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NO Oxido Nitrico

NOS Oxido nitrico sintase

eNOS Oxido nitrico sintase endotelial

nNOS Oxido nitrico sintase neuronal

iNOS Oxido nitrico sintase induzida

NOHarginina N"-Hidroxi-L-arginina

FMN Flavilina mononucleotideo

FAD Flavina-adenina dinucleotideo

BH, Tetra-hidrobiopterina

COX Ciclooxigenase

PGE, Prostaglandinas da familia E

PTGS Prostaglandina-endoperoxido sintase
PGIL, Prostaciclinas

TXA, Tromboxanos

LOX Lipooxigenase

IGF-1 Fator de crescimento derivado da insulina 1



HGF Fator de crescimento de hepatocitos

BFGF Fator de crescimento fibroblastico beta
TGF-B1 Fator de crescimento transformador beta 1
CG Catepsina G

NE Elastase de neutrofilos

PR3 Proteinase 3

INF-y Interferon-gama

TNF-a Fator de necrose tumoral-a.

IL [nterleucina

LT Linfotoxina alfa

LTp Linfotoxina beta

GM-CSF Fator estimulante de colonias de granulocitos-macrofagos
ICAM Molécula de adesdo intercelular

VCAM Molécula de adesdo celular vascular
ELAM Molécula de adesdo leucocitaria endotelial
SAA Soro amildide A

HDL Lipoproteina de alta densidade

c-IAP-1 Inibidor de apoptose celular protein-1
c-1AP-2 Inibidor de apoptose celular protein-2
c-MYC Proto-oncogeneo

NADPH Nicotinamida adenina dinucleotideo fosfato reduzida
AINEs Drogas anti-inflamatdrias ndo-ester6idais
HSP-70 Proteinas de choque térmico-70kDa

VEGF Fator de crescimento endotelial vascular
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RESUMO

Introdugio: As lesdes musculoesqueléticas sdo comuns nas praticas de atividade fisica
e/ou esportivas. A crioterapia e o ultrassom terapéutico pulsado de baixa intensidade
(LIPUS) séo interven¢des ndo farmacologicas utilizadas no tratamento dessas lesdes. Na
pratica clinica estas terapias sdo usualmente combinadas, porém ndo existem evidéncias
de que esta associagdo apresente beneficios adicionais a reabilitacdo.

Objetivo: Avaliar os efeitos isolados e associados da crioterapia e do ultrassom
terapéutico sobre os parametros de estresse oxidativo, de dano muscular e resposta
inflamatdria apos lesdo musculoesquelética por contuséo.

Metodologia: Com a aprovagio da Comissdo de Etica em Uso de Animais
(CEUA/FURG n° P034/2012) foram utilizados no estudo sessenta ratos wistar machos,
pesando mais de 300g, os quais foram randomizados e divididos homogeneamente em
cinco grupos (n=12/grupo): controle, lesdo sem tratamento, lesdo tratada com
crioterapia, lesdo tratada com (LIPUS) e lesdo tratada com a associagdo dos recursos. O
protocolo de lesdo muscular (gastrocnémio direito) foi realizado por esmagamento
mecénico. A crioterapia foi utilizada imediatamente apds a lesdo (imersdo em agua a
10°C, por 20min) e o LIPUS apos 24 horas (IMHz, 0.4W/cm™"4; pulsado 20%;
subaqudtico, 5min de aplicagdo). A associagdo compreendeu os procedimentos
anteriores com o ultrassom aplicado nos ultimos 5min da imersdo na agua. Os animais
foram tratados a cada 8 horas por 72 horas. A concentragfo das espécies reativas de
oxigénio (ERO), lipoperoxidagio (L.PO), capacidade antioxidante contra os radicais
peroxil (ACAP) e catalase (CAT) foram medidas no tecido muscular. A creatina
quinase (CK), a lactato desidrogenase (LDH) e a proteina C-reativa ultrassensivel
(PCR) foram analisadas no plasma sanguineo. Os resultados foram expressos em média

+ desvio padrio (DP). A analise de varidncia (ANOVA) e teste de Kruskal-Wallis foram



aplicados quando apropriado e estes foram seguidos pelo post-hoc de Tukey. A
significancia de 5% (p<0,05) foi considerada.

Resultados: A lesdo aumentou no tecido muscular a concentra¢do das ERO (p=0,003),
a LPO (p<0,001), a CAT (p<0,001) e reduziu a ACAP (p<0,001), além de aumentar os
nivel plasmaticos da CK (p<0,001), da LDH (p=0,002) ¢ da PCR (p<0,001). A
crioterapia reduziu a LPO (p<0,001), a ACAP (p<0,001), a CK (p<0,001), a LDH
(p=0,002) e a PCR (p<0,01) em rela¢do ao grupo lesdo. O LIPUS também reduziu LPO
(p<0,001), ACAP (p<0,001), a CK (p<0,001), a LDH (p=0,002) e a PCR (p<0,01) em
relagdo ao grupo lesdo. A associagdo manteve os resultados dos tratamentos anteriores e
acresceu os niveis da ACAP (p<0,001), da CAT (p<0,001) e reduziu a concentragdo das
ERO (p=0,003) em relagdo ao grupo leséo.

Conclusido: A associagdo da crioterapia e do ultrassom terapéutico pulsado de baixa
intensidade aplicado como tratamento na fase inflamatoria da lesdo musculoesquelética
aumenta a capacidade antioxidante contra o radical peroxil, a atividade da catalase e
reduz a formagdo das espécies reativas de oxigénio em relagfo as terapias individuais.
Desta forma a utilizagdo das técnicas associadas melhora o estado oxidativo na fase

inflamatoria apos a lesdo muscular esquelética.

Palavras-chave: Reabilitagdo; Musculo esquelético; Inflamagédo; Estresse oxidativo;

Crioterapia.



ABSTRACT

Background: Musculoskeletal injuries are frequent in physical and/or sporting activity.
Cryotherapy and low intensity pulsed therapeutic ultrasound (LIPUS) are
nonpharmacological interventions employed in treatment of this injuries. Usually, they
are used combined in clinical practice, however, without scientific evidences that this
association had additional benefits to rehabilitation.

Objective: To evaluate the isolated and associated effects of cryotherapy and
therapeutic ultrasound on oxidative stress parameters, muscular damage and
inflammatory response after musculoskeletal injury by contusion.

Methodology: Sixty male Wistar rats were used in study after approval by Ethics
Committee in Animal Use (CEUA/FURG n° P034/2012), weighing more than 300g
which are randomized and divided homogeneously in five groups (n=12/group): control,
lesion without treatment, lesion treated with cryotherapy, lesion treated with LIPUS and
lesion treated with association of resources. The muscle injury protocol (gastrocnemius
right) was performed by mechanical crushing. Cryotherapy was applied immediately
after injury (immersion in water at 10°C during 20min), and LIPUS only after 24h
(1MHz, 0.4W/cm®™"™, 20% duty cycle, underwater, Smin). Association comprised the
previous procedures with ultrasound’s application in the last Smin of water immersion.
The animals were treated every 8h for 72h. Concentration of reactive oxygen species
(ERO), lipoperoxidation (LPO), antioxidant capacity against peroxyl radical (ACAP)
and catalase (CAT) were measured in muscle tissue. Creatine kinase (CK), lactate
dehydrogenase (LDH) and C-reactive protein (PCR) were analyzed in blood plasma.
The data are expressed like mean + standard deviation (DP). Analysis of variance
(ANOVA) and Kruskal-Wallis test were employed with Tukey’s post-hoc test. A

significance of 5% (p<.05) were considered.



