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1. RESUMO

O tendao calcanear € o tenddo mais acometido por ruptura, particularmente em
atividades esportivas. O processo de cicatrizacdo resulta em uma matriz
extracelular (MEC) menos organizada o que reduz sua resisténcia a tensao e
torna-o mais susceptivel a recorréncia de lesdes. A terapia com o laser de baixa
poténcia (LBP) tem se mostrado efetiva, porém existem resultados contraditérios
com relacdo a seus protocolos. Nos propusemos a avaliar os efeitos de diferentes
terapias com o LBP em tendao calcanear parcialmente seccionado. Para tal foram
utilizados ratos Wistar machos adultos, distribuidos em 7 grupos experimentais:
G1- Tenddo intacto; G2-Tenddo seccionado; G3- lesdo + LBP (4J/cm?-continuo);
G4- lesdo + LBP (4J/cm?20 Hz); G5- Tenddo seccionado; G6- lesdo + LBP
(4J/cm?-continuo); G7- lesdo + LBP (4J/cm?-20 Hz até o 7° dia e 2 KHz do 8° ao
142 dia). G2, G3 e G4 foram eutanaziados no 8° dia apés leséo, e G5, G6 e G7 no
15° dia. Foram realizadas as dosagens de proteinas néo-colagénicas (PNC),
glicosaminoglicanos (GAG) e hidroxiprolina (HOPro), além de eletroforese em gel
de agarose, zimografia para MMP-2 e -9 e western blotting (WB) para colageno | e
lll. O estudo estrutural foi feito por meio de laminas coradas em hematoxilina-
eosina (HE) e azul de toluidina (AT) além de anadlise e medidas de birrefringéncia
por meio de microscopia de polarizagdo. A andlise funcional foi realizada por meio
do Catwalk. Com relagédo a HOPro houve um decréscimo significativo em todos os
grupos quando comparados ao G1, exceto G7. A dosagem de GAG revelou um
aumento em todos os grupos exceto G5 e o gel de agarose mostrou um aumento
no conteludo de dermatan sulfado em todos os grupos transeccionados, sendo
menos expressivo em G4 e G7. Nos cortes corados com AT o0s grupos
transeccionados apresentaram maior metacromasia, em especial 0s grupos
tratados. WB para colageno | mostrou um aumento em G4 e G7. Quanto ao
colageno Il G4 apresentou valores maiores quando comparado a G2. A
zimografia para MMP-2 indicou maiores valores em G4 e G7. A MMP-9 aumentou
em G3 e G4. A andlise de birrefringéncia revelou acentuada desorganizagdo em
todos os grupos, com melhora significativa em G7. Os resultados do catwalk
apontaram que, ap0s a cirurgia 0s grupos que receberam o laser pulsado
conseguiram apoiar melhor a pata quando comparado aos demais grupos. Nossos
resultados mostram que o LBP continuo e pulsado tem efeitos diferentes sobre o
processo de reparo do tendao. O LBP pulsado atuou sobre o processo inflamatério
possibilitando que o animal apoiasse melhor a pata ao caminhar e promoveu a
sintese e organizacao do colageno. Desta maneira acreditamos que este protocolo
de tratamento pode ser adaptado para o uso em clinicas de reabilitacdo de
maneira a acelerar o reparo e melhorar as caracteristicas morfolégicas,
bioquimicas e funcionais deste tendao.

Palavras-chave: Tendao calcanear, ruptura, LBP, colageno, metaloproteinase
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1.1. ABSTRACT

The Achilles tendon has a high incidence of rupture, particularly in sports activities.
The healing process leads to a disorganized extracellular matrix (ECM) which
reduces its tensile strength and lead to a high rate of injury recurrence. Low level
laser therapy (LLLT) has been effective, but there are conflicting results regarding
their protocols. Our purpose was to to evaluate the effects of different therapies
with LLLT in partially tenotomized Achilles tendon. Adult male Wistar rats were
divided into 7 groups: G1 - intact; G2 - injured; G3 - injured + LLL (4 J/cm?
continuous); G4 — injured + LLL (4 J/cm? - 20 Hz); G5 - injured; G6 - injured + LLL
(4 J/lcm? continuous); and G7 - injured + LLL (4 J/cm? - 20 Hz until the 7" day and
2 kHz from 8-14 days). G2, G3 and G4 were euthanized 8 days after injury, and
G5, G6 and G7 were euthanized on the 15" day. Quantification of non-collagenous
protein (NCP), glycosaminoglycans (GAG) and hydroxyproline (HOPro) was
performed, in addition to electrophoresis on agarose gel, zymography for MMP-2
and -9, western blotting (WB) for collagen types | and Ill. The structural analysis
was done by hematoxylin-eosin (HE) and toluidine blue (TB) staines with in
addition to birefringence measurements and analysis by polarization microscopy.
Functional analysis was performed using the gait assessment of the animals in the
Catwalk. Regarding HOPro there was a significant decrease in all groups when
compared to the G1, except G7. The dosage of GAG showed an increase in all
groups except G5 and agarose gel showed an increase in the content of dermatan
sulfat in all transected groups, being less expressive in G4 and G7. In sections
stained with TB the tenotomized groups showed metachromasia, particularly the
treated groups. WB for collagen | showed an increase in G4 and G7. In G4
collagen Il showed higher values when compared to G2. The zymography for
MMPs-2 showed higher values for G4 and G7. MMP-9 increased in G3 and G4.
Analysis of birefringence showed marked disorganization in all groups, with an
significant improvement in G7. The catwalk results showed that after surgery, G4
had better results when compared to other groups. Our results show that the
continuous and pulsed LLLT has different effects on the process of tendon repair.
Pulsed laser acted on the inflammatory process improving the gait and promoting
collagen synthesis and organization. Thus we believe that this treatment protocol
can be adapted for use in rehabilitation clinics in order to accelerate the repair and
enhance the morphological, biochemical and functional characteristics of the
tendon.

Key words: Achilles tendon, rupture, LLLT, collagen, matrix metalloproteinase.



2. INTRODUCAO

O tendao de calcanear é considerado o tendao mais resistente do corpo
humano (JARVINEN et al., 2001, JARVINEN et al., 2005), porém é o tendao mais
acometido por ruptura, seguido pelos flexores dos dedos (KANNUS, JOSZSA,
1991; OLIVEIRA, et al., 2009; ALMEIDA, et al.,, 2012; ARO, et al., 2012),
particularmente em atividades esportivas (CRIBB, SCOTT, 1995). A maior
incidéncia de ruptura de tendao ocorre em homens entre 30 e 39 anos, visto que
as mulheres parecem estar protegidas até a menopausa (MAFFULLI et al., 1995).

Com o envelhecimento e desuso, os feixes de colageno | nos tendbées sofrem
transformacées  decorrentes  do aumento  de ligacbes  cruzadas
inter/intramoleculares, com o aumento da cristalinidade e da agregacao ordenada
deste tipo de colageno (VIDAL, CARVALHO, 1990). Paralelamente, ha decréscimo
de proteoglicanos (PGs) e contetdo de agua. Em geral, a densidade e o contetdo
total de colageno aumentam com a idade (SHADWICK, 1990), principalmente por
causa do decréscimo do turnover de colageno e da redugdo na sintese de
enzimas colagenoliticas (O’'BRIEN, 1997).

A ruptura do tendado calcanear tipicamente ocorre apés uma dorsiflexdao
forcada. A lesdo caracteriza um quadro inicial onde o individuo encontra-se
impossibilitado de se apoiar nas pontas dos pés. Lesdes desta natureza em geral
demoram meses para cicatrizar completamente (ENWEMEKA, REDDY, 2000).
Devido a lentidao do processo de cicatrizacao, a ruptura do tendao calcanear é

considerada uma lesdo grave e tem chamado a atencdo de pesquisadores



(STEHNO-BITEL, et al. 1998) que na tentativa de acelerar o processo de reparo
fazem uso de alguns métodos como a aplicacdo de ultra-som, eletroacupuntura,
estimulacao elétrica, uso de plantas medicinais e laser de baixa poténcia (CHAN,
FUNG, NG, 2007; OLIVEIRA, et al., 2009; CHEN, et al., 2009; ARO, et al., 2012;

ALMEIDA, et al., 2012).

2.1. ANATOMIA DO TENDAO CALCANEAR

Os tenddes sao estruturas anatdmicas que geralmente promovem a inser¢ao
dos musculos em estruturas 6sseas (LATARJET, LIARD, 1996; BENJAMIN,
KAISER, MILZ, 2008). Basicamente cada musculo possui dois tenddes, um
proximal e um distal. O ponto de unido do tenddo com o musculo é denominado
de juncao miotendinea, enquanto o ponto de juncdo do tenddo com o 0sso €
denominado de jungéo osteotendinea (KANNUS, 2000).

Tenddes saudaveis possuem coloragcado esbranquicada, brilhante e nacarada.
Sao uma forma especializada de tecido conjuntivo fibroso denso, consistindo de
fibras colagéncias altamente orientadas que transmitem a forca mecanica da
contracdo muscular ao 0sso promovendo assim o0 movimento da articulacdo
envolvida (LATARJET, LIARD, 1996; KANNUS, 2000).

Os tenddes além de transmitir forcas de tensdo do musculo ao 0sso, também
absorvem parte do impacto da forgca de tracdo diminuindo o risco de dano ao
musculo (BEST, GARRET, 1994). Sao tecidos viscoelasticos que exibem

relaxamento apds a tensdo (CARISTEDT, NORDIN, FRANKEL, 1989; VIIDIK,



1996), tém resisténcia mecanica, boa flexibilidade e até uma certa elasticidade
para executar suas fungbes (KIRKENDALL, GARRET, 1997; O’'BRIEN, 1992,
OXLUND, 1986).

Os musculos superficiais, 0 m. gastrocnémio e o m. s6leo, em conjunto formam
o triceps sural, o qual determina a forma e o volume da panturriiha em seres
humanos. Os ventres do m. gastrocnémio convergem numa lamina membranacea
que se funde com o tenddo do m. soOleo subjacente para formar o tendao do
calcaneo, ou tendao de Achilles, que se prende a tuberosidade do calcaneo
(GRAY, 1988; LATARJET, LIARD, 1996; DANGELO, FATTINI, 2007).

Tipicamente, tecidos adjacentes aos tenddes, incluindo as bainhas que
envolvem o mesmo, possuem um suprimento sanguineo mais pronunciado que os
tendées (BENJAMIN, KAISER, MILZ, 2008). Estudos indicam que o numero de
vasos sanguineos varia ao longo de todo o comprimento do tenddo e sua maior
concentracdo ocorre na inser¢cdo no osso calcaneo (CARR, NORRIS, 1989). No
caso de humanos apresenta uma zona hipovascular localizada entre 2-6 cm a
partir da zona de insercdo no osso calcaneo (LAGERGREN, LINDHOLM, 1959;
SHARMA, MAFFULLI, 2005), onde as desordens e rupturas sao mais freqlentes.
Além disso, esta posi¢ao corresponde a uma regiao de maxima rotacao das fibras
de colageno, comprometendo o suprimento sanglineo (LESIC, BUMBASIREVIC,
2004).

Assim como a maioria dos tenddes, o tendao calcanear é circundado por tecido
conjuntivo frouxo, denominado paratendao, que possibilita ao tenddo movimentar-
se sem atrito com estruturas vizinhas (KANNUS, 2000; HESS, et al., 1989). Abaixo

do paratendao, todo o tendao € cercado por uma fina bainha de tecido conjuntivo



denominada epitenddao, que na sua superficie interna é continua com o
endotenddo. O endotendao recobre cada fibra do tenddo e liga essas fibras
individuais, formando grandes unidades de feixes de fibras de colageno (JOZSA,

1991; KANNUS, 2000).

2.2, CARACTE~RI'STICAS BIOQUIMICAS DE COMPONENTES DA MEC
DO TENDAO

Os tenddes consistem basicamente de colageno (especialmente tipo I), que
corresponde entre 65 a 80%, e elastina (1-2%) da massa seca do tendao,
embebidos numa matriz de proteoglicanas e agua (O’BRIEN, 1997). Os elementos
de MEC séao produzidos pelos tenoblastos e tendcitos, que sdo como fibroblastos
alongados, que situam-se entre as fibras de colageno (KIRKENDALL, GARRETT,
1997, HESS, 1989).

Além do colageno tipo I, também estdo presentes o colageno tipo I, Ill, IV
(AHTIKOSKI, et al., 2003), V e VI (JOZSA, et al., 1991; VIIDIK, 1969). O arranjo
estrutural das fibrilas de colageno e a associacdo dessas fibrilas com outros
elementos de matriz sdo responsaveis pelas propriedades biomecéanicas do
tenddo (BENEVIDES, et al., 2004).

