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RESUMO
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A Corrente de Kots ou Corrente Russa (CR) (2500 Hz) € uma forma de estimulacéo
elétrica, que causa uma contracdo muscular. Fisioterapeutas utilizam a CR na area
de Dermato-Funcional, para ativar muasculos ou grupos musculares pouco
tonificados, oriundo do sedentarismo. O objetivo do estudo foi analisar se a
aplicacdo da CR altera a atividade das enzimas acetilcolinesterase (AchE), Ecto-
Nucleosideo Trifosfato Difosfoidrolase (E-NTPDases), Ecto-5"-nucleotidase,
adenosina deaminase (ADA), superoxido dismutase (SOD) e catalase (CAT), bem
como os niveis de TBARS. O grupo de estudo foi composto por 15 pacientes do
sexo feminino sedentarias, submetidos a 10 sessfes da CR por 30 minutos cada.
Usou-se eletrodos auto-adesivos, colocados sobre o reto abdominal e a intensidade
(mA) foi aumentada conforme a tolerancia de cada paciente. O sangue foi coletado
antes e apds a aplicacdo da CR nas sessfes 1, 5 e 10. Os resultados mostraram
gue ocorreu um aumento na atividade da AChE nas aplicacfes agudas 1, 5 e 10. A
NTPDase apresentou aumento na hidrolise de ATP a ADP nas aplicacdes agudas 1
e 5. A enzima Ecto-5'-nucleotidase apresentou aumento na hidrélise de AMP na
aplicacdo aguda 1. Nao apresentaram diferenca em nenhuma das aplicacdes, a
atividade da enzima ADA, a atividade dos antioxidantes SOD e CAT e os niveis de
TBARS. Sendo assim, a CR exerce uma notavel mudanca na atividade de enzimas
qgue hidrolisam ACh e ATP, ADP e AMP quando aplicada de forma aguda. Estes
resultados sugerem que as vias colinérgica e purinérgica estdo relacionadas aos
efeitos benéficos da CR. Uma vez que a CR promove a contracdo muscular e
aumento da circulagao sanguinea local.

Palavras-chave: Corrente de Kots; Corrente Russa (CR); Estimulacdo elétrica;

Sistema purinérgico; Sistema colinérgicos; Estresse oxidativo.
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The Current Kots or Russian current (RC) (2500 Hz) is a form of electrical
stimulation, which causes muscle contraction. Physiotherapists use CR in Dermato-
Functional area, to activate muscles or muscle groups little toned, arising from
inactivity. The aim of the study was to analyze whether the application of CR alters
the activity of the enzyme acetylcholinesterase (AChE), Ecto-nucleoside triphosphate
diphosphohydrolase (E-NTPDase), Ecto-5'-nucleotidase, adenosine deaminase
(ADA), superoxide dismutase (SOD) and catalase (CAT), as well as TBARS. The
study group consisted of 15 patients of sedentary female, underwent 10 sessions of
CR for 30 minutes each. He used self-adhesive electrodes placed on the rectus
abdominis and the intensity (mA) was increased as tolerance of each patient. Blood
was collected before and after the application of RC in sessions 1, 5 and 10. The
results showed that there was an increase in the activity of AChE in acute
applications 1, 5 and 10. The NTPDase showed an increase in the hydrolysis of ATP
to ADP in acute applications 1 and 5. the Ecto-5'-nucleotidase enzyme showed an
increase in AMP hydrolysis in acute application 1. Do not show differences in any of
the applications, the activity of ADA, the activity of antioxidants SOD and CAT and
levels of TBARS. Thus, the CR exerts a remarkable change in activity of enzymes
that hydrolyze ACh and ATP, ADP and AMP when acutely applied. These results
suggest that cholinergic and purinergic pathways are related to the beneficial effects
of CR. Since the CR promotes muscle contraction and increase local blood flow.

Keywords: Kots Current; Russian Current (RC); Electrical Stimulation; Purinergic
System; Cholinergic System; Oxidative Stress.
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APRESENTACAO

Os resultados que compdem esta dissertacdo sdo apresentados sob a forma
de um manuscrito, o qual se encontra no item Manuscrito. As se¢bes Materiais e
Métodos, Resultados, Discussdo e Referéncias estdo presentes no proprio
manuscrito e representam a integra deste estudo.

O item Conclusbes encontra-se no final desta dissertagcdo e apresenta
interpretagfes e comentarios gerais sobre o manuscrito contido neste trabalho.

As Referéncias equivalem somente as citagbes que aparecem no item
Introducao desta dissertacéo.

O manuscrito esta disposto de acordo com as normas da revista cientifica

para o qual serd submetido: Biomedicine & Pharmacotherapy.



1. INTRODUCAO

A Corrente de Kots ou Corrente Russa (CR) € uma forma de eletroestimulacéo
neuromuscular (NMES), que consiste em um estimulo de média frequéncia de 2.500
Hz modulada a 50 Hz. Essa forma de eletroestimulacdo neuromuscular leva um
musculo ou um grupo muscular a contrair-se. Para Kots que descreveu o método da
CR em 1976, ela poderia recrutar 100% das fibras de um musculo, o que em uma
contragdo maxima voluntéria ndo se alcanca. Podendo assim, diminuir o déficit de
forca em torno de 10% (BOWEN, 1971; THOMSON; KOTS, 1977: SELKOWITZ,
1989; AGNE, 2004, WARD; SHKURATOVA, 2002; SOUZA; 2006).

A CR é aplicada por fisioterapeutas na prevencao da atrofia de musculos,
onde se tem uma articulacdo imobilizada em conseqiéncia de trauma ou apos
intervengBes cirurgicas. Usada como facilitadora na reabilitagdo de transtornos
musculos esqueléticos algicos, os quais impedem o paciente de fazer um esforco
maximo durante a contracdo muscular, e ainda na area de Dermato-Funcional,
propondo ativacao de musculos com baixo tbnus (KRAMER; MENDRYK, 1982).

A CR pode aumentar a forca muscular conforme estudos j& bem
documentados, tanto em grupos treinados como em grupos sedentarios. Sendo que
esse aumento ocorrera conforme a carga do estimulo, ou seja, pelo aumento da
intensidade e pelo tempo que o individuo é submetido ao estimulo (KOTS, 1977,
SELKOWITZ, 1989; WARD; SHKURATOVA, 2002; AGNE, 2004).

Clinicamente a CR é aplicada no fortalecimento em casos que envolvem
imobilizacdo ou contra-indicacdo para o exercicio dindmico, como por exemplo:
reparacoes e reconstrucdes do Ligamento Cruzado Anterior (LCA), ou quando existe
uma incapacidade de um doente para exercer forgca muscular, como nos casos de
reabilitacdo em fase aguda apoOs lesdo ou procedimento cirdrgico, onde a forca
muscular voluntaria esta diminuida, e ainda como um complemento aos exercicios
tradicionais voluntarios, ao final de uma sessado, quando o esforco voluntario podera
estar diminuido (KRAMER; MENDRYK, 1982; MORRISSEY et al., 1985;
SELKOWITZ, 1989).

Além disso, a eletroestimulacdo (ES) vem sendo aplicada como forma de co-
contracdo nos musculos abdominais obliquos e grupos musculares multifidos,
sugerindo maior estabilidade dos segmentos da coluna. Em pacientes que

apresentam instabilidade funcional e biomecanica anormal, ira melhorar a postura
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fisiologica da coluna e a aparéncia visual do abdomen (KRAMER; MENDRYK, 1982;
SELKOWITZ, 1989).

