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RESUMO

Durante os anos demonstrou-se que a terapia com o laser de baixa poténcia
pode interferir na taxa de proliferacdo celular como no caso dos fibroblastos,
mioblastos, células mesenquimais, osteoblastos e outros, além de exercer efeitos
sobre o metabolismo celular. Desta forma, o presente estudo teve como objetivo
avaliar a dose-resposta do laser de As-Ga-Al no comprimento de onda de 660nm
sobre a viabilidade celular e a producdo de espécies reativas do nitrogénio em
macrofagos em cultura. Foi utilizada a linhagem RAW 264.7 em meio de cultura
DMEM e o experimento foi dividido em quatro grupos, o primeiro grupo foi composto
por apenas células e meio de cultura, o segundo grupo por células mais o meio e a
irradiacdo com laser, o terceiro grupo pelas células estimuladas com
lipopolissacarideo (LPS) e o quarto grupo pelas células estimuladas com LPS e
irradiadas com o laser. As células foram irradiadas nas poténcias de 10, 50 e
100mw, nos tempos de 10, 30 e 60s, dando um total de 9 densidades de energia.
Este estudo indicou que a LBP aumentou significativamente (p<0,001) a producéo
de éxido nitrico (NO) pelos macréfagos do tipo RAW 264.7, quando comparado com
células nao irradiadas, tanto em células estimuladas pelo LPS quanto na produc¢éo
basal de NO (sem estimulacdo por LPS). A densidade de energia de 32J/cmz foi a
que apresentou um maior aumento na producdo de NO (p<0,011) e analisando,
apenas, o tempo de irradiacdo ndo houve diferenca estatisticamente significativa
(p>0,05 diferenca) em diferentes poténcias. Baseado nos achados do presente
estudo € possivel concluir que a irradiacdo com 660nm aumentou a producédo de NO
por macrofagos em cultura, quando comparado com células ndo estimuladas, sem

afetar a viabilidade celular.
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ABSTRACT

Over the years it was demonstrated that therapy with low-level-laser therapy
may interfere on cell proliferation as in the case of fibroblasts, myoblasts,
mesenchymal cells, osteoblasts and others besides exercing effects on cell
metabolism. Thus, the aim of the present study was to evaluate the dose-response of
As-Ga-Al laser at wavelength of 660nm on cell viability and production of reactive
nitrogen species in macrophages culture. RAW 264.7 cell was used in DMEM culture
medium and the experiment was divided into four groups, the first group: comprised
only cells and medium, the second group: cells plus medium and irradiation with
laser, the third group: simulated cells by lipopolysaccharide (LPS) and the fourth
group: stimulated cells plus irradiation with laser. The cells were irradiated at powers
of 10mWwW, 50mW and 100mW in times of 10s, 30s and 60s, giving a total of 9 power
densities. Our study indicated that the LLT significantly increased (p<0,001) the NO
production by Raw 264.7 macrophages cells when compared with non-stimulated
cells, both in cells LPS-simulated cells and in basal production of NO (without
stimulation by LPS). In addition, NO production was most increased when the energy
density of 32J/cm? was used (p<0,011). Also, while analyzing only the time of
irradiation there was no statistically significant (p>0,05) difference in different power
usage. Based upon the results of the present study it can be concluded that the
irradiation at 660nm increases NO production by macrophages in culture when

compared with non-stimulated cells, without affecting cellular viability.

Keywords: low level laser therapy, laser biostimulation, inflammation, macrophages,

nitric oxide.
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INTRODUCAO

Laser é a abreviagdo para Light Amplification by Stimulated Emission of
Radiation, em portugués, luz amplificada por emisséo estimulada de radiacdo, cuja
teoria é do fisico Albert Einstein, que em seu artigo "Zur Quantum Theories der
Strahlung”, de 1917, expds os principios fisicos da emissdo estimulada (fenbmeno
laser) (Vinck et al., 2003). E um dispositivo composto de elementos sélidos, liquidos
ou substancias gasosas que produzem um feixe de luz quando excitadas por uma
fonte de energia e pode ser classificado em duas categorias: laser de alta poténcia
ou laser cirargico e laser de baixa poténcia ou laser terapéutico. O de alta poténcia
possui efeitos térmicos como o corte, vaporizacdo e propriedades hemostéaticas
enquanto o de baixa poténcia possui propriedades analgésicas, anti-inflamatorias e
de bioestimulacao (Yarak & Okamoto, 2010).