A principal caracteristica de uma molécula de colageno tipica € a estrutura
longa de sua fita-tripla helicoidal, na qual trés cadeias polipeptidicas a sao
enroladas, formando um tipo de corda supertorcida (JOZSA, et al.,, 1991;
KANNUS, 2000). Cada cadeia contém repeticbes de uma sequiéncia caracteristica

de aminodcidos, formada por Gly-X-Y, onde X e Y podem ser qualquer



aminoacido, mas cerca de um terco das posi¢cdes X sdo ocupadas por prolina e
um numero semelhante de posigdes Y sado 4-hidroxiprolinas, resultante de
modificacdo pds-traducionais de prolina. A presenga de prolina, hidroxiprolina e
glicina, é fundamental na estabilizagdo da tripla hélice de colageno (PIEZ, REDDI,
1984; YOON, HALPER, 2005). No tendao calcanear, o colageno possui altissimo
nuamero de ligagdes cruzadas, formando uma estrutura reforgcada que € essencial
para suportar a forga tensora.

Os feixes de colageno apresentam um padrdo ondulado conhecido como
“crimp” (VIDAL, MELLO, 1984), que pode ser detectado também em outros
tecidos. O “crimp” & uma caracteristica das fibras de colageno presentes em
tecidos conjuntivos, que permite que parte da forca de tracdo gerada pela
contracdo muscular seja absorvida e nao transmitida imediatamente ao o0sso
(GATHERCOLE, KELLER, 1991). Variagdes na estrutura do “crimp” em diferentes
regides do mesmo tendao podem ser reveladas por microscopia de luz polarizada
(VIDAL, 1995).

Os glicosaminoglicanos (GAGs) sédo polissacarideos formados por unidades
repetidas de dissacarideos, sendo que um desses agucares € um acido urénico
(excegéo queratan sulfato) e o outro uma hexosamina sulfatada (com excegéo do
acido hialurénico). Devido a alta densidade de cargas negativas tem a capacidade
de atrair grande quantidade de agua no tecido, o que é importante especialmente
em regides do tenddo que sofrem forcas de compressdo, pois exercem uma
pressao contraria que é contida pelas fibras de colageno (KOOB, VOGEL, 1987).
Os GAGs sao importantes para as propriedades biomecanicas do tecido,

oferecem resisténcia contra o fluxo de fluido no tecido até que o equilibrio com a



forca externa aplicada seja atingido (MUIR et al., 1969 apud PAEGLE et al., 2003;
URBAN e MCMULLIN, 1985).

Os proteoglicanos diferenciam-se das demais glicoproteinas por possuir ao
menos uma cadeia de glicosaminoglicano (HARDINGHAM e FOSANG, 1992). A
presenca caracteristica de cargas negativas garante a essas moléculas grande
parte de suas caracteristicas funcionais, por se associarem a uma grande
quantidade de cations livres e com isso reterem agua nos tecidos.

Em decorréncia de sua estrutura molecular, os proteoglicanos possuem alta
resisténcia as forcas de compressao (TANAKA e VAN EIJDEN, 2003). Além de
representarem o molde para a ligagcdo dos GAGs e serem responsaveis pelo seu
trafego intracelular, pela via-biossintética secretora, apresentam dominios
especificos na molécula que permitem sua interagdo com outros agucares, com
membranas celulares, ou com proteinas, como o coladgeno. A composicédo
dissacaridica e o tipo de ligacao glicosidica entre eles, além do numero e
localizagdo dos radicais sulfato, sdo responsaveis pela classificacdo dos GAGs
(COMPER, 1996). A concentracdo de proteoglicanos € baixa em regiées onde o
tendao esta apenas sob forcas de tensdo, mas atinge valores altos em regides
sujeitas as forcas de compresséo e friccdo em adicdo as forcas de tensdao. Na
regido de compressao tem sido observada a presencga de proteoglicanos ricos em
condroitin sulfato (CS) e de proteoglicanos de dermatan sulfato (DS), enquanto na
regido de tensdo sao encontrados proteoglicanos principalmente de DS

(MERILEES, FLINT, 1980; VOGEL, KOOB, 1989).



2.3. LESAO E CICATRIZAGCAO DO TENDAO

Os tenddes sao mais resistentes que os musculos (unidades/area) e sua
capacidade de forca tensora se iguala ao tecido 6sseo, embora seja flexivel e
ligeiramente extensivel. O arranjo paralelo das fibras de colageno do tendao
resistem a tensdo, de modo que a energia contratil ndo seja perdida durante sua
transmissdo do musculo para o osso. No entanto, a forca gerada pelos musculos
durante atividades intensas pode levar o tendao a degeneracao e ruptura (JAMES
et al., 2008).

Como ja foi abordado, o tendao calcanear possui um baixo suprimento
sanguineo, e por este motivo o processo de cicatrizacdo demora semanas ou
mesmo meses (STEHNO-BITEL, et al., 1998; ENWEMEKA, REDDY, 2000).

A cicatrizacao do tendao ocorre em trés fases distintas:

Fase inicial ou inflamatéria: Em ratos esta fase estende-se do 12 ao 72 dia

pos-lesao. Eritrocitos e células inflamatérias, particularmente neutréfilos entram no
local da injuria. Nas primeiras 24 horas, mondcitos e macréfagos predominam e
sao responsaveis pela fagocitose do material necrosado. Fatores quimiotaticos e
vasoativos sdo liberados com o aumento da permeabilidade vascular, inicio da
angiogénese, estimulacdo da proliferacdo de tendcitos e recrutamento de mais
células inflamatérias. Tendcitos gradualmente migram para o ferimento, e a
sintese de colageno tipo Il é iniciada (MURPHY et al., 1994).

Fase proliferativa: Inicia-se por volta do 8° dia e estende-se até o 14° dia

pbs-lesdo. O pico de producdo de colageno tipo Il ocorre neste periodo. O



conteldo de agua e glicosaminoglicanos (GAGs) permanece alto durante esta
fase (OAKES, 2003).

Fase de remodelamento: Inicia-se por volta do 14° dia. Ocorre decréscimo

da celularidade, da sintese de colageno e GAGs. Esta fase de remodelamento
pode ser dividida nas fases de consolidagdo e de maturacdo. No estagio de
consolidacdo o reparo do tecido muda de celular para fibroso. O metabolismo dos
tendcitos permanece alto neste periodo, e os tendcitos e as fibras de colageno se
tornam alinhadas na direcdo do estresse. Grande propor¢ao de colageno tipo | €
sintetizada durante este estdgio (ABRAHAMSSON, 1991). Posteriormente ocorre
a fase de maturagéo, com mudanca gradual de tecido fibroso para uma cicatriz no
tenddo. Durante a ultima metade deste estagio, o metabolismo de tendcitos e a
vascularidade decaem (AMIEL, et al., 1983, SHARMA, MAFFULLI, 2005).

Como foi observado, a MEC ndo é estatica, e mesmo o tecido normal é
constantemente remodelado, o que implica na degradagdo de seus componentes
por proteases, particularmente da familia de metaloproteases (MMPs) (BOSMAN,
STAMENKOVIC, 2003).

As metaloproteinases (MMPs) sdo uma familia de pelo menos 23
endopeptidases zinco ou célcio dependentes, que tém papel importante na
homeostase da MEC de tenddes em condicées normais (CLUTTERBUCK et al,
2010). As principais sao as colagenases e as gelatinases. Os niveis de MMPs sao
alterados durante a cicatrizacao, sendo essas enzimas importantes reguladoras do
remodelamento da matriz nesse processo (VU and WERB, 2000; IRELAND et al,

2001).



No processo inflamatério, a presenca de MMP-2 e 9 caracterizam o intenso
processo de remodelamento do tendao. A presenca de MMP-9 no local da leséo é
notavel e, pelo fato desta MMP ser produzida pelas células inflamatérias, seu pico
de producdo da-se na fase inflamatdria da lesdo. No final da fase inflamatéria e
fase proliferativa, ocorre um declinio na produgdo de MMP-9 e um aumento da
producao de MMP-2 pelos fibroblastos (KAROUSOU, VIGETTI, MAFFULLI, 2008).
A degradagcdo do colageno é iniciada na MEC principalmente por gelatinases
(MMP-2 e -9) (KJAER, 2004), que rapidamente degradam colagenos desnaturados
e fragmentos de colageno (COLLIER et al, 1988). As colagenases (MMP-1, -3, -8
e -13) por sua vez, degradam colagenos dos tipos I, Il e lll, além de outros
componentes da matriz (CLUTTERBUCK et al, 2010).

Os inibidores teciduais de MMPs (TIMPs) sao inibidores enddgenos
responsaveis pela modulacdo da homeostase dinamica da MEC durante
processos de degradacao e reparo (KAROUSOU et al, 2008; YAMAGUCHI, et al.
2010). Assim como ocorre com as MMPs, a concentracdo dos TIMPs também é
alterada durante o processo de cicatrizacdo, visando o controle do catabolismo
apoés lesdo (CHAKRABORTI, et al., 2003; KAROUSOU et al, 2008). Vale ressaltar
que os TIMPs-1, -2 e -3 sdo os principais inibidores de colagenases e gelatinases
(KOSKINEN et al, 2004).

Apesar de todo o processo de remodelamento, as propriedades
bioquimicas e biomecéanicas do tenddo cicatrizado nunca se igualam as
caracteristicas de um tendao integro (SHARMA, MAFFULLI, 2005).

Ainda ndo se sabe por que as moléculas de colageno do tendao cicatrizado

séo incapazes de recuperar a densidade normal de “crosslinks”, possivelmente
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isso se deva a uma alteracdo na proporcao dos diferentes tipos de colageno,
proteoglicanos ou outros fatores desconhecidos no tecido em reparo (FRANK, et
al., 1995).

Uma possivel explicagdo pode ser dada pelo fato de que, num protocolo
tipico utilizado em clinicas de reabilitagdo, ap6s uma lesao do tendao é realizada a
imobilizagdo, de maneira a se conferir protecdo ao tecido lesado e prevenir outra
possivel ruptura. Deste modo, periodos prolongados de imobilizagdo acabam por
produzir outros danos como atrofia muscular, osteoartrite, adeséo
tendineocutanea e infecgcdes (WREN et al, 2001, DEMIR et al, 2004).

Se a duracdo do processo de cicatrizacdo do tenddo pudesse ser
diminuida, as complicacées devido a prolongada imobilizacdo poderiam ser
minimizadas (DEMIR, et al, 2004). Poucos ou nenhum tratamento tem a acéao
comprovada de acelerar o processo de reparo ou melhora da qualidade de
regeneracao do tenddo (ENWEMEKA, 1991; ELWAKIL, 2007).

Estudos vém sendo realizados na busca de acelerar o reparo de tenddes,
com o uso de equipamentos de ultra-som, estimulacao elétrica e laser de baixa
poténcia. O laser de baixa poténcia (LBP) vem despertando consideravel atengéo
por parte dos pesquisadores, devido suas agdes em reparo de tecidos e seu
amplo espectro de aplicacdes, porém ha controvérsias quanto aos protocolos a
serem utilizados (CUNHA, PARIZOTTO, VIDAL, 2001; PRADO, et al. 2006;

CHAN, FUNG, NG, 2007).
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2.4. LASER

A palavra laser tem sua origem na lingua inglesa e vem da expresséao Light
Amplification by Estimulated emission of Radiation que significa amplificacdo de
luz por emissao estimulada de radiacdo. Essa radiacao constitui um tipo de fonte
luminosa com caracteristicas bastante especificas. A radiacdo a laser é
monocromatica, ou seja, emite radiagdes em um Unico comprimento de onda e
apresenta coeréncia espacial e temporal. Sua direcionalidade permite a obtencao
de alta densidade de energia concentrada em pequenos pontos. Com o auxilio de
dispositivos épticos, sua radiacao pode ainda ser polarizada (LOPES, 2003).

A poténcia do laser é dada em watts (W). A densidade de poténcia é a
poténcia de saida de luz por unidade de area medida, ou seja em watts por
centimetro quadrado (W/cm?2). A densidade de energia, também chamada de
dose, € a grandeza que avalia a possibilidade de estimulo ou inibicdo dos efeitos
do laser, ou seja, a quantidade de energia por unidade de area transferida ao
tecido, geralmente expressa em joules por centimetro quadrado (J/cm?)
(MISERENDINO e PICK, 1995).