Em estudo Fahey; Harvey; Svheder (1985) treinaram individuos com a CR,
onde 0 musculo selecionado foi o quadriceps femoral, objetivando seu
fortalecimento. Os individuos foram posicionados em decubito dorsal, onde um
grupo foi posicionado com joelho em extensdo angulagdo de 0° e outro grupo com
angulacdo de 60°, em nenhum grupo se relatou a angulacdo do quadril, apos o
periodo designado para o treinamento observou-se que ambos 0s grupos
apresentaram aumento de forga significativo. J& os pesquisadores Erikson;
Haggmark; Kiessling (1981) também treinaram individuos estimulando o quadriceps
femoral, mudando a angulacao de flexdo do joelho para 90°. O grupo apresentou um
aumento de forca, com uma variacdo de 7% a 48% superior a forca pré-treinamento.
Em outro estudo Soo; Currier; Threlkeld (1988) treinaram dois grupos sedentarios
com a CR, sendo um grupo composto por individuos do sexo masculino e outro do
sexo feminino. A forca aumentou significativamente tanto em ambos 0S grupos,
porém ao comparar a forca entre os grupos, a forca foi significativamente maior no
grupo feminino.

Dellito et al. (1988) ao analisar ganhos de forca produzidos pela CR com
ganhos de forca produzidos pelo exercicio voluntario apds a cirurgia de ligamento
cruzado anterior, concluiu que a CR produziu um maior ganho de forca nesses
individuos, do que os que foram submetidos ao exercicio voluntario. Em outro
estudo Dellito et al. em 1989 treinou levantadores de peso de elite com CR. Apés o
treinamento se observou um melhor desempenho no levantamento de peso, além de
aumento de medidas antropométricas na musculatura submetida ao estimulo.

Kots; Xvilon (1971) defendem que a estimulacdo elétrica deve ser aplicada
como complemento do exercicio fisico voluntario, no ganho de for¢a. Relatam ainda
a ocorréncia de alteracdes fisiolégicas como: aumento do volume das fibras
musculares e consequentemente aumento na velocidade de contracdo muscular.
Partindo do pressuposto que a contracdo muscular voluntaria iria ativar as fibras
lentas e a CR pelo protocolo 10/50/10 proposto por Kots iria ativar as fibras de
contracao rapida, melhorando assim a forgca muscular, agilidade e performance dos
individuos pesquisados, no caso destes autores a énfase ocorreu em atletas de elite.

Kots foi o responsavel pela popularizacdo da CR como complemento do

reforco muscular na Unido Soviética, seus estudos foram analisados em atletas de
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elite. Onde se pode observar um aumento de forca muscular, o que refletiu
diretamente na melhora do desempenho e performance desses atletas. Estas
pesquisas nao foram publicacbes em forma de artigo, apenas se tem dados das
investigacdes disponiveis descrito em Russo, armazenados na Biblioteca Britanica
do Reino Unido nos Estados Unidos (SELKOWITZ, 1989; WARD; SHKURATOVA,
2002; AGNE, 2004).

A aplicacdo da CR nédo apresenta desconforto, o0 mecanismo se da pela
colocacdo de eletrodos auto-adesivos sobre a pele. A CR ira desencadear uma
contracdo muscular similar a contracdo muscular fisiolégica voluntéria de um grupo
de musculos ou um musculo especifico (KOTS; XVILON, 1971; AGNE, 2004). O
estimulo elétrico ao ser disparado atingira o nervo eferente responsavel pelo
musculo onde os eletrodos estdo posicionados. Este nervo sofrerd despolarizacéao
pelo potencial de acdo gerado pelo estimulo elétrico. Potencial este que sera
transmitido para as células que compde musculo estimulado, despolarizando a
membrana das mesmas (figura 1) (EVANGELISTA, 2003; ELTIT et al., 2004; CASAS
et al., 2010; FOURE et al., 2014).

A membrana do reticulo sarcoplasmatico ao ser despolarizada ir4 liberar Ca**
e K" para o meio extracelular (figura 1). Estes ions participam do mecanismo de
excitacdo muscular (contracdo). Quando estas células forem submetidas a um
periodo longo de estimulacdo, ocorrera uma inativacdo na liberacdo de Ca’
intracelular até que seu potencial de repouso seja recuperado (CSERNOCH et al.,
2000; ELTIT et al., 2004; CASAS et al., 2010; FOURE et al., 2014).

Este potencial de acdo ira atingir ainda, as terminacfes nervosas (placas
motoras) do nervo estimulado, despolarizando-as e levando a liberacdo a
acetilcolina (ACh) para o meio extracelular, ou seja, na juncdo neuromuscular (JNM)
(figura 1). A ACh néo serd liberada sozinha na fenda sinaptica, serd acompanhada
do adenosina trifosfato (ATP) (figura 2), o qual se encontra juntamente com este
neurotransmissor encapsulados nas placas motoras (figura 1). (CORREIA-DE-SA;
RIBEIRO, 1996; CORREIA-DE-SA; TIMOTEO; RIBEIRO, 1996; CUNHA et al., 1996;
CUNHA; RIBEIRO, 2000).
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Figura 1 - Esquema representativo do mecanismo de ativagao do estimulo elétrico

para desencadear a contragdo muscular.
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Fonte: acervo dos autores

A estimulacdo de alta frequéncia e média frequiéncia especificamente irdo
liberar a ACh através da ativacao tonica dos receptores A2A, receptores estes que
sdo ativados pela adenosina que se encontra em maior concentracdo no meio
extracelular (CORREIA-DE-SA; RIBEIRO, 1996; CORREIA-DE-SA; TIMOTEO;
RIBEIRO, 1996; CUNHA et al., 1996).

Estando estes ions e neurotransmissores presentes na fenda sinaptica, se
dard o mecanismo de contragdo muscular, o qual consiste no movimento do
encurtamento das fibras musculares. Este encurtamento nada mais é, do que o
deslizamento das fibras de actina sobre as fibras de miosina (KOTS; XVILON, 1971).

O sistema Colinérgico € composto pelo neurotransmissor ACh, este
neurotransmissor € endoégeno e atua tanto no sistema nervoso central (SNC) como
no sistema nervoso periférico (SNP). A acetilcolina ao ser liberada na JNM
participard de uma sinapse quimica anatomicamente e funcionalmente diferenciada
para a transmissdo de um sinal do terminal nervoso para a fibra muscular, obtendo

como resultado final a contragdo muscular (ENGEL, 2003).
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A ACh ao ser liberada das células pré-sinapticas se difundem pela fenda
sinptica que ativa nos receptores colinérgicos de acetilcolina (nNAChRS)
posicionados nas ceélulas poés-sinapticas (figura 2) e promove uma transmissao
sinaptica efetiva levando a contracdo muscular (WILLMANN; FUHRER, 2002).

Estes receptores colinérgicos sao divididos em subgrupos: 0s muscarinicos
pertencentes a familia metabotropica e os nicotinicos a familia ionotrépica, que
transmitem os sinais por mecanismos diferentes (WILLMANN; FUHRER, 2002).

Os receptores nicotinicos sao canais ibnicos moduladores de potenciais da
membrana celular, enquanto receptores muscarinicos pertencem a uma imensa
familia de receptores acoplados a proteina-G ligada a membrana celular (figura 2)
(GPCRs) (A2A) (FELDER et al.,, 2000; HUGHES; KUSNER; KAMINSKI, 2006;
GALLACI; OLIVEIRA, 2007).