Lasers de baixa poténcia interagem com os tecidos de forma indireta
produzindo um efeito conhecido como fotobioestimulacdo que promove um aumento
limitado da temperatura local, aumento do fluxo sanguineo e producdo de
mediadores fisiolégicos como as endorfinas (Parker, 2007).

A Laserterapia em baixa poténcia (LBP) envolve a aplicacao local de um féton
de luz monocromatica de alta densidade sobre determinados tecidos obedecendo os
parametros pré-estabelecidos como poténcia em Watts (W), area a ser irradiada em
centimetro quadrado (cm?) (Bensadoun, 2001; Maiya, 2006) e comprimento de onda
em nandmetro (nm) do laser a ser usado, ja que este determina o grau de absorcao
da luz no tecido-alvo (Dederich, 1993).

A terapia com laser comecou a ser utilizada na Odontologia no inicio dos anos
90 e consiste em uma técnica simples e atraumatica (Pourzarandian et al. , 2005).

Atuando sobre a célula, a radiacdo a laser provoca um aumento no gradiente
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eletroquimico de prétons nas mitocondrias além de aumentar a disponibilidade de
ions calcio no citoplasma para estas organelas (Friedman, Lubart & Laulicht 1991).
Este mecanismo poderia explicar a acdo bioestimulante do laser em culturas de
células, quando utilizado em pequenas doses, ou seus efeitos prejudiciais quando
utilizado em altas doses (Karu, 1988). Em doses baixas o laser provoca um aumento
da disponibilidade de ions calcio no citoplasma estimulando a proliferacdo celular
(Meininger & Binet, 1984). Em doses elevadas, 0 aumento da quantidade de ions
calcio no citoplasma promove o aumento da pressdo osmoética local que leva a
destruicdo da célula (Malik & Lugaci, 1987).

A tecnologia laser tem melhorado continuamente durante os dltimos anos,
impulsionado em parte pela procura de aplicacbes com finalidades terapéuticas e
para fins de diagndstico (Steiner, 2006).

Com relacdo a interacdo do laser com os tecidos, Rocha (2000) afirma que
sistemas biolégicos sdao complexos e compostos de uma grande variedade de
elementos celulares e fluidos teciduais, cada qual com diferentes caracteristicas de
absorcdo. Uma vez que o corpo humano € majoritariamente constituido por agua, a
absorcdo da luz pela agua € de fundamental importdncia para aplicacdes
biomédicas. Os elementos dos tecidos que exibem um alto coeficiente de absorcéo
de um particular comprimento de onda, ou por uma regido do espectro, sao
chamados cromoforos. As interagdes que podem ocorrer quando a radiacdo laser é
absorvida pelos tecidos biologicos sdo efeitos fototérmicos, fotoquimicos,
fotomecanicos, fotoelétricos e quanticos (Hale & Querry, 1973; Niemz, 2003).

Quando a radiacao laser entra em contato com os tecidos pode ocorrer
reflexdo, refracdo, dispersdo e absorcédo (Parker, 2007). A reflexdo se da quando

parte do feixe de luz que incide sobre um meio, reflete formando um angulo igual ao
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da incidéncia. Cerca de 4 % da luz é refletida em uma aplicacédo tipica de laser em
uma pele sem oleosidade. A refracdo depende da relagcéo entre o indice de refracéao
do meio de origem da luz e o indice de refracdo do meio de destino da luz. Da-se o
nome de espalhamento, a interacdo do laser com os meios heterogéneos. O
processo de refracdo nos substratos biologicos torna-se responsavel pelo
espalhamento da luz nestes meios. A absorcéo do laser pelos tecidos é quantificada
pelo coeficiente de absorcdo. As moléculas, as quais compdem a regido de
aplicacdo do laser sdo determinantes no valor do coeficiente de absorcdo do
mesmo. A profundidade de penetracdo do laser é funcdo do seu comprimento de
onda e do coeficiente de absorcédo do meio (Parker, 2007; Melo, 2001).

Durante a utilizacédo terapéutica do laser, os fotons séo incapazes de passar
através do tecido e sdo absorvidos. A absorcdo pode ser especifica ou aleatéria,
dependendo da forma com o que o laser incide no tecido, seja de forma localizada

ou em diferentes locais de acgéo (Phillip & Berlien, 2006).