A maioria dos equipamentos que utilizam lasers é composta pelos
seguintes elementos segundo Miserendino e Pick, 1995; Zezell, 2001:

o Ressonador: tubo ou cavidade Optica com arranjo
de espelhos que amplificam os efeitos do laser.
o Meio ativo: determina o comprimento de onda da

luz emitida. Pode ser sélido como o neodimio, érbio
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e os lasers semicondutores de arseneto de galio e
aluminio (GaAsAl) e arseneto de galio (GaAs). Entre
0Ss meios ativos gasosos estdo o argbnio, hélio-
nednio (He-Ne), didéxido de carbono (COy), enquanto
os lasers liquidos sao compostos de corantes
organicos.

Mecanismo de excitacao ou bombeamento:
Consiste de uma fonte de energia externa que
excita os elétrons do meio ativo. Pode ser uma
descarga elétrica, o disparo de um flash e até uma

ativacao por outro laser.

O laser pode chegar ao tecido alvo por diferentes sistemas de entrega,

entre eles através de lentes, microscépios, bragos articulados e fibras Opticas

(ZEZELL, 2001 apud DAMANTE, 2003).

Quando a luz atinge um tecido bioldégico pode haver quatro tipos de

interagdo (MISERENDINO e PICK, 1995; ZEZELL, 2001 apud DAMANTE, 2003):

Absorcéo: a luz é absorvida por componentes do
tecido como agua, hemoglobina e melanina.
Reflexao: parte da luz incidente é refletida e perdida.
Espalhamento: parte da luz se espalha pelo tecido
perdendo sua poténcia.

Transmissdo: A luz atravessa toda a espessura do

tecido.



13

Os principais efeitos gerados pelo LBP nos tecidos tém natureza
estimulatéria, causando aumento do metabolismo celular, quimiotaxia,

vascularizacao, entre outros. (DAMANTE, 2003)

2.5. TERAPIA COM LASER DE BAIXA POTENCIA (LBP)

As células possuem um limiar de sobrevivéncia, relacionado ao tecido o
qual constituem e seu estado fisiolégico. Quando se trabalha com laser
respeitando esse limiar celular, Ihes é oferecida uma baixa intensidade de energia
e, portanto o /aser é operado em baixa intensidade de poténcia. Por isso este laser
€ conhecido clinicamente como “/laser de baixa poténcia” ou “laser de baixa
intensidade de energia” (LOPES, 2003).

As terapias com laser de baixa intensidade usam porcoes do espectro
visivel e infravermelho de luz que n&o sao absorvidas por muitos componentes do
organismo e, por isso, possuem maior profundidade de penetracdo. Comprimentos
de onda mais longos sdo mais resistentes ao espalhamento e penetram mais nos
tecidos. A terapia a laser envolve usualmente exposicdes de 4J/cm? o que
significa uma penetracdo de 0,5 a 2,5cm podendo atingir até nervos, musculos e
articulagdes (BASFORD, 1955 apud DAMANTE, 2003; BASFORD, 1995).

Estudos realizados em cultura de células (FRIEDMAN et al.,, 1991)
mostraram que baixos fluxos de energia do LBP desencadearam o processo de
mitose e proliferagéo celular. Por outro lado, doses maiores de laser ocasionaram

a liberagdo excessiva de célcio devido a hiperatividade da ATPase e bombas de
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célcio, esgotando a reserva de ATP na célula e como consequéncia reduzindo o
metabolismo celular. Outros autores, porém acreditam que doses maiores de LBP
proporcionem melhor reparo tecidual (SALATE, et al., 2005).

Em outro trabalho com cultura de células de fibroblastos humanos
submetidos a tratamento com laser de 660 nm, usando doses de 2,4 e 4 J/cm?, foi
observado um significante aumento no numero de células em ambos os grupos
tratados, em especial o grupo de 4 J/cm2 (WEBB, DYSON E LEWIS, 1998). Em
2008, Chen e colaboradores ao tratarem culturas de fibroblastos do tendao
calcanear de porcos com diferentes dosagens de LBP ( 1, 2 e 3 J/icm?)
observaram que houve também significativa proliferacdo celular e expressao de
mRNA, em especial no grupo tratado com 2 J/cm?.

Entre os beneficios descritos em estudos com o LBP estdo: diminuicdo da
dor e de processos inflamatérios, proliferacdo celular e sintese de componentes
de MEC, além de estimular reac¢des bioquimicas (CHEN, et al., 2008; GAVISH, et
al., 2006). Estudos prévios indicam que a aplicagdo de LBP aumenta a sintese de
ATP e proliferacao celular (ENWEMEKA, 2000; BARANAUSKAS, et al., 1998).
Além disso, trabalhos relacionam irradiagdo com LBP com a produgédo de NO
(MORIYAMA et al, 2009; HOULRED et al, 2010,), através de uma
superexpressao da iNOS, que pode agir modulando o reparo de lesdes.

Estudos realizados em ligamento transeccionado (CHAN, FUNG, NG, 2007)
e sobre ferimentos cutaneos em ratos (PUGLIESE et al., 2003), mostraram que o
LBP proporciona aumento de fibras colagenas durante o processo cicatricial.

No caso de reparo de lesbes em tendao, o LBP tem revelado resultados

positivos no que diz respeito a proliferacao de fibroblastos, sintese de colageno e
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reparo tecidual (PINFILD, et al., 2005; CHEN, et al., 2008). Porém também foram
relatados reducao do alongamento e aumento da rigidez (NG, FUNG, 2008).

Em 1998 Reddy e colaboradores avaliaram por meio da analise de
hidroxiprolina os efeitos da irradiacao por LBP de He-Ne (632,8 nm), durante 14
dias com doses diarias de 1J/cm?® em coelhos com tenotomia total do tenddo
calcanear, e observaram que a terapia promoveu a sintese de colageno.

Demir e colaboradores em 2004 realizaram um estudo comparativo entre o
LBP de Ga-As (904 nm, dose de 1J/ cm? ) e o ultra-som para avaliar a
regeneracdo de tenddo calcanear de camundongos, e concluiram que houve
aumento do conteudo de colageno nos grupos que utilizaram tanto a terapia com o
laser como o que utilizou a terapia com ultra-som. Ja estudos usando o laser de
AsGa na reabilitagcdo do tendao flexor digital em humanos (OZKAN et al., 2004)
nao mostraram respostas positivamente significativas dos grupos tratados.

O laser de AsGaAl foi utilizado em tratamento de lesdo por esmagamento
do tenddo calcanear de ratos, numa dose diaria de 4 J/cm® e os resultados
analisados por microscopia de polarizacdo, mostraram maior organizacao das
fibras de colageno no grupo tratado (OLIVEIRA et al., 2009).

Sabe-se que dosagens entre 1 e 4J/cm? sdo recomendadas por seus
efeitos anti-inflamatérios e por estimular a regeneragao celular, sendo portanto
indicadas na fase inicial do processo de cicatrizacao (WEBB, DYSON, LEWIS,
1998).

Carrinho e colaboradores (2006) avaliaram os efeitos de diferentes lasers
(685 e 830 nm) no processo de cicatrizagdo do tendao calcanear de ratos apés

tenotomia parcial. Os resultados demonstraram que a terapia com LBP
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proporcionou um efeito benéfico no processo de reparo e, apesar de ambos os
protocolos revelarem este beneficio, o tendao respondeu de forma diferente as
duas terapias.

Os vaérios estudos aqui relatados utilizaram diferentes dosagens e
parametros de LBP, que levaram a resultados muitas vezes discrepantes,
revelando que existe uma dependéncia do tecido irradiado pela dose e demais
parametros utilizados. Nosso proposito nesse trabalho foi fazer uma avaliagdo
exata do efeito de diferentes protocolos de LBP, em que serdo fixados os
parametros de dose e tempo de terapia alterando-se a frequéncia, ou seja a
maneira de entrega, na dose de energia estabelecida, no tecido. Também seréo
avaliados o efeito do tratamento com LBP em proteinas nédo colagénicas, GAGs e
também na acdo de metaloproteases durante processo de cicatrizacdo de um

tecido fibroso.
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3. JUSTIFICATIVA

A alta incidéncia de lesbes em tendao calcanear, e a falta de tratamentos
com métodos bem definidos para acelerar o processo de reparo em tenddes
lesados além do elevado tempo de imobilizacdo e seus consequientes danos sao
as principais razdes para realizar esse trabalho.

Além disso, diversos estudos comprovam que apos lesdo as propriedades
bioquimicas, morfolégicas e mecéanicas do tenddo jamais se igualam ao tecido
normal (SHARMA e MAFFULLI, 2006).

A terapia com o laser de baixa poténcia tem se mostrado um importante
método de inducao ao reparo tecidual, e diversos estudos tém buscado um melhor
entendimento das possibilidades terapéuticas desta modalidade. Entretanto varias
questdes permanecem sem resposta e pesquisas sobre seus mecanismos de
acao bioquimica e morfolégica, além da definicdo de parametros adequados para
seu uso nas diferentes fases de reparo, se fazem necessarios.

E preciso conhecer melhor as alteracdes bioquimicas e morfolégicas que
ocorrem na matriz extracelular de um tecido em processo de reparo submetido a
terapia, deste modo, este estudo teve por finalidade determinar o protocolo mais
indicado da terapia com o LBP na fase inicial de lesdes de ruptura parcial do
tendao calcanear, de maneira que, os resultados possam permitir a elaboracao de

técnicas e adequacgao de protocolos para reparos em tenddes.
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4.

4.1.

4.2.

OBJETIVOS

OBJETIVO GERAL

Avaliar através de métodos bioquimicos, funcionais e morfolégicos os
efeitos dos diferentes protocolos de LBP sobre a cicatrizacdo do tendao

calcanear de ratos ao final das fases inflamatoria e proliferativa.

OBJETIVOS ESPECIFICOS

Analisar por meio de microscopia de luz comum e de luz polarizada, a
organizagdo estrutural de tendbes parcialmente transeccionados em
resposta a diferentes protocolos de aplicacao de LBP.

Quantificar proteinas, glicosaminoglicanos e hidroxiprolina dos grupos
experimentais submetidos aos diferentes protocolos de aplicacdo do LBP.
Analisar em gel de agarose a presenca dos glicosaminoglicanos condroitin
sulfato e dermatan sulfato, nos tenddes de todos 0s grupos experimentais.
Detectar a presenca e a atividade das metaloproteases (MMPs) -2 e -9
(gelatinases).

Avaliar por meio de Western Blotting a presenca de colageno | e Ill no
tendao de animais dos diferentes grupos.

Avaliar por meio do Catwalk a pressao exercida pela pata dos ratos

submetidos a transecg¢éao parcial do tendéo.
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5. MATERIAIS E METODOS

5.1. ANIMAIS

O presente trabalho obteve aprovacdo do Comité de Etica em Experimentacéo
Animal (CEEA) da Universidade Estadual de Campinas, protocolado sob o n®
1921-2 ( Anexo 1). Foram utilizados ratos Wistar machos, adultos jovens, pesando
em média 300 gramas. Os animais foram agrupados e mantidos em gaiolas

plasticas padrao, com livre acesso a agua e racao.

5.2. GRUPOS EXPERIMENTAIS

Foram utilizados 245 animais distribuidos nos seguintes grupos:

Grupo 1— Animais com o tend&o intacto.

Grupo 2— Animais com tendao calcanear da pata direita parcialmente
transeccionado, sacrificados 8 dias ap6s lesao.

Grupo 3— Animais com tendao calcanear da pata direita parcialmente
transeccionado, tratado com dose de LBP de 4J/cm? com freqiiéncia continua,
sacrificados 8 dias apos leséo.

Grupo 4— Animais com tendao calcanear da pata direita parcialmente
transeccionado, tratado com dose de LBP de 4J/cm? com freqiiéncia de 20 Hz,

sacrificados 8 dias apos leséo.
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Grupo 5— Animais com tenddao calcanear da pata direita parcialmente
transeccionado, sacrificados 15 dias apds lesao.

Grupo 6— Animais com tenddo calcanear da pata direita parcialmente
transeccionado, tratado com dose de LBP de 4J/cm? com freqiiéncia continua,
sacrificados 15 dias apos lesao.

Grupo 7— Animais com tenddo calcanear da pata direita parcialmente
transeccionado, tratado com dose de LBP de 4J/cm? com freqiiéncia de 20 Hz no
periodo inflamatorio, e de 2KHz no periodo proliferativo, sacrificados 15 dias ap6s

lesdo.