A estimulacdo de média frequéncia libera ACh a partir de terminacfes
nervosas motoras, que estéao inseridas nas fibras musculares (figura 3) pela ativacéo
dos receptores A2A (RIBEIRO et al., 1996). Assim como, desencadeia a liberacédo
da adenosina enddgena para o meio extracelular usando a mesma via (CORREIA-
DE-SA; RIBEIRO. 1996).

Concluido o mecanismo de contragdo muscular a ACh ser& hidrolisada pela
enzima acetilcolinesterase (AChE) local. A AChE catalisara a reacéo da Acetilcolina
na presenca de agua (H,O) tendo como produto desta hidrolise a colina e 0 acetato
(figura 2). A colina é receptada pelas células pré-sinapticas e usada na sintese
novamente de ACh, (figura 2). J& o acetato sera transportado para os tecidos onde
sera metabolizado (figura 2) (SANES, 2003). A inibicdo da AChE produz acumulo de
acetilcolina na JNM, que ira sobrepujar a capacidade de despolarizar as membranas
das células musculares, em consequéncia haverd uma paralisia do musculo
(MARRS, 1993).

A enzima Acetilcolinesterase (AChE; E.C. 3.1.1.7) hidrolisa especificamente
ésteres com grupamento acetil (MARRS, 1993; MESULAM et al., 2002). A AChE é
encontrada ancorada a membrana plasmatica através de um glicolipidio, nos
seguintes locais: no cérebro, na juncdo neuromuscular, nos eritrocitos e nos
linfécitos (MESULAM et al., 2002; RINNE et al., 2003).

A colinesterase é enzima importante na neurotransmissdo colinérgica, pois
possui funcdo como hidrélise e detoxificacdo de xenobioticos. A acetilcolinesterase

ou colinesterase verdadeira € classificada de acordo com as suas propriedades
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cataliticas e especificidade a substratos, sensibilidade a inibidores e distribuicéo
tecidual (COKUGRAS, 2003).

Figura 2 - Esquema de uma sinapse colinérgica; Receptor(receptores colinérgicos)
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Fonte: Adaptado Gauthier (2002).
Para que ocorra uma contracdo muscular necessitamos de mais um

componente associado ao neurotransmissor ACh, neste caso seria o ATP, que é
liberado juntamente com a ACh a partir das vesiculas colinérgicas (figura
2)(SILINSKY, 1975). Este nucleotideo compde o0 sistema purinérgico, juntamente
com outros nucleotideos e nucleosideos extracelulares. Apos participarem de
reagcbes gquimicas nos mecanismos como: a contragdo muscular serdo hidrolisados
por enzimas locais, as quais controlam seus niveis extracelulares (RIBEIRO;
WALKER, 1975; KOLB; WAKELAM, 1983; SILINSKY et al., 1999; YEGUTKIN, 2008;
BURNSTOCK, 2014).

A via purinérgica envolve trés componentes principais: 0s nucleotideos e o
nucleosideos extracelulares, os receptores por meio dos quais 0s nucleotideos e
nucleosideos se ligam para executarem suas fungbes e as ecto-enzimas

responsaveis pelo controle dos niveis extracelulares destas moléculas. Os
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nucleotideos de ATP (Adenosina Trifosfato), ADP (Adenosina Difosfato) e AMP
(Adenosina Monofosfato), e o nucleosideo adenosina presentes no meio extracelular
atualmente tém sido classificados como moléculas sinalizadoras, devido a seu papel
modulador de uma gama de processos bioldgicos. Os receptores em que as
moléculas se ligam estdo localizados na superficie celular, esses receptores sao
divididos em dois grupos os receptores P2X e os P2Y. A concentragao extracelular
dessas moléculas sera controlada por alguns fatores como a quantidade liberada,
mecanismo de recaptacdo, situacbes de lise celular e a presenca de algumas
enzimas como as ecto-nucleotidases (ILLES; RIBEIRO, 2004; YEGUTKIN, 2008;
SCHETINGER et al., 2007; BURNSTOCK, 2014).

O ATP na JNM atuard como neurotransmissor e neuromodulador, sendo
liberado juntamente com o neurotransmissor ACh, ambos oriundos das vesiculas
pré-sinapticas via estimulo elétrico, este nucleotideo ao ser liberado para o meio
extracelular se ligara aos receptores P2X, levando a um rapido aumento de célcio
extracelular associado com a contracdo muscular. O ATP ir4 controlar ou regular o
grau de excitabilidade da membrana pds-sinaptica, facilitando ou dificultando a
abertura dos canais catibnicos, essa funcdo dependera diretamente do tipo de
estimulo que as células estdo sendo expostas, e a quantidade de nucleotideos que
se encontrardo na JNM (CEA et al., 2012; FUENTEALBA et at., 2013; TRANS, 1981;
SANDONA et al., 2005; SILINSKY; HUBBARD, 1973; ABBACCHIO; BURNSTOCK,
1998; BURNSTOCK; VERKHRASTKY, 2010; TRAMS, 1981; BUVINIC et al., 2009;
TU et al., 2012). Subsequentes estimulos elétricos irdo acumular nucleotideos de
adenina no meio extracelular, os quais adentram a via sistémica, onde serao
hidrolisados pelas enzimas locais as ectonucleotidases, que compdem o sistema
purinérgico (CUNHA, 2000; BREEN et al., 2013; CARDOSO, 2003).

Algumas das enzimas que se destacam na composicdo do sistema
purinérgico sdo: as E-NTPDases (Ecto-Nucleosideo Trifosfato Difosfoidrolase), que
fazem a hidrélise dos nucleotideos de ATP em ADP e do ADP em AMP, a enzima
Ecto-5"-nucleotidase que hidrolisa o AMP em adenosina, e a enzima adenosina
desaminase (ADA) que hidrolisa Adenosina em inosina (figura 3). Temos ainda, a E-
NPPs (Ecto-Nucleotideo Pirofosfatase/Fosfodiesterase) catalise o ATP em AMP
(ZIMMERMANN et al., 2007; YEGUTKIN, 2008; CUNHA; RIBEIRO, 2000; ROBSON;
SEVIGNY; ZIMMARMENN, 2006).
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Figura 3 - Enzimas envolvidas na degradacao extracelular de nucleotideos e
nucleosideo de adenina.
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Fonte: Adaptado de Yegutkin (2008).

As NTPDases (E.C. 3.6.1.5, CD39) estédo presentes na membrana celular com
seus sitios cataliticos voltados para o meio extracelular (ROBSON et al., 2006). A
enzima Ecto-5"-nucleotidase (E.C. 3.1.3.5 CD73) é um glicoproteina ligada a
membrana celular por um glicosil fosfatidilinositol (GPI), com seu sitio catalitico
voltado para o0 meio extracelular, onde ir4 catalisar a hidrolise do AMP
(ZIMMERMANN, 2001; ZIMMERMANN et al., 2007; HUNSUCKER; MITCHELL;
SPYCHALA, 2005).

A Adenosina que € o produto de degradacao do ATP apresenta propriedades
vasodilatadoras, sendo um modulador do tbnus vascular e inibidor da agregacéo
plaquetaria. Este nucleotideo no meio extracelular podera ser removido por
transportadores bidirecionais ou ainda ser degradada a inosina pela enzima ADA
(ZIMMERMANN, 2001; FREDHOLM, 1997; CUNHA, 2001).