Novos modelos experimentais de estudos in vitro tém surgido com o objetivo
de ampliar os conhecimentos sobre a interacdo do laser com os diferentes tecidos
(Pourzarandian et al., 2005; Almeida-Lopes et al., 2001; Schwarz et al., 2003; Chen
et al., 2005; Arisu, Turkdz & Bala, 2006; Choi et al., 2010; Petri et al., 2010). A maior
vantagem deste tipo de estudo é que se pode isolar uma parte especifica de um
determinado processo (Freshney, 1990; Schmalz, 1994). A grande maioria dos
estudos in vitro foi efetuada em linhagens celulares estabelecidas ou em culturas
primarias de fibroblastos provenientes da pele, que tinham como objetivo avaliar a
acao da LBP na proliferacéo de fibroblastos em cultura (Lubart et al., 1992; Lubart et

al.,1995; Pourzarandian et al., 2005; Choi et al., 2010).
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Sabe-se que os ‘“lasers” com diferentes comprimentos de onda produzem
diferentes efeitos sobre cultura de fibroblastos. Na literatura, estudos comparando os
efeitos do “laser” visivel mostram que este promove diferentes efeitos a depender de
seu comprimento de onda, porém estes mesmos trabalhos demonstram que o0s
melhores resultados com relacdo ao aumento na proliferacdo celular e producéao de
citocinas sdo obtidos quando lasers de comprimento de onda visivel foram usados
(Lubart, 1995; Loevschall, 1994; Almeida-Lopes, 1999). Com relacdo ao laser de
Arsénio-Galio-Aluminio (As-Ga-Al) foi o segundo tipo de laser mais usado na

literatura (AlGhandi et al., 2011).

A LBP tem sido utilizada para tratar varios problemas de saude incluindo
feridas em processo de reparacdo, estimulacdo tecidual, complicacbes musculo-
esqueléticas e alivio da dor (Mester, 1985). A LBP é uma técnica de facil manejo que
pode ser utilizada para o diagnostico, prevencdo e tratamento de diversas lesdes
orais tais como herpes labial recorrente (Maiya, 2006), ulceracdo aftosa recorrente
(Bensadoun, 2002), estomatite protética (Bensadoun, 1999), queilite angular

(Eduardo, 2007), entre outras (Steiner, 2006).

Estudos clinicos tem demonstrado que os lasers de baixa poténcia
promovem analgesia e aceleram o processo de cicatrizacdo de ferida (Schindl,
2000). O reparo das feridas e sua reestruturacdo constituem mecanismo complexo,
em que varios fatores contribuem para a criacdo de diversos tipos de cicatrizagao,
como hipertrofia, atrofia ou normotrofia da area lesionada (Dederich & Bushick,
2004).

Para estabelecer uma infec¢cdo, o microrganismo deve primeiro sobrepujar
numerosas barreiras da superficie, dentre elas, a epiderme. Qualquer organismo

gue suplante essa primeira barreira encontra os dois niveis adicionais de defesa, as
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respostas imunes inatas e adquiridas (Abbas & Janeway, 2000; Delves & Roitt,
2000).

A imunidade inata utiliza células fagociticas (neutrofilos, mondcitos e
macrofagos), células que liberam mediadores inflamatérios (basofilos, mastdcitos e
eosindfilos) e células “natural killer”, ja a imunidade adquirida envolve a proliferagéo
de células do tipo linfécitos T e B, quando os receptores de superficie dessas células
se ligam aos antigenos (Delves & Roitt, 2000). Os macréfagos (MQ) séo células do
grupo dos fagocitos mononucleares, chamados de mondcitos no sangue e
macrofagos nos tecidos. Amplamente distribuidos pelo corpo, os macréfagos séo
responsaveis por numerosos processos homeostaticos, imunolégicos e inflamatorios
e constituem uma defesa imediata contra elementos estranhos ao organismo
(Halliwell & Gutteridge, 1999; Nathan, 2000).

Macréfagos (MJ) estdo intimamente envolvidos na resposta imune. As
principais funcdes destas células estdo relacionadas ao processo inflamatorio, ao
processamento e apresentacdo de antigenos, a co-ativacdo de linfécitos T e B, a
capacidade fagocitica, a angiogénese, ao processo de hematopoiese e de reparo
tecidual, além da atividade citotdxica contra células tumorais e microorganismos
(Wing & Remington, 1980; Cavaillon, 1994; Popov et al., 1999; Vadiveloo et al.,
2000).