5.3. PROCEDIMENTOS PARA A TRANSECCAO PARCIAL DO TENDAO

Os animais foram anestesiados com injecéo intra-peritoneal de Ketamina (92
mg/Kg) e Xylazina (12 mg/Kg). Apos remocao da pele, o tendao calcanear foi
exposto e submetido a uma incisdo parcial transversal a uma distancia de 3 mm
de sua insercao no calcaneo (SEIBERT, 1994) (Figura 1A). Posteriormente, os

tecidos foram reposicionados e foi realizada a sutura da regido (Figura 1B).
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A

Figura 1: Em 1A observa-se a pata do rato dissecada onde o tendao calcanear é
evidenciado. Seta indica regido onde foi realizada a incisdo parcial transversal a uma
distdncia de 3 mm de sua insergdo no calcaneo. Em 1B a pata do animal apds
procedimento com a sutura.

5.4. PROCEDIMENTOS PARA A APLICACAO DO LASER DE BAIXA
POTENCIA

O equipamento utilizado foi um laser de GaAlAs com comprimento de onda
de 830 nm, programado segundo os padrdes brasileiros de equipamentos médicos
(NBR 60601-1, NBR IEC 6061-2-22 e IEC 825-1) para atuar com uma poténcia de
40 mW.

Os animais foram imobilizados por meio de um equipamento contensor
(ARO, PIMENTEL, 2010) e receberam uma aplicagdo pontual de 4J/cm?, uma vez
ao dia, sendo a freqiiéncia modulada de acordo com o grupo tratado. O tratamento

com o LBP iniciou-se no dia seguinte a cirurgia de transecc¢éo parcial do tendao e
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estendeu-se por 6 dias nos grupos que foram eutanasiados aos 8 dias e por 13
dias nos grupos que foram eutanasiados aos 15 dias apos lesdo. Cada sessao do
grupo continuo teve duragédo de 16 segundos e intensidade de luz de 0,25 W/cm?,
e do grupo pulsado teve duracédo de 32 segundos e intensidade de luz de 0,125
W/cm2.

Apés a ultima sessao, os animais foram eutanasiados com aprofundamento
de anestesia, para a remoc¢ao do tendao calcanear. Os tecidos subcutaneos foram

cuidadosamente afastados para exposi¢cao e retirada do tendao.

Figura 2: Em 2A observa-se o a base do aparelho de laser de baixa poténcia. Em 2B
podemos observar a caneta de 830 nm posicionada perpendicularmente em relagdao ao
maior eixo do tendao calcanear do animal. Em 2C detalhe da caneta.
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5.5. ANALISE BIOQUIMICA

5.5.1. Extracao dos componentes da matriz extracelular do tendao

Os feixes de colageno da regiao de transec¢ao foram devidamente dissociados
em uma placa de petri mantida em torno de 4°C para diminuir o risco de
protedlise. Apds rapida lavagem em PBS (NaCl 0,15 M em tampao fosfato de
sédio 5 mM pH 7,4 com EDTA 50 mM), o material foi seco com papel de filtro e
pesado. A extracao foi feita com 50 volumes de cloreto de guanidina (GuHCI) 4 M
contendo 0,05 M EDTA, 1mM de PMSF em tampdo Acetato 0,05M pH 5.8
(HEINEGARD & SOMMARIN, 1987). A extracao ocorreu durante 24 horas, a
temperatura de 4° C em constante agitacdo. ApOs este tempo, o material foi
centrifugado em 20.000 r.p.m., durante 60 minutos, a 4° C em centrifuga Beckman
J2-21 (Rotor JA-20). O sobrenadante contendo o material extraido em GuHCI, foi
utilizado para dosagem de proteinas nao-colagénicas e procedimentos de western

blotting para colageno | e lll.

5.5.2. Dosagens de proteinas nao-colagénicas

As dosagens de proteinas foram realizadas pelo método de Bradford (1976),
utiizando Coomassie Brilliant Blue G 250. Como padrdo foram empregadas

diferentes solucdes de albumina bovina (BSA), nas concentracdes: 10; 20; 40; 80;
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100; pg/ml.  As leituras foram realizadas em espectrofotdmetro 8452 A Diode

Array da HP em 595 nm.

5.5.3. Eletroforese em gel de Agarose ( 0.5-1.0%)

Para andlise dos tipos de GAGs presentes foi realizada eletroforese em gel de
agarose (0.5-1.0%) em tampé&o 0.05 M de propileno diamino (PDA) preparado
conforme Dietrich e Dietrich (1976). Amostras do tecido da regidao de transecc¢ao
foram desidratadas em acetona e posteriormente digeridas com papaina (40 mg/g
de tecido) em tampéo fosfato de sdédio 100mM, pH 6,5 contendo 0,04M EDTA,
0,08M 2-mercaptoetanol. A mistura foi incubada por 24 horas & 50°C. Apés este
tempo o material foi submetido a precipitacdo com acido tricloroacético 90% (TCA)
em banho de gelo por 10 minutos seguindo para centrifugacdo em microcentrifuga
Fischer, em 5000 r.p.m. durante 15 minutos. O sobrenandante foi precipitado em
metanol overnight. As amostras foram novamente centrifugadas a 5000 r.p.m. por
15 minutos, o sobrenadante foi descartado e o precipitado foi seco e
ressuspendido em DNAse a 37°C por 30 minutos para remocdo dos acidos

nucléicos da amostra. O material foi secado e ressuspendido em agua.

5.5.4. Dosagem de Glicosaminoglicanos

A dosagem de GAGs foi realizada através de uma adaptagdo do método

DMMB (dimetil metileno Blue) (FARNDALE, BUTTLE, BARRETT, 1986) a partir do
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material que sofreu a digestdo com papaina. A leitura foi realizada em microplaca

a um comprimento de onda de 526nm.

5.5.5. Quantificacao de hidroxiprolina

Fragmentos dos tenddes foram hidrolisados em HCI 6N (1mL/10mg de tecido)
por 16 horas a 110°C. A 5 uL do material hidrolisado foi acrescentado 1 mL de
cloramina T (1,41 g de cloramina T, 10 mL de agua, 10 mL de n-propanol e 80 mL
de tampéao pH 6,0), e apds 20 minutos foi adicionado 1 mL de solucédo de aldeido
perclérico (15 g de dimetilaminobenzaldeido, 60 mL de n-propanol, 26 mL de acido
perclérico a 60% e n-propanol para completar o volume para 100 mL). O material
foi incubado por 15 minutos a 60°C e a leitura realizada em 550nm em

espectrofotdmetro HP 8452 A (STEGEMAN, STALDER, 1967).

5.5.6. Zimografia

O tecido foi homogeneizado com tampao de extragdo (Tris-HClI 50mM pH
7.4, Na CI 0,2 M, Triton X-100 0,1%, Ca Cl, 10mM e inibidor de protease 100ul
/10mL), na proporcéao de 30mg de tecido/100ul de tampé&o de extragcédo. A extracao
foi realizada sob agitagdo por 2 horas em banho de gelo. Apds a extragédo, a
amostra foi centrifugada a 4000 rpm (4°C) por 20 minutos. O sobrenadante foi
coletado e armazenado. O precipitado foi ressuspendido com 1/3 do volume do

tampao utilizado na primeira extracao, e posteriormente aquecido por 5 minutos a
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60°C. Novamente foi feita uma centrifugacao a 4000 rpm (4°C) por 20 minutos e o
sobrenadante coletado. Os produtos das duas extragdes foram entdo misturados
(MARQUETT], et al., 2006; SNOEK-VAN, 2005).

Para MMP-2 foi aplicado 1 pyg de proteina e para a MMP-9 30 pg de
proteina em gel de poliacrilamida 10% preparado com 2 mg/mL de gelatina. Apds
corrida eletroforética o gel foi incubado em tampéao de incubagéao (Tris-HCI 50mM
pH 8.4, 5mM de CaCl2 e 1uM de ZnClI2) por 24 horas a 37°C. Os géis foram
corados com Coomassie Brillant Blue R-250 e descorados (solucdo de
metanol 30% e &cido acético 10% em agua). Finalmente o gel foi transferido para

uma solugé@o encolhedora (metanol 30% e glicerol 3%).

5.5.7.  Western Blot para colageno tipo | e lll

As proteinas do tenddo foram submetidas a eletroforese em gel de SDS-
poliacrilamida (6%) (ZINGALES, 1984; KLAUS and OSBORN, 1969) e transferidas
para membrana de nitrocelulose, como descrito por Towbin et al (1979).Para
deteccgéo de colageno | e lll foram precipitadas respectivamente 50 ug e 100 pg de
proteinas totais, provenientes do extrato em guanidina, utilizando uma solucéo
contendo tampao acetato de sédio 1M pH 7,4 (100 uL) e 9 volumes de etanol
(1350 pL), durante 24 horas a 4°C, e lavado em mesma solugéo por trés vezes.
Posteriormente o precipitado obtido foi seco a 37°C e ressuspendido em tampao
de amostra redutor contendo (3-mercaptoetanol 5% (0,5M Tris-HCI pH 6.8, Glicerol

26%, SDS 20%, Azul de Bromofenol 0,1% ).
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Em seguida, as membranas foram transferidas para o aparelho de western blot
Millipore SNAP i.d. O bloqueio foi realizado utilizando-se solugao de bloqueio
(Millipore Chemiluminescent Blocker) por 15 segundos, conforme instrucao do
fabricante a temperatura ambiente. A incubagdo com anticorpo primario (C2456 —
Sigma Aldrich e C7805 — Sigma Aldrich) foi realizada durante 10 minutos a
temperatura ambiente, diluido (1:500) em solugao basal (trisma base 1M, NaCl
5M, Twen 20, agua destilada), (CHEN et al., 2008).

As lavagens das membranas foram feitas em solugéo basal (3x). A incubacgéo
com anticorpo secundario (A8786 — anti-mouse Sigma Aldrich), foi realizada
durante 10 minutos a temperatura ambiente, diluido (1:500) em solucao basal.
Posteriormente, as membranas foram reveladas com DAB (dimetilaminobenzeno),
e depois a membrana foi lavada em agua corrente. Para o controle endogeno foi
utilizado o GAPDH (sc-25778, rabbit polyclonal antibody e goat anti-rabbit 1gG,

A0545, Sigma Aldrich).

5.5.8. Densitometria

A densitometria das bandas referentes as isoformas das MMP-2 e 9, e das
membranas de western blot foram realizadas através do programa Scion Image

software Alpha 4.0.3.2 (Scion Corporation USA).
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5.5.9. Analise estatistica

Todos os resultados foram expressos através da média + desvio padrdao. Os
resultados foram analisados por meio do andlise de variancia (ANOVA one-way)
seguido do teste de Tukey. O nivel de significancia foi de p<0,05. Os testes foram
realizados através do software Graph-Pad Prism (Graph-Pad Software, La Jolla,

CA, USA), versao 3.0.

5.6. ANALISE MORFOLOGICA

5.6.1. Processamento para analise estrutural em microscopia de luz
comum

Apoés a disseccgao, os tenddes calcaneares foram fixados em solugao de formol
4% em tampao Millonig pH 7,4 durante 18 h em temperatura ambiente. Em
seguida as pecas foram lavadas em tampao, desidratadas em banhos de alcool,
seguido de diafanizacdo com banhos de xilol e incluidas em parafina (Histosec).
Foram realizados cortes de 7 um. Para uma visualizagdo geral do tecido alguns
cortes foram corados com Hematoxilina-eosina (HE). Para deteccdo de
proteoglicanos, foi utilizada a coloracdo com Azul de Toluidina (AT) (0,025 % em
tampé&o Mc llvaine pH 4.0). As Iaminas foram deixadas no corante por 10 minutos,
lavadas rapidamente em agua, colocadas para secar ao ar. Em seguida, foram

mergulhadas rapidamente em xilol e montadas em balsamo do Canada. As



29

observagdes e documentacdo foram feitas em microscépio Olympus BX 60

equipado com camera fotogréfica.

5.6.2. Microscopia de Polarizacao: Birrefringéncia - Analise de imagem
e medidas

Cortes longitudinais de 7 um de espessura foram foram lavados em agua,
desidratados em etanol, diafanizados com xilol e embebidos em parafina. Cortes
seriados longitudinais de 7 um de espessura foram desparafinizados e seguiram
para a andlise sob microscopia de polarizacdo em microscépio Olympus BX 60
equipados com polarizador e analizador. Os cortes, considerando o maior eixo do
tendao, foram posicionados a 45° entre o polarizador e analisador cruzados, apés
montagem somente em agua (VIDAL, 1980; VIDAL, 1986; VIDAL e MELLO,
2010). Medidas de birrefringéncia das fibras de colageno foram realizadas e
expressas em “Gray Average (GA)” em pixels (8 bits = 1 pixel) apds calibracao. As

médias de GA foram representados em tabelas.

