8+0,3 3,0+0,1 15,7+0,3
Sensitized cartilage (650/160 nm) 1,2+0,2 4,3+0,3 15,6+0,7
Healthy synovium (650/160 nm) 0,8+0,1 2,910,2 8,910,2
Sensitized synovium (637/13 nm) 0,9+0,2 2,8%0,3 15,4+0,6

Sensitized synovium (650/160 nm) 1,2+0,1 4,2+0,4 15,2+0,9

3.4. Disscusion

Since there is no ideal minimally invasive method &blating inflamed synovium in
joints, particularly in the smaller joints, of patis with RA, there are numerous attempts
to employ endogenous porphyrins for diagnostic ahdrapeutical purposes in
rheumatology as wéll 2> 24 27 28908 grder to apply PDT on the inflamed synovium
making it safe and suitable approach for the treatnof inflammation in joints, it is
essential to prevent damage to the cartilage tissue

Spectroscopic measurements of synoviocytes revehkdthe dominant endogenous
porphyrin after incubation with ALA or ALA-Me is BPX. Average fluorescence
intensity values of PpIX in cells from both (RA am@A) groups of patients were

insignificantly higher after incubation with ALA inomparison with ALA-Me at almost
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all time points. Similar results were obtainedfn reporting no differences in PplIX
accumulation after treatment with ALA or ALA-Me aells of patients with RA or OA.
However, in contrast to?, we did not obtain significant differences in PplX
accumulation between the larger groups of RA<(16) and OA (p= 6) patients. The
detected similar accumulation of PplIX could be eausy absence of native
microenvironment characteristic for inflammationvivo. For instance the more active
inflammation in the case of RA can have a highenughative effect on synoviocytes in
comparison with OA** *> However, biopsy of OA synovium often shows active
inflammation, whose signs are close to*R/0, it is likely that PDT can be considered
for application to reduce inflammation in the cas©A too.

This study clearly indicates that cartilage ex@afitig. 5) and chondrons in suspensions
(Fig. 6) from patients with OA can accumulate Pp&Ker incubation with ALA,
however, at significantly lower levels than synayites. The accumulation of PpIX in
CE (Fig. 5, B) and chondrons (Fig. 6, A) was sigaifitly lower at every time point of
observation in comparison with synoviocytes (Fig. Moreover, the average
fluorescence intensity in CE and chondrons was talien times lower than in
synoviocytes at initial points of measurements. hSutisproportion between the
fluorescence intensities of PpIX in CE or chondrans that in synoviocytes can be a
result of about six times lower mitochondria comten chondrocytes, which possess

metabolism adapted to the hypoxic environniantvo®*”

with oxygen concentrations
between 1 % and 7 % These results demonstrate a clear perspectivénéoselective
synovial sensitization with EP, as compared wittiilegge, since photodamage occurs in
the vicinity of sensitizéf and oxyger-.

Since various HA preparations are applied to theatinent of RA and OA and
composition of hyaluronic acid becomes altered rurinflammation, chondrons of
patients with OA were incubated with 1 mM ALA and\kt the same time to find out
whether the application of HA can be related to #wumulation of endogenous
porphyrins in chondrons after incubation with AL8pectroscopic data of chondrons
measured after 12 hours incubation with ALA and iddicated that PpIX induction was
significantly (p = 0.031) enhanced in comparisothwihondrons incubated only with
ALA (Fig. 6, B). The greater accumulation of Paghside the chondrons in the presence

of HA cannot be explained only by spectroscopi@dtterefore, more extensiuevitro

35



and in vivo studies are required to investigate the interactietween ALA or its
derivatives and a hyaluronic acid, which could als® important in other PDT
application areas.

Since the results obtain@al vitro often are not identical or even contradictorydsults
obtainedin vivo, capacity of ALA and ALA-Me to induce PplIX synth&sn the case of
RA was studied in the rabbits antigen induced mtmwdes model.In vivo examination
of the fluorescence spectra registered on the ckitne inflamed joints revealed that,
regardless of the route of ALA or ALA-Me injectiorthe dominant endogenous
porphyrin in these spectra was PplX with the flsosnce peak at 635 nm (Fig. 7).

The dependence of the observed fluorescence ityesfsexogenously induced PplX on
the route of ALA injection revealed that the maximalue of the averaged intensity on
the skin surface of the inflamed joints was abotin®es higher after the i.a. injection
than after i.v. injection, whereas the maximal aged values of PplX fluorescence on
the control joints were not significantly differeint these cases (Figs. 8 and 9, A). The
contrast between the fluorescence intensities 6X Bp the inflamed and control joints
disappeared at two hours after i.v. injection ofAA(Fig. 8, A). The spectroscopic data
showed that, from the diagnostic point of viewheit lower concentrations of ALA
should be used or the fluorescence measuremenitddb® made not later than one hour
after application because of diminishing fluoreseenontrast between the arthritic and
control joints.

