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ABSTRACT

Purpose: To show that a non-laser light source can be constructed, using a 500 W Tungsten lamp and optical filters, and that
this light source produces photodynamic effect via protoporphyrin IX (PpIX) similar to the effect produced by HeNe laser light.
Methods: The broad band spectrum from a Tungsten lamp was filtered. Infrared and blue part of the spectrum was discarded by
absorption process and the fraction of the spectrum, centered at the red portion, was filtered by an interference filter. Photody-
namic effect was studied by the activity on endogenous PpIX of Harderian glands of Wistar rats. Twenty rats were used for the
experiment. Each animal had its two Harderian gland surgically exposed, so one of them was treated with the system while the
other was kept as control. After a 30 minutes period of treatment, the animals were sacrificed and their glands were removed for
histological analysis. This analysis was compared to earlier published results obtained with HeNe laser light. Results: The
resultant light source emission was centered around (636 £ 6.5) nm and gives up to 11.3 mW/cm2 power density. It produces
photodynamic effect in Harderian gland, observed either by fluorescence spectroscopy or by histological microscopy. Conclu-
sion: There is no noticeable difference in Photodynamic effect results if activated by HeNe laser or by the proposed non-laser
light source emitting at the red portion of the spectrum.
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RESUMO

Objetivo: Descrever a construg¢ao de uma fonte de luz ndo-laser, a partir de uma lampada de Tungsténio e filtros 6ticos adequados
¢ demonstrar que sua eficiéncia em estudos fotodinamicos, mediados por protoporfirina IX, ¢ semelhante a do laser de Hélio
Neonio. Métodos: As regides Infravermelha e Azul do espectro de emissdo Optica de uma lampada de Tungsténio foram
convenientemente descartadas por processos de absor¢do, enquanto que a fragdo centrada na regido do vermelho foi removida
com o uso de um filtro de interferéncia. O efeito fotodinamico foi estudado, em glandula Harderiana de ratos Wistar em razdo da
produgdo enddgena de protoporfirina IX (PpIX) por estas glandulas. Foram utilizados 20 ratos. Cada animal teve as duas
glandulas expostas cirurgicamente, sendo uma delas tratada com a fonte ndo-laser e a outra mantida como controle. Apds
tratamento por 30 minutos os animais foram sacrificados e suas glandulas removidas para estudo histologico. Os resultados
foram comparados a estudos realizados com laser de Hélio Nednio, ja publicados. Resultados: A luz produzida pelo equipamento
estd centrada em torno de (636 + 6,5) nm, fornecendo uma densidade de poténcia de 11,3 mW/cm2. Os efeitos fotodindmicos
produzidos na glandula Harderiana, podem ser observados tanto por espectroscopia de fluorescéncia como por microscopia
otica. Conclusao: Nao foram observadas diferengas significativas nos resultados do efeito fotodindamico obtidos com a fonte de
luz ndo-laser proposta, em comparagao aos resultados conhecidos com o uso do laser de Hélio Nednio.

Descritores: Fotoquimioterapia. Lasers. Glandula de Harder.
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Introduction

First information about photodynamic applied
to cancer therapy dates from the seventies. Since then,
many patients with certain malignant tumors have been
treated with Photodynamic Therapy (PDT), presenting
results that justify its efficiency’>3.

Photodynamic process is obtained by the light
action on a photoactive substance, which in the pres-
ence of oxygen can causes the destruction of the hostess
cell. This technique, characterized by a sequence of
physical, chemical and biological effects, has increased
its use in cancer treatment.

Molecular oxygen can exist in two possible
states: singlet ('O2) and triplet ((O2). The latter is the
fundamental and stable state of the molecule, and is
mostly found in any cell. Chemically, singlet oxygen is
more reactive than triplet oxygen, forming new com-
pounds and releasing energy. Transition from the fun-
damental state of the oxygen (triplet) to singlet state,
results in a destruction of the hostess cell by oxidation
of its constituents. This transition (Triplet-Singlet) cor-
responds to the absorption of an energy equivalent to
1.27 um, and is not allowed to occur by direct absorp-
tion, according to conservation laws of physics (spin
conservation). This transition is only possible by non-
radiative energy absorption (Fermi resonance). Some
substances, known as photosensitizer, like Hematopor-
phyrin derivative (HpD) and Protoporphyrin IX (PpIX),
can absorb photons (around 632 nm) directly and, after
a sequence of intersystem energy conversion can pro-
mote neighbors triplet oxygen to the excited singlet
state>*,

In the specific case of PDT, the photosensitizer
is injected in the patient and is kept inside cancer cells
for a time longer than in normal cells. So, the photon
absorption and the consequent energy transfer to oxy-
gen will occur only inside cancer cells, as explained
above.