5.6.3. Processamento dos dados de birrefringéncia em analise
estatistica

As medidas obtidas por meio da analise de birrefringéncia foram
submetidas a anadlise estatistica pelo teste de Mann-Whitney (p<0,05) através do

software Graph-Pad Prism (Graph-Pad Software, La Jolla, CA, USA), versao 3.0.
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5.7. ANALISE FUNCIONAL

5.7.1. Avaliacao da pressao exercida pela pata dos ratos submetidos a
transeccao partial do tendao

O sistema de Catwalk (Noldus Inc., Holanda) foi usado para analisar a
recuperagcado da marcha dos animais apds a transecgéo do tendao.
Inicialmente foi realizada uma avaliagdo da pressédo da pata direita de cada

animal através do “Walking Track Test’ (CatWalk), (http://www.noldus.com/animal-

behavior-research/products/catwalk), com o intuito de obter um padrdo normal da

pressdo exercida pela pata antes da lesdo. Os ratos foram submetidos a
avaliag6es funcionais, sendo realizadas em dias alternados no periodo de 8 e 15
dias apds a lesdo. As pegadas foram obtidas durante os 3 dias antes da
transeccao parcial dos tenddes, para avaliar o padrdo de marcha normal dos
animais, e coletadas novamente apo6s as lesdées. As medigdes pos-operatdrias
foram coletadas no 2 %, 4 ® e 6 ° dias apos a lesdo, para os grupos que foram
sacrificados 8 dias apds a cirurgia; e no 2°, 4°, 6°, 8%, 109, 12° e 14° dias, para os
grupos que foram sacrificados 15 dias apos a leséo.

O “Walking Track Test’ consta de uma passarela com assoalho de vidro
(100cm comprimento x 15cm largura x 0,6cm espessura) instalado em uma sala
escura onde os ratos foram habituados a andar ao longo do percurso. Uma
lampada fluorescente marcou somente onde houve pressao das patas dos ratos
caminhando. O assoalho desse corredor € monitorado por uma camera Pulnix TM-

765E CCD equipada com uma objetiva (Cosimar 8,5 mm) que detecta a média de
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intensidade em pixels. A intensidade do sinal variou de acordo com a pressao
aplicada pela pata do animal. Os sinais adquiridos foram digitalizados pelo
PClmage-SG quadro a quadro (Matrix vision GmH, Oppenheimer,. Alemanha). O
programa CatWalk adquire, armazena e posteriormente analisa os videos dos
ratos caminhando, fornecendo parédmetros para posterior quantificagdo e anélise
em planilhas especificas. Os parametros utilizados foram “Max Contact Intensity”,
correspondente a pressédo exercida pela pata na plataforma durante a marcha. A

intensidade de ampliacdo variou de 0 a 255 pixels.

5.7.2. Analise estatistica

Os resultados foram analisados por meio do andlise de variancia (ANOVA
two-way) seguido do teste de Tukey. O nivel de significancia foi de p<0,05. Os
testes foram realizados através do software Graph-Pad Prism (Graph-Pad

Software, La Jolla, CA, USA), versao 3.0.
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6. RESULTADOS

Os resultados do presente estudo foram organizados em dois manuscritos

apresentados a seguir. Para visualizacao geral do desenho experimental dos

manuscritos, individualmente, observe os fluxogramas abaixo (Figuras 3 e 4).

6.1. FLUXOGRAMAS

Tendoes
Normaise
Transeccionados

Quantificagio de Zimografia:
Hidroxiprolina MMP-2 e MMP-9
(n=5) (n=5)

Extracao de
Componentes da

Quantificagcao de
Proteinas Nao
Colagénicas

Western blotting:
Colle Col lll

Figura 3: Fluxograma do desenho experimental utilizado no manuscrito 1,
intitulado “LLLT improves tendon healing through increase of MMPs activity and

collagen synthesis “.



Tendoes Normais e
Transeccionados

Quantificagaoe
Caracterizagcao

Microscopia @ Birrefringénc Catwalk
de GAGs de Luz ia: Analise de (n=5)
Sulfatados Comum Imagens e
(n=4) Medidas
(n=4)

(n=5)

Figura 4: Fluxograma do desenho experimental utilizado no manuscrito 2, intitulado
“Pulsed LLLT improves tendon healing in rats: a biochemical, organizational and
functional evaluation.”
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ABSTRACT

The Achilles tendon has a high incidence of rupture, and healing process
leads to a disorganized extracellular matrix (ECM) with a high rate of injury
recurrence. To evaluate the effects of different conditions of low level laser (LLL)
application on partially tenotomized tendons, adult male rats were divided into the
following groups: G1 - intact; G2 - injured; G3 - injured + LLL (4 J/icm?
continuous); G4 - injured + LLL (4 J/cm? - 20 Hz); G5 - injured; G6 — injured + LLL
(4 J/em? continuous); and G7 - injured + LLL (4 J/cm? - 20 Hz until the 7™ day and
2 kHz from 8-14 days). G2, G3 and G4 were euthanized 8 days after injury, and
G5, G6 and G7 were euthanized on the 15™ day. The quantification of
hydroxyproline (HOPro) and non-collagenous protein (NCP), zymography for
MMP-2 and -9, western blotting (WB) for collagen types | and lll. HOPro levels
showed a significant decrease in all groups (except G7) when compared with G1.
The NCP level increased in all transected groups. WB for collagen type | showed
an increase in G4 and G7. For collagen type Ill, G4 presented a higher value than
G2. Zymography for MMP-2 indicated high values in G4 and G7. MMP-9 increased
in both treatment groups euthanized at 8 days, especially in G4. Our results
indicate that the pulsed LLL therapy improved the remodeling of the ECM during
the healing process in tendons through activation of MMP-2 and stimulation of
collagen synthesis.

Key words: Achilles tendon, rupture, LLLT, collagen, matrix metalloproteinase 9,

matrix metalloproteinase 2
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INTRODUCTION

Tendons are stronger than muscles (units /area), and while the tensile
strength of tendons is equal to bone tissue, tendons
are slightly flexible and extensible [1, 2]. The parallel arrangement of collagen
fibers, considering the longest axis of tendons, is responsible for the tension
resistance in the tendon resists tension forces [3, 4]. However, the
force generated by the muscles during intense activity as well as prolonged low-
intensity activity can both lead to tendon degeneration and rupture [5]. With the
increase in recreational and athletic activities over the pasttiwo decades, the
incidence of Achilles tendon injuries has increased dramatically; these lesions have
been divided into overuse injuries (chronic injury) and spontaneous ruptures [6, 7].

The rupture of the Achilles tendon can take weeks or even months to fully
heal [8]; one reason for this is the low blood supply to this tendon [9, 10]. Due to
the slow healing process, the rupture of the Achilles tendon is considered a serious
injury and has drawn the attention of researchers, who have utilized a variety of
methods, including the application of ultrasound, electrical stimulation, and low-
level laser (LLLT), to accelerate the repair process [11, 12, 13].

In tendon healing process of rats there are several events that can be
divided in three distinct phases, although there is a overlapping of them: the
inflammatory phase, which extends from 1-7 days after injury; the proliferative

phase, which begins around day 8 and extends up to 14 days after injury; and
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the remodeling phase, which begins around day 14 and reach its peak around 21"

day [10].

In a typical protocol used in rehabilitation after a tendon
injury, immobilization is performed  to provide protectionto  the injured
tissue and prevent another possible rupture. However, prolonged  periods
of immobilization can  eventually produce other damage, such as muscular
atrophy, osteoarthritis, tendinocutaneous adhesion and infections [13, 14, 15]. If
the duration of ~ the healing  process ofthe  tendon could be  decreased,
complications due to prolonged immobilization could
be minimized [11]. Few treatments have been shown to accelerate the process of
repair or improve the quality of tendon regeneration [16, 17].

For the repair of tendon injuries, LLL therapy (LLLT) has shown promising
results with respect to fibroblast proliferation, collagen
synthesis and tissue repair [18, 19, 20]. However, LLLT has also been reported to
reduce elongation and increase stiffness in tendons [20]. LLLT has
attracted considerable attention because of its success intissue repair and its
broad spectrum of applications, but there is controversy about the protocols for the
use of LLLT [11, 12]. Therefore, this study aimed to determine the most
appropriate protocol for LLLT forthe initial lesions of a partial rupture of
the Achilles tendon; the results may permit the development

of appropriate techniques and suitable protocols for the repair of tendons.
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METHODS

Animal care was in accordance with the European Convention for the
Protection of Vertebrate Animals used for Experimental and Other Scientific
Purposes and is consistent with the ethical principles of animal experimentation
adopted by the Brazilian College of Animal Experimentation (COBEA); the protocol
was approved by the Ethics Committee on Animal Experiments of the State
University of Campinas, SP, Brazil and filed under No. 1921-2.

In this study, 140 male Wistar/Uni rats with a mean age of 60 days and
weight ranging from 300-350 g were used. The rats were housed two per cage in a
12 h light:dark cycle at 23°C, with free access to standard rat chow and water. The
animals were divided into seven groups: G1 - intact; G2 - injured; G3 - injured +
LLLT (4 J/cm? continuous); G4 - injured + LLLT (4 J/cm? - 20 Hz); G5 - injured;
G6 - injured + LLLT (4 J/cm? continuous); and G7 - injured + LLLT (4 J/cm? - 20
Hz until the 7" day and 2 kHz from 8-14 days). G2, G3 and G4 were euthanized

on day 8 after injury, and G5, G6 and G7 were euthanized on day 15.

Procedures for the partial transection of the tendon

The animals were anesthetized with intraperitoneal injection of Ketamine
(90 mg/kg) and xylazine (12 mg/kg). After removing the skin, the calcaneal

tendon was exposed and an transverse partial transection was performed in the
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tension region of the tendon that is located at an approximate distance of 3 mm

from the tendon insertion into the calcaneous bone.

Laser Therapy

The laser equipment used was a GaAlAs laser with 830 nm wavelength and
was programmed according to Brazilian medical equipment standards (NBR
60601-1, NBR IEC 60601-2-22 e IEC 825-1) at 40 mW of power. The
animals were immobilized with containment equipment [21]
and received a punctual application of 4 J/cm?, once a day, with a frequency that
varied according to the experimental group. Treatment with LLLT began the day
after surgery and lasted until the day before euthanasia, that way, the groups
euthanized 15 days after surgery received 13 applications, and the groups
euthanized 8 days after surgery received 6 applications. The time of irradiation
also varied according to the experimental group. Each session of the continuous
group last 16 seconds, and in the pulsed group 32 seconds. After the last
session, the animals were euthanized with deepening of anesthesia for the

removal of the calcaneal tendon.
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Biochemical analysis

Extraction procedures

The calcaneal tendon was removed and treated with 25 volumes of 4 M
guanidine hydrochloride (GuHCI) containing 20 mM EDTA, 1 mM PMSF in 50 mM
sodium acetate buffer pH 5.8 [22] for 24 h at 4°C with stirring. Afterward, the
material was centrifuged (13,000 xg, 25 min, 4°C), and the supernatant was used

for non-collagenous protein dosage and western blotting for collagen | and .

Quantification of Proteins

Samples of the extracts of each experimental group were used. Non-
collagenous proteins (NCPs) were quantified according to the Bradford method
[23] using bovine serum albumin as standard. The absorbance was measured at

595 nm.

Western blotting for collagen | and lli

For western blots, 50 ug and 100 pg of total protein were precipitated from
the guanidine extract for collagen | and lll, respectively, using a solution containing
1 M sodium acetate buffer pH 7.4 (100 mL) and 9 volumes of ethanol (1350 mL)
for 24 hours at 4 ° C. After three washes with 150 mL 1 M sodium acetate buffer

pH 7.4 and 1350 mL of ethanol, the precipitate obtained was dried at 37 °C and
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resuspended in reducing sample buffer (0.5 M Tris-
HCI pH 6.8, 26% glycerol, 20% SDS and 0.1% bromophenol blue). For collagen lll,
the same procedure was performed, but the precipitate obtained was resuspended
in reducing sample buffer containing 5% (-mercaptoethanol.

Proteins from the tendon subjectedto electrophoresis on SDS-
polyacrylamide (6%) gels were transferred to nitrocellulose membranes, as
described by Towbin [24]. The membranes were transferred with the Snap i.d.
system (Millipore), blocked with BIJk-CH reagent for 15 seconds
and incubated with primary antibody (C2456, collagen |, Sigma Aldrich and C7805,
collagen Ill, Sigma Aldrich)at a dilution of 1:1000for 10 minutes.
The membranes were washed three times in TBS, incubated with secondary
antibody (A8786, anti-mouse, Sigma Aldrich and A2306, anti-rabbit, Sigma Aldrich)
for 10 minutes and washed again. Finally, the western blot signal was developed
with DAB (dimethylaminobenzaldehyde). For the endogenous control, GAPDH was
used (sc-25778, rabbit polyclonal antibody and goat anti-rabbit IgG, A0545, Sigma
Aldrich). The band densitometry was performed with the Scion Image software
Alpha 4.0.3.2 (Scion Corporation), and the results were expressed as the mean

ratio in relation to the GAPDH band intensity.