When ALA-Me was injected i.a. instead of ALA (Fig), the highest mean value of
PpIX fluorescence intensity induced by ALA-Me oretburface of the inflamed joints
was about 8 times lower than in the case of ALA$FiI7 and 8). ALA induced a higher
systemic effect, as indicated by the higher PplXorféscence recorded on the skin
surface in comparison with ALA-Me (Fig. 8), which an unfavorable feature for a
prosensitizer. The greater spreading of the apphkd could also contribute to the
fading contrast of PplX fluorescence between thH&anmed and control joints at two
hours after the i.v. injection (Fig. 9).

To find out whether the spectroscopic differencleseovedin vivo after the application
of ALA and ALA-Me can be directly related to the cacnulation of endogenous
porphyrins in tissues of the inflamed and contoahts, the specimens of synovium and

cartilage tissues have been analysed vivo. The spectroscopic assessment of
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endogenous porphyrins in the inflamed knee joissues indicated that after the i.a.
injection of ALA the average PplX fluorescence mgry in the synovium was two times
lower than in cartilage (Fig. 10, A, inset; Fig.)1The comparison betweesx vivo
fluorescence measurements after the i.a. injeadioLA or ALA-Me revealed the
opposite accumulation patterns of endogenous Ppl¥e inflamed joint tissues (Fig.
11). The fluorescence of PpIX in the synovium @ thflamed knee joint was not only
about two times higher than in cartilage in theecaSALA-Me, but also about 5 times
higher than after the application of ALA (Fig. 1No PplIX fluorescence was detected in
the synovium and cartilage specimens of the conptiat (Fig. 11), implying that the
concentration of the prosensitizers in the cir¢olatwas insufficient to induce
sensitization of internal tissues. Thus,vivo andex vivo spectroscopic assessment of
endogenous porphyrins accumulated in arthritic italiissues showed that the
application of ALA is more appropriate for vivo diagnostics of inflamed tissues due to
the higher PplX fluorescence intensity on the skirface, while ALA-Me in the case of
l.a. injection is more appropriate for the therdmeapplications due to the higher and
more selective accumulation of PpIX in the inflansgdovium.

Besides PplX, the fluorescence of water-solubleplpgiins was detected in cartilage
tissues (Fig. 12) but did not appear in synoviulmne $imilar mean fluorescence intensity
of the water-soluble porphyrins observed in théamed and control cartilages, which
seems to be invariant with respect to the applie$ensitizer (ALA or ALA-Me) and
the type of injection, confirms that induction ofthaitis can cause minor systemic
sensitization.

Since, during PDT, a photodamage occurs in thenijciof a sensitizef, it is very
important to determine the localization of sensitiz in the tissues. Synovium and
cartilage tissues of rabbits with antigen inducednaarthritis and those of healthy
rabbits were investigategk vivo after intraarticular ALA-Me application by meant o
fluorescence spectroscopy, fluorescence intenatylifetime microscopies. In addition,
the observed structural features in tissue specamanre validated by histopathological
imaging (H&E staining). Structural features of hbwl synovium and cartilage were
found to be different, and no specific patternscefls, which had been detected in
cartilage tissue, were distinguished in fluoreseeaed FLIM images of synovium. The

presence of endogenous porphyrins, which were rasgigo PplX according to
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fluorescence spectra, was detected in specimensflamed synovium and cartilage
after application of ALA-Me. The fluorescence intég signal of endogenous porphyrin
was too weak for fluorescence microscopy imagingligiinguish specific structures
containing PpIX. However, the FLIM images of semsill specimens were not only very
different from the healthy ones, but also revedledstructural patterns of accumulated
PpIX possessing the longest fluorescence lifetimébese patterns very well
corresponded with the intratissual sites of cedmg identified from the histological
images. Calculated fluorescence lifetimes of PmKich are much longer than those of
autofluorescence, could be used for detection ofigmancies or inflamed sites
possessing higher amounts of PpIX. Also, calcutatad inputs of magnitudes of
different decay times could help making the motsust evaluation of PDT processes
vivo and real-time dosimetry. Application of lifetimatghng technique allowed to
distinguish tissue structures, which were iderdifieom the histological image, by
specific average lifetimes, also confirming the rempacy of FLIM imaging over
fluorescence microscopy for detection of endogemauphyrins in sensitized synovium

and cartilage specimens.
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. CONCLUSIONS

. Spectroscopic measurements of endogenous porphavwesled that synoviocytes
originated from patients with RA or OA possess dbtan times higher PplX
fluorescence intensity after incubation with 1 mNLAAor ALA-Me than CE and
chondrons of patients with OA. No significant drifaces of PplX accumulation
were found between RA and OA synoviocyitesitro.

. Fluorescence intensity of PpIX in chondrons incatatvith ALA and the sodium
hyaluronate preparation was significantly higheanthn chondrons incubated only
with ALA.