Results: The injury increased ERO (p=.003), and decreased LPO (p<.001), CAT
(p<.001) and ACAP (p<.001) concentration in muscle tissue besides increases plasmatic
levels of CK (p<.001), LDH (p=.002) and PCR (p<.001). Cryotherapy decreased LPO
(p<.001), ACAP (p<.001), CK (p<.001), LDH (p=.002) and PCR (p<.01) in relation to
lesion without treatment group. LIPUS also decreased LPO (p<.001), ACAP (p<.001),
CK (p<.001), (p=.002) and PCR (p<.01) in relation to lesion without treatment group.
Association kept this results, and increased levels of ACAP (p<.001) and CAT
(p<.001), and decreased ERO’s concentration (p=.003) in relation to lesion without
treatment group.

Conclusion: Cryotherapy and low intensity pulsed therapeutic ultrasound association
employed in inflammatory phase of musculoskeletal injury treatment increases
antioxidant capacity against peroxyl radical, catalase’s activity, and decreases the
formation of reactive oxygen species in relation to individual’s treatments. Therefore,

utilization of this association improves the oxidative state in inflammatory phase after

skeletal muscle injury.

Key words: Rehabilitation, Muscle skeletal, Inflarhmation, Oxidative stress,

Cryotherapy.



1. INTRODUCAO

1.1 Lesao muscular esquelética

No corpo humano, o musculo esquelético ¢ um dos tecidos mais abundantes e
esta exposto a varios tipos de lesdes. Dentre a geragio de lesdes musculoesqueléticas, as
atividades fisicas e/ou esportivas sdo responsaveis por cerca de 10-55%."% Atletas siio
mais suscetiveis as lesdes musculares, as quais ocorrem devido a uma variedade de
mecanismos, sendo classificados em dois tipos: traumas diretos (contusdes, laceragdes
ou distensdes) e traumas indiretos (isquemia ou disfungdes neurolc')gicas).3 Sendo assim,
a lesio muscular é um importante campo de estudo e atuagdo nas dreas da
traumatologia,’ da medicina esportiva ¢ da reabilitacdo.’ As lesdes sdo divididas em
quatro fases sequenciais e sobreposta denominadas por degeneragéo, inflamagéo, reparo
(regeneragdo) e remodelamento/fibrose,> as quais estdo descritas a seguir.

-fase da degeneracdo (destruicdo): fase na qual ocorre a ruptura e a morte
(necrose) das células musculoesqueléticas, consequente formacdo de hematoma entre as
miofibrilas rompidas e o inicio das reagdes pr(')-inﬂamat()ria.6 Nesta fase, ocorre a
ruptura de capilares ¢ das miofibrilas adjacentes, os mastdcitos do tecido conjuntivo
desencadeiam a sinaliza¢do de mediadores quimicos (citocinas) que irdo ativar células
imunologicas e iniciarfo a fase inflamatoria.

-fase inflamatdria: nesta fase ocorre a diapedese ou migragdo transendotelial
(infiltragdo de globulos brancos da circulagdo para o tecido),” além do aumento da
permeabilidade dos vasos sanguineos, quimiotaxia de células inflamatérias’ e fagocitose
(protedlise) do tecido necrosado. Esta fase apresenta uma sintomatologia caracteristica
(rubor, edema, calor, dor e perda de funcdo).’

-fase do reparo (regnera¢do): fase na qual ainda esta ocorrendo a fagocitose do

tecido necrosado, regeneragdo das miofibrilas, aumento da expressdo e atividade de
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fatores de crescimento (fator de crescimento derivado da insulina 1| [IGF-1], fator de
crescimento de hepatdcitos [HGF], fator de crescimento fibroblastico beta [PFGF] e
fator de crescimento transformador beta 1 [TGF-B1]), células de adesdo e concomitante
produgdo de tecido cicatricial (fibrina e fibronectina), ocorre ainda a revascularizagdo da
area lesada devido a formagéo de novos capilares (angiogénese).5’6
-fase do remodelamento (fibrose): periodo em que ocorre a maturag¢do das novas
miofibrilas, retragdo e reorganizagio do tecido cicatricial, que levam a recuperagdo da
capacidade funcional.® Neste periodo, o local de lesdo esta totalmente preenchido pelo
tecido de granulacio enriquecido com fibras de coldgeno do tipo I. Com o aumento da
reposi¢io de colageno, apoptose de fibroblastos e células endoteliais forma-se o tecido
cicatricial. Nesta fase os eosinofilos e os linfécitos aparecem e podem estar relacionados
a produgdo de fatores de crescimento, assim como efetores do processo imunolégico.®
As lesdes musculares independentemente do tipo apresentam um
comportamento temporal similar entre as fases. A fase inicial (destruigdo ¢ inflamagéo)
ocorre entre o 1° ¢ o 5° dia, a segunda fase (reparagdo) entre a 3° e 4° semana e a
terceira fase (remodelamento) pode se estender até o 6° més.>"™? A lesio muscular causa
o rompimento do sarcolema e extravasamento de proteinas intracelulares para 0 meio
extracelular, estas proteinas apos a injuria sdo encontradas circulando livremente no
plasma sanguineo.” Enzimas como a creatina quinase (CK)]0 ¢ a lactato desidrogenase

0,11

~ = . . P 1 s
(LDH) sfo importantes enzimas do metabolismo energético ~ e sdio encontradas no

citosol e/ou nas mitocdndrias. A CK e a LDH tem sido utilizadas como marcadores de

~ ~ 10,12,13
lesdo e regeneragdo muscular.' ">

Dependendo da gravidade da lesdo, ocorre o rompimento de capilares que
juntamente com as miofibrilas vizinhas irdo desencadear a sinalizagfio através de

citocinas pro-inflamatérias. Estes mediadores promovem a quimioatragdo dos
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neutrofilos e dos mondcitos circulantes no sangue para seus locais de atuagdo, estd a
resposta é chamada de imune inata.'""” Os neutréfilos envolvem os patogenos em um
fagossoma, onde depois de engolfados, os microrganismos sdo destruidos através de
uma combina¢do de espécies reativas de oxigénio (ERO), proteases e peptideos
antimicrobianos.'® Em relagdo as ERO, os neutréfilos apresentam um mecanismo
superoxido-dependente, que proporciona a morte celular das miofibrilas danificadas.”
Os monoceitos com a ocorréncia da lesdo penetram no musculo lesado e
diferenciam em macrofagos (resposta imunidade adaptativa). Deste modo, os
macrofagos diferenciados irdo se agregar com os ja presentes no tecido muscular
(epinicio e perimisio) potencializando a resposta imune inata.”!’ Esta resposta €
chamada de monocitose e seu inicio se d4 em algumas horas apos a lesdo substituindo

os leucocitos polimorfonucleares.”

1.2 Estresse oxidativo

A producdo de espécies reativas € um fendmeno bioldgico comum nas células
eucariontes, ® assim como a produgdio de antioxidantes enzimaticos que fazem o
controle dessas moléculas. Nos tecidos dos mamiferos, o oxigénio (0z) e a NO sdo
rapidamente convertidos em ERON, sendo que os intermediarios mais importantes sdo
o anion superdxido (0,*), peréxido de hidrogénio (H;0,), radical hidroxila (OH®) ¢ o
peroxinitrito (ONOO")."” O organismo apresenta diversas defesas contra essas ERON,
os antioxidantes enzimaticos superoxido dismutase (SOD), glutationa peroxidase (GPx)
e catalase (CAT)*™*' e nfio enzimaticos (4cido trico, vitaminas A, C, E) 22

Sendo assim, o desequilibrio entre os pré-oxidantes e antioxidantes podem
conduzir a danos macromoleculares, interrup¢do dos circuitos tidis alterando a
2425

sinalizag@o celular e disfungo no controle redox ¢ definido como estresse oxidativo.

Esses danos podem ocorrer nas membranas lipidicas, proteinas celulares e no DNA
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podendo acarretar em funcdes anormais das células.”**® Todavia, as ERON sio
moléculas de sinalizagdo e possuem um papel vital em diferentes processos fisiologicos
como regulacdo do crescimento e diferenciagfo celular, inativagdo da NO, alteragdo na
atividade da matriz extracelular ¢ modulaco da producdo de citocinas™ pela ativagio

do fator de transcrigdo nuclear kappa-beta (NF-kf).’