Zymography

Metalloproteinase analyses were performed according to the methods of

Marquetti et al. [25]. The samples were incubated in extraction buffer (50 mM Tris-

HCI pH 7.4, 0.2 M NaCl, 0.1% Triton X-100, 10 mM CacCl, and protease inhibitor
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100 pul/10 mL) at 4°C for 24 hours. In total, 30 ug of protein for MMP-9 analysis and
1 ug of protein for MMP-2 analysis was loaded in each lane of sodium dodecyl
sulfate (SDS) 10% polyacrylamide gels prepared with 2 mg/mL gelatin. Then, the
gel was incubated in incubation buffer (50 mM Tris-HCI pH 8.4, 5 mM CacCl, and 1
UM ZnCl,) overnight at 37°C. Gels were stained with Coomassie Brilliant Blue R-
250 and bleached (30% methanol and 10% acetic acid in water). Finally, the gel
was placed in shrinking solution (30% methanol and 3% glycerol). The band
densitometry was performed with the Scion Image software Alpha 4.0.3.2 (Scion

Corporation).

Hydroxyproline quantification

Fragments of the tendon were hydrolyzed in 6 N HCI (1 mL/10 mg tissue) for
4 hr at 130°C. Then, the lysate was treated with 1.41% chloramine T solution and
15% p-dimethylaminobenzaldehyde, as described by Stegemann and Stalder [26].
After incubation for 15 min at 60°C, the hydroxyproline solution was cooled and the
absorbance was measured at 550 nm in an Ultrospec 2100 (Pro Amersham

Biosciences, England) spectrophotometer.

Statistical analysis

All results were expressed as the mean + standard deviation. The results

were analyzed by an analysis of variance (one-way ANOVA) followed by the Tukey
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test. The level of significance was p <0.05. The analysis was carried out in

GraphPad Prism 3.0 program.

RESULTS

The quantification of hydroxyproline (Fig. 1A) revealed that there
was a significant decrease in the concentration of hydroxyproline in all groups,
except the G7 (144,90+8,76), when compared to G1 (153,01+14,67). There were
no significant  differences between the various tenotomized groups that
received LLLT; however, it is important to note that there is a tendency for an
increased concentration of HOPro in animals that were treated with pulsed

laser for 15 days (G7) compared to the animals that were simply tenotomized (G5)

(124,33+14,65).
The examination of the levels of non-
collagenous proteins (Figure 1B) revealed that all transected groups

showed an increased content of non-collagen proteins compared to the control
group (20,20+4,20). The analysis of zymography gels for MMP-2 (Figure
2) showed that the groups did not show the latent isoform of MMP-2 (72 kDa) 8
days after injury. After analysis by densitometry, statistically higher values of
the intermediate (68 kDa) (43932,59+2300,18) and  active  bands (62 kDa)
(109940,63+13099,99)were observed inthe G4 compared with the G2 (active
82053,42+3308,56; intermediate 29085,09+2469,84) and G3 (intermediate

32209,43+794,66; active 93664,18+2913,22) (Figure 2). At 15 days after
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injury (Figure 2), the latent isoform of MMP-2 was not significantly different
between the groups. With respect to the intermediate and active isoforms, the
group treated with the pulsed laser frequency (G7) (intermediate
53494,16+£1408,75; active 37327,0616269,063) had statistically higher values
when compared to G5 (intermediate  40932,52+5489,257; active
27997,9312420,67) and G6 (intermediate 41992,06+7098,337; active
25908,17+3621,04).

The zymography for MMP-9 (Figure 3) revealed that the groups euthanized
at 15days after the injurydid not showthe band corresponding to
this metalloprotease, whereas groups euthanized at 8days showed
both bands (latent 92 kDa and active 83 kDa). The results of
densitometry (Figure 3) revealed that both treatment groups showed an increase in
the bands corresponding to the isoforms of MMP-9, but only in the group treated
with pulsed laser (G4) (latent 12644,99+3012,082; active 24055,17+7531,34) was
this increase statistically significant compared to G2 (latent 5873,07+1991,13;
active 11266,68+2987,23).

Western blotting for collagen | (Figure 4) showed thatin groups treated
with the pulsed laser frequency, collagen | was higher than in the other
groups euthanized on the same date. The G2 (4,53+1,08) values were statistically
lower when compared with G1 (12,08+3,19). It was also observed that the treated
groups tended to have an increased content of collagen, for example, in G4
(12,50£3,15) relative to G2 and G7 (15,92+2,35) relative to G5 (6,38+0,97).

Western blotting for the detection of type Ill collagen was also performed

(Figure 4) for the groups euthanized at 8 days after transection of the calcaneal
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tendon. We observed that the transected groups showed an increase in the
content of collagen Il compared to the G1 (0,41+0,04); the group treated with the
pulsed laser frequency (G4) (2,19%£0,39) presented a high content of this type
of collagen. At 15 days, groups G5 (1,92+0,37) and G6 (1,51+0,39) showed a high
content of collagen Ill, but G7 (0,05+0,01) lysates showed a drastic reduction of

this extracellular matrix component.

DISCUSSION

In the present study, animals with partial tenotomy of the calcaneal
tendon was exposed to different protocols of low-power laser, with fixed dose and
duration of therapy and variations in the frequency; thus, one group was treated
with LLL with a continuous frequency and another with a pulsed frequency. The
dose used (4 J/cm?) and the wavelength (830 nm) were chosen based on
promising results presented previously in the literature [12, 20, 36, 39]. Besides,
the chosen wavelength allowed altering the
frequency parameters, thereby modulating the energy thatis transmitted to the
tissue.

The effects of LLLT described in the literature include the reduction of pain
and inflammation, increased cell proliferation and synthesis of ECM components,
stimulated biochemical reactions [23] and increased synthesis of ATP [27, 28];
therefore, the animals were evaluated at 8 and 15 days after injury to analyze the

effects of laser treatment on the inflammatory and proliferative phases.
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At 8days afterinjury, we observed a significant decrease in
the concentration of hydroxyproline in all groups when compared with the normal
group (G1). These results were expected because in this phase of the injury,
decreased collagen content has been observed, while monocytes and
macrophages predominate at the site of injury andare responsible
for phagocytosis of necrotic material, such as collagen degradation. In addition,
this phase is just the beginning of collagen type Il synthesis [29]. The decrease in
the concentration of HOPro in groups G2, G3 and G4 compared to G1 is related to
the activity of MMP-2, which is the main enzyme that functions during the tendon
remodeling process and that acts after the action of the collagenases, to degrade
elements of the extracellular matrix, as discussed below [30].

The western blotting for collagen Ill showed that the groups
treated with LLLT showed an increase in this component of the matrix, when
compared to the group that undergoing treatment. It is known that
in tendon regeneration processes, there is the formation of granulation tissue with
is rich inthin fibrils of collagenlll that serves as a scaffold for the
subsequent formation of bundles of collagentype | [5, 6]. After in this study,
the low-power laser stimulated the production of collagen | and Il in both treatment
protocols, which confirmed the hypothesis that collagen Ill supports the formation
of collagen I; the western blotting for collagen | showed an increased content in the
groups treated with low-power laser, particularly in the group (G4) treated
with the laser pulsed frequency.

The metalloprotease enzymes are secreted as latent or inactive isoforms

and are called pro-MMPs. To become activated, their latent pro-domain must be
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cleaved by the action of other proteases. This cleavage causes a reduction in the
molecular mass of this enzyme, and through zymography we can identify
the corresponding isoforms  [31]. At 8days after injury,the analysis
of zymography for MMP-2 did not show the latent isoform (72 kDa), but did show
a strong presence of intermediate and active isoforms, especially in G2, G3 and
G4. The group treated with pulsed LLL (G4) showed statistically higher values of
the intermediate (68 kDa) and active (62 kDa) bands when compared with G2
and G3, indicating that these laser conditions stimulated the activation of this MMP.
Previous studies have shown that after the exposure of the smooth muscle cells of
pigs to a low level laser, there was an increase in the expression of MMP-2, which
is consistent with our results [32].

In the analysis of MMP-9, we observed that all groups euthanized at 8
days after injury showed both the latent (92 kDa) and active (83 kDa) isoforms.
Densitometry results showed that both groups treated with LLLT showed an
increase in the bands corresponding to isoforms of MMP-9. However, only
the group treated with pulsed laser (G4) showed a statistically significant increase
when comparedto G2, indicating that the pulsed laser was responsible for
promoting the increased activity of this metalloprotease. MMP-9 is activated by a
number of inflammatory factors and cells and also by MMP-2 [33, 34, 35], which is
consistent with our results that showed a statistically significant
increase in these MMPs in the LLLT pulsed group. Yamaguchi and
colleagues [36] observed that  the irradiation of rats witha low-power

laser promoted tooth movement by increasing MMP-9 in these animals. These
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results are consistent with our findings for the group treated with the laser pulse
frequency.

The results of zymography and hydroxyproline concentration proved to be
complementary. In the inflammatory phase of injury, there is an intense process of
degradation of the tendon and the presence of MMP-2 and 9 are characteristic of
this phase. Previous studies found that there is a marked presence of MMP-9 in
the injured area; because MMP is produced by fibroblasts [37] and inflammatory
cells, its peak production takes place in the inflammatory phase of injury [38].

The experimental groups were also assessed in the proliferative
phase, i.e., 15 days after injury. Hydroxyproline dosages showed no significant
differences between tenotomized groups; however, there was a noticeable trend
for increased HOPro levels in the rats euthanized after 15 daysin all LLLT
groups. The  determination  of  hydroxyproline showed that the  groups
that suffered the injury did not recover their normal content of collagen; in contrast,
the group treated with pulsed LLLT (G7) had HOPro values that were not
significantly different from the normal group (G1).

Previous studies have shown that after laser therapy the collagen content
was higher in those receiving laser therapy than those who received no
treatment [11, 13, 15, 19, 34, 39], which is consistent with our findings in relation to
the group treated with the pulsed frequency. Moreover, in agreement with the
hydroxyproline results, collagen | western blotting showed that the groups
treated with LLLT, in particular the pulsed frequency, exhibited an

increased expression of this extracellular matrix component. Therefore, our results
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suggest that the low-power laser stimulates the synthesis of collagen | and can
act to modulate fibrillogenesis of collagen type |.

The proliferative phase is characterized by the peak production of collagen
type Il [39, 40, 41]; this observation is consistent with our results, except for G7,
which showed a decrease in collagen Ill content. Because the collagen | content in
G7 was higher than all the other treated groups and because collagen Ill was
higher in G4, we believe that pulsed LLLT caused the peak of collagen IIl and
promoted a fast recovery of collagen fibrils of the damage tissue.

The zymography for MMP-2in the group euthanized 15 days after
injury showed thatallof the groups had the latentisoform, which was
not significantly different between the groups. With respect to the intermediate
and active isoforms, the group treated withthe pulsed laser frequency (G7)
showed significantly higher values than G5 and G6.

The groups euthanized at 15 days did not present the band corresponding
to MMP-9; this was an expected result because when the end of the inflammatory
phase occurs, there is a decline in the production of MMP-9 and an increased
production of MMP-2 by fibroblasts, as observed in this study, corroborating with
previous studies [30]. Zymography for the groups analyzedat 8 and 15
days after injury showed that MMP-9 appeared in the inflammatory phase of injury.
In contrast, MMP-2 acted both in the inflammatory and proliferative phases,
indicating that the action of MMP-2 was also during the process of matrix
remodeling. Previous studies realized in our laboratory have shown that tha
presence of MMP-2 indicates a higher remodeling of the extracellular matrix of

tendons [41, 42].
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Our results show that the continuous and pulsed LLLT have different effects
on the process of tendon repair. In the inflammatory phase, there was a more
marked presence of active MMP-2 and MMP-9 in animals treated with the pulsed
laser compared to the continuous laser, suggesting that pulsed LLLT has a more
potent effect in the process of remodeling of the tendon.

