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RESUMO

Introducdo: A Fibromialgia é uma sindrome de dor cronica difusa, caracterizada por
alodinia e hiperalgesia, sendo o segundo maior problema reumatolégico com uma
prevaléncia de 2% a 8% da populacdo mundial, com uma prevaléncia de duas mulheres
para um homem. A fisiopatologia da sindrome ainda € pouco conhecida, mas sabe-se que
existem alteragdes no Sistema Nervoso Central (SNC), causando sensibilizacdo central e
aumento no input sensorial. O uso de baixas doses de naltrexona tem mostrado
significancia na melhora da Fibromialgia. Quando utilizada em baixas doses, a naltrexona
possui efeitos analgésicos e anti-inflamatérios. O exercicio, seja ele aerébico, de resisténcia
ou de flexibilidade, é considerado um tratamento ndo farmacolégico para a Fibromialgia.
Estudos demonstraram que houve uma melhora geral do paciente, além da dor e funcao
fisica. Objetivo: Foi avaliar os efeitos da combinacao de exercicio fisico com baixas doses
de naltrexona em um modelo animal de fibromialgia e desenvolver uma cartilha educativa
de exercicio fisico para mulheres com fibromialgia. Materiais e Métodos: Foram usados
40 ratos Wistar onde foi aplicado o modelo de reserpina. Depois realizamos o tratamento
com LDN e exercicio fisico. Na realizacdo da cartilha foi realizado um estudo descritivo,
que consistiu de um levantamento bibliografico e a confecgéo da cartilha propriamente dita.
Resultados: a reserpina induziu o mecanismo de hiperalgesia em ratos e a combinacgéo de
LDN e exercicio fisico promoveu um efeito analgésico. Foi produzida uma cartilha que visa
proporcionar um guia de exercicios fisicos que contribuird para a mudanca do estilo de vida

das mulheres com fibromialgia

Palavras-chave: Fibromialgia. Naltrexona. Exercicio Fisico.



ABSTRACT

Introduction: Fibromyalgia is a diffuse chronic pain syndrome characterized by allodynia
and hyperalgesia, being the second largest rheumatological problem with a prevalence of
2% to 8% of the world population, with a prevalence of two women to one man. The
pathophysiology of the syndrome is still poorly known, but it is known that there are
changes in the central nervous system (CNS), causing central sensitization and increased
sensory input. The use of low doses of naltrexone has shown significance in improving
fibromyalgia. When used at low doses, naltrexone has analgesic and anti-inflammatory
effects. Exercise, whether aerobic, endurance or flexibility, is considered a non-
pharmacological treatment for fibromyalgia. Studies have shown that there has been a
general improvement of the patient, in addition to pain and physical function. Objective:
To evaluate the effects of combining low-dose naltrexone and physical exercise on an
animal model of fibromyalgia and to develop an educational exercise booklet for women
with fibromyalgia. Materials and Methods: Forty Wistar rats were used where the
reserpine model was applied. Then we performed the treatment with LDN and physical
exercise. In the making of the booklet, a descriptive study was carried out, which consisted
of a bibliographic survey and the making of the booklet itself. Results: Reserpine induced
the mechanism of hyperalgesia in rats and the combination of LDN and physical exercise
promoted an analgesic effect. The booklet aims to provide an exercise guide that will

contribute to the lifestyle change of women with fibromyalgia.

Keywords: Fibromyalgia. Naltrexone. Physical Exercise.
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| - INTRODUCAO

A Associacdo Internacional para o Estudo da Dor (IASP - International Association
for the Study of Pain) define dor como uma experiéncia sensorial e emocional
desagradavel, associada com dano tecidual ou descrita em termos de tais danos®. A dor
crénica é definida como uma dor recorrente por mais de 12 semanas, persistindo por um
tempo maior que o esperado para a cura do tecido. A dor crénica € um dos principais
problemas de satide do mundo atual, variando entre individuos?. O dano tecidual gera dor

nociceptiva, devido a ativacdo de nociceptores, que podem ser somaticos ou viscerais.

Esses nociceptores sdo facilmente sensibilizados por mediadores inflamatorios e
outras substancias geradas por danos fisicos ou processos prejudiciais de doencas cronicas.
A partir do momento em que 0s nociceptores sdo sensibilizados, isso pode gerar
sensibilizacdo central, gerando dor inflamatéria persistente, sem necessidade de sintomas

inflamatorios® (vermelhido, edema, entre outros