A Adenosina desaminase (ADA) (E.C. 3.5.4.4) tem como fungao regular os
niveis de adenosina € encontrada na superficie das células, apresentando funcao
importante nos sistemas imunoldgicos e processos inflamatérios (BOTA et al., 2001).

Um conjunto de contragbes musculares resultard& em um movimento do

organismo, esse movimento pode ser desde um simples levantar-se de uma
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poltrona, caminhar ou correr. O conjunto de contragdes pode ser observado ainda,
tanto em exercicios aerdbicos quanto em anaerébicos, agudos ou crénicos. O
organismo ao ser submetido aos movimentos repetitivos necessitard aumentar o
consumo de O, frente a este evento o organismo dependendo do tempo exposto a
estas repeticdes, produzira substéncias chamadas de Espécies Reativas de
Oxigénio (EROs), as quais sédo produzidas pelo mecanismo de respiracao celular
nas mitocéndrias (figura 4) (KLISZCZEWICZ et al., 2015; BLOOMER et al., 2007).

Estas substancias como ndo sao benéficas em altas concentracdes ao
organismo serao neutralizadas por antioxidantes. Algumas das EROs que serao
produzidas na respiracéo celular sdo superéxido (O,") sofrera dismutacéo catalisada
pela enzima antioxidante superdxido dismutase (SOD) em oxigénio (O3) e peroxido
de hidrogénio (H.0O,), este H,O, por sua vez sera catalisado pela acdo da enzima
antioxidante Catalase (CAT) até agua (H.O) (figura 4), como se pode observar o
sistema antioxidante trabalha em harmonia para evitar um desequilibrio entre seu
sistema de defesa. Quando a producdo EROs superarem a producdo de
antioxidantes este desequilibrio entre producdo e neutralizacdo € chamado de
Estresse Oxidativo (KLISZCZEWICZ et al., 2015; BLOOMER et al., 2007).
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Figura 4 — Producdo mitocondrial de EROs. A producdo do anion de superéxido
(027) nos complexos | e lll na matriz ou no espago intermembrana sofrera
dismutacédo catalisada pela enzima antioxidante superéxido dismutase (SOD) em
oxigénio (O,) e peroxido de hidrogénio (H.0,), este H,O, por sua vez sera
catalisado pela acdo da enzima antioxidante Catalase (CAT) até agua (H»0).
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Fonte: Adaptado de Atashi; Modarressi; Pepper, 2015.

Na producdo das EROs existem alguns ions importantes como: o ferro (Fe) e
o cobre (Cu), que serdo liberados durante exercicio intenso pela destruicdo de
eritrocitos e mioglobinas, em consequéncia a esta destruicdo ocorrerd liberacéo
destes para o meio extracelular. Caso o0 exercicio intenso seja prolongado
aumentara a concentragdo intracelular de ferro (GOLDFARB, 1999).

O Fe ao difundir para fora da célula podera interagir com o acido ascoérbico ou
composto tidlico dando inicio a peroxidacado lipidica. A peroxidacao lipidica nada
mais é do que um ataque de um oxidante forte a acidos graxos poli-insaturados,
para detectar a peroxidacéo lipidica pode-se utilizar ensaio de substancias reativas
ao acido tiobarbitarico (TBARS) (POLIDORI et al., 2000).

Para King; Claiton; Laitano (2015) a presenca das EROs na circulagéao
durante o exercicio fisico é exacerbado com o aumento da temperatura corporal e

equilibrio de fluidos corporais. Ja Kiliszczewicz et al., (2015) em estudo relacionaram
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o aumento do Estresse Oxidativo com alta intensidade aplicada no exercicio
aerdbico. Por outro lado, sabe-se que a atividade fisica moderada € um antioxidante,
o prolongamento por um periodo maior desta atividade é chamada treinamento
fisico, o qual € capaz de causar adaptacbes em resposta a uma maior producao
destas EROs. Estudos tém relacionado também a producdo aumentada de EROs a
um grande numero de doencas cronicas como: enfisema pulmonar, doencas
inflamatorias, aterosclerose, cancer e envelhecimento (MENEGUINI, 1987;
SOUTHORN; POWIS, 1988; ZANINI et al., 2014).

O sedentarismo também esta ligado a produgdo de EROs, pois 0 mesmo
consiste em uma diminuicdo ou falta de atividade fisica. E considerada a principal
causa no aumento da incidéncia de varias doencas crénicas a hipertensdo arterial,
diabetes, obesidade, ansiedade, depressdo, aumento do colesterol, infarto do
miocardio sao alguns dos exemplos das doencas as quais o individuo sedentéario se
expbe. Além de ser considerado o principal fator de risco para a morte subita,
estando na maioria das vezes associado direta ou indiretamente as causas ou ao
agravamento da grande maioria das doencas crbnicas (HALLGRENT et al., 2016;
WULLEMS et al., 2016).

Do ponto de vista da Medicina Moderna, o sedentario € o individuo que gasta
poucas calorias por semana com atividades ocupacionais. Para deixar de fazer parte
do grupo dos sedentarios o individuo precisa gastar no minimo 2.200 calorias por
semana em atividades fisicas. A vida sedentéaria provoca literalmente o desuso dos
sistemas funcionais. O aparelho locomotor e os demais 0Orgdos e sistemas
solicitados durante as diferentes formas de atividade fisica, gerando um processo de
regressdo funcional, caracterizado no caso dos muasculos esqueléticos, um
fenbmeno associado a atrofia das fibras musculares, a perda da flexibilidade
articular, assim como o comprometimento funcional de varios 6rgdos (HALLGRENT et
al., 2016; WULLEMS et al., 2016).

Frente a este contexto, tomando como base que a CR desencadeia a
contracdo muscular e leva ao aumento da forga muscular, sdo necessarias
pesquisas sobre os efeitos bioquimicos que a aplicagdo deste estimulo gera no
organismo, uma vez que estes efeitos ndo estdao bem esclarecidos. Tendo em vista
os efeitos benéficos que a CR proporciona, € de grande valia analisar quais as

alteracOes que este tipo de estimulo pode gerar nos eventos das vias purinérgicas,
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vias colinérgicas e em nivel de estresse oxidativo que estdo envolvidos na contracao

muscular dessas mulheres sedentarias.



1. OBJETIVO

2.1 Objetivo Geral
O objetivo desse trabalho € investigar os efeitos da aplicacdo da Corrente Kots
na atividade das enzimas dos sistemas colinérgico e purinérgico, assim como

parametros do estresse oxidativo em mulheres sedentérias.

2.2 Objetivos Especificos em mulheres sedentarias submetidas a

Corrente de Kots:

Analisar a atividade das enzimas AChE em sangue total.

Verificar a atividade das enzimas NTPDase, Ecto-5"-nucleotidase e ADA em

plaguetas.

Analisar a atividade das enzimas SOD e CAT em sangue total.

Determinar o nivel de peroxidacéo lipidica em soro.