Several studies have shown that after injury, the morphological,
biochemical and mechanical properties of the tendon are never equal to normal,
uninjured tissue [43, 44, 45]. Possible causes are the long-term immobilization afer
lesion, which results in the absence of mechanical load on the tendon and an
inefficient blood irrigation. Our results suggest that during the application of
laser energy, density should not be the only parameter taken into consideration. By
altering the frequency parameters, thereby modulating the  energy  that is
transmitted to the tissue, we obtained different results for the treated groups.

Based on our results, we believe that the LLLT with a pulsed frequency
accelerated the tissue repair by promoting the synthesis of the main component of
the tendon, collagen, which is responsible for the mechanical properties of the
tissue, and by modulating the activities of MMP-2 and 9. Thus, we believe that this
treatment protocol can be adaptedfor use inthe clinical rehabilitation of
individuals who suffered Achilles tendon rupture to accelerate the repair of this
injury. Further studies will be realized in our laboratory in order to detect the effect
of different laser intensities on the organization of the collagen bundles during

tendon healing.
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Figure 1: A: Concentration of hydroxyproline (mg/g dry tissue) in the different
groups. Observe the significant difference between all the groups in relation to Gl
(*), except in the group G7 where the values were similar to G1. B: Concentration of
non-collagenous-protein (mg/g wet tissue) in the different groups. Observe the
significant difference between all the groups in relation to G1 (*).
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Figure 2: Zymography for MMP-2 of extracts of tendon from rats submitted
to different laser protocols. Observe the presence of the latent (72kDa) form
only in groups G5, G6 and G7. Densitometry of bands detect differences
between the treated groups for the intermediary and active isoforms. The
group G4 showed more intense band (pixels x 10%) compared to the G2 and
G3 (*) groups.G7 showed more intense band (pixels x 10°) compared to the
G5 and G6 (#) in intermediate and active isoforms.

61



62

4

Densitometry of MMP-9

35000

30000

25000

20000

M latent

L5000 M active

10000

Band Intensity (pixels)

5000

G2 G3 G4

Figure 3: Zymography for MMP-9 of extracts of tendon from rats submitted to
different laser protocols. Note the presence of the latent form (92kDa) in all groups
euthanized 8 days after injury. The groups euthanized 15 days after injury did not
present this metalloproteinase. In G4 the active isoform (arrow) is apparently more
evident than in G2 and G3.
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Figure 4: B: Densitometry of collagen I bands. Note that G4 and G7 (pulsed
groups) have more of this component when compared to their control (G2 and
G5 respectively), and also compared to continuous groups (G3 and G6
respectively). B: Densitometry of collagen III bands. We can observe that all
transected groups have large amount of this content, specially G4, on the other
hand, G7 showed a small content of collagen III. C: Western Blotting for
collagen I and III and endogen control, GAPDH.
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ABSTRACT

In last decades the tendon injuries have increased substantially. Previous results
suggested that low-level laser treatment (LLLT) promote synthesis of extracellular
matrix and improve the functional properties of the tendon. The aim of this study
was to evaluate the effects of different protocols of LLLT on partially tenotomized
tendons. Adult male rats were divided into: G1 - intact; G2 — injured; G3 - injured
+ LLLT (4 J/cm? continuous); G4 — injured + LLLT (4 J/cm? at 20 Hz). G2, G3 and
G4 were euthanized 8 days after injury. G5 - injured; G6 - injured + LLLT (4 J/cm?
continuous); and G7 - injured + LLL (4 J/cm? at 20 Hz until the 7" day, and 2 kHz
from 8-14 days). G5, G6 and G7 were euthanized on the 15™ day.
Glycosaminoglycan (GAG) was quantified by dimethylmethylene blue method and
analyzed on agarose gel. Toluidine blue (TB) stain was used to observe
metachromasy. Collagen organization was analyzed by polarization microscopy.
CatWalk system was used to evaluate gait recovery. The GAG level increased in
all transected groups, except G5. In G6 and G7 there was a significant increase in
GAG in relation to G5. In G3 and G4 the presence of dermatan sulfate band was
more prominent than G2. TB stains showed intense metachromasy in the treated
groups. Birefringence analysis showed improvement in collagen organization in
G7. The gait was significantly improved in G7. In conclusion, pulsed LLLT leads to
increased organization of collagen bundles and improved gait recovery.

Key words: Achilles tendon, gait analysis, rehabilitation programs, soft tissue
injuries.
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INTRODUCTION

Among tendons in the lower extremities, the Achilles tendon is most
commonly injured by athletes, and it has been described as the tendon most likely
to rupture spontaneously. [1] This tendon is subjected to extensive static and
dynamic loads, and it can be subjected to loads up to 10 times body weight in
certain athletic activities. [2, 3, 4] Studies have shown that 44% of ruptures
occurred during athletic activities. [5] In the general population, factors such as
age, sex, obesity or the presence of diseases such as diabetes and rheumatoid
arthritis appear to be involved in injuries of the Achilles tendon. [6]

Tendon healing is a slow and complex process because of the high level of
organization of the components in its extracellular matrix (ECM), and it is
aggravated by poor vascularization.[3,4] Collagen is the most abundant protein in
tendons. Type | collagen provides tensile stiffness to the tissue, and type Ill is
distributed among collagen | bundles. Both are fibril-forming collagens with the
ability to assemble into highly orientated supramolecular aggregates that are
responsible for the properties of the tissue. [7, 8, 9]

In the tendon-healing process of rats, there are several events that can be
divided into distinct but overlapping phases: an inflammatory phase, which
extends from 1-7 days after injury; a proliferative phase, which begins around day
8 and extends up to 14 days; and a remodeling phase, which begins around day
14 and reaches its peak around day 21. [3,4,10] Tendon lesions remain a clinical
issue because the injury site becomes a region with a high incidence of recurrent

rupture and have drawn the attention of researchers. [10, 11]
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In atypical rehabilitation protocol after atendon injury, immobilization is
performed to protect theinjured tissue and prevent another possible rupture.
However, prolonged periods of immobilization can cause damage, such as
muscular atrophy, osteoarthritis, tendinocutaneous adhesion and infections. [9, 12,
13] Thus, if the durationof healing process could be decreased,
complications could be reduced. [14]

Low-level laser therapy (LLLT) has attracted considerable attention because
of its success in tissue repair and its broad spectrum of applications, but there is
controversy about specific protocols. [12, 14, 15, 16, 17] Previous studies in our
laboratory exposed rats with partial tenotomy of the Achilles tendon to different
LLLT protocols. The results showed for the first time that the pulsed frequency
accelerated the repair process through the increased activation of MMP-2 and -9
which were responsible for the replacement of degraded collagen for intact
collagen | that only 15 days after injury equaled the normal tendon. [18]

Several studies have shown that after injury, the morphological,
biochemical and functional properties of the tendon are never again identical to
normal tissue. [19, 20, 21] Knowing that collagen | is the main responsible for the
mechanical properties of the tissue, our previous results were promising and
suggested that LLLT may improve the collagen organization and the functional
properties of the tendon. Therefore, this study aimed to analyze the effects of
different LLLT protocols in the early phases of wound healing after tendon
transection to determine the most appropriate postoperative protocol for tendon

repair.
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MATERIALS AND METHODS

Animal care was in accordance with the European Convention for the
Protection of Vertebrate Animals used for Experimental and Other Scientific
Purposes and is consistent with the ethical principles of animal experimentation
adopted by the Brazilian College of Animal Experimentation (COBEA); the protocol
was approved by the Ethics Committee on Animal Experiments of the State

University of Campinas, SP, Brazil (n® 1921-2).

Experimental Groups

In this study, 105 male Wistar/Uni rats with a mean age of 60 days and
weight ranging from 300-350 g were used. The rats were housed two per cage in a
12 h light:dark cycle at 23°C, with free access to standard rat chow and water. The
animals were analyzed in the inflammatory and proliferative phases and were
divided into seven groups: G1 - intact; G2 - injured; G3 - injured + LLLT (4 J/cm?
continuous); G4 - injured + LLLT (4 J/cm? = 20 Hz); G5 - injured; G6 - injured +
LLLT (4 J/cm? continuous); and G7 - injured + LLLT (4 J/cm? - 20 Hz until the 7"
day and 2 kHz from 8-14 days). G2, G3 and G4 were euthanized on day 8 after

injury, and G5, G6 and G7 were euthanized on day 15.



76

Procedures for partial transection of the tendon

The animals were anesthetized with intraperitoneal injection of ketamine
(90 mg/kg) and xylazine (12 mg/kg). After removing the skin, a transverse partial
transection was performed in the tension region of the Achilles tendon, located
at an approximate distance of 3 mm from the tendon insertion into the

calcaneous bone. [18, 22, 23]

Laser Therapy

The laser equipment used was a low intensity GaAlAs laser (830 nm
wavelength), programmed according to Brazilian medical equipment standards
(NBR 60601-1, NBR IEC 60601-2-22 e IEC 825-1) at 40 mW of power. The
animals were immobilized with containment equipment, [24]
and received a punctual application of 4 J/cm?, once a day. The frequency and
intensity of light varied according to the experimental group. Treatment
with LLLT began the day after surgery and lasted untilthe day before
euthanasia, that way, the groups euthanized 15 days after surgery received 13
applications, and the groups euthanized 8 days after surgery received 6
applications. Each session of the continuous group last 16 seconds with a light

intensity of 0.25 W/cm?; and in the pulsed group 32 seconds with a light intensity
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of 0.125 W/cm2. After the last session, the animals were euthanized with

deepening of anesthesia for the removal of the Achilles tendon. [18]

Agarose Gel Electrophoresis

The fragments of the tendons were dehydrated, and sulfated
glycosaminoglycans (GAGs) were released from proteoglycans by digestion with a
papain solution (Merck) (40 mg/g of dry tissue) containing 100 mM sodium
phosphate buffer, pH 6.5, 40 mM EDTA, and 80 mM B-mercaptoethanol (Sigma).
The GAGs were separated by agarose gel electrophoresis (0.6%) in 0.05 M

propylenediamine (PDA) (Sigma). [25]

Quantification of Sulfated Glycosaminoglycans

The content of GAGs was determined by the dimethylmethylene blue

method, [26] using chondroitin sulfate as standard. The absorbance was measured

at and 540 nm.
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Morphological and Birefringence analysis and measurements

The tendons were fixed using a 4% formaldehyde solution in Millonig’s
buffer (0.13 M sodium phosphate, 0.1 M NaOH-pH 7.4) for 24 h at 4° C and
washed in water, ethanol dehydrated, diaphanized with xylene and paraffin-
embedded. Longitudinal serial sections of 7 um were stained with hematoxylin—
eosin (HE) and toluidine blue (TB) and analyzed under an Olympus BX 60 light
microscope.

Birefringence properties were studied using an Olympus BX51-P BX2
polarizing microscope and an image analyzer (Image-Pro Plus 6.3, Media
Cybernetics, Inc.—Silver Spring, MD, USA.

Since birefringence appears visually as brilliance, this phenomenon was
measured with the image analyzer and expressed as gray average (GA) values in
pixels, after its calibration (8 bits=1 pixel). The major tendon axis was positioned at
45° to the crossed analyzer and polarizer during the measurements. Considering
that collagen bundles exhibit two kinds of birefringences: intrinsic birefringence (Bi)
and form or textural birefringence (Bf), [27, 28] total birefringence (sum of Bi and
Bf) was used in this study. The measurements of the transected region of the
tendons in each experimental group were made after immersing the sections in

water. [27, 28]
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Evaluation of the maximum contact intensity of the rat paw after partial

transection

The CatWalk system (Noldus Inc., The Netherlands) was used to analyze
the gait recovery of the animals. In this protocol, the rats crossed a walkway (100
cm length _ 15 cm width _ 0.6 cm thickness) with a glass floor illuminated from the
long edge in a dark room. Data acquisition was performed with a high-speed
camera (Pulnix TM-765E CCD), and the paw prints were automatically classified
by the software. The paw prints were obtained during the 2 days before the partial
transection of the tendons to assess the normal standard gait of the animals, and
they were collected again after the lesions. [22]

Post-operative data were assessed on the 2nd, 4th and 6th days following
surgical lesion for the groups that were sacrificed 8 days after surgery; and on the
2nd, 4th, 6th, 8th, 10th, 12th and 14th days following surgical lesion for the groups
that were sacrificed 15 days after surgery. The parameters used were “Max
Contact Intensity”, corresponding to the pressure exerted by the paw on the glass

floor during gait. The intensity of magnification can vary from 0 to 255 pixels.
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Statistical analyses

All results were expressed as the mean + standard deviation. For
biochemical analysis, data from different experimental groups were analyzed by
analysis of variance (one-way ANOVA) followed by the Tukey test. For the max
contact intensity of the rat paw the Two-way ANOVA was performed. The level of
significance was p <0.05. The Mann-Whitney test was used only for analysis of the
birefringence measurements.