In the Harderian gland®”® model, for photody-
namic studies, the presence of endogenous protoporphy-
rin IX eliminates the need of photosensitizer injection’®.

For activating the photosensitizer in photody-
namic process, it is necessary to use light excitation in
the resonant frequency with the optical absorption level
of the substance. Generally, lasers are the most useful
equipment in this process, thank to their very high col-
limation and power density, joined with their excellent
monochromaticity. Fast laser development and their
prices decreasing discourage the use of lamps for PDT.
A few works use non laser light sources for activating
photodynamic process'®!" remaining unknown, until
now, some particularities concerning possible difference
in the final effect when the excitation is laser or non
laser light. This lack in experimental data encourages
the development of non laser light sources for PDT stud-
ies.

Methods

With a commercial 500 W tungsten lamp, optical filters and
lenses, it has been projected and developed a non-laser light source as
sketched in Figure 1 and photographically showed in Figure 2.
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FIGURE 1 — Schematic of the developed system. All the components are
explained in the text
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FIGURE 2 — Illustration of the optical system developed. Note that in this
picture the system includes an optical fiber for special applications, not de-
scribed in this work

The emission spectrum of the tungsten lamp is shown in
Figure 3.
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FIGURE 3 — Emission spectrum of a 500 W tungsten lamp used for the
construction of the non-laser optical system
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This spectrum shows that the light
source of the system emits photons from the
visible to the near infrared region, in a con-
tinuous way.

A fraction of light rays emitted from
the lamp is absorbed by the walls or transmit-
ted outside the equipment, causing some losses
and converting energy into heat. It was nec-
essary to use micro ventilators in order to cool
the developed system. A fraction of the remain-
ing rays go through the sequence of filters and
lenses. For this system, it has been used an
infrared absorption filter and an interference
filter, band-pass centered at 630 nm. We have
used two lenses for converging the light beam
and another absorption filter in blue and near
ultraviolet region (high frequency). The out-
put light beam enters into another lens with
variable focus in order to collimate it. All sys-
tem components were fixed with movable sup-
ports in order to permit an optimization of
light concentration at the end.

To analyze photodynamic effect pro-
duced by the non-laser system we used the
Harderian gland of Wistar rats model’. A group
of 20 Specific Pathogen Free (SPF) Wistar rats,
all males, 7 weeks old and body mass from
150 to 200 g, has been submitted to an anes-
thetic procedure according to ethical interna-
tional protocols, with intravenous sodium
hypinol. Each animal had its two Harderian
glands surgically exposed by means of micro-
surgery. One of the glands was kept as control
while the other was treated with the system
developed in the present work for 30 minute.

During the treatment period, fluores-
cence spectrum of both glands (control and
treated one) was recorded with a plug-in spec-
trometer (OceanOptica PC2000). The activa-
tion of this fluorescence was done with ultra-
violet light (Hg lamp, 20 W, 365 nm).

Immediately after treatment both
glands have been removed for histological
analysis by optical microscopy. The animals
were sacrificed according to established bio-
ethics protocols.

Results

The resultant emission spectrum of
the constructed non laser system, recorded
with the PC2000 spectrometer, can be seen in
Figure 4, and it displays the characteristic
gaussian shape of interference filters, centered
at 636 nm with a measured width at half height
of 13 nm (636 + 6.5) nm.
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FIGURE 4 — Emission spectrum of the output light from the non-laser system, con-
veniently centered at A = 636 nm

At a convenient distance of 27 cm from the last lens of the equip-
ment, almost all output energy is concentrated in an area of 0.93 cm?. At this
position, with aid of a power meter, it was possible to establish the output
power of the system, which was 10.5 mW, giving a power density of 11.3
mW/cm?. Since the system is a non laser light source, the beam can not be
focused to small areas so, this is the highest power density achieved by the
system. By positioning the gland at this focal plane the received energy den-
sity (fluence) during a convenient time of 30 minutes was 20.34 J/cm?.

Figure 5 show histological aspect of a typical healthy Harderian
gland (control gland).

FIGURE 5 - Photomicrograph of histological section of the Harderian gland kept as
control. (Obj. 20x)

The analysis characterizes a typical acinar pattern arrangement of
the tissue, round nuclei, with clearly defined limits. It is possible to identify
the tubules of a normal rat Harderian gland, composed of a single layer of
columnar epithelial cells

Figure 6 shows the fluorescence spectrum of a control gland, dis-
playing the two characteristic optical band of Pp IX, centered at 636 nm and
708 nm, respectively!'>!3.
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FIGURE 6 - Fluorescence spectrum of the Harderian gland kept as control.