3. MANUSCRITO

3.1 Manuscrito 1:

EFFECTS OF THE KOTS CURRENT ON OXIDATIVE STRESS, PURINERGIC AND
CHOLINERGIC ENZYMES IN SEDENTARY WOMEN
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ABSTRACT

The Russian Current (RC) or Kots Current (2500 Hz) is a form of electrical
stimulation that causes the shortening of a muscle or muscle group similar to
physiological contraction. The technique is used by physiotherapists in the area of
Dermato-Functional Physiotherapy, to activate little-toned muscles or muscle groups,
a result of inactivity. The aim of the study was to analyze whether the application of
RC alters acetylcholinesterase  (AChE), Ecto-nucleoside  triphosphate
diphosphohydrolase (E-NTPDase), Ecto-5'-nucleotidase, adenosine deaminase
(ADA), as well as superoxide dismutase (SOD) and catalase (CAT) activity and
TBARS levels. The group consisted of 15 sedentary female patients, submitted to 10
sessions of RC for 30 minutes each. Using a Dualpex 961, 4 self-adhesive
electrodes were placed on the rectus abdominis and intensity (mA) was increased
until the patient's threshold of tolerance. Nine mL of blood were collected in
vacutainer tubes with citrate anticoagulant, before and after the application, at
sessions S1, S5 and S10. The results show increased activity of AChE in S1, S5 and
S10 of acute RC application. NTPDase was increased in the hydrolysis from ATP to
ADP and from ADP to AMP in acute S1 and S5 applications. Ecto-5'-nucleotidase
increased in AMP hydrolysis to Adenosine in acute application S1. Showed no
difference in any of the applications, the activity of ADA, the activity of antioxidants
SOD and CAT and levels of TBARS. Thus, RC exerts a noticeable change in the
activity of enzymes that hydrolyze ACh and ATP when acutely applied. These results
suggest that RC generates muscle contraction and hence an improvement in local

blood supply.

Keywords: Russian Current (RC); Kots Current; Electrical Stimulation;

Purinergic System; Cholinergic System; Oxidative Stress.
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1. INTRODUCTION

The Russian Current (RC) or Kots Current is an electrical stimulus with a
medium frequency of 2500Hz, which promotes a muscle or muscle group to contract.
This technique is used by professionals in the field of Dermato-Functional
Physiotherapy, to activate little-toned muscle groups. This low tone is called muscle
flaccidity within the Dermato-Functional approach and is caused by sedentarism. RC
can also be used to activate atrophied muscles by immobilization of one or more
segments of the body due to trauma immobilization or postoperative situations [1, 2].

Muscle contraction triggered by electrical stimulation is similar to physiological
muscle contraction, where the electric stimulus is captured by the motor nerve
responsible for the selected muscle, which may be composed of type | or Il fibers.
The stimulus to be picked up by the efferent nerve of the muscle, generating an
action potential that depolarizes the membrane of cells participating in the muscle
shortening mechanism. The synaptic vesicles to be depolarized release ACh, a
precursor of muscle contraction, along with the release of Ca®* coming from the
Endoplasmic Reticulum, and other ions that are released into the extracellular means
by depolarization of the membranes of cells in the selected muscle [3, 4, 5].

As already well documented in studies by Correia-De-S4 and Ribeiro [6],
Correia-De-Sa and Timothy and Ribeiro [7], the release of adenine nucleotides is
closely related to ACh release at the neuromuscular junction. The ACh released into
the extracellular means, which lies within nerve endings, is part of the cholinergic
system in humans and can be found in non-neural tissues such as the immune
system and the blood. Ach is made up of muscarinic and nicotinic receptors. In the
circulating peripheral blood, ACh has a physiological function of immune modulation,
and in high concentrations in inflammatory processes, it exhibits an anti-inflammatory
function. ACh is inactivated by the specific enzyme acetylcholinesterase (AChE) and
the non-specific butyrylcholinesterase (BChE) [8, 9, 10, 11].

Another important neurotransmitter released with ACh is ATP and is degraded
by local enzymes [12, 13] or may pass through the capillary endothelium into the
vascular system, where large concentrations of enzymes, known as ecto-
nucleotidases, degrade ATP to adenosine, forming the Purinergic System. These

nucleotides and adenine nucleosides which are metabolized have different functions
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depending on their concentrations, which may be neuromodulatory, neurotransmitter
or vasodilatory [14, 7, 15, 12, 16].

Another mechanism present during excitation of a muscle or muscle group from
repetitive exercise is increased oxygen consumption. While the muscles make
greater use of O,, they start to produce some substances, which are not beneficial to
the body called reactive oxygen species (ROS). These substances are neutralized by
antioxidants that repair the damage that ROS can cause to the body. When ROS
production exceeds that of antioxidants during the various muscle contractions

performed in exercise, it is called Oxidative Stress [17, 18, 19].

Thus, in healthy tissues the effects of ROS are balanced by the action of
antioxidant enzymes, such as superoxide dismutase (SOD) and catalase (CAT).
These antioxidant defenses are important because they directly supply the formation
of free radicals such as superoxide, hydrogen peroxide, providing protection for
biological tissues. In tissues showing biological changes, the production of ROS is
exacerbated and antioxidants are not sufficient to neutralize them, so that ROS can
attack the lipid layer of the cells giving rise to the phenomenon we call lipid
peroxidation, which can be identified by thiobarbituric acid active substance (TBARS)
[18, 17, 19].

Sedentary lifestyle is also on the production of ROS, because it consists of a
decrease or lack of physical activity. It is considered the main cause of increased
incidence of several chronic hypertension, diabetes, obesity, anxiety, depression,
increased cholesterol, myocardial infarction are a few examples of diseases to which
the sedentary individual is exposed. In addition to being considered the main risk
factor for sudden death and is most often associated directly or indirectly to cause or
worsening of most chronic diseases. The locomotor system and other organs and
systems required for the different forms of physical activity, generating a functional
regression process characterized in the case of the skeletal muscles, one associated
with atrophy phenomenon of muscle fibers, loss of joint flexibility, as well as the

functional impairment of various organs [21, 22].
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As mentioned above, electrical stimulus triggers muscle contraction and
provides local beneficial changes such as improvement in the blood supply and may
bring about biochemical alterations, as has been observed in other studies. Based on
the assumption that eletrical stimulus brings local benefits, our study aims to analyze
whether the application of RC alters the activity of some enzymes on the systemic
level, that is, away from the site of application.

Our hypothesis is that the application of RC alters the Purinergic, Cholinergic
and Oxidative Stress enzyme activity, analyzed in whole blood, platelet and serum of

sedentary women.
2. Materials and methods
2.1 Chemicals

Nucleotides, HEPES and Trizma base were purchased from Sigma (St. Louis,
MO, USA). All other reagents used in the experiments were of analytical grade and of

the highest purity.
2.2 Patient selection

This study was approved by the Ethics Committee of the Federal University of
Santa Maria (UFSM) under protocol number 0123.0.243.000-10 and all participants
signed the Informed Consent (IC). This group consisted of 15 female volunteers aged
18 to 25 years, sedentary (not exercising three times a week for at least 6 months),
with body mass index (BMI) <25, with no history of gestation or chronic diseases and
that were using oral or injectable contraceptives. We chose sedentary women
because they do not present any other specific activity in addition to their daily
activities, which could interfere with the results.

Prior to application of the therapeutic procedure an assessment was carried out
with data for each patient consisting of personal data and previous history of

pathologies. These data are presented in Table 1.

