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the way that their light beams are directed straight down to-
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Planar irradiation source especially for induction and monitoring of photodynamic effect

in vitro

Art Domain

The invention concems a layout of a planar source of irradiation with
homogeneity of a light field designed especially for induction and monitoring of a
photodynamic effect in vitro, mainly in standard analytic Petri dishes, with an option of
continuous monitoring of changes in standardized analytical microplates' for its
transparency and possibility of carry out of changes in composition and pressure of
surrounding atmosphere of analyzed sample.

Present Prior Art

The photodynamic effect represents combined effect of four components, namely
a photosensitive compound (sensitizer), molecular oxygen, light and a substrate, most
often of biological substance. Resulting product of this reaction is creation of different
forms of reactive oxygen, an oxidised substrate and a regenerated sensitizer which was
activated by the light. This effect finds its main use in a photodynamic therapy where the
sensitizers are preferably trapped in pathologically changed cells. After subsequent
irradiation of cells with visible radiation with wavelength identical with absorption
maximum of sensitizer there comes to their destruction on which participate mainly
singlet oxygen and other radicals. The lifetime of these products in cell environment is
very short because they react very fast with surrounding biomolecules. In dependence
on size of this way induced changes in their molecular structure, thus in extend of
cellular damage, there may come to trigger a series of cellular processes which lead to
destruction of the cell. The sensitizer is non-toxic without light activation and it is
characteristic for its own fluorescence which is also used in diagnostics. Induced cellular
damage is possible to observe by the help of various light activated probes through
detection for example of their fluorescence by the help of a spectroflourimeter.
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In a preclinical research phase are during the study or emciency or uus type ot
therapy used various tumour and non-tumour cell cultures are used and cultivated for
example in Petri dishes or analytic microplates. Laser or diode light are most often used
as a source of light energy for activation of the sensitizer. To form a wider irradiation
area there is often placed an optic diffuser between a laser beam and an examined
object. For light originating from LED diodes the irradiation field is formed with different
arrangement of several LED diodes which form different level of homogeneity of light
flow not only for in vivo applications as it is described for example in documents
KR20090055891, EP2044974, US2009088824, CN101214403, US2007239233,
US2007225778, W002098508, W02005035058, W09321842, but also for applications
in vitro as it is known from documents DE102008008875, CZ302829, CZ302084 or
WQ09321842. The arrangement of diodes in irradiators is either random or in rows with

same or different mutua) distance.

Suitable arrangement of diodes is connected with formation of a homogenous light
field and is described in several files for example in W02005035058, CZ2302829, which
solve problem of homogeneity during irradiation from above. The LED diodes are in this
design arranged in a hexagonal shape in constant distance from each other and are
bonded on a pad above a bed. In design according to the file CN203247266 (U) the
homogeneity is reached by the movement of a plate with bonded LED elements and by
the help of diffusion on supplementary diffusing glass. An analysis of the sample is
commonly carried out by detection of a signal by the help of a detection device which is
placed above or under the sample. A disadvantage of this design is that the analysis of
final effect of photodynamic therapy in vitro, i.e. determination of total amount of
oxidized compound, is possible to carry out after certain time from irradiation. Vei'y
often used and favourite detector is in fact a chemical marker which after penetration
into cells and its oxidation changes to fluorescent product whose total vield can be
easily determined by the help of commercialy accessible fluorescent
spectrophotometers or readers. Due to fast photophysical-chemical changes connected
with formation of reactive forms of oxygen and autophotooxidation of the detection
marker itself it is desirable to proceed the measurement continuously in time. Some sort
of solution brings device according to CZ302084, where the irradiation is realized from
side. This way of design is suitable for relatively small samples and it does not reach the
same homogeneity as with direct irradiation from above,
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The aim of the presented invention is to introduce for use a planar irradiation
source which would be structurally quite simpie, would provide light with relatively
uniform light flow and at the same time would enable continuous monitoring of products
formed during photodynamic effect by the help of commercially accessible
spectrophotometers or readers and would have provided possibility of darry out of

changes in composition and pressure of surrounding atmosphere of analyzed sample.