Os M@ sao classificados em 3 grupos que refletem seus estados funcionais:
(1) Residentes, que séo derivados da cavidade peritoneal sem nenhum estimulo; (2)
Elicitados, que séo recrutados para a cavidade peritoneal por um agente inflamatoério
nao-especifico, como o tioglicolato de sodio; e (3) Ativados, recrutados para a
cavidade por uma infeccdo por Bacilus Calmette Guerin (BGC), o qual produz um

exudato rico em citocinas (Crawford et al., 1987). Cada um destes estagios &
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acompanhado pela expressao especifica de proteinas de membrana e produtos de
secrecdo (Mackay, 1986).

Na presenca de um estimulo estranho, o M@ se torna ativado. Neste estado,
pode responder ao estimulo de trés maneiras diferentes: fagocitando o elemento
estranho, gracas a um sistema de enzimas lisossdmicas eliminando-o do fluido
intersticial, quando auxiliados pelos linfécitos T ou liberando um amplo espectro de
mediadores, incluindo espécies reativas do oxigénio e nitrogénio além de enzimas
hidroliticas, lipidios bioativos e citocinas (Nathan, 1992). Nesse sentido, os M@
produzem grande quantidade de oxidantes, tal como o 6xido nitrico (NO) (Marshal,
2000). A importancia regulatéria do NO nas funcdes biolégicas é evidente em
numerosos processos fisiolégicos (De Groote & Fang, 1999).

O termo “macréfago ativado” geralmente refere-se a M@ cujas
caracteristicas funcionais, bioquimicas e morfolégicas refletem um aumento da
atividade celular. Quando comparados com M@ residentes, os macrofagos ativados
sdo maiores e mais aderentes as superficies. As células ativadas demonstram
aumento da expressao e secrecdo de enzimas lisossomais, de citocinas, de fatores
de crescimento e de espécies reativas do nitrogénio (Young, 1989; Gordon, 2007).

A capacidade dos macrofagos em produzir citocinas depende do grau de
maturacdo, ativacdo e localizacdo destas células (Cavaillon, 1994). Vérios
componentes sollveis de bactérias, como endotoxinas, exotoxinas, enterotoxinas e
peptidoglicanas, sao capazes de induzir a ativagdo dos macréfagos. Por exemplo, o
lipopolissacarideo (LPS), uma endotoxina de bactérias Gram-negativas que tem sido
estudado pela sua conhecida habilidade em induzir a liberagdo de algumas citocinas

por macrofagos e mondcitos (Huang, Lu & Kao, 2012).
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Além das fungbes descritas, os M@ secretam um amplo espectro de
mediadores, incluindo enzimas hidroliticas, lipidios bioativos, quimiocinas e citocinas
(Dube, 2003) além de espécies reativas do oxigénio e nitrogénio (Lancaster, 1992;
Gordon, 2007).

Os estudos iniciais sobre a participacdo do o6xido nitrico (NO) no sistema
imune (SI) situam-se entre 1985 e 1990. A luz do conhecimento da associa¢éo entre
NO e Sl na época, seu papel foi assim definido: no SI, o NO € um produto de
macrofagos ativados por citocinas e/ou compostos microbianos, derivado do
aminoécido L-arginina pela atividade da enzima NO sintase (NOSI/NOS2) e funciona
como uma molécula tumoricida e antimicrobiana in vivo e in vitro. Ademais, a
atividade da NOS é determinada por varios mecanismos, a maioria controlada por
estimulo imunolégico (Bogdan, 2001). Hoje jA se sabe que além de macréfagos,
outras células do Sl produzem NO e respondem a ele (Nathan, 1992; Bogdan,
2001).