1.3 Modelos de lesio muscular experimentais

As lesdes mais frequentes em humanos sdo decorrentes de contusdes,
laceracdes e distensdes ou estiramentos.”® As contusdes e distensdes sdo os tipos mais
comuns de lesdo muscular e responsaveis por aproximadamente 90% das lesdes
musculares no esporte.’ A contusio ¢ uma lesdo na qual o tecido é exposto a uma forga
de esmagamento, onde o musculo sofre uma compressdo rapida e forte® e ela pode ser
realizada de forma direta ou indireta.”

O modelo experimental é usado principalmente para avaliar os possiveis
métodos de tratamento para a lesdo por contusdo que facilitem o processo de
regeneracdo muscular, reducdo do tempo da fase inflamatoria, assim como, evitar danos
em miofibrilas ndo danificadas. Para o melhor entendimento das diferentes fases que a
compreendem (degeneragdo, inflamagdo, regeneragdo e remodelamento) a
mioregeneragdo, bem como, a agdo de agentes farmacoldgicos e ndo farmacoldgicos,
vem sendo utilizados uma variedade de modelos animais, nos quais foram
desenvolvidas e empregadas modelos ou técnicas para reproduzir essas interagdes.”

Estudar esta interagdo em seres humanos apresenta limitagdes metodoldgicas e
¢ticas. As questdes metodologicas se devem a dificuldade na obtengdo de um numero
amostral relevante, controle das fases da lesdo muscular e a coleta de tecido muscular

(biopsia). Os aspectos ¢ticos envolvidos remetem as fases iniciais dos estudos, onde
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nestas justifica-se o uso de animais e ap6s demonstrado resultados relevantes os estudos
evoluem para a fase clinica.

A maioria dos estudos com modelo animal vem utilizando a forma direta, ndo
penetrante reproduzida pela queda de um peso impactando no ventre muscular.®’ > Esse
modelo é mais proximo da reprodugfio da lesdo por contusdo, pois 0 mecanismo
assemelhasse com o qual ocorre em seres humanos. A forma indireta de reproduzir a
lesdo pode ser desenvolvida cirurgicamente, através de corte direto ao musculo™ >’ ou
expondo o ventre muscular e o esmagando para formar a lesdo.*° Estes modelos nio sdo
compativeis com a lesdo por contusdo que ocorrem em seres humanos, este tipo de
intervencdo torna-se desapropriada, pois danifica a pele e os tecidos adjacentes, isso
leva inicialmente ao aumento dos niveis de citocinas que possivelmente ndo estéo
relacionados com o trauma das miofibrilas.” Outro modelo de reproduzir a lesdo
muscular é com a criolesdo, técnica que gera uma injuria a partir do congelamento e
descongelamento de parte do musculo.”” Esta também torna-se incompativel com as
lesBes ocorridas nos seres humanos.

Esses diferentes modelos de lesdo vem sendo utilizados para estudar os efeitos

. Ay 2343 piie . . - 38
de terapias como: 0 ultrassom terapeutlco,m’} 343537 axercicios ﬁswos,30 crioterapia,

laser terapéutico,BL39 medicamentos anti-inflamatérios ndo-esterdides e a terapias
. _— 41 e ;o i ; o & o
antifibroticas.”’ Na pratica clinica, terapias farmacoldgicas e ndo-farmacologicas vem
sendo utilizados no tratamento do processo inflamatorio. Em relagdo as terapias
farmacologicas, o uso de drogas anti-inflamatorias ndo-esterdides (AINEs) e dos
glicocorticoides apresentam beneficios no tratamento de lesdes musculares em seres

humanos,* onde a maioria apresenta como sitio de agdo relacionado as alteragdes na

fow o g 4 % s oS o
cascata do acido araquidonico, 3 contudo, terapias ndo-farmacologicas apresentam
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menores efeitos colaterais comparados a terapias farmacologicas quando utilizados por

longos periodos.

1.4 Crioterapia

A crioterapia é amplamente utilizada para tratamento das lesdes musculares,
bem como, na prevencdo dos danos secundarios.” Esse recurso terapéutico apresenta
diversas denominagdes descritas na literatura como: hipotermia terapéutica, crioterapia
ou banho de imerssdo no gelo. O papel mais notavelmente da crioterapia ¢ a redugéo do
metabolismo e da inflamagdo.*” A imersdo na 4gua fria dos tecidos moles como técnica
terapéutica possui o intuito de promover vasoconstrigdo, além de reduzir edemas, fadiga
e a dor.'® Sabe-se que os mamiferos apresentam capacidade de suportar grandes quedas
de temperatura no ambiente (10°C) por longos periodos (4h)"7 e isso se da pela
capacidade de termoregulacdo desses animais.*®

A aplicagdo da crioterapia mostra reduzir a concentragdo das ERO no plasma
apos lesdo musculoesquelética, assim como, o dano lipidico (TBARS), além de reduzir
a atividade de enzimas antioxidantes como a catalase,” atenua na resposta inflamatéria
pela reducédo da formag&o das citocinas (IL-1ra e [L-1B)* favorecendo a recuperagio da
lesdo. A hipotermia terapéutica a 10°C, por uma hora aumenta os niveis de 1L-10 ¢ da
expressio de proteinas de choque térmico (HSP-70) e diminui a produgéo de IL-6°' Jaa
18°C pelo mesmo periodo de tempo favorece o processo de angiogénese e de
termogénese. A aplicagiio cronica da crioterapia demonstrou a capacidade de aumentar a
expressio de fatores de crescimento endotelial vascular (VEGF), tanto no musculo
cardiaco como no musculo esquelético.52 A hipotermia terapéutica possui ainda a
capacidade em atuar nas vias adrenérgicas/noradrenérgicas regulando a atividade das

citocinas.” Entretanto, o banho de imersdo a 14°C por lh durante 6 semanas, aumentou
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0s niveis sanguineos de linfocitos, monocitos e de TNF-a e sem modificagdes da I1.-6,

[L-15:*

1.5 Ultrassom Terapéutico (UST)

O ultrassom terapéutico (UST) ¢ um recurso fisico que produz uma energia
mecanica, em contato com as estruturas corporais essa energia se transforma em energia
cinética.” Seus efeitos terapéuticos dependem dos pardmetros como frequéncia (1 a
3MHz), intensidade (0,1 a 3W/em”>"™), tempo de aplicagdo (1 a 10 min) e tipo de onda
(continuo e pulsado).’®>” O ultrassom terapéutico de baixa intensidade (LIPUS) (0.1 a3
W/em?) é amplamente empregado na pratica clinica, em especial no tratamento e/ou
reabilita¢do de lesdes do sistema musculoesquelético.58 Efeitos biologicos estabelecidos
pelo LIPUS é normalmente resultado das for¢as mecéanicas associadas com a micro-
streaming, ondas de pressdo e calor.”™" % Qs efeitos térmicos sdo devido a absor¢éo da
onda ultrassonica pelos tecidos e os efeitos mecanicos estdo associados com oscilagdes
estaveis de micro-bolhas.’*%

Dentre os efeitos terapéuticos do UST destacam-se, o aumenta e a proliferagdo

celular, a sintese de proteinas na reparagdo tecidual,” a vasodilatagéio dependente do

34,35

1 64 o i i . - . s 5
endotélio,®* a reduciio da neutrofilia e da lipoperoxidag¢iio apos lesdo muscular.’®

Estudo prévio demonstrou que o UST no modo continuo (1Mhz, 0,08 W/cm**™, por 5
min) aplicado imediatamente apds a lesdo muscular aumenta o processo inflamatorio.™
Por outro lado, o UST no modo pulsado nas mesmas condi¢des, reduziu os neutrofilos,

.. o w5 4 . i & i
os mondcitos, os linfocitos® ¢ o fibrinogénio apos lesdo muscular aguda em ratos

wh

wistar.’
A utilizagdo do UST para facilitar a absor¢do de drogas transdérmicas €
chamada de fonoforese.”” Esse recurso promove a permeacdo dos farmacos através da

pele por convecgdo,* cavitagio e pelos efeitos térmicos.®” O mecanismo principal de
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permeagdo através da pele ocorre por cavitagdo acustica, que € definida como o
processo em que as bolhas de ar interagem com a pressdo acustica e oscilam em torno
de um raio de equilibrio (cavitagdo ndo-inercial ou estavel), ou que leva ao seu colapso
(cavitagdo inercial ou transitoria).®”®® No UST (1MHz) a cavitagfio ndo-inercial é o
principal responsavel pela penetragio das particulas’® facilitando a passagem de
medicamentos e potencializando o tratamento da lesdo muscular.