. The highest PpIX fluorescence intensityivo registered on the skin surface of the
inflamed knee joints of rabbits with AIA 2 hourstef intraarticular injection of
either 16 mM ALA or ALA-Me, was up to 8 times higha the case of ALA. After
intravenous 16 mM ALA injection PplX fluorescenerensity on the skin surface of
the inflamed knee joint was about 5 times lowentlafter intraarticular injection,
and almost undetectable after 16 mM ALA-Me injectio

. PpIX fluorescence intensity in the synovium of thieamed knee joinex vivo after
intraarticular injection of 16 mM ALA-Me was abobittimes higher than in the case
of ALA and about two times exceeded the intensdygistered in cartilage. The
cartilages of both the inflamed and control knemtgo of rabbits with antigen
induced arthritis accumulate water-soluble porptgyri

. Comparison of fluorescence spectroscopy, fluorescemtensity and lifetime
microscopy results with the data of histologicalaging revealed intracellular
localization of PpIX in synovium and cartilage tiss 3 hours after the intraarticular
injection of 16 mM ALA-Me.
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5. SANTRAUKA (Summary in Lithuanian)

Fluorescencijos matavimas yra vienas iSc¢iplasiai taikong biudy optiniam jvairiy
molekuliy kontrastui gauti naudojant skirtingas spektroskepj mikroskopines ar
endoskopines sistemas. Fluorescencija suteikiarm@#oijos ne tik apie tam tikr
fluoroforg bandinyje, bet ir apie fluorescuofams molekués ar fluoroforo mikroaplink
Skirtingi fluoroforai gali liti charakterizuojami remiantisyj zadinimo ir emisijos
spektrais, j kvantiniu naSumu, poliarizacija bei fluorescensigyvavimo trukramis'™.
Medicininiuose taikymuose savitoji fluorescencija ynaudojama biologigiaudiny ir
lasteliy fluorofory savybiy tyrimams. Fluorofay savybi pokyiai suteikia informacijos
apie biocheminius, funkcinius ar strakinius fluorofory pokyius audiniuose, kurie
atsiranda @ biochemini, fiziologiniy, metabolini ar morfologini; audinij pokygiy*™*
69 12 %2 gavitosios fluorescencijos detekcija paremtoshnetogijos audinj
charakterizavimui yra labai tinkamos Klinikiniuosgimuose, nes papildomai nereikia
jokiy kontrastiny medziag, jos yra minimaliai invaziés, t&iau itin jautrios. Kiekybig

ir kokybiné informacija apie biologini audiny sucktj ir patofiziologig gaunama
naudojant nuostoviosios ar kinetin spektroskopijos metodus Nuostoviosios
fluorescencias spektroskopijos sistemos yra nesinmdjos ir pigios, lyginant su kitomis,
todkl dazniausiai jos yra taikomos diagnostikam vivo. Alternatyvus audimg
fluorescencijos detekcijos metodas, kuriganjautrus nuostoviosios spektroskopijos
signalusjtakojantiems veiksniams, yra laikm skyros spektroskopija. Fluorescencijos
gyvavimo truknés gali padti atskirti endogeninius biologigiaudiniy fluoroforus net
jeigu jy fluorescencijos spektrai yra piatir persidengiantys.

Kadangi fluorescenciés spektroskopijos matavimo rezuitatnegalima susieti su
biologiniy audinyy morfologine strukira, tam naudojama mikroskogiaudini analiz,
kuri vis dar iSlieka auksiniu standartu atjssz@nt audinj tipus ar nustatant diagnpz
Biologiniy audiny vaizdinimui gerinti, Saligprastos fazinio kontrasto mikroskopijos,
labai susidoréta fluorescenciés mikroskopijos taikymu, y@apo to, kai buvo sukurti
konfokalires ir dvifotorés lazerigs skenuojatios mikroskopijos principaf
Fluorescenciés mikroskopijos metodu galima uzregistruoti augliautofluorescencij

ar egzogenimi dazikly fluorescency, tatiau atskigp endogeninj fluorofory

fluorescency yra sunku identifikuoti & persidengiatiy emisijos spektr. Siy probleny
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gali iSspesti fluorescencijos gyvavimo trukmimikroskopija (FLIM), kurios metu
kiekviename vaizdo pikselyje atvaizduojamodidingos endogenini fluorofory

gyvavimo trukngs®* > &

6. 53 Taip pat FLIM tyritjamos ir FDT naudojam
sensibilizaton savyles ir jy pokyiai® 1'% Sie tyrimai yra labai svaiis norint tiksliai
realiu laikujvertinti PDT eig ir prognozuoti gydymo rezul@at FDT buvo susidogta

ieSkant nauj reumatoidinio artrito gydymo doly*?.