The therapeutic procedure consists of applying RC by adapting surface
electrodes (self-adhesive) to the abdominal area, specifically the rectus abdominis. A
Dualpex 961, Quark brand, equipment was used for the application, properly

calibrated, with two (2) channels, two electrodes per muscle bundle, with stimulation
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ramped during 1 second for the ascent and the descent, in 5/2 mode. Intensity of the
RC is controlled according to the tolerance of patient. The ten applications lasted for
a period of 30 minutes each. 9 mL of blood were collected prior to and after
application. This protocol was performed on the first, fifth and tenth days of RC
application. Blood samples were collected in vacutainer tubes using citrate as

anticoagulant, serum and plasma.
2.3 Group characteristics

Blood collection occurred before and after RC application (Pre- and Post-
application) in the 1% (S1), 5" (S5) and 10" (S10) sessions. We emphasize that the
Pre- and Post- session results were analyzed statistically in order to emphasize the
acute action of the application procedure as well as a comparison of Pre-Pre results

in order to highlight the chronic action of the application procedure (Study design 01).
2.4 Sample preparation for acetylcholinesterase (AChE) activity

Whole blood AChE activity was determined by the method of Elmann et al. [22],
modified by Worek et al. [23]. In order to achieve temperature equilibration and
complete reaction of sample matrix sulfhydryl groups with DTNB, the mixture was
incubated for 10 min prior to addition of substrate. Enzyme activity was corrected for
spontaneous hydrolysis of the substrate and DTNB degradation. BChE was inhibited
by ethopropazine. AChE activity was measured at 436 nm and 37°C using
polystyrene cuvettes. The activity of whole blood AChE was calculated from the
guotient between AChE activity and protein content and the results are expressed as

pmol/ h/mg of protein.
2.5 Platelet rich plasma preparation (PRP)

The PRP was prepared according to Pilla et al. [25], with minor modifications.
Briefly, the blood was collected in 0.129 M citrated vaccutainer tubes and centrifuged
at 1000 rpm for 10 min. After this, the PRP was centrifuged at 3500 rpm for 30 min
and washed twice with 3.5 mM HEPES buffer, pH 7.0, which contained 142 mM
NaCl, 2.5 mM KCI and 5.5 mM glucose. The platelet pellets were ressuspended in
HEPES buffer and the protein was adjusted to 0.4-0.6 mg/mL for the determination

of ectonucleotidase activities. The integrity of the platelet preparation was confirmed
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by determining the lactate dehydrogenase (LDH) activity using the labtest kit
(Labtest, Lagoa Santa, MG, Brasil).

2.6 NTPDase and Ecto-5-nucleotidase activity determination in platelets

Ectonucleotidase activities were determined using a PRP preparation according
to Pilla et al. [25]. Briefly, to determine NTPDase activity, 20 mL of PRP preparation
were added to the system mixture, which contained 5 mM CacCl2, 100 mM NacCl, 5
mM KCI, 6 mM glucose and 50 mM Tris-HCI buffer, pH 7.4. The reaction was started
by the addition of 20 uL of ATP or ADP (1mM) as substrate. For AMP hydrolysis, 5’-
nucleotidase activity was determined as described above, except that 5 mM CacCl,
was replaced by 10 mM MgCI, and the nucleotide added was 2 mM AMP. Both
reactions were stopped by the addition of 200 pL of 10% trichloroacetic acid (TCA) to
provide a final concentration of 5%. After this, the inorganic phosphate released by
ATP, ADP and AMP hydrolysis was determined in triplicate by the method of Chan et
al. [20] using KH,PO, as standard. The same process was carried out in control
tubes to exclude non-enzymatic hydrolysis, by adding 20 pL of protein to the reaction
medium after TCA. Results were expressed as nmol inorganic phosphate

released/minute/milligram of protein (nmol Pi/min/mg protein).
2.7 Adenosine deaminase activity determination in platelets

ADA was determined according to Guisti & Galanti [26]. Briefly, 50 mL of serum
or platelets reacted with 21 mmol/L of adenosine, pH 6.5, and was incubated at 37°C
for 60 min. This method is based on the direct production of ammonia when ADA
acts in excess of adenosine. The protein content used for the platelet experiment
was adjusted to between 0.7-0.9 mg/mL. Results were expressed in units per liter
(U/L). One unit (1 U) of ADA is defined as the amount of enzyme required to release

1 mmol of ammonia per minute from adenosine at standard assay conditions.
2.8 Superoxide dismutase (SOD) and catalase (CAT) activities

Superoxide dismutase activity in whole blood was performed according to the
method of Misra; Fridovich [27]. In this method, SOD present in the sample competes
with the detection system for the radical superoxide. A unit of SOD is defined as the
amount of enzyme that inhibits by 50 % the speed of oxidation of adrenalin. The

oxidation of adrenalin leads to the formation of the colored product, adrenochrome,
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which is detected by spectrophotometer. SOD activity is determined by measuring
the speed of adrenochrome formation, observed at 480 nm, in a reaction medium
containing glycine—-NaOH (50 mM, pH 10) and adrenalin (1 mM). SOD activity was
expressed in U SOD/mg protein.

The determination of CAT activity was carried out in accordance with a modified
method of Nelson and Kiesow [28]. This assay involves the change in absorbance at
240 nm due to CAT-dependent decomposition of hydrogen peroxide. An aliquot (0.02
mL) of blood was homogenized in potassium phosphate buffer, pH 7.0. The
spectrophotometric determination was initiated by the addition of 0.07 mL in an
agueous solution of 0.3 mol/L hydrogen peroxide. The change in absorbance at 240
nm was measured for 2 min. CAT activity was calculated using the molar extinction

coefficient (0.0436 cm?umol) and the results were expressed as nmol/mg protein.
2.9 Determination of lipid peroxidation

Lipid peroxidation was estimated by measuring TBARS in serum samples
according to a modified method of Jentzsch [29]. Briefly, 200 pL of serum was added
to the reaction mixture containing 1 mL of 1 % ortho-phosphoric acid and 0.25 mL
alkaline solution of thiobarbituric acid-TBA (final volume 2.0 mL) followed by 45 min
heating at 95°C. The results were expressed as nanomole MDA per mL of serum
(nmol/mL).

2.10 Protein determination

Protein was determined by the Coomassie blue method according to Bradford

(1976) using bovine serum albumin as standard.
2.13 Statistical analysis

The results are presented as measures of position and variability in the data
distribution. For each statistical analysis, normality tests were applied to verify
whether the variables presented normal (Gaussian) distribution, taking into account
the dispersion of the data, lack of distribution symmetry, the rejection of the normality
assumption and / or the small size sample in some groups. We used the Shapiro-
Wilk normality test at a 5% significance level. When data was not normal, in the

analysis comparing the variables in the three evaluations, the Friedmann test was
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performed, which is a nonparametric test used to compare linked sample data, that
is, when the same subject is evaluated more than once. It should be used for a
related design when the same subject (or paired subjects) are distributed over three
or more experimental situations. When the variables followed a normal distribution,
comparisons between assessments were made using analysis of variance with
repeated measures over time. If significant differences were detected, the Bonferroni

multiple comparison test was applied to identify which assessments were different.

To detect differences between pre and post treatments for each of the variables,
we used a paired t test for normal distribution samples and the nonparametric
Wilcoxon test for those samples for which the normality hypothesis was rejected.
Significance was considered to be p<0.05. Analyses were performed using SPSS
15.0 software.

3 RESULTS
3.1 Characteristics of Patients
Table 1 presents the characteristics of patients.
3.2 AChE
Acute Application Analysis

Graphic 1 presents the comparison of pre and post treatment results in each of
the sessions (1, 5, 10) and the respective p values, taking into consideration the

variables related to acetylcholinesterase (AChE).