Os estudos descritos anteriormente sugerem os efeitos anti-inflamatorios
favoraveis ao uso da crioterapia e do ultrassom terapéutico de baixa intensidade
(LIPUS) na fase inflamatéria da lesdo musculoesquelética, entretanto a associagfo
destes recursos terapéuticos, comumente utilizada na area clinica, ainda ndo foi
estudada. O presente estudo visou contribuir para o melhor entendimento dos
mecanismos de agdo destes recursos sobre o processo inflamatorio apds lesdo muscular,
especificamente sobre a concentragdo das espécies reativas de oxigénio,

lipoperoxidacéo e defesas antioxidantes, bem como, sobre os marcadores inflamatorios.
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2. OBJETIVO

2.1 Objetivo Geral

Estudar os efeitos isolados e associados da crioterapia e do ultrassom
terapéutico pulsado de baixa intensidade sobre os pardmetros de estresse oxidativo, de

dano muscular e marcador inflamatorio apos lesdao musculoesquelética.

2.2 Objetivos Especificos

Como objetivos especificos deste estudo buscamos avaliar os efeitos isolados e

associados da crioterapia e do ultrassom terapéutico pulsado de baixa intensidade sobre:
- a concentragdo das espécies reativas de oxigénio (ERO);
- a concentragio da capacidade antioxidante contra o radical peroxil (ACAP);
- a peroxidacdo lipidica (LPO);

- 0s niveis da atividade antioxidante enzimatica da superdxido dismutase

(SOD) e da catalase (CAT);

- os niveis plasmaticos das enzimas musculares da creatina quinase (CK),

lactato desidrogenase (L.LDH);
- as concentragdes plasmaéticas de proteina C-reativa ultrassensivel (PCR);

- correlacionar os parametros de estresse oxidativo com as medidas de dano

muscular (CK e LDH) e inflamagao sistémica (PCR).

18



3. ARTIGO

EFFECTS OF CRYOTHERAPY ASSOCIATED WITH ULTRASOUND
THERAPEUTIC IN THE OXIDATIVE STRESS AND TISSUE DAMAGE
AFTER MUSCULOSKELETAL CONTUSION

Cassio Noronha Martins, MsC, PT.* Maicon Borges Moraes, MsC, PE,” Luis Fernando
Guerreiro MsC, PE.* Melina Hauck, MsC, PT,” Douglas Dalcin Rossato, MsC, PT,*

Carlos Eduardo da Rosa, PhD, BSe¢,” Luis Ulisses Signori, PhD, PT abd

From the “ Programa de Pés-Graduagdo em Fisiologia Animal Comparada,
Universidade Federal do Rio Grande-FURG, Brazil,

b Programa de Pés-Graduacdo em Ciéncias da Satide, Universidade Federal do Rio
Grande-FURG, Brazil; |

 Departamento de Fisioterapia, Centro Universitdrio Frdncziscano, Brazil;

4 Departamento de Fisioterapia, Universidade Federal de Santa Maria, Brazil

Revista: Archives of Physical Medicine and Rehabilitation
(Fator de impacto: 2,358)

19



Short title:

Cryotherapy and ultrasound in the muscle lesion

Title: Cryotherapy associated with low intensity pulsed ultrasound in the oxidative

stress and inflammatory response after musculoskeletal lesion in rats

Cassio Noronha Martins, MsC, PT," Maicon Borges Moraes, MsC, PE.? Luis Fernando
Guerreiro MsC, PE,* Melina Hauck, MsC, PT,° Douglas Dalcin Rossato, MsC, PT.*

Carlos Eduardo da Rosa, PhD, BSc,” Luis Ulisses Signori, PhD, PT abid

From the “ Programa de Pés-Graduagdo em Ciéncias Fisiologicas - Fisiologia Animal
Comparada, Universidade Federal do Rio Grande-FURG, Brazil;

b programa de Pés-Graduagdo em Ciéncias da Saiide, Universidade Federal do Rio
Grande-FURG, Brazil;

¢ Departamento de Fisioterapia, Centro Universitdario Franciscano, Brazil;

4 Departamento de Fisioterapia, Universidade Federal de Santa Maria, Brazil.

Corresponding author:

Luis Ulisses Signori. Instituto de Ciéncias Bioldgicas, Universidade Federal do Rio
Grande - FURG, Campus Carreiros, Av. Itdlia km 8, ZIP: 96.201-900 - Rio Grande -
RS, Brasil. Tel: (55) 55 3214-1165, Fax: (55) 53 32336633.

e-mail: l.signori@hotmail.com

20



ABSTRACT

Objective: To investigate the effects of eryotherapy and low intensity pulsed ultrasound
(LIPUS) association on oxidative stress parameters, tissue damage markers and
inflammation systemic after musculoskeletal injury.

Design: Controlled laboratory study.

Setting: University research laboratory.

Animals: Seventy male Wistar rats (weight, 349.16+19.73g) were homogeneously
divided into five groups: Control, Lesion, Cryotherapy, LIPUS and Association
(cryotherapy + LIPUS).

Interventions: Injury of gastrocnemius muscle was made by mechanical crushing.
Cryotherapy was applied immediately after injury (immersion in water at 10°C for
20min). LIPUS was started 24 hours after injury (IMHz, 0.4W/cm®™"™; 20% duty
cycle; Smin). The association protocol repeated both procedures. All animals were
treated every 8h for 72h.

Main Outeome Measures: Oxidative stress in muscle were evaluated in terms of
concentration of reactive oxygen species (ROS), lipid peroxidation (LPO), antioxidant
capacity against peroxyl radical (ACAP), superoxide dismutase (SOD) and catalase.
Concerning to muscle damage it was analyzed creatine kinase (CK) and plasma lactate
dehydrogenase (LDH) and inflammation systemic was evaluated by C-reactive protein
(CRP).

Results: Muscle damage caused increases i, ROS, LPO and in the enzymatic activity
of catalase, CK, LDH and CRP and elicits a reduction of ACAP (P<.01). Cryotherapy
and LIPUS when applied individually provided reduction of CK, LDH, CRP and LPO

(P<.01). The association protocol maintained results previously observed for each
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separate protocol and also caused a reduction of ROS and further increases in ACAP
and catalase (P<.03).

Conclusions: The association of cryotherapy and LIPUS showed an increase in catalase
and ACAP that resulted in decreased of reactive oxygen species concentration, which
contributes to the reduction of adjacent muscle damage and tissue repair.

Key Words: Rehabilitation, Muscle skeletal; Inflammation; Physical Therapy

Modalities; Oxidative stress.

Word count: 2998
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INTRODUCTION

Muscle injuries are one of the main traumas occurring in practice of physical
and sporting activities."* Inflammation is the most important phase (1-3 day) of muscle
repair process because it determining the extent and recovery time. During this period
oceurs the action of inflammatory cells infiltrates,”” increases in chemotactic activity
and excessive concentration of reactive oxygen and nitrogen species’ that in furns
induce oxidative stress.™! Oxidative damage of injury reaches adjacent tissues like
hematopoietic, and its related to intensity of inflammatory response.” In this phase,
therapeutic interventions should attenuate damage into healthy myofibrils limiting area
affected by hematoma and excessive inflammation.” The primary goal of rehabilitation
is an earlier return to physical and/or sporting activities,' and nonpharmacological
interventions such as cryotherapy and low intensity pulsed ultrasound (LIPUS) are
treatments often used on inflammatory phase of muscle injury.