Kadangi uzdegiminei
reumatoidinei membranaiilinga daug pozymi kuriais pasizymi neoplaziniai audiniai,
t. y. hipermetabolinis aktyvumas, aktyvi vaskulagija, tikétina, kad fotodinamig
terapip buty galima taikyti ir reumatoidiniam artritui. Fotosehilizuotos terapijos
taikymo principas gydant artgitbaty selektyvi sinovijos destrukcija, kagrisukelia
aktyviy deguonies radika) susidariugj po fotosensibilizatogi apSvitinimo tam tikro
bangos ilgio Sviesa, inicijuotos citotokém reakcijos uzdegimése hstekse. ]
organizmy galimajvesti egzogeninius fotosensibilizatorius arbgirmtakus. FDT toks
pirmtakas gali bti 5-aminolevulinire ragstis arba jos dariniai, kurie hemo biosirtez
ciklo metu yra paverami j endogeninfotosensibilizatoxj protoporfirirg 1X. Taip pat
Sio ciklo metu susidaro ir kiti porfirinai. KadangDT metu fotopazaidos yra sukeliamos
artimoje fotosensibilizatoyi aplinkoje, labai svarbu tiksliai nustatyty jsudktj ir
pasiskirstymg audiniuose. Detektuoti endogeninius porfirinusirgal spektroskopijos
arba mikroskopijos metodais, ¢tau norint gauti maksimal skirtingy fluorofory
kontrasy diagnostikos ar kitais tikslais, neuztenka pasikii tik viena spektrine ar
gyvavimo trukmi dimensija, kai galima atlikti detalesrio paties bandinio anatiz
apjungus kelis spektroskopijos ir mikroskopijos ouis.

Aktualumas

Daugiau nei 100 min. eurogig serga bent viena reumatine liga. Jos pagal sukelt
ilgalaikj nggalumy uzima 1g arba 2g vietg IS visy ligy, o iSlaidos Sioms ligoms gydyti
sudaro 25 % visislaidy. Reumatoidiniu artritu (RA) pasaulyje serga 0,% kuaugusi
Zzmoniy, tai viena iS dazniausir svarbiausi reumating ligy. Ligos paplitimo daznumas
iSsivystiusiose Salyse yra nuo 5 iki 50 atye]00000 zmom>*. Be to, Sis skaius
kasmet didja. Geografiskai RA labiausiai pagtit Siaués Amerikoje ir Siaurigje
Europos dalyje, lyginant su kita besivystinpasaulio dalimf. Taigi, i liga yra labai

aktuali ir Lietuvoje. Visuomeis sveikatos steélsenos fondskelbiamoepidemiologinio
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tyrimo duomenimis Lietuvoje 2013 metais RA sirgd&2 pacieni, iS5 kuriy net 80 %
yra moterys. Nors atrodyt kad RA nesukelia tiesioginio pavojaus gyvybes dtlto
ligoniy sergagiy Sia liga vidutig gyvenimo trukm yra 3—15 maet trumpesa negu
apskritai j kartos populiacijo. Dél sudttingos RA diagnostikos ir gydymo, RA uZm
pirma viety tarp visy létiniy ligy pagal tai, kokia dalis pacientampa ngaliaisiais; per
10 met; tai nutinka net apie 50 % pacienKaip ir vigy kity ligy, ankstyva diagnostika
yra vienas svarbiaugistkmingo RA gydymo etap tafiau RA ankstyva diagnostika yra
labai sudtinga. Diagnozavus lig RA gydymui gali lati skiriamas medikamentinis
gydymas nesteroidiniais vaistais nuo uzdegimo,ogtenais hormonais, klasikiniais
patogenigs terapijos vaistais ar biologi® terapijos preparatdls Nors yra daug
pasiekta RA konservatyvaus gydymo srityje, paikant biologir terapip, daugumai
ligoniy anksiiau ar \tliau prireikia ir chirurgis pagalbos. Taigi vis dar yra daug
neisspesty problemy RA diagnostikoje ir terapijoje, kurios skatina vabyviy metod
paieSk. Gydant RA norima pasiekti ilgaldikslopinani uzdegiminius procesus poveik
atliekant trumpus intensyvius terapinius kursusiekaukelty ligos remisij. Siam tikslui
pasiekti reikia nawj vaisty, biologiniy Zzymeny ir technologij, leidziartiy tiksliai
jvertinti ligos stadi ir paciento kkle.

Naujumas

Siuose tyrimuose pirmkarta reumatoidinio artrito atveju norint kuo selektywsasukelti
protoporfirino IX sintezs indukcip uzdegimirje sinovijoje buvo panaudotas 5-
aminolevulinires tigSties metilo esteris, kuris jau yra aprobuotasnaidi keratozei ir
pamating lasteliy karcinomai gydyti.

Norint iSsiaiSkinti ar ligos pazeisti krenégl audiniai geba indukuoti endogeninius
porfirinus juos paveikus ALA ar jos dariniais, pirkary pademonstruotos endogemini
porfiring kaupimosi kinetikos osteoartritu serganpacienty kremzks bandiniuosesx
vivo ir chondronuosen vitro po inkubacijos su ALA ar ALA-Me. Taip pat pigrkart
tirta hialurono tigSties preparatgtaka endogenini porfiriny indukcijai chondronuose,
kurie buvo inkubuojami kartu su natrio hialuronat@ALA.