Um dos aspectos que contribui para tornar o NO tdo relevante é a imensa
variedade de papéis a que esta relacionado, com a participacdo nos processos
essenciais a sobrevivéncia do organismo, como a regulacdo da pressédo arterial, 0
desenvolvimento do SNC, os mecanismo de aprendizagem e memoria e finalmente
da ativacéo da resposta imune. O NO produzido por M@ é altamente toxico para as
células infectadas e os agentes patogénicos. Ele ingressa nas células e inativa as
proteinas que sdo importantes para a producdo de energia, transducdo de sinais e

sintese dos acidos nucléicos, provocando a morte celular (Lancaster, 1992).
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Abstract

Background: Despite the numerous studies of low-energy lasers, the optimum
exposure time, concentration, and dose to induce favourable cell responses remain
ill-defined. The present in vitro study aimed to evaluate the effect of LLLT in the
synthesis of NO and cellular viability of cultured macrophages with various
application parameters. Methods: RAW 264.7 cells originating from a leukaemic
mouse monocyte macrophage cell line were cultivated in a polystyrene bottle with
DMEM medium and transferred to 96-well polystyrene plates that were irradiated
using an arsenide-gallium-aluminium laser (As-Ga-Al), at a wavelength of 660 nm,
power of 30, 50 and 100 mW, for a duration of 10, 30 and 60 s, totalling 9 energy
densities ranged from 11 to 214 J/cm? with a spot size of 0.028 cm? Basal NO
production was measured as was its production in cells stimulated by
lipopolysaccharide (LPS) with or without laser irradiation. NO levels were determined
by assaying nitrite levels. RAW 264.7 cell attachment was observed by microscopy,
and cell viability was quantified by mitochondrial colorimetric assay (MTT). Results:
LLLT significantly increased (p<0,001) basal NO production by both LPS-stimulated
and non-stimulated RAW 264.7 cells when compared with non-laser stimulated cells.
In addition, NO production was increased to the greatest extent upon application of
an energy density of 32 Jicm? (p<0.011). Also, analysis of irradiation duration
revealed no significant (p>0.05) difference in power usage. Concerning cell viability
was not observed any change in cell culture. Conclusion: These data indicate that
irradiation at 660 nm increases NO production by macrophages in culture when
compared with non-stimulated cells, with no effect on the viability of the irradiated

cells.
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Introduction

Low-level laser therapy (LLLT) has been employed since the 1970s' and has
been explored as an alternative, non-invasive method of promoting healing of chronic
wounds and to ameliorate cell-mediated hypersensitivity reactions and inflammatory
processes’. Several studies have focused on the effects of low-level laser irradiation
at the cellular level, and although the biological mechanisms underlying the
biostimulatory effects of LLLT are not fully understood, it has been reported by
several investigators to modulate cellular metabolic processes, leading to enhanced
regeneration of tissues®*°.

The mechanism underlying laser-induced immunomodulation is not
straightforward. Studies focusing on immunocompetent cells such as lymphocytes
and macrophages have failed to fully define the modulatory effect of the laser in
these cells®" 0. Studies of lymphocytes show that He—Ne laser irradiation can lead
to increased immunoglobulin secretion®, cytokine production’, and leukocyte
priming®. In addition, macrophages have been shown to increase the enzyme activity
of lysozyme and acid phosphatase®, phagocytic activity®, stimulate release of growth
factors™, increase phagocytotic® activity, and stimulate fibroblast proliferation™*.

Laser application may favour tissue repair, anti-inflammatory activity, cell
growth, and cellular proliferation, including that of fibroblasts, osteoblasts,
mesenchymal cells, and keratinocytes®. LLLT has also been shown to affect
macrophages®!, and although macrophages cannot be grown as a cell line culture,
the macrophage-like cell line Raw 264.7 can overcome this problem. The Raw 264.7

is a permanent culture originating from a mouse leukaemic monocyte macrophage
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cell line. Phenotypically, the cells resemble monoblasts and histochemically they
show monocytic characteristics™.

Macrophages constitute the primary line of defence against infection, playing a
pivotal role in the induction, regulation and expression of the immune response by
acting as phagocytic, microbicidal and tumouricidal effector cells*®*3. They also
modulate the production and function of cytokines, chemokines and growth
factors***®, bring about T-helper cell deviation through the release of nitric oxide
(NO), and stimulate the nitric oxide synthase pathway'®. NO, a product of
macrophages that have been activated by cytokines, microbial compounds, or both,
is derived from the amino acid L-arginine by the enzymatic activity of inducible nitric
oxide synthase (iNOS or NOS2)*'.

Nitric oxide (NO) is a possible modulator of inflammatory processes, with high
levels of NO co-product being found in the serum of patients with inflammatory
diseases'®. NO plays an important role in normal physiological processes and
pathological conditions®®; oxidative damage due to its overproduction and that of
other reactive oxygen species (ROS) may be involved in the pathogenesis of
inflammation®*2*.