Cryotherapy is defined as the therapeutic application of any substance that
removes heat from body consequently lowering temperature of tissues,’ and the
immersion in cold water (<15°C) is one of the common ways of induction heat
reduction.” Its therapeutic effects are analgesia, vasoconstriction and reduction of blood
flow, and decreased metabolism, inflammation and pain.*’ Its application is indicated
immediately after musculoskeletal injuries® because it attenuates microvascular
dysfunction, and decreases muscle and blood oxidative damage,” leading to lower
adhesion and infiltration of leukocytes in tissue.”

Therapeutic ultrasound parameters traditionally vary in application time (3-
10min), frequency (1 to 3MHz), intensity (0.1-0.5W/em™*"™) and waveform
(continuous and pulsed)."’9 It is usually employed in pulsed waveform 24h after

musculoskeletal injury,*'’ because increases synthesis of contractile proteins derived



from satellite cells of myofibrils' and stimulates aligning of collagen fibers which
favors formation of new muscle fibers and reduction of injured area.'”" LIPUS also
reduces muscle lipoperoxidation® and decreases plasma concentration of neutrophils,
monocytes and lymphocytes. 1

Recent study showed favorable results of the combination of cryotherapy with
LIPUS in recovery of joint function in patients after total knee replacement surgery.'
However, in skeletal muscle injuries the previous studies only described the isolated
effects from cryotherapy *>* or from LIPUS..*'**!* These therapies are commonly
used together, however, with low scientific evidences of the benefits and the
mechanisms from this association. The aim of our study was to evaluate the isolated and
associated effects from cryotherapy and LIPUS in oxidative stress parameters, tissue

damage markers and inflammation systemic after musculoskeletal injury.



METHODS
Animal Experiment Permission

Controlled laboratory study was approved by Ethics Commission on Animal
Use from the Universidade Federal do Rio Grande (n® P034/2012).
Animals and Groups

Adult male Wistar rats (349.16:19.73g) were obtained from the Central animal
house from our institution. The animals were housed in a density of three per cage with
free access to food and water. All of the animals were maintained on a 12h dark/12h
light cycle at temperature maintained between 20-24°C. Seventy animals were initially
anesthetized and randomly divided by a computer program (www.random.org) into five
homogeneous groups (n=14 per group): Control (animals were handled but without
muscle injury or intervention); Lesion (muscle injury without treatment); Cryotherapy
(muscle injury treated with cryotherapy); LIPUS (muscle injury treated with low
intensity pulsed ultrasound); Association (muscle injury treated with cryotherapy
associated with LIPUS). All treatments proceedings were repeated every 8h and the
complete experimental protocol lasted 72h. After 8h of the last treatment round, all
animals were euthanized by decapitation, and injured gastrocnemius muscle and blood
samples were collected and frozen at -80°C for later analysis.
Muscle injury

The gastrocnemius muscle from right calf was injured by mechanical
crushing.'®® Animals were anesthetized with an intraperitoneal injection of ketamine
(80mg/kg) and xylazine (15mg/kg) before proceedings. Before the injury, all animals
were depilated. Animals were positioned in ventral decubitus at the base of lesion
equipment with knee fully extended and ankle in neutral position (90°). Briefly,

gastrocnemius injury was produced by metal mass (0.2kg) that fell through a metal
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guide from a 30cm high. The kinetic energy delivered in each impact was 0.484 Joules
and two impacts were performed. Rats of control group were also anesthetized and
manipulated to ensure standardization but without muscle trauma. At the end of the
study the lesion site was dissected and no signs of bone fractures were found.
Cryotherapy application

Immediately after muscle injury, animals from Cryotherapy group were
immersed up to the waist in cold water (10°C) for 20min. Animals from Control and
Lesion group were immersed up to the waist in water (30°C) for 20min.'” The water
temperature was controlled by exchanging water and/or addition of crushed ice or hot
water. After treatment, the animals were dried, monitored, and returned to their cages.
In each experiment, after animals were removed from water, central (in-ear) and skin
(site of injury) temperature of animals were registered using a digital thermometer
(model MT-455, Minipa, SP, Brazil) connected to a thermocouple sensor (model MTK-
01, SP, Brazil).
LIPUS application

Ultrasound equipment (Model 6763, Ibramed, SP, Brazil) was calibrated by the
manufacturer before and after study, ensuring the linearity of scale with the radiant
force method. Pulsed ultrasound was applied at a frequency of IMHz and low intensity
of 0.4W/cm®FTA (spatial peak-temporal average) for Smin, using a 3cm diameter head
(n°: TR3CCEO2) with an effective radiating area of Sem®. The protocol used a 20% duty
cycle (2ms on, 8ms off) corresponding to 0.08W/em®**™* (spatial-averaged temporal
intensity)."*!'® Treatment with LIPUS was initiated only 24h after muscle injury, and

was applied in underwater way (water at 30°C).
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Cryotherapy and LIPUS Association

Association consisted in the application of cryotherapy (as described above) for
20min immediately after muscle injury. LIPUS (as described above) were applied in the
last Smin of cryotherapy. These procedures were started 24h after muscle injury
protocol.
Reactive oxygen species (ROS) and antioxidant capacity against peroxyl radicals
(ACAP) analysis

The ROS and ACAP analysis were done employing 100mg of gastrocnemius
muscle tissue. The samples were homogenized in buffer solution (ImM MgCls, 0.32M
sucrose, 20mM HEPES adjusted to pH 7.4) using a rate of 300ul of buffer that was
mixed with 100pul of tissue, and homogenates were centrifuged at 20.000xg for 20min
at 4°C."

The determination of ROS and ACAP was made by a reaction media

containing (30mM HEPES, 200mM KCI, 1mM MgCl, adjusted to pH 7.2). For ROS

TM) at a

analysis and the 2'.7'- dichlorofluorescein diacetate (H,DCF-DA; Invitrogen
final concentration of 40uM. Total fluorescence production was calculated by
integrating the fluorescence units (FU) along the time and the results were expressed as
ROS = relative area. For ACAP analysis employing the 2.2°-azobis (2-
methylpropionamidine) dihydrochloride (20mM ABAP; Aldrich ™) as a ROS generator
after thermal decomposition at 37°C using 488nm (absorption) into 60min, and the
results were expressed as 1/(relative area with/without ABAP).19
Lipid Peroxidation measurement

The Fox assay (ferrous oxidation/xylenol orange method) was performed to

¥ 3 . 20 : < ;
measure the lipid peroxidation (LPO).”" Frozen tissues were homogenized in methanol

(5:1) and centrifuged at 1000xg for 10min at 4°C. Lipoperoxidation was determined
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using a reaction media containing (1mM FeSO4 0.25M H,SO4 and ImM xylenol
orange). The absorbance was measured at 550nm in a microplate reader after 4h for
incubation at 37°C. The cumene hydroperoxide (1.75nM) was employed as a standard.
The values of LPO were expressed in equivalent CHP/g of wet tissue.
Enzymes activity assays