Remiantis fluorescencis spektroskopijos duomenimis palygintos pirmtakLA ir
ALA-Me savylkes indukuoti endogeninius porfirinus po intraveésinar intragnarires

injekcijos antigenu sukeltame triysmonoartrito modelyjén vivo ir audiniuosesx vivo.
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IS fluorescencijos spekirpokyiy nustatyta endogenipiporfiring sucktis ir jy kiekiai
sinovijos ir kremzts audiniuose.

Pirmg kartg atlikti endogeniniais porfirinais sensibilizgotaudiniy fluorescencias
gyvavimo trukmy mikroskopijos tyrimai. Taip pat atlikti triuSio ke sanario kremzés
pjuviai jos nedekalcinavus. Pigkar atlikti tos p&ios bandinio vietos fluoresceném
spektroskopijos bei intensyvumo ir gyvavimo trugnmikroskopijos tyrimai ir ¢liau
sulyginti su histologiniu vaizdu. Si metodikgalina nustatyti endogeniniporfiriny
sucktj ir jy lokalizacip biologiniy audiniy bandiniuose.

Disertacijos tikslas:

Spektroskopiniais ir mikroskopiniais metodais tstndogenini porfiriny susikaupim
ir pasiskirstym eksperimentinio reumatoidinio artrito modelyje ipacient

pooperacigje medziagoje po 5-aminolevuliréis rtgSties ar jos metilo esterio
panaudojimo.

Disertacijos uzdaviniai:

1. Palyginti endogenini porfiring kaupimasi reumatoidiniu artritu ir osteoartritu
sergakiy pacient sinoviocituose, chondronuose ir kredwbandiniuose inkubavus
juos tergse su ALA ar ALA-Me.

2. Istirti  hialurono ngsSties preparatojtaka endogeninj porfiring indukcijai
chondronuose.

3. Palyginti ALA ir ALA-Me indukuoty endogeninj porfiring kaupinmgsi triusiy
eksperimentinio AIA modelyjein vivo intraveninio ir intragnarinio preparat
suleidimo atvejais

4. Jvertinti endogeninj porfiring susikaupim AIA triuSiy sinovijos ir kremazs
audiniuoseex vivo po ALA ar ALA-Me injekcijos.

5. Nustatyti endogenini porfiriny lokalizacip sensibilizuotuose sinovijos ir krenigl
bandiniuose

Ginamieji teiginiai:

1. RA ar OA sinoviocitai 24 valandlaikotarpiu sukaupia nuo 5 iki 10 kardaugiau
PplIX negu kremzis bandiniai ir chondronai po inkubacijos su ALAArA-Me.
RA ir OA sinoviocitai sukaupia tokius pat PpIX kiak po inkubacijos su Siais

pirmtakais.
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2. ALA ir ALA-Me vienodai veiksmingai skatina PpIX si4aupimg bandiniuosen
vitro beiex vivo.

3. Hialurono igsties preparatai skatina PpIX kaupsinchondronuosin vitro.

4. TriuSiy eksperimentiniame AIA modelyjein vivo PpIX fluorescencijos
intensyvumas uzdegiminio kelio odos pavirSiuje w@e 8 kartus didesnis po
intragnarines 16 mM ALA injekcijos negu po ALA-Me. O didziausia
intensyvumas registruojamas e 2 valandoms pogpirmtaky injekcijos.

5. PpIX fluorescencijos intensyvumas po intravésinlé mM ALA injekcijos
uzdegiminio kelio odos pavirSiuje sunégapie 5 kartus lyginant su integsrine
injekcija, o po intraveniés 16 mM ALA-Me injekcijos — praktiSkai
neregistruojamas.

6. Vertinant indukuoto PplIX fluorescencijos intensywunwdegimirje sinovijoje
intragnarine ALA-Me injekcija yra apie 5 kartus veiksmingeésmegu ALA.
TriuSiy, kuriems antigenu sukeltas monoartritas, uzdegammkontrolinio kelio
sgnario kremztse kaupiasi vandenyje titp porfirinai.

7. Prajus 3 valandoms po intragarines ALA-Me injekcijos in vivo, PplX

lokalizuojasi sinovijos ir kremzb audiny lastekse.
Pagrindiniai rezultatai

Sie tyrimai atlikti tikintis ateityje endogeniniaiporfirinais pagista sensibilizaci
pritaikyti diagnostikos ir terapijos tikslais reutaainio artrito atveju. Kad fotodinamén
terapija Wity saugus ir tinkamas metodas slopinti sinovijos gidg sgnariuose,
optimaliy ALA ar jos darinij panaudojimo gygy, tinkartiy FDT ar FD, paieSka,
siekiant padidinti endogenini pofiring kaupimosi sinovijoje selektyvumir kartu
apsaugoti kremzlines strakas nuo fotosensibilizugtpazaidy bei sumazinti sistemjn
endogenini porfiring poveik organizmui. Siame darbe buvo atlikti endogenini
porfiriny detekcijos tyrimain vitro, ex vivo ir in vivo pacient pooperacigje medziagoje
ir triusSiy antigenu indukuoto monoartrito modelyje.