Essence of the invention

The given aim is achieved with an invention which is a planar irradiation source
especially for induction and monitoring of photodynamic effect in vitro in samples placed
in a bed which is formed with a sealable body which is procured with a from above
opened central chamber modified not only for removable insertion of the bed with
analyzed sample but also for above it positioned removable positioning of a
semitransparent thin walled irradiation plate which is procured with diode chips placed
in rows with mutual hexagonal arrangement whereas the diode chips are parallel
connected with a bus which is led along the perimeter of the irradiation plate and is
connected with an external power supply, and are placed in the irradiation plate in the

way that their light beams are directed straight down toward the bed.

In an advantageous design is the central chamber is formed in the way that its
upper frame overreaches above an upper face of the body and in its side external walls
are formed arched grooves which are procured with collars for vertical positioning of the
bed and above the arched grooves are formed basically rectangular grooves for placing
of the irradiation plate.

It is likewise advantageous when the body is procured with a swing away lid on
whose inner face is formed a central groove whose shape and size corresponds with
the shape and size of upper frame of the central chamber of the body whereas on the
upper frame is placed peripheral sealing which enables hermetical closure of the central
chamber.
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And finally it is advantageous when in the body are puit in seaidvie passayes
which are sideway or frontally led into the central chamber and a side port which
enables connection of conductors going from the bus of the irradiation plate with a
power supply.

In an optimal design the central groove of the lid and also the bottom of the
central chamber are procured with transparent windows which enable checking and

monitoring of processes inside the central chamber.

The device according to the invention reaches new and higher efficiency in the
fact that the structurai design of the planar irradiation source enables continuous
monitoring of products which are formed during photodynamic effect. Next advantage is
that the irradiation plates which are bonded with diode chips are easily removable and it
is possible to push infout change them for other plates with other irradiation
characteristic. Indispensable advantages of the device are its low purchase price, small
build up size and minimal energetic demandingness of operation.

Description of the figures in enclosed drawings

Particular example of structural design of a planar irradiation source is clarified
by the help of enclosed drawings where:

Fig. 1 is a general axonometric view of the irradiation source in closed condition,

Fig. 2 is a view of the irradiation source from the Fig. 1 in exploded design with
uncovered lid,

Fig. 3 is a view of an alternative design of the irradiation source in exploded
design with uncovered lid,

Fig. 4 is a detail view of a part of the irradiation plate with an arrangement
scheme and electric connection of diode chips.

The drawings which illustrate presented invention and consequently described
examples of particular designs do not in any case limit extend of the protection

mentioned in definition yet only clarify essence of the invention.
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Examples of invention desian

A planar irradiation source is in its basic design formed with a plate body 1,
preferably of rectanguiar shape which is procured with a from above opened central
chamber 11, whose upper frame 111 overreaches an upper face 12 of the body 1.
Side external walls 112 of the central chamber 11 are modified for placing of not only a
bed 3, for example a Petri dish, with analyzed sample but also a semitransparent thin
walled irradiation plate 4. In design according to Fig. 2 there are in side external walls
112 above each other formed arched grooves 113, which are procured with collars 114
for vertical positioning of the bed 3, and basically rectanguiar grooves 115 for placing of
the irradiation plate 4. On upper surface of the rectangular grooves 114 are then placed
non-iliustrated conductive flexible connectors for possibility of electric connection of the
irradiation plate 4 by the help of also non-illustrated conductors which are led out of the
body 1 through its side port 13 to a supply source. The body 1 is procured with a swing
away lid 2, on whose inner face 21 is formed a central groove 22, whose shape and
size corresponds with the shape and size of the upper frame 111 of the central chamber
11 of the body 1. On the upper frame 111 is placed a peripheral sealing 5, which
enables hermetical closure of the central chamber 11, for example by the help of screw
6

connections whereas in the body 1 are built in sealable passages 7, which are
procured with sealable vaives or rapid couplings and which are sideway or frontally led
into the central chamber 11 and enable by the help of changes of pressure or kind of
blown medium regulation of surrounding atmosphere of analyzed sample. The central
groove 22 of the lid 2 and also the botiom 118 of the central chamber 11 are then
procured with transparent windows 8 which enable checking and monitoring of

processes inside the central chamber 11.

The semitransparent thin walled irradiation plate 4, which is' basic function
element of the planar irradiation source, is procured with diode chips 41 which are
placed in rows with mutual hexagonal arrangement and are placed in the way that their
light beams are directed straight down toward the bed 3. Particular rows with in series
connected diode chips 41 are in parallel connected with a bus 42 which is led along the
perimeter of the irradiation plate 4, as it is clear from Fig. 4. The bus 42 is then
connected, by the help of non-illustrated conductors which are led out of the body 1.

through its side port 13, to power supply.