In cultured human monocytes with the laser As-Ga-Al in wavelength 634nm
and power density of 35w/cm? for 5 minutes there was an increase in production of
NO?. In searches with Raw 264.7 cell type and diode laser at a wavelength of
780nm and an energy density of 2.2J/cm? an increase on release of NO, IL-10, IL-6
and gene expression reduction was verified?>.

In a study with cultured peritoneal macrophages irradiated by Helium-Neon
laser at a wavelength of 632nm, power ranging from 100-600J and time 10-60s on

the energy of 200J there was an increase of the enzymatic and phagocytic activity®*.
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Despite numerous research studies on the influence of low energy laser, the
optimal time of exposure, concentration and dose responses to induce favourable
effects on tissues have not yet been defined*’2,

Further understanding of the effect of red light on macrophages may help to
explain the observed therapeutic effectiveness of such lasers in the treatment of
wounds®, rheumatoid arthritis?® and immune system disorders®’. The purpose of this

study was to evaluate the effect of LLLT on NO release using the RAW 264.7 murine

macrophage cell line.

Methods

Cell culture

It was an experimental study with RAW 264.7 mouse leukaemic monocyte
macrophage cell line was acquired from the Rio de Janeiro Cell Bank, Rio de Janeiro
Federal University, Clementino Fraga Filho University Hospital. Cells were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM) (Sigma, St. Louis, MO, USA)
supplemented with 1% penicillin and streptomycin (Sigma, St. Louis, MO, USA) and
10% foetal bovine serum (FBS) (Sigma, St. Louis, MO, USA). Cells were sub-
cultured approximately every two days and incubated at 37°C in 5% CO; in sterile
25-cm?® polystyrene bottles, each containing 5ml medium plus the cells. Cells were
counted in a Neubauer chamber; each bottle contained ~8x10° cells.
Laser irradiation

The RAW 264.7 cells were treated with RPMI medium (Sigma, St. Louis, MO,
USA) with FBS (Sigma, St. Louis, MO, USA), transferred to sterile 96-well culture
plates (Biosystems, PR, Brazil) at 100 pl per well with a cell density of 10° cells per

ml, and allowed to adhere to the wells for 4 h. An alginate shield prevented the laser
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from passing through the wells (Figure 1). Each well was then exposed to irradiation
with Arsenide-Gallium-Aluminium (As-Ga-Al) photon lase Il (DMC®) at a wavelength
of 660 nm and a spot size of 0.028 cm? contacting the external bottom of the well
(Figure 2).

Irradiation was performed using power outputs of 30, 50, and 100 mW, for
durations of 10, 30, and 60 s, yielding a total of nine density energy combinations:
11, 18, 32, 36, 54, 64, 107 (50 mW-60 s), 107 (100 mW-30 s) and 214 Jicm?, in
ascending order. Four groups were used, the first group comprising only cells and
medium; the second group, cells plus medium and laser irradiation with the nine
combinations. Group 3 included cells stimulated by lipopolysaccharide (LPS) (10 pL
per well) (Sigma, St. Louis, MO, USA) and the fourth group comprised stimulated
cells plus laser irradiation with the nine combinations. All experiments were

performed in triplicate. A total of four plates were used.

Nitric Oxide (NO) Measurement

After irradiation the cells were incubated for 24 h at 37°C and NO levels were
determined by determining the nitrite level, which is a stable metabolic product of
nitric oxide. The assay mixture contained medium (100 pL) plus Griess reagent®® (1%
sulphanilamide and 0.1% N-[1-naphtyl] ethylenediamine in 5% phosphoric acid, 100
pL), and the optical density at a wavelength of 540 nm was measured using a
microplate reader (TP-Reader-Thermoplate®). Nitrite was quantified by comparison

with a NaNO, standard curve. The NO detection limit was 0.20 nM.

Macrophage viability assay
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Macrophage viability was assessed by Formazan’s quantification®®. After the
medium was replaced, 20 ul of MTT (5 mg/ml) dissolved in phosphate-buffered saline
(PBS) were added to each well. The plate was covered with aluminium foil and
incubated for 4 h at 37°C in 5% CO.,. The resulting formazan was solubilised with 50
puL/ml of 10% sodium dodecyl sulphate (SDS) and incubated for 12 h under the same
conditions. The absorbance of each well was read at 550 nm using a microplate
reader (TP-Reader-Thermoplate®). A blank well that contained only culture medium

was used for background correction.