To measure the activities ol antioxidant enzymes 100mg of frozen muscle
tissue were homogenized (1:4) in buffer solution (20mM Tris, ImM EDTA, 1mM DTT,
500mM sucrose, 150mM KCI adjusted to pH 7.6). Homogenates were centrifuged at
9.000xg for 45min at 4°C; supernatants were extracted and immediately used for
analyses. Total proteins content were determined in the supernatants by the Biuret
method (Doles Reagentes, GO, Brazil). All the activities analyses were performed at
temperature of 37°C. Superoxide dismutase (SOD) activity was measured by the
epinephrine autoxidation method. The product of this reaction can be detected by
spectrophotometry (480nm). SOD activity presented in the sample prevents the
epinephrine oxidation by the superoxide anions, and its activity was expressed as SOD
units, where 1 unit is defined as the amount of sample necessary to inhibit 50% of
epinephrine oxidation. Catalase activity was spectrophotometrycally (240nm) measured
by the method based on the rate of H,O, degradation by the action of catalase, contained
in the examined samples. Catalase activity presented in the sample was expressed as
Catalase units, where 1 unit is defined as the amount of sample necessary to transform
H,0O; into H,O e O,. SOD and catalase activity was measured by the method as
previously described.’
Evaluation of markers of tissue damage and systemic inflammation

Blood was collected in heparinized vacutainers and centrifuged at 3.000xg for

15min at 4°C in order to separate blood cells from plasma. The plasma activities of
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Creatine Kinase (CK), Lactate Dehydrogenase (LDH) and plasma concentration C-
reactive protein (CRP) were spectrophotometrically determined. The CK activity was
measured at 340nm at 37°C. CK aclivily was expressed as standard units international
per liter (U/L).*' The LDH activity was determined (340nm) at 37°C and activity was
expressed (UI/L).** The enzymes were analyzed using kits (Doles Reagentes, GO,
Brazil). CRP concentration was measured at 540nm at 37°C and concentration was
expressed (mg/dL) for method imunoturbidimetria (Labtest, Lagoa Santa, MG).
Statistical analysis

Results are reported as means + standard deviation (SD). Distribution of
variables was tested through test of normality Kolmogorov—Smirnov. Variables were
compared with analysis of variance (ANOVA one-way) and Kruskal-Wallis test as
appropriate, followed by the Tukey post-hoc test. Pearson correlation coefficient was

calculated. The differences were considered to be statistically significant when P<.05.
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RESULTS
Temperature

Central temperature after treatments reduced less than 1°C in Cryotherapy
(P<.01) and Association (°<.05) groups (fig 1A). This reduction is not sufficient to be
considered like therapeutic hypothermia (<35°C).” Immersion in water at 30°C reduced
local skin temperature in approximately 2°C in Control (P<.01), Lesion (P<.01) and
LIPUS (P<.001) groups. Local skin temperature of Cryotherapy (P<.001) and
Association (P<.001) groups treated by immersion in water at 10°C decreased in
approximately 14°C (fig 1B).
Muscle oxidative damage

ROS formation in gastrocnemius muscle increased 60% in Lesion group when
compared to Control group (P=.002). Cryotherapy group was not different from Lesion
(P=.442) and Control (P=.377) group. These values are similar to LIPUS results that
were not different from Lesion (P=.605) and Control (P=.245) group. Association group
showed a decrease of 55% in relation to Lesion group (P=.005), but its results were
similar to Control group (P=.998) (fig 2A). Lesion group produced musculoskeletal
LPO three times larger than Control group (P<.001). Cryotherapy (P<.001), LIPUS
(£<.001) and Association (P<.001) groups reduced LPO in comparison to the Lesion
group, and their values were similar to Control group ones (fig 2B).
Muscle antioxidant defenses

Muscular injury reduces ACAP in 2.7 times in Lesion group (P<.001), 1.6
times in Cryotherapy group (£<.042) and 1.7 times in LIPUS group (P<.018) in relation
to Control group. However, Association group increased ACAP 200% when compared
to Lesion group (P=.007), and this result was equal to Control group (P=.640) (fig 3A).

SOD enzymatic activity was not different between groups after 72h of injury (P=.662)
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(fig 3B). With respect to Control group, catalase enzymatic activity was 71% elevated
in Lesion (P<.001), 78% in Cryotherapy (P<.001), 94% in LIPUS (P=.001) and 145%
in Association (P<.001) groups (fig 3C). Association group also enhanced catalase
activity in 35% in relation to Lesion (P=.002), Cryotherapy (P=.01) and LIPUS
(£=.003) groups.
Markers of tissue damage and systemic inflammation

Plasma levels of CK increased 36% in Lesion group when compared to Control
group (£<.001) 72h after musculoskeletal injury. Values in Cryotherapy (P=.01),
LIPUS (P=.006) and Association (P=.003) groups were like in Control group, and lower
than of Lesion group (8%) (fig 4A). LDH was 55% greater in Lesion group than
Control group (P=.002). Cryotherapy (P=.01), LIPUS (P=.006) and Association
(P=.003) showed lower values than Lesion group, and their plasma levels were equal to
Control group (fig 4B). CRP plasma increased three times after muscle injury (P<.001)
and isolated and associated interventions reversed this increase, returning to the values
of the control group.

A positive correlation between muscular LPO and CK (r=.436, P<.001), LPO
and LDH (r=.428, P<.001) and between muscular LPO and CRP (»=.523, P<.001) was

found (fig 5A, fig 5B and fig 5C respectively).
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DISCUSSION

The present study demonstrated that untreated muscular injury increased ROS
such as previous study.” The ROS. like radical anion superoxide (O7,), hydrogen
peroxide (H,O,) and hydroxyl radical (OH') are intermediary molecules naturally
produced during cellular respiration®’ that are increased in inflammatory process.25
Excessive ROS co_ncentration may cause direct damage to macromolecules like
proteins, lipids andr DNA.* Our results also showed that LPO was enhanced after
muscular lesion. Formation of lipid hydroperoxides in consequence of injury is a
common process in degeneration/inflammation phase."* Necrotic cells and increasing
cellular metabolism around injured area' release ROS which in turns recruit and activate
phagocytes, release arachidonic acid, activate NADPH-oxidase, form peroxides, and
modify the Ca®" homeostasis that causes more formation of ROS.%® These mechanisms
induce an increase of tissue infiltrates™ and an enlargement of injury area.”*

[t was demonstrated in the present study that isolated and associated
interventions reduces LPO. It is known that cryotherapy attenuates microvascular
dysfunction, and decreases temperature, metabolism® and O, demand in electron
transport chain.’’ As a consequence, lower formation of ROS were observed and as a
result lesser damage to adjacent molecules were generated.” The production of ROS in
intervention groups presented the same levels of Control group, which contributed in
part to reduction of LPO and plasma activity of CK and LDH. Results of Cryotherapy
and LIPUS groups are similar despite distinct mechanism of action, but these results
have already been demonsirated.>® Biological effects of LIPUS typically are the result

9,30 Ly S
2230 However, considering the dose used in this

of ultrasonic pressure wave and heat.
study (0.08W/em®™*'™) thermal effects are negligible. On the other hand, the non-

thermal effects as the pressure wave (moving large quantities of fluids) and acoustic
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streaming can stimulate shear stress hen that occurs near the endothelial cells® increases
nitric oxide (NO) formation.®>* NO production attenuates endothelial dysfunction,
inhibits expression of adhesion molecules and leukocytes infiltration and aggregation in
injured tissue’'. Thus, this process causes a lower generation of ROS and consequent
LPO reduction. Qur results LIPUS group demonstrated that ROS was in basal values
which partly contributes to the reduction of LPO and plasma markers of muscle damage
according to previous study”". Only in Association group ROS was reduced in relation
to Lesion group. This is probably because cryotherapy and LIPUS work together on
redox balance suggesting greater cell protection.