WO 2016/184441 6 PCT/CZ2015/000125

The structure of entire planar irradiation source but especially arrangement of the
diode chips 41 must be selected in the way to reach maximal homogeneity of the light
field and for influence of partial shading to be relatively independent on positioning of
the sample in the bed 3. Therefore is suitable the hexagonal arrangement of the diode
chips 41. Surface density of the diode chips 41 then directly determines level of
homogeneity and transparency of the source. The bigger it is the lower is the
transparency and vice versa. During study of photodynamic processes is the issue of
homogeneity is more important and from the point of view of theoretical calculations it is
the most suitable when the transparency of the irradiation piate 4 does not uselessly
exceed 50 %.

Efficiency and functionality of the planar irradiation source has been tested for
contemporary, commercially produced highly illuminative diode chips 41 with maximal
size 0.33 and 0.40 mm with irradiation performance of one diode chip 41 to 50 mW and
with emission of radiation in the range of wavelength 415 and 660 nm. For arrangement
of field with 195 chips was formed a homogeneous irradiated surface for detection area
of the bottom of a Petri dish with diameter 35 mm. For achievement of higher
homogeneity it would be optimal to increase this amount of chips in compliance with
former paragraph. For the diode chips 41 with size 0.4 x 0.4 mm with neglect of
narrow in series connection the amount of diode chips 41, which corresponds with
surface with diameter 35 mm when kept 50% permeability, would be app. 6 013 (n x
17.5%2/ 0.42),

The described structure of the planar irradiation source is not the only possible
design of the invention but without influence on its essence can be solved own structure
of the body 1 in another way and can be used different amount of the diode chips 41
according to their size and the size of analyzed area thus diameter of the bed 3. The
sealable passages 7 can be led out from the body 1 sideway or frontally and hermetical
sealing of the central chamber 11 can be realized another way than with the screw
connection 6.
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Industrial usability

The irradiation source according to the invention is possible to use for monitoring
of photodynamic changes with in vitro methods in standard beds, especially for a
photodynamic therapy which is used for destruction of tumour cells by the help of singlet
oxygen and other radicals which are created in tumour tissue after its irradiation with
light. By its size and transparency it enables study of photodynhamic processes in
common commercially accessible microplate analyzers.
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PATENT CLAIMS

1. A planar irradiation source especially for induction and monitoring of photodynamic
effect in vitro in samples placed in a bed (3) wherein it is formed with a sealable
body (1) which is procured with a from above opened central chamber (11) modified
not only for removable insertion of the bed (3) with analyzed sample but also for
above it positioned removable positioning of a semitransparent thin walled irradiation
plate (4) which is procured with diode chips (41) placed in the rows with mutual
hexagonal arrangement whereas the diode chips (41) are in parallel connected with a
bus (42), which is led along the perimeter of the irradiation plate (4) and is connected
with an external power supply, and are placed in the irradiation plate (4) in the way
that their light beams are directed straight down toward the bed (3).

2. The planar irradiation source according to the claim 1 wherein the central chamber
(11) is formed in the way that its upper frame (111) overreaches above an upper
face (12) of the body (1) and in its side external walls (112) are formed arched
grooves (113), which are procured with collars (114) for vertical positioning of the
bed (3), and above the arched grooves (113) are formed basically rectangular
grooves (115) for placing of the irradiation plate (4).

3. The planar irradiation source according to the claim 1 or 2 wherein the body (1) is
procured with a swing away lid (2), on whose inner face (21) is formed a central
groove (22), whose shape and size corresponds with the shape and size of the upper
frame (111) of the central chamber (11) of the body (1), whereas on the upper frame
(111) is placed a peripheral sealing (5) which enables hermetical closure of the
central chamber (11).

4. The planar irradiation source according to some of the claims 1 to 3 wherein in the
body (1) are built in sealable passages (7), which are sideway or frontally led into the
central chamber (11), and a side port (13) which enables connection of conductors

going from the bus (42) of the irradiation plate (4) with the power supply.
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5. The planar irradiation source according to some of the claims 1 to 4 wherein the
central groove (22) of the lid (2) and also the bottom (116) of the central chamber
(11) are procured with transparent windows (8) which enable checking and

monitoring of processes inside the central chamber (11).
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