“A” and “B” denote de characteristic fluorescence bands of PpIX, as ex-
plained in the text

After a 30 minutes period of treatment with the non laser
light source, and immediately after exposure to light, necrosis of
the tubular cells characterized by fragments of the epithelial cells
can be observed (Figure 7) in the treated gland.

FIGURE 7 - Photomicrograph of histological section of the Harderian gland
treated by non-laser light for 30 minutes period (fluence 20.34 J/cm?). It can
be observed a total acinar destruction on the right (R) and a partial destruc-
tion on the left (L).This histological section corresponds to the border of the
treated zone (Obj. 20x)

Fluorescence measurements also show modifications after
non laser light exposure in treated Harderian gland (Figure 8).

Intensity (arbitrary units)

The origin of the new fluorescence at 675
nm band is known to be due to formation of fluores-
cent photoproducts', and indicates Photodynamic
activity.

The contra lateral operated Harderian gland,
kept as control for 30 minutes, showed neither necro-
sis nor inflammatory infiltrate. These standard behav-
iors of both glands have been observed for all animals
of the sample. The fluorescence spectrum of this con-
trol gland stays unchangeable during the experiment.

Discussion

One important property of laser beam is its
high collimation. For instance, a HeNe laser beam
can be focused in areas smaller than 0.1 mm?, leading
to high power densities, even for small lasers. Com-
paring the final power density of our non laser light
source with, for example, the achieved power density
of a HeNe laser of nominal power of 7 mW our sys-
tem is in great disadvantage but, for PDT application
in larger areas, the non-laser system can be prefer-
able. For instance, the power density of the HeNe la-
ser, if the beam is expanded to cover an area of 0.93
cm?, is 7.53 mW/cm?, which is only 67 % of the power
density achieved by our system. As a consequence,
the required time to irradiate tumor areas of 0.93 cm?,
to achieve a fixed fluence with the non laser system,
will be 23% smaller than the time required by the
mentioned HeNe laser.

Other important difference between both sys-
tems is the difference in the emitted wavelengths (L).
The HeNe emits a narrow band of light centered at A
= 632.8 nm while the non laser system emits a rela-
tively wide band centered at A = 638 nm. This affects
positively the efficiency of absorption of the light by
Pp IX which has a maximum absorption near 638 nm.

The results obtained by Reis et al®, using
HeNe (A=632.8 nm) laser light in similar experiment
with Harderian gland of Wistar rats were achieved
with fluence about 900 J/mm?, which is 44.24 times
grater than the fluence used in the present experiment.
Figure 9 is a photomicrograph of histological section
of a treated Harderian gland, after 15 minutes period
of HeNe light irradiation.

FIGURE 8 - Fluorescence spectrum of the
Harderian gland treated by non-laser light for 30
minutes period (fluence 20.34 J/cm2). “A” and “B”
denote de characteristic fluorescence bands of PpIX
and “C” denotes the new band from photoproduct
created due to the action of the light
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FIGURE 9 - Photomicrograph of histological section of the Harderian gland treated
by laser light for 15 minutes period (fluence 900 Joules/cm2). Note the complete
photo destruction of the acinar structure, similar to the non-laser light effect, ob-
served in figure 7 (Obj. 20x)

Figure 10 is the correspondent spectrum of fluorescence (show-
ing here by permission of the authors of reference 9).
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FIGURE 10 - Fluorescence spectrum of the Harderian gland treated by HeNe
laser light for 15 minutes period (fluence 900 Joules/cm?2). Note the similar
characteristics as observed in Figure 8. (by permission of the authors of refer-
ence 9)

A simple comparison of these results with the ones of the present
work, as depict in Figures 7 and 8, evinces our prior statement that both
light sources bring similar photodynamic results in Harderian gland of
Wistar rats, assisted by endogenous PpIX.

The new equipment developed has an effective power density
for larger areas (covering surfaces of about 1 cm2), on the contrary of a 7
mW HeNe laser. This is an excellent advance, principally for photody-
namic therapy applications in superficial lesions, like skin cancer. Addi-
tionally, the emission frequency (correspondent to A = 636 nm) of the
non-laser system is almost resonant with the absorption frequency of PpIX,
providing better absorption and, consequently, observable photodynamic
effect even at low fluence.
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Conclusion

The construction of a suitable non-la-
ser light source for photodynamic application,
where low fluence is required, is relatively
simple. Despite the fact that the light beam from
the non-laser source can not be focused to the
same limits of laser beam, it can be used in situ-
ations where large areas of superficial lesions
must be covered.

The use of the non-laser light source
in a simple experiment with Harderian gland
of Wistar rats, which results achieved with HeNe
light is previously know, was fundamental to
validated the developed device.
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