Statistical analysis

A multivariate analysis of variance with two and three factors (ANOVA, three
factors) was applied. The variable normality of the response was verified using the
Smirnov-Kolmogorov test. The statistical significance level adopted was 5% (p<0.05)

and the software used in the analysis was STATA, version 12.0.

Results

NO synthesis

Laser irradiation resulted in increased NO production in both LPS stimulated
and non-stimulated cells (p<0.001) (Figure 1).

Regarding the different power levels used, 30 mW resulted in higher NO
production than the other power levels, independently of duration. Concerning basal
NO production, the greater the power used, the greater the NO production,
independently of duration. Concerning the duration of exposure to laser light, there
was no significant difference between the groups (Figure 2).

In the group not stimulated by LPS, with respect to energy density, 11 J/cm?

caused a significant increase in NO production (p=0,048). In the group stimulated by
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LPS, the energy densities of 18, 32, and 64 J/cm2 showed a significant increase in
NO production (p=0,021, p=0,019 and p=0,011, respectively) (Figure 2).
Cell viability

Cell viability was not significantly affected by irradiation at any of the

parameters used (Figure 3).

Discussion

The effect of As-Ga-Al on NO release and cell viability was evaluated in RAW
264.7 cells. The main finding of this study is that murine macrophages showed
increased release of NO when stimulated by laser light.

Comparing both groups in respect to LPS-stimulation, NO production was
increased by laser irradiation of the cells. Our results showed that LLLT significantly
increases NO release by macrophages in culture, in terms of LPS-stimulated
production and in basal NO release by LPS-stimulated cells. These data are similar

23,30,31

to previous reports that LLLT can enhance NO release , and also that found that

LLLT enhances NO release by LPS-stimulated cells, meaning that cultured
macrophages are activated by endotoxin to produce NO**%2,

Despite numerous reports of the influence of the low-energy laser, the ideal
exposure duration, concentration, and dose to induce favourable cell responses
remain undefined*'8. We investigated the effect of As-Ga-Al laser irradiation on
several parameters in macrophages, and analysed NO release and cell viability.
Regarding the power level, 30 mW resulted in higher NO production did the other

power levels, independently of duration. Concerning basal NO production, the

greater the power used, the greater the NO release.
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In a study with As-Ga-Al laser at a wavelength of 809nm and different dosages
(1.96J/cm 2, 3.92J/cm? and 7.84J/cm?) in fibroblasts was increased cellular activity,
but the results were similar with the different dosages™:.

The key findings of the current study are that in the group that was not
stimulated by LPS, the energy density that produced the most significant increase in
NO production was 11 J/cmz2. In the group stimulated by LPS, energy densities of 18,
32, and 64 J/cmz resulted in a significant increase in NO production. This finding
suggests that higher doses are required to encourage greater production of NO in
macrophages previously stimulated by LPS.

Previous in vitro studies by Klebanov et al.?® showed that He-Ne laser
irradiation increased NO release from macrophages by a maximum of 80% at 0.6
Jlcm?, and 75% at 0.36 J/cm?. These results are compatible with the increase in NO
secretion we report here (60—-100%). The fact that a similar amount of NO secretion
was obtained with He-Ne as with a 780-nm diode laser suggests a common
maximum photo-reactive potential up-regulation of the NO synthetic pathway?°.

Viability was not significantly affected by irradiation at any of the parameters
used. There was no negative effect on the viability of irradiated diabetic wound
cells**, HeLa cells®, human monocytes®, or alveolar macrophages®; however, adult
human adipose-derived stem cells (ADSC)* showed decreased viability.

In epithelial cell culture, the viable cell number was three times higher on the
irradiated cells than non-irradiated cells®’.

Our results support the notion that LLLT may be an important tool in the
immunological response, collaborating with the anti-inflammatory response produced
by macrophages. The inflammatory response to LLLT by RAW 264.7 cells was

maximal at 30 mW, independently of irradiation duration.
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Figures

Figure 1. Alginate’s shield:
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Graphic 1. Effect of irradiation on NO production in Raw 264.7 stimulated or not by

LPS (p<0,001):
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Graphic 2. Effect of irradiation on NO production in Raw 264.7 stimulated or not by

LPS in different parameters of power and time:
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Graphic 3. Cell viability assay - the effect of irradiation on formazan production in

Raw 264.7:
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