Excessive production of ROS in inflammatory process is counterbalanced by
antioxidants like enzymatic factors such as SOD, catalase and glutathione peroxidase
(GPx) which reduce ROS keeping cellular redox balance.” The present study showed
no changes in SOD, an increasing of catalase and ACAP reduction 72h after muscle

4218 values of SOD not changed after lesion and treatments.

lesion. Like others studies,
An increasing of catalase after muscle lesion was also observed in previous studies
431633 because it acts over Hy0,%* However, in our study catalase activity increase was
insufficient to avoid lipid damage in Lesion group, which is supported by reduction of
antioxidants capacity. Isolated treatments obtained the same antioxidant enzymes values
of Lesion group. Carvalho ef al. (2010)° found catalase’s unchanged activity on first day
and reduced activity of catalase in fifth day after muscular lesion treated with ice. The
differences between this and our results should be because of lesion and cryotherapy
(ice, twice a day, Smin) distinct protocols, which probably are insufficient to stimulate
the activity of catalase. LIPUS group presents similar catalase values to Lesion group as

& 5 15 o ; § .
demonstrated in the literature.*'” Nevertheless, association group obtained increases in

catalase activity that enhanced ACAP in relation to single treatments. Probably because
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of ROS production increases from muscular injury which stimulates catalase production
to reestablish the redox balance. Together, cryotherapy and LIPUS may reduce injured
area, raise enzymatic production of surrounding cells, and potentiate the protector effect
by ACAP elevation.

The inflammatory phase of muscular damage can be measure by increasing of
circulating biomarkers a few hours after injury.d‘5 The structures of muscle fibers are
altered because of oxidative stress® that causes rupture of the sarcolemma and leakage
of specific metabolic enzymes of sarcoplasm and mitochondria.** Our model of skeletal
muscle injury was effective because CK, LDH and CRP were increased 72h after lesion
like previous studies.™’ Cryotherapy, LIPUS and their association decreased plasmatic
levels of CK when compared to Lesion group. Carvalho ef al. (2010)° also demonstrated
reduction of CK during 10 days after muscular injury by cryotherapy, and LIPUS
reduces CK 24h after musculoskeletal lesion. LDH metabolic enzyme is present on
mitochondria and its permeability and solubility is equal to CK,* thus the positive
results of treatments are reinforced by LDH reduction 72h after injury. Muscle lesion
increased CRP levels, and treatments attenuate this effect. Kang et al (2014)"
demonstrated that patients with total knee replacement treated with cryotherapy, LIPUS
and association during 3 weeks reduced plasmatic level of CRP, results similar to our
findings.

All of these alterations explain the correlations between muscular LPO and
plasmatic concentrations of CK, of LDH and of CRP. It occurs in part due to lesion of
lipid membrane which allows the lcakage of these enzymes to bloodstream®® as also
shows another study.” Water immersion at 30°C of Control, Lesion and LIPUS groups

decreases local skin temperature approximately 2°C showing that this temperature is



therapeutically inert,” and that the effects in LIPUS group occurred only by the
application of ultrasound.
Study Limitations

Absence of histochemical measures (inflammatory infiltrates and
morphometry), assessment of others antioxidant pathways like GPx, GSH/GSSG,
protein oxidative damage and changes in the DNA structure are limitations of the
present study.

CONCLUSION

Cryotherapy and LIPUS single treatments reduced plasmatic markers of
muscular damage, C-reactive protein and lipoperoxidation. Association group obtains
the same results describe above, but with a decreases of reactive oxygen species, and an
increases of catalase activity that enhances antioxidant capacity against peroxyl radical.
These results suggest that association of cryotherapy and therapeutic ultrasound shows

favorable synergistic effects during inflammatory phase of mioregeneration.
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Figure Legends

Fig 1. Temperature. Values are presented as mean + SD. Cryotherapy: lesion treated
with cryotherapy; LIPUS: lesion treated with low-intensity pulsed ultrasound;
Association: lesion treated with Cryotherapy associated low-intensity pulsed ultrasound.
* P<.05 Before vs After, ¥ P<05 vs Control | P<.05 vs Lesion; § P<.05 vs

Cryotherapy; || P<.05 vs LIPUS.

Fig 2. Parameters of oxidative skeletal muscle damage. Values are presented as mean +
SD. Cryotherapy: lesion treated with cryotherapy; LIPUS: lesion treated with low-
intensity pulsed ultrasound; Association: lesion treated with Cryotherapy associated

low-intensity pulsed ultrasound. * P<.05 vs Control; T P<.05 vs Lesion.

Fig 3. Parameters of skeletal muscle defense against radical species. Values are
presented as mean + SD. Cryotherapy: lesion treated with cryotherapy; LIPUS: lesion
treated with low-intensity pulsed ultrasound; Association: lesion treated with
Cryotherapy associated low-intensity pulsed ultrasound. * P<.05 vs Control, 1 P<.05 vs

Lesion; [ P<.05 vs Cryotherapy; § P<.05 vs LIPUS.

Fig 4. Blood markers of skeletal muscle damage. Values are presented as mean + SD,
Cryotherapy: lesion treated with cryotherapy; LIPUS: lesion treated with low-intensity
pulsed ultrasound; Association: lesion treated with Cryotherapy associated low-intensity

pulsed ultrasound. * P<.05 vs Control, 1 P<.05 vs Lesion.
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Fig 5. Correlation between the skeletal muscle parameters of oxidative stress and
plasma markers tissue damage and inflammation systemic. LPO: Lipid peroxidation;

CK: Creatine kinase; LDH: Lactate dehydrogenase; PCR: C-reactive protein.
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Fig 5.
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4. DISCUSSAO GERAL

As lesdes musculares esqueléticas promovem um esperado aumento do estado

58 .
58 oy quais foram demonstrados no presente

oxidativo e da resposta inflamatoria,
estudo pelo aumento das concentragdes das ERO, da peroxidagfio lipidica (LPO), da
atividade da catalase e redu¢do da capacidade antioxidante contra o radical peroxil
(ACAP) no musculo lesado e pela elevagdo dos niveis plasmaticos dos marcadores de
lesio muscular (CK e LDH) e inflamagfio sistémica (PCR). Individualmente, a
crioterapia e o LIPUS reduziram a lipoperoxidagéo, a ACAP e proporcionaram uma
elevacio da atividade catalase comparados ao controle. Com relagio aos marcadores
plasmaticos de dano muscular houve uma redug¢do comparados ao grupo lesdo.
Entretanto, a associagdo dos tratamentos manteve os resultados anteriores e ainda
diminuiu as concentra¢des das ERO, aumentou a atividade da catalase e um aumento da
ACAP.

O presente estudo demonstrou que a lesdo muscular nfo tratada aumentou as
ERO conforme demonstrado em estudo prévio.” As ERO sdo produzidas naturalmente
durante o processo metabolico. Elas compreendem o radical dnion superoxido (O;7), o
peroxido de hidrogénio (H>O,) e o radical hidroxila (OH"), os quais apresentam sua
formagdo aumentada na resposta inflamatéria.'’ Os resultados do presente estudo
demonstrou o aumento da LPO apés a lesdo. A LPO ocorre nas células danificadas por

C i . Ay k)
424938 jss0 ocorre devido as ERO liberadas

injuria na fase de degeneragfo/inflamac3o,
por células necrosadas e pelo aumento do metabolismo celular no entorno da area
lesada,* que recrutam e ativam as células fagocitarias, liberam acido araquidénico,
formando perdxidos, estimula a NADPH-oxidase e alteram a homeostase do Ca®’,

levando a uma produgfio adicional das ERO.” Esses mecanismos levam ao aumento

adigional dos infiltrados teciduais®™* ¢ a am lificagdo da inflamagdo e da area lesada.
p ¢
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As intervengdes isoladas e associadas reduziram a LPO. A crioterapia atenua a
disfungfio microvascular, diminui a temperatura, reduz o metabolismo®’ e a demanda de

! resultando na menor formagdo das ERO com

O na cadeia de transporte de elétrons,7
menor dano as macromoléculas adjacentes.* No presente estudo, as intervengdes
isoladas mantiveram a concentragio das ERO aos niveis intermediarios néo
apresentando diferenga do grupo controle nem do grupo lesdo, mas apresentaram
reduc@o na LPO e nas concentragdes plasmaticas de CK, LDH e PCR. Esses resultados,
ja foram demonstrados previamente.*”’ Os efeitos biolégicos estabelecidos do LIPUS sdo
normalmente resultado de micro-bolhas, da onda de pressdo e calor.®”** Os parametros