Atlikus tyrimus su pacientpooperacine medziaga, buvo nustatyta, kad vidutplX
fluorescencijos intensyvumas RA ar OA sinoviocieidmeveik visais laiko momentais

buvo nereikdmingai didesnis po inkubacijos su ALé&gn su ALA-Me (4 pav). Sie
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pirmtakai taip pat indukavo vienodus PplIX kiekinsOA kremzks bandiniuose. Taigi,
lastekse in vitro ar kremzés bandiniuosesx vivo Sie pirmtakai vienodai veiksmingai
indukuoja PplX sintez

Spektroskopiskai nenustatytas PpIX kaupimosi skigsl RA ar OA serg&n; pacient
sinoviocituosein vitro po inkubacijos su ALA ar ALA-Megali bati dél savitos
mikroaplinkos, idingos sinoviocitama vivo tam tikros ligos atveju, nebuvimo. diau
abiejose dsteliy grupsse buvo aptikta zymiPpIX kaupimosi skirtump tarp individualy
pacient lasteliy populiaciy. Manoma, kad aktyvesnis uzdegimas RA atveju gdlialu
skatinti sinoviociy metabolizmg negu OA atveju ir, tiktina, kaupti didesnius PplX
kiekius™ “° Kita vertus, atlikta tyrim parodZidiy, kad ir OA sergatiy pacient sanario
dangalo biopsijai daZnaiidingi uzdegiminiai poksiai*®. Taigi, tikétina, kad RA ir OA
pacieny grupese gatjo buti RA pacient su silpnesniu uzdegimu ir OA paciensu
aktyvesniu uzdegimu. Tét negalima atmesti prielaidos, kad FDT galbati pritaikyta
uzdegimui mazinti ir OA ligos atveju.

Svarbiausias tyrimp su pacienf pooperacine medziaga rezultatas yra tai, kad OA
sergadiy pacienij kremzks bandiniai (5 pav.) ir chondronai (6 pav.) po ib&aijos su
PpIX pirmtakais 24 valanglaikotarpiu sukaupia nuo 5 iki 10 kartnaziau PplX negu
RA ar OA pacient sinoviocitai. Didziausias PpIX intensyvunskirtumas yra stebimas
pradiniu inkubacijos su pirmtakais laikotarpiu (igi val.). Sis PpIX fluorescencijos
intensyvung skirtumas tarp krem& bandinj ar chondron ir sinoviocity gali it
nulemtas apie SeSis kartus mazesnio mitochandkigkio chondrocituose, Kkuryi
metabolizmas prisitags prie hipoksias aplinkos in vivo, kurioje deguonies
koncentracija yra nuo 1 iki 7 prd€.* Tai patvirtina galimyb selektyviai sensibilizuoti
uzdegimirg sinovijg ir atliekant FDT iSvengti krem& pazaid, nes fotopazaidas
daugiausia sukelia aktyydeguonies forminicijuotos citotoksigs reakcijos.

Kadangi RA ir OA gydymui yra naudojanjvairis hialurono @igSties preparatai bei
uzdegiminio proceso metygrgriuose yra pakitusi hialuronagsties suékis, buvo atlikti
tyrimai, siekiant iSsiaiskinti, koki jtaka hialurono figSties preparat panaudojimas
gakty turéti indukuotai PplX sintezei krem& audinyje. Spektroskopiniai duomenys
paroc, kad PplX kiekis chondronuose po 12 val. inkulmcisu ALA ir HA buvo
reikSmingai didesnis negu chondronuose inkubuotudsesu ALA. Atlikty tyrimy

duomenimis ALA ir HA gveikos glygotas didesnis PpIX kaupimasis chondronuose
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negali liti paaiskintas, tod reikalingi tolimesniin vitro ir in vivo jvairiy audini tyrimai
Siai ALA ir jos darinyy sgveikai su hialuronoagsSties preparatais istirti, kuri galiitd
svarbi ir kitose FDT taikymo srityse, pvz., dermagpjoje.

Kadangiin vitro tyrimy metu gauti rezultatai daznaiira netapaits ar netgi priesingin
vivo gautiems rezultatams, ALA ir ALA-Me savgd indukuoti PplX sintez
reumatoidinio artrito atveju buvo tiriamos trigSiantigeno indukuoto monoartrito
modelyje. Uzdegiminy ir kontroliniy sanariy spektroskopiniai tyrimain vivo, matuojant
fluorescencijos spektrus odos pavirSiuje, atskleldad vidutinis uzdegimini sgnariy
savitosios fluorescencijos spektro intensyvumasyjerinuo 500 nm iki 650 nm yra
mazesnis negu kontrolipikelio gnariy. Tatiau &l daugyles veiksni, daragiy jtakg
absoliutaus fluorescencijos intensyvumo matavimausdiniuose, Sis uzregistruotas
skirtumas yra per mazas, kad juo remiantits; lgalima diagnozuoti uzdegimines vietas.
Atlikus sensibilizuog audiny fluorescencijos matavimusn vivo, nustatyta, kad
nepaisant to, koks ALA injekcijos tdas buvo naudotas, endogeninporfiriny
spektruose dominavo PplX fluorescencijagida jo fluorescencijos intensyvumas
priklauso nuo pirmtako injekcijosido.