Post-treatment values for AChE 1, AChE 5, AChE 10 were significantly
increased when compared to pre-treatment. For the other variables there was no
significant difference, despite all the variables presenting a higher mean after

treatment in all evaluations (at a significance level of p<0.05).
Chronic Application Analysis

Graphic 2 shows a comparison of pre-application AChE values for S1, the S5
and S10, where no significant difference for AChE were found for the three pre-

treatment sessions.
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3.3 ATP, ADP, AMP and adenosine hydrolysis
Acute Application Analysis

NTPDase activity as well as 5'-nucleotidase and ADA activity are shown in
Graphics 3, 5, 7 and 9. An increased NTPDase activity for ATP and ADP hydrolysis
was observed in Sessions 1 and 5 (S1 and S5) by comparing the Pre- and Post-
application values (P<0.05). On the other hand, in Session 10 (S10) there was no

change in NTPDase activity for ATP or ADP hydrolysis.

An increase in the 5'-nucleotidase activity for the hydrolysis of AMP was
observed in Session 1 (S1) (p<0.05). On the other hand, in Sessions 5 and 10 (S5
and S10) there was no change in 5'-nucleotidase to the AMP hydrolysis. No

significant differences were found for ADA activity.
Chronic Application Analysis

NTPDase activity for both ATP and ADP hydrolysis in the pre-applications can
be seen in Graphics 4 and 6. There was an increase in NTPDase activity for ATP
and ADP hydrolysis from Pre-Session 1 to Pre-Session 5 (P <0.001). On the other
hand, when comparing Pre-session values of Sessions 1 and 10, there was no

significant difference in NTPDase activity for both ATP and ADP hydrolysis.

Ecto-5'-nucleotidase activity for AMP hydrolysis (Graphic 8) was increased from
Pre-session 1 to Pre-sesséo 5 (P <0.05), but there was no difference between Pre-

Sessions 1 and 10.

In the chronic application, there was no significant difference in the ADA activity
(Graphic 10).

3.4 SOD, CAT and TBARS
Acute Application Analysis

Table 2 shows the comparison of Pre- and Post-treatment in each of the
sessions (1, 5, 10), for superoxide dismutase - SOD, catalase - CAT and
thiobarbituric acid reactive substance —TBARS, where the only significant difference

observed was reduction in CAT 10 activity.
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Chronic Application Analysis

Table 3 shows the comparison of the Pre- treatment in each of the sessions (1,
5, 10), for superoxide dismutase - SOD, catalase - CAT and thiobarbituric acid —

TBARS, where the only significant difference observed was reduction in SOD activity.
4. DISCUSSION

Although RC is widely used as a form of treatment for increasing muscle tone in
the new area of Dermato-Functional, little is known about the physiological bases in
purinergic, cholinergic and Oxidative Stress events. Our results indicate that
subcutaneous stimulation causes changes in extracellular concentrations of ACh and

of purines.

In our study, there was an increase in AChE activity, which may indicate that
acute application of RC triggered greater release of ACh substrate in the
neuromuscular junction. Correia-de-Sa and Ribeiro [6] and Correia-De-Sa and
Ribeiro and Timoteo [7] reported that high frequency of motor nerve stimulation
increases the release of ACh derived from nerve endings by activation of nicotinic
receptors, due to repetition of stimulus. We suggest therefore that there was an
increase in ACh release found at the neuromuscular junction was due to increased

AChE activity in the acute application.

We observed increased in the activity of enzymes that comprise the system of
purines that hydrolyze ATP nucleotides in Pre- and Post values in the acute
applications S1 and S5, as well as in the comparison between Pre-Session values in
applications S1 and S5. In subsequent applications, there were no further changes in
activity of enzymes that comprise the system of purines, possibly due to physiological
adaptations in response to the stimulus. For Zimmermann and Whittaker [30], this
decrease in purinergic system activity is due to prolonged stimulation of the nerve
endings suffering an overload, thus leading to decreased release of ACh and ATP,

which corroborates with the findings in our study.

Other treatments involving mechanical manipulation of joints and muscles, such
as chiropractic and massage therapy, have also led to changes in the outflow of
cytosolic ATP, bringing about an increase in extracellular adenosine [3, 31].
Burnstock [32] considers ATP to be released in response to any mechanical,



43

electrical or heat stimulus. Once released, ATP acts as a transmitter, which binds
purinergic receptors. Bekar et al. [33] found deep brain stimulation to be associated
with manifold increased of extracellular ATP and adenosine, corroborating other
results using transcutaneous electrical nerve stimulation and electroacupuncture.

In our study, RC initially promoted an increase in 5'-nucleotidase activity,
increasing release of adenosine in the blood stream, consequently suggesting the
occurrence of vasodilation. These increases may indicate a response to acute
cutaneous stimulation and subsequent adaptation to stimulus as previously

described, where the muscle no longer responds to the stimulus.

Muscle contraction leads to release of ATP nucleotides, which is triggered by
both the motor nerve or by activation of the sympathetic nerve [35]. In our study,
transcutaneous stimulation was applied through motor nerve stimulation. However,
our results for ectonucleotidases in platelets are in line with those of Agne [34] and
Burnstock [35], where there was an increase in the release of ATP in the acute
application. However, in the chronic application, NTPDase activity for hydrolysis of
ATP only to compare the time Pre S1 to S5 Pre time, as we can see in Table 05.

ADP nucleotides are ATP degradation products that act on the purinergic
receptors on the luminal surface of endothelial capillaries and cells to initiate a
retrograde response that leads to dilation of arterioles due to the increased flow [36].
Furstenau et al., [37] reported a decrease in the levels of purines, suggesting a
compensatory mechanism of endothelial NTPDase-1, explaining the depletion in
levels of ADP and AMP, which is similar to our results for ecto-nucleotidases in

platelets, when comparing the Pre- and post-application values of S5 and S10.

Adenosine is inactivated in the extracellular means by the action of ADA. In our
study, there was no inactivation of adenosine in the form of inosine. Consequently,
adenosine maintained its properties of platelet inhibition, vascular tone modulation
and thromboregulation, all of which contribute to its role in reducing vascular
diseases [38, 39]. It is possible that ADA showed no increase in its activity, because
the patients in this study did not present any pre-disposition to diseases related to
thrombus formation.

Some studies also claim that exercise induces a continuous modulation of the

purinergic system, leading to changes in purinergic receptors, characterized by rapid
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desensitization and sustained exposure of the agonist response. In addition,
repeated transient episodes of chronic stimulation may be less efficient to induce
modulation of the purinergic system, due to the lack of continual induction. On the
other hand, exercise triggers joint movement but not the isolated muscle contraction

as is the case with stimulation [18, 17, 40, 41].

Contractile activity also involves increased generation of ROS in muscle,
depending on factors such as the nature of muscle contraction, duration of
contraction, increased body temperature, intensity and duration of exercise and
fatigue [42, 43, 44, 45, 46, 47, 48, 49, 50]. Takahaski et al., [51] and Cabrera,
Domenech and Vifia [50] affirm that moderate exercise increases the activity of
antioxidants in human serum, such as SOD and CAT, leading us to believe that this
way of exercise may be also considered to provide beneficial antioxidant effects.
Ashton et al., [53] demonstrated that when an individual is exposed to intense
exercise to the point of exhaustion, an increase of ROS in serum occurs.