28 . - ;
SATA) praticamente nfo apresenta os efeitos

utilizados no presente estudo (0.08W/cm
térmicos. As micro-streaming ¢ a onda de pressdo que ocorrem proximo as células
endoteliais deslocam quantidades de fluidos que estimulam o shear stress® e criam
poros temporarios na membrana aumentando a biodisponibilidade do Ca®" intracelular,
levando ao desacoplamento da eNOS e a formagdo de NO.“">" A produ¢do de NO
atenua a disfun¢do endotelial, inibe a expressio das moléculas de adesio e¢ a
consequente agregacdo e infiltragdo dos leucécitos no tecido lesado,” reduzindo as
concentragdes das ERO e a LPO. Os resultados deste estudo demonstram que as ERO
retornaram aos niveis basais, resultando na redugdo da LPO e nos marcadores
plasmaticos de lesfo, o que est de acordo com estudos prévios.**’* Entretanto, somente
a associagdo dos tratamentos foi capaz de reduzir as concentragdes das ERO em relagdo
ao grupo lesdo, pois os efeitos da crioterapia e do LIPUS interagiram sobre o equilibrio
redox, sugerindo que esta conduta apresenta uma maior protegéo celular.

Os antioxidantes contrabalangam a geragio excessiva das ERO decorrente do
processo inflamatorio, dentre estes existem fatores enzimaticos como a SOD, a CAT e a

GPx, que atuam na redugéo das espécies reativas, mantendo o equilibrio redox celular.”*
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No presente estudo, 72h apods a lesdo muscular observou-se um aumento da catalase,
diminui¢do da ACAP e a SOD ficou inalterada. Os resultados da SOD ndo se
modificaram frente & lesfio e aos tratamentos, o que ja foi demonstrado em estudos
anteriores.””* Entratanto, o aumento da catalase apos lesdo muscular foi observada
em estudos prévios.49’58’65’75 A catalase atua sobre o H202,24 mas o aumento da atividade
desta enzima néo foi suficiente para evitar o dano lipidico no grupo lesdo observado no
presente estudo. Os tratamentos isolados apresentaram as mesmas respostas nas enzimas
antioxidantes em relagdo ao grupo lesdo. Carvalho et al., 2010* demonstraram que a
atividade da catalase apds a lesdo muscular tradada com gelo mostrou-se inalterada no
1° dia e reduzida no 5° dia de intervengdo.”’ As diferencas em relagdo ao presente
estudo se devem aos diferentes protocolos de lesdo e os pardmetros da crioterapia (gelo,
2x por dia durante 5min), o que possivelmente sejam insuficientes para estimular a
atividade da catalase. O LIPUS apresentou valores semelhantes ao grupo lesdo para a
catalase, o que ja demonstrado na literatura.”"**> A crioterapia associada ao LIPUS
aumentou a atividade da catalase potencializando a ACAP em comparagio aos
tratamentos isolados. Possivelmente, isso ocorre devido ao aumento na produgido das
ERO advindas da lesfio muscular, estimulando a producio desta enzima antioxidante,
reestabelecendo o equilibrio redox. Sugere-se que a associagfio das técnicas possui agio
benéfica na resposta inflamatdria por estimular a produgfio de antioxidantes enzimaticos
pelas células vizinhas isso se confirma com o aumento da ACAP e estes efeitos
potencializam a prote¢do do tecido muscular e evita um aumento do dano muscular.

O dano muscular pode ser mensurada através de biomarcadores circulatérios,
pelo aumento dos seus niveis plasmaticos que ocorre em algumas horas apos a
lesdo.** As fibras musculares sofrem alteragdes de suas estruturas na presen¢a do

e 10 2
estresse oxidativo "~ ¢ essas alteragdes levam a ruptura do sarcolema, o que provoca o
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vazamento de enzimas metabolicas especificas do sarcoplasma e das mitocondrias.”®

Kang et al. 2014”7 demonstraram que 0s pacientes com artroplastia total do joelho
tratada com crioterapia, ultrassom pulsado de baixa intensidade e pela associacdo das
dois técnicas durante 3 semanas reduziu os niveis plasmaticos de PCR, resultados
semelhantes aos achados do presente estudo.

Essas alteragdes explicam as correlagdes da LPO muscular com as
concentragdes plasmaticas da CK, da LDH e da PCR os quais ja foram demonstrados
em estudo prévio.” Estas ocorrem em parte, devido as lesdo das membranas lipidicas
permitirem o vazamento destas enzimas para a corrente sanguinea.’® O modelo de lesdo
muscular esquelético utilizado no presente estudo®” se mostrou efetivo, poisaCKea
LDH encontravam-se aumentadas 72h apos a lesfo sem tratamento, estando de acordo
com estudos prévios que utilizaram diferentes formas de dano muscular em ratos.**® A
crioterapia, o LIPUS e a associagfo destas terapias diminuiram os niveis plasméticos de
CK. Carvalho et al., 2010" demonstraram que a crioterapia foi capaz de reduzir a CK
por dez dias apés lesdo muscular esquelética. O LIPUS reduziu a CK 24h ap6s lesdo
muscular esquelética.’® Os resultados dessas terapias sdo reforcados pela redugdo da

LDH 72h ap6s lesdo, pois esta enzima metabdlica estd presente na mitocdndria, tendo

sua permeabilidade e solubilidade semelhantes a CK."
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5. CONCLUSAO

Os tratamentos isolados de crioterapia e o ultrassom terapéutico pulsado de
baixa intensidade reduziram a lipoperoxidagdo, a creatina quinase, a lactato
desidrogenase e a proteina c-reativa. A associacdo dessas terapias manteve os resultados
descritos anteriormente, além de reduzir a concentragdo de espécies reativas de oxigénio
¢ aumentar a capacidade antioxidante contra os radicais peroxil devido a elevagio da
catalase. Os resultados sugerem que a associagdo da crioterapia e ultrassom terapéutico
apresentam efeitos sinérgicos que favorece a redugdo do estresse oxidativo formado
durante fase inflamatdria contribuindo para a aceleragdo do reparo tecidual. O presente
estudo sugere que estas terapias devam ser testadas em estudos clinicos para a sua

aplicagdo na pratica diaria.

6. PERSPECTIVAS

O estado oxidativo € um dos mecanismos importantes na fase inflamatoria e os
tratamentos tanto isolados como associados da crioterapia e do ultrassom terapéutico
pulsado de baixa intensidade mostraram uma acéo benéfica neste estudo, assim como na
redugdo do dano muscular e da inflamagdo sistémica. Entretanto, os dados s6 apontam
parte do mecanismo, vale salientar que futuras analises sdo imprescindiveis como a
verificacdo da glutationa peroxidade (GPx), glutationa reduzida (GSSG), além de
substratos derivados da cadeia nitrogenada e analises de dano proteico
(mieloperoxidase), pois a presente estudo verificou somente os pro-oxidantes derivados
do oxigénio e os antioxidantes enzimaticos (superdxido dismutase e catalase).

Seguindo na mesma linha dos mecanismos envolvidos na fase inflamatoria apds
a lesdo musculo esquelética analises de citocinas pré e antinflamatérias sfo cruciais para

o melhor entendimento do mecanismo dessas técnicas ndo farmacoldgicas. Por este
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motivo, andlises do TNF-a, IL-1 ¢ IL-10 estdo como perspectivas futuras. Andlises
histologicas com das células inflamatorias (neutrofilos e macrofagos), morfometria
celular, complexos da cadeia transportadora de elétrons ¢ do citocromo C também
fazem parte de objetivos de estudos futuros.

Outra questdo clinica pertinente € aplica¢do do ultrassom terapéutico isolado ou
associado a crioterapia imediatamente ap6s a lesdo muscular, pois caso estes resultados
se confirmem a aplicagdo precoce deste recurso terapéutico aumentara os efeitos

benéficos destes recursos na fase inflamatoria de lesfio muscular esquelética.
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