Po i.a. ALA injekcijos PpIX fluorescencijos intengynai uzdegiminiame ir
kontroliniame ghariuosein vivo matuojant odos pavirSiuje buvo apie astuonis kartu
didesni negu po i.a. ALA-Me injekcijos. Didziausi@plX fluorescencijos intensyvumas
uzdegiminiame ir kontroliniamegsariuose buvo uzregistruotas s 2 valandoms po
l.a. pirmtakg injekcijos. Didesnis PplIX fluorescencijos intengsgvas odos pavirSiuje po
ALA injekcijos negu po ALA-Me reiSkia, kad ALA suka didesi sistemin efeky —
bendy audiny sensibilizacy, kuri yra nepageidautina.

Po i.v. ALA injekcijos patikimas kontrastas buvd {pirmg valand, po suleidimo, o
véliau PplX fluorescencijos intensyvumas buvo beveiknodas uzdegiminiame ir
kontroliniame gnariuose (9 pav., A), tau maksimalus intensyvumas uzdegiminiame
sanaryje buvo apie penkis kartus mazesnis negu p@\LA injekcijos. Taigi, remiantis
Siais rezultatais, kad iSliktpatikimas kontrastas tarp uzdeginiii kontroliniy audiniy,
diagnostikos tikslais reiéty naudoti mazesnes ALA dozes arba spektroskopinius
matavimus atlikti ne &liau kaip 1 valang po i.v. pirmtako injekcijos.

Siekiant suzinoti, ar endogeninporfiriny fluorescencijos skirtumai, st&tb in vivo po
ALA ar ALA-Me injekcijos, atspindi uzdegiminio ir datrolinio gnario vidiniuose
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audiniuose susikaupugsiporfiring kiekj, buvo atlikti sinovijos ir kremzk auding
spektroskopiniai tyrimaex vivo. Uzdegimini audiniy spektroskopiniai tyrimaex vivo
pademonstravo prieSingus PplX kaupimosi audiniuegeltatus po i.a. ALA ar ALA-
Me injekcijos negun vivo. Po ALA-Me injekcijos PplIX fluorescencijos intengymas
uzdegimirgje sinovijoje buvo apie 2 kartus didesnis negu kiéja ir net apie penkis
kartus didesnis negu po ALA injekcijos (11 pav.e ®, ALA indukavo apie du kartus
daugiau PpIX kremgJe negu uzdegimige sinovijoje tirtu farmakokinetikos momentu
(pragjus 4 val. po injekcijos). Sis rezultatas yra paefigasin vitro atlikty tyrimy
rezultatams, kugi metu ALA OA kremzés bandiniuose indukavo apie 8 kartus maziau
PplIX negu RA ar OA sinoviocituose. Taigi, FDT ti&ks tik ALA-Me, 0 ne ALA, gadty
btti naudojamas mazinti sinovijos uzdegimui.

Kremzks audiniuose, be PplX fluorescencijos, buvo apiikteandenyje tirpi porfiriny
fluorescencija, kurios nebuvo sinovijoje (10 pawpanasus vidutinis vandenyje tigpi
porfiring fluorescencijos intensyvumas iSmatuotas tiek uidiegp synario, tiek
kontrolinio gnario kremztse, nepaisant, koks pirmtakas ar jo suleidinidas buvo
naudotas, patvirtina, kad artrito sliknas glygoja silpry viso organizmo sensibilizagij
(12 pav.). Taiau Sy porfiring buvimas krem&s audinyje nesukelia problem=DT
metu, nesy kiekiai, palyginus su PplX, yra mazi ir jie gtusiai lokalizagsi ne
gyvybiskai svarbiosegbteks srityse.