In our study, SOD, CAT and TBARS did not increase at any time point. This
may be related to the lack of an increase in O, consumption, due to the stimulus
occurring without joint movement or an increase in temperature and with maintained
intensity. Maughan et al.,, [54] reported increased serum concentrations of
lipoperoxide observed 6 hours after 45 minutes of running with eccentric contraction.
Thus, the lack of an increase in these antioxidants may be due to the fact that once
the participants reached maximum intensity of the device, intensity remained
constant and that they were lying down to receive the stimulus for no more than 30

minutes during each application.
5. CONCLUSION

We observed that acute electrical stimulation applied in the form of RC exerted
a notable change in the activity of enzymes that hydrolyze ACh and ATP to
adenosine. These results suggest that RC generates muscle contraction and hence
an improvement in local blood supply. This is important for physiotherapists who work
in rehabilitation contexts where it is not possible to carry out joint movement. In
Dermato-Functional therapy, RC can be used to activate muscle fibers as a
complement to exercise, since RC alone does not have any action on oxidative

stress.
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Study design 1

10 sessdes - 30 min

A

1 2 3 4 5 6 7 8 9 10
-9mL Pré CR -9mL Précr -9mL PréCR
-9mL Pés CR -9mL Pés CR -9mL Pés CR

Table 1 - Patient Characteristics

CHARACTERISTICS PARTICIPANTS
NUMBER OF 15
PARTICIPANTS
WEIGHT KG (GROUP 60.32 (+ 1.624)
MEAN)
BMI (BODY MASS 22.21( 0.4715)
INDEX)
AGE 21.87 (« 0.6005)
HEIGHT cm 1.649 (£ 0.02182)
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Graphic 1: Effect of Acute RC application on AChE activity in blood of sedentary
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Graphic 2: Effect of Chronicle RC application on AChE activity in the blood in

sedentary women
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Graphic 3: Effect of Acute RC application on NTPDase activity for Hydrolyses of ATP

nmol Pi/min/mg of protein

200 A

150 -

100 -

50 -

in platelets of sedentary women

NTPDase ATP S1

T am

NTPDase ATP S5

NTPDase ATP S10

OPRE
@ POST



54

Graphic 4: Effect of Chronicle RC application on NTPDase activity for Hydrolyses of
ATP in platelets of sedentary women
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Graphic 5: Effect of Acute RC application on NTPDase activity for Hydrolyses of ADP
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Graphic 6: Effect of Chronicle RC application on NTPDase activity for Hydrolyses of
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Graphic 7: Effect of Acute RC application on Ecto-5"-nucleotidase activity for
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Graphic 8: Effect of Chronicle RC application on Ecto-5"-nucleotidase activity for
Hydrolyses of AMP in platelets of sedentary women
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Graphic 9: Effect of Acute RC application on Adenosine Deaminase (ADA) activity
for Hydrolyses of Adenosine in platelets of sedentary women
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Graphic 10: Effect of Chronicle RC application on Adenosine Deaminase (ADA)
activity for Hydrolyses of Adenosine in platelets of sedentary women
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Table 2: Effect of Acute RC application on SOD, CAT and TBARS activity in blood

and serum samples of sedentary women

SESSIONS
VARIABLES PRE POST p-valor
SOD 1 17.37(+7.60) 15.47(+3.51) 0.418
SOD 5 17.38(+4.80) 17.15(x3.79) 0.846
SOD 10 10.79(+4.08) 10.61(+4.07) 0.869
CAT 1 18.68 (+6.31) 15.37(x7.34) 0.161
CAT S 20.23(+5.69) 19.41(5.48) 0.779
CAT 10 20.62(+2,35) 18.17(x2,84) 0.001
TBARS 1 12.59(+4.08) 11.43(x4.02) 0.177
TBARSS 12.13(+3.56) 11.53(+4.67) 0.673
TBARS 10 12.92(+2.52) 12.72(+3.82) 0.762

Table 3: Effect of Chronic RC application on SOD, CAT and TBARS activity in blood

and serum samples of sedentary women

SESSIONS — PRE

VARIABLES S1 S5 S10 p-valor
SoD 18.16 (+7.36) 17.11 (+4.89) 10.94 (+4.20) 0.003
CAT 18.80 (+5.13) 19.49(5.95) 20.47(+3.16) 0.735
TBARS 12.86(+4.12) 12.44(+3.51) 12.92(+2.52) 0.635




4, CONCLUSOES

Pode-se concluir que a aplicacdo aguda da Corrente Russa aumenta a
atividade das principais enzimas que compdem o0s sistemas colinérgico e
purinérgico.

Com o aumento da atividade da AChE, ocorrera possivelmente pelo aumento
do substrato ACh na juncédo neuromuscular liberado a partir do estimulo elétrico.

O aumento na atividade das enzimas NTPDase para os substratos ATP e ADP
e da 5’-nucleotidase para o substrato AMP, somadas a diminuigdo da atividade da
enzima ADA, provavelmente ocasionou um aumento na concentragdo de adenosina
no meio extracelular. Estes resultados sugerem que a CR libera nucleotideos de
adenina contidos nas vesiculas sinapticas para o meio extracelular, os quais
posteriormente foram degradados pelas enzimas que se econtram neste meio.

Frente a estes resultados, sugere-se que a CR possa desencadear a contracao
muscular, além de aumentar a circulacao local. Estes resultados sdo positivos de
certa forma para fisioterapeutas que trabalham na reabilitacdo pds-trauma ou pos-
operatério, onde ndo se pode realizar o movimento articular de um segmento
corporal. E na area de Dermato-Funcional, pode ser usado como complemento do
exercicio fisico (treino), a fim de ajudar a ativar as fibras musculares.

Podemos salientar ainda que ndo observou-se acdo nenhuma da CR sobre o
estresse oxidativo, em nenhum momento das analises. Possivelmente, por que as
pacientes ndo foram submetidas as alteracdes necessarias para o aumento da
producdo de EROs, como: o aumento de temperatura corporal, aumento da
intensidade e ou periodo de estimulo superior a 30 minutos.

Finalizando mostra-se que a CR leva mudancas na atividade das enzimas das
vias colinérgica e purinérgica nas aplicacbes agudas. Entretanto, sugesse mais
estudos, uma vez que ndo se tem maiores detalhes sobre quais os sistemas que a

aplicacao da CR teria influéncia.
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ANEXO A - Carta de Aprovacéo pelo Comité de Etica em Pesquisa envolvendo
seres humanos - UFSM

HhISTEIIl} DA SAUDE UNIVERSIDADE FEDERAL DE SANTA ll.i.ll.i. i
Emm&u Macional t:-?tlﬂi em Pesquisa Euniﬁda &Imlm EE a
{COMNEP) REGISTRO CONEP: 243
CARTA DE APROVAGCAO

© Comité de Etica em Pesquiza — UFSM, reconhecido pela Comissio Macional de
ica em Pesguisa — (CONEP/MS) analisou o protocolo de pesquisa:

Titulo: Andlise do estresse oxidativo no apds a aplicagio da comente russa na redugiio da
fiacidez muscular

Numero do processo: 23081.009561/2010-05 )
CAAE (Certificado de Apresentagio para Apreciagiio Etica): 0123.0.243.000-10
Pesquisador Responsavel: Maria Rosa Chitolina Schetinger

Este projeto foi APROVADO em seus aspectos éticos e metodolégicos de acordo com
as Diretrizes estabelecidas na Resclugio 1968/96 e complementares do Conselho
Macional de Salide. Toda e qualquer alteragic deo Projeto, assim como os eventos
adversos graves, deverio ser comunicados imediatamente a este Comité.

O pesquizador deve apresentar ac CEP:

Janeiro/ 2011- Relatorio parcial

Janeiro’ 2012- Relatorio final

D= membros do CEP-UFSM nao participaram do processo de avaliagio dos projetos
onde constam como pesquisadores.

DATA DA REUNIAO DE APROVAGAO: 01/08/2010

Santa Maria, 01 de Setembro de 2010,
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