The analysis was carried out in GraphPad Prism® 3.0 program (Graph-Pad

Software, La Jolla, CA,USA), version 3.0.

RESULTS

The GAG levels (Figure 1) in all groups except G5 (4.12 + 0.99) were
increased over the G1 levels (1.94 + 0.58). Groups G6 (8.98 £ 1.46) and G7 (6.663
+ 0.89) showed higher GAG values than G1 and G5.

Analysis of GAG by agarose gel electrophoresis (Figure 2A and B) showed
only the presence of dermatan sulfate (DS), which is characteristic of the tension
region of the tendon. The tenotomized groups showed a higher DS content than
the control group G1. However, G4 and G7 showed an apparent decrease in DS
content when compared to G3 and G6.

Overall, the hematoxylin and eosin (HE)-stained sections showed marked
differences between the different time periods analyzed (data not shown). We

observed high cellularity in the repair region of the transected tendons, with total
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disorganization of the matrix in all groups. In the 14-day groups, cellularity was also
high, and the ECM was in the process of remodeling; it showed greater matrix
orientation than at 7 days post-injury, although there were no differences between
the groups, which is consistent with data reported in the literature.

TB staining (Figure 3) was observed in all tenotomized groups but especially
in the groups euthanized 15 days after transection, which showed an intense
metachromasy indicating a high level of glycosaminoglycans.

When tendons are observed in a polarizing microscope, a normal tendon
displays high gloss, a characteristic of a highly organized tissue. With transection,
the fibers lose their organization and appear darker when observed under a
polarizing microscope. The groups euthanized 8 days after transection (G2, G3
and G4) were highly disorganized. It was observed that G7 displayed greater
organization than the other groups euthanized after the same period (Figure 4).

From the images captured of the groups euthanized at 15 days after
transection, birefringence measurements were performed as a way to evaluate the
organization of the tissue compared to healthy tissue (Figure 4). Table 1 shows the
results of these measurements.

All groups were significantly different when compared with each other. G6
showed lower values than G5, indicating that its fibers were highly disorganized. In
contrast, G7 was more organized than G5 and G6, but none of the injured groups
reached a value approximating that of the normal group (G1).

Our results obtained with the CatWalk system showed a positive functional
response to pulsed LLLT. G4 and G7 showed higher values, corresponding to the

maximum intensity of paw contact (pixels) on the platform during walking, than G2,
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G3, G5 and G6; moreover, G4 and G7 showed values close to the tendons without
transection. In contrast, G3 and G6 showed significantly lower values when
compared to other groups (Figure 5A and B). Among the 15-day groups, G7
displayed better results, especially in the first (inflammatory) phase of the injury.
However, in the second (proliferative) phase, the results in all groups were similar

to samples collected prior to surgery (Figure 5B).

DISCUSSION

Based on promising results reported in the literature, including less pain and
inflammation, increased cell proliferation and synthesis of ECM components,
stimulated biochemical reactions, [12, 13, 14, 16] increased MMP activity and
collagen synthesis, [18, 29] we subjected animals with partial tenotomy of the
Achilles tendon to different LLLT protocols. The animals were then evaluated 8
and 15 days after injury to analyze the effects oflaser treatment on the
inflammatory and proliferative phases of injury.

GAG analysis revealed that all groups euthanized 8 days after injury had a
significant increase in GAG content when compared to G1. These results
corroborate previous studies [30, 31] reporting increased GAG content after tendon
injury. Increased GAG is observed in tissues that are undergoing a healing
process. It was also observed, though not with statistical significance, that the GAG
values of the continuous group were higher than in G2 and G4. These results were

also confirmed by TB stain analysis.
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At 15 days, GAG analysis revealed that G5 had similar GAG values to G1,
while GAG levels in G6 and G7 were significantly higher than in G1 and G5. These
results suggest that LLLT increased synthesis of this component of the tendon.

Analysis of GAG by agarose gel electrophoresis showed only the presence
of DS, which is characteristic of the tension region. [32, 33] The tenotomized
groups clearly had a higher DS content than the control group G1. Previous studies
[30, 34] have demonstrated that DS content increases after tendon injury,
especially in the inflammatory phase, indicating the involvement of sulfated
glycosaminoglycan in deposition and fibrillogenesis of collagen in tendon repair.
[35] G3 showed a more pronounced band than the other groups, indicating that in
this case, the laser promoted increased DS content.

The strongest DS bands in comparison to G1 were observed in the 15-day
tenotomized groups. G7 showed an apparent reduction in DS when compared to
G5 and G6, indicating that at 15 days the synthesis of GAG is no longer occurring
in this group.

Unlike collagen, GAG represents a small portion of the ECM of tendons, but
it is essential for the regeneration of this tissue. GAGs are attached to a protein
core to form proteoglycans, which play an important role in cell migration and
differentiation in addition to their regulatory role in collagen fibrillogenesis. [36, 37]

Previous studies from our laboratory demonstrated that LLLT stimulates the
synthesis of collagen I. We also showed that, in the inflammatory phase, there
were high levels of active MMP-9 and MMP-2; these levels were higher during the

proliferative phase in animals treated with pulsed LLLT than in animals that
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received continuous LLLT [18], suggesting that pulsed LLLT has a more potent
effect on the process of tendon remodeling. [18, 22]

Birefringence analysis revealed that the groups analyzed 8 days after injury
had highly disorganized tissue. This result is consistent with expectations, as it
marks the end of the inflammatory phase and the beginning of angiogenesis,
stimulation of tenocite proliferation and recruitment of inflammatory cells. At this
time, type Il collagen synthesis is initiated, but neither collagen | synthesis nor
collagen organization has yet occurred. [11, 38] At 15 days, the birefringence
measurements revealed that the groups had not recovered their organization.
However, G7 proved to be significantly more organized than G5 and G6. These
results are in agreement with our preliminary findings with respect to collagen | and
lll and the high activity of MMP-2 and -9, [18] and are consistent with the higher
GAG concentration observed in this group.

The results of functional analysis showed that, after surgery, G4 had a
higher value (corresponding to the maximum intensity of paw contact on the
platform) than other groups. This result indicates greater pressure from the paw of
the animal during walking, and G4 displayed values close to non-transected
animals. In contrast, G3 showed the lowest value. The groups treated for 15 days
were also subjected to the CatWalk analysis during walking. Again, the results of
the first phase of the lesion were more dramatic, showing that G7 was significantly
better than the other groups. After the inflammatory phase of injury, animals
showed a slight improvement; on the last day of data collection, the results were

very similar to results obtained before surgery. This result suggests that the pulsed
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LLLT was effective, especially in the acute phase of healing, in recovering the
animals’ gait after tendon injury.

Increased production of inflammatory mediators leads to pain and swelling,
[39] hindering talocrural articulation and paw support during gait after injury. We
believe that the functional result for the pulsed LLLT group, in which animals more
strongly supported the injured paw during gait, may indicate that pain severity was
decreased through modulation of the inflammatory process [40,41]. Recent studies
show that the laser in pulsed frequency is capable of inducing metabolic processes
through a mechanism called light-cell pump. [42] Through this mechanism, there is
an increase in the pumping of water and other molecules from the intracellular
space to the outside. Among these molecules it is possible that some proteins of
the ECM and anti-inflammatory cytokines are present. This may be especially true
in the acute healing phase, in which there is a high level of inflammation. In
contrast, the continuous LLLT was not able to modulate the inflammatory response
in tissue, with consequent persistence of possible adverse effects such as pain and
edema.

Several studies have shown that the morphological and functional properties
of a tendon after injury will never reach to those of normal tissue. This loss may be
caused by long-term immobilization [11, 20] resulting in the absence of mechanical
load. [9, 12, 13] With reduced pain and discomfort, the animals could move the
injured joint and support the paw during gait, [22] which may have aided collagen
organization and enabled faster recovery, thereby reducing the effects of long-term

immobilization.
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Furthermore, our results suggest that during the application of LLLT, energy
density should not be the only parameter taken into consideration. By altering the
frequency parameters and thereby modulating the energy that is transmitted to the
tissue, we obtained different results for different treatment groups, as previously
demonstrated for other parameters. [18]

In conclusion, we believe that this protocol can be adapted for use in
rehabilitation as a way to reduce the immobilization period, accelerate repair and
enhance the functional characteristics of the tendon, allowing better recovery and
healing for patients who have suffered tendon rupture and reducing the recurrence

of injury.
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Figure 1: A: Concentration of sulfated glycosaminoglycans (mg/g of
dry tissue) in the different groups. (*) indicates significant difference in
relation to G1; and (#) indicates significant difference in relation to G5.
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Figure 2: Agarose gel electrophoresis. Standarts are in the right: Heparan
sulfate (HS), Dermatan sulfate (DS) e Chondroitin sulfate (CS). A: groups
euthanized at 8 days after lesion. B: groups euthanized at 15 days after
lesion. Observe the presence of DS in all analized groups, which showed a
more intense band in the transected groups. Pulsed groups (G4 and G7)
presents a less marked band when compared to the other transected groups.
Arrow indicates the direction of electrophoretic race.
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Figure 3: Toluidine blue (TB) stained sections. Where: A: G1, B:G2, C:G3, D:G4,
E:G5, F:G6, G:G7. Observe the bigger number of cells and intense metachromasy in

the transected groups., specially in the groups euthanazied on 15 th day after
lesion.Bar: 20 um.

Figure 4: Longitudinal sections of the tendons from the different groups observed by
polarization microscopy. Analysis of birefringence where the longest tendon axis are
positioned 45°¢ in relation to the polarizators. Where: A: G1, B:G2, C:G3, D:G4, E:G5,
F:G6, G:G7. Observe the biggest glow in G1 when compared to the other groups. In
4C, arrow indicates the portion of tissue around the transected region. (*) indicates
the presence of crimps. Observe in 15 G that the area is apperently more organized
when compared to the other transected groups. Bar: 40 um.
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Figure 5: Maximum Contact Intensity during gait of the rats obtained by the catwalk
system. (A) Measurements performed on animals 8 days after injury. Observe the
higher values (p< 0.05) of paw pressure during the gate of the animals in group G4
when compared to G2 and in special G3 (*). Measurements were made on the 2nd,
4th and 6th days after injury. (B) Measurements performed on animals 15 days after
injury. The G7 group had a higher values when compared to G5 and in special G6
(*). Observe that the differences between the groups are concentrated in the first
phase of treatment, in agreement with the analysis of the groups euthanized at 8
days after transection. With the end of the inflammatory phase the results become
more similar. Measurements were made on the 2nd, 4th, 6th, 8th, 10th and 12th
days after injury.
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Table 1

The largest axis of the tendon was positioned at 45° with respect to the crossed
polarizers. The number of measurements (100) chosen at random in 12 sections
from four tendons of each group.

Groups TR Comparisons Mann-Whitney Test
(GA Median) (p)
G1 210,10 *
G5 68,37 G5 x G6* 0,0001
G6 14,39 G5 x G7* 0,0001
G7 72,55 G6 x G7* 0,0001

TR: Transection Region. GA: Gray Average.
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10.

10

CONCLUSOES

.1. CONCLUSOES GERAIS

Primeiramente concluimos que a densidade de energia ndo deve ser o
Unico parametro levado em consideracdao. O LBP na frequéncia pulsada
apresentou os melhores resultados dentre os grupos comparados. Em
comparacao, o LBP continuo apresentou os piores resultados em alguns
parametros avaliados, mesmo comparado ao grupo que nao passou por
tratamento. Deve-se ter cautela ao escolher os parametros de regulacao
durante a terapia com o LBP, visto que ao modularmos a maneira de
entrega de energia ao tecido obtivemos resultados muito diferentes entre os

protocolos utilizados.

Acreditamos que o protocolo de tratamento com o laser pulsado deve
ser o escolhido para o uso em clinicas de reabilitacdo de maneira a acelerar

o reparo e melhorar as caracteristicas funcionais deste tendao.

10.2. CONCLUSOES ESPECIFICAS:

O LBP continuo e pulsado tem efeitos diferentes sobre o processo de
reparo do tendao. O laser pulsado foi capaz de modular o processo

inflamatério por meio das MMPs, melhorar o apoio da pata, aumentar a
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producdo de colageno lll aos 8 dias, e de colageno | aos 15 dias e
consequentemente melhorar a organizagdo do tecido como foi observado

na microscopia de polarizagao.

Além disso, observou-se que o LBP, em especial o continuo estimulou a

sintese de glicosaminoglicanos n&o sulfatados.
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11. ANEXO 1

DECLARACAO
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