Kadangi FDT atveju labai svarbi yra sensibilizajolokalizacija, nes fotopazaidos
sukeliamos tik fotovaisto aplinkoje, reikia tiksliaustatyti, kur audinyje yra sukagg
sensibilizatorius. Remiantis spektroskopiniais mais buvo nustatyta, kad
sensibilizuotame triugi kremzks audinyje yra ne tik PplX, bet ir vandenyje tirpi
porfiriny, kuriy fluorescencijos spektrai yra persidengu PplX spektru. Atlikti
fluorescencias spektroskopijos tyrimai jgalina nustatyti fluorofay pasiskirstymo
audinyje. Todl triuSiy sinovijos ir kremzis audiny pjaviuose endogenini porfiriny
detekcija buvo atlikta fluorescencijos intensyvumg@yvavimo trukmiy mikroskopijos
metodikomis, kum rezultatai ¢liau sulyginti su HE dazytais histologiniais vaiijar
fluorescencias spektroskopijos rezultatais. Atlikus sensibiltzuoaudiny pjaviy
fluorescencidas mikroskopijos tyrimus, nustatyta, kad tirtame képeiame intervale
Zalia audinj savitoji fluorescencija yra dominuojanti, o raudoendogenimj porfiriny

fluorescencija yra labai silpna. diau vidutiniy fluorescencijos gyvavimo trukmiFLIM
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vaizduose galima nustatyti endogenirporfiring lokalizacip. Be to, FLIM vaizd
ISskaidziug trumpesnius laiko intervalus, galima atskirti §kigas audinj morfologines
strukfiras. Sulyginusiyt paiiy bandiniy FLIM ir histologinius vaizdus, nustatyta, kad
sensibilizuotoje sinovijoje ir kremgk endogeniniai porfirinai  yra astekse.
Sensibilizuog sinovijos ir kremzls bandiny fluorescencias spektroskopijos tyrim
rezultatai atskleigl kad endogenini porfiringy spektruose uzregistruotos tik PpIX ir jo
fotoprodukto spekiy juostos. Taiau reikia pamigti, kad bandini paruosimo metodai
gakjo turéti jtakos vandenyje tirpi endogeninj porfiring neaptikimui bandiniuose.
Atlikus detalesa FLIM vaizdy analiz, buvo apska&iuotos tikrosios fluorofay
fluorescencijos gyvavimo trukés. PplX fluorescencijos gyvavimo trukmyra daug
ilgesre negu savifja sveiky audiny fluorescency sudaratiy fluorofory, toctl ji galéty
buti panaudota tiksliai navikigidariny ar uzdegimini sriciy, kuriose aptinkami didesni
PpIX kiekiai, diagnostikai. Taip pat aps&aiotos ir fluorofor fluorescencijos gyvavimo
trukmiy amplituces. J; kitimas, pvz., blunkant PpIX méantis gyvavimo jo trukres
indélis, gakty bati panaudoti tobulinant FDT proaggigos ir doai vertinimg in vivo.

Taigi, suleidus ALA-Me intragnariniy budu, galima sukelti diden uzdegimirs
sinovijos sensibilizacsj, negu aplinkini audiny. T&iau, norint selektyviai atlikti
sinovijos abliaci FDT, dar reikia tiksliai kiekybiSkaiertinti PplX kielf audiniuose ir
apkatiuoti Sviesos sklidinp sgnario audiniuose, kadiby galima tiksliai apsk&iuoti
FDT doz.

ISvados:

1. Atlikus spektroskopinius tyrimus, nustatyta, kad RiA OA sergatiiyjy
sinoviocitai po inkubacijos su 1 mM ALA ar ALA-Meukaupia nuo 5 iki 10
karty didesnius PplX kiekius, negu OA sergamy kremzks bandiniai ir
chondronai. Té&au RA ir OA sinoviocituose po inkubacijos su Sigismtakais
PpIX kaupimosi skirtumai nenustatyti.

2. PplX fluorescencijos intensyvumas chondronuoseboktuose kartu su ALA ir
hialurono figsties preparatu reikSmingai didesnis negu inkuimsa tik su ALA.

3. Didziausias PplX fluorescencijos intensyvumas tuSlA modelio uzdegiminio
sgnario odos pavirSiuje, uZzregistruotam vivo prajus 2 valandoms po
intragnariniy 16 mM ALA ar ALA-Me injekcijy, buvo apie 8 kartus didesnis
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ALA atveju. Po intravenies 16 mM pirmtaly injekcijos PpIX fluorescencijos
intensyvumas uzdegiminio kelio odos pavirSiuje Abhfveju buvo apie 5 kartus
mazesnis negu po integmarines injekcijos, o ALA-Me atveju — praktiSkai
neregistruojamas.

. PpIX fluorescencijos intensyvumas uzdegi@en sinovijoje ex Vivo po
intragnarines 16 mM ALA-Me injekcijos buvo apie 5 kartus didesnegu ALA
atveju ir apie 2 kartus virSijo intensyvgrmsmatuof kremzkje. TriuSy, kuriems
antigenu sukeltas monoartritas, uzdegiminio ir kalimio snario kremzts
audiniuose kaupiasi ir vandenyje ftigoporfirinai.

. IStyrus triusy snariy audinius fluorescencés spektroskopijos, fluorescencijos
intensyvumo ir gyvavimo trukmi mikroskopijos metodais bei gautus vaizdus
sulyginus su HE dazytais histologiniais vaizdaistatyta, kad po intraearires
ALA-Me injekcijos prajus 3 valandoms PplX yra susikasp uzdegiminio

sgnario sinovijos ir kremzk audiny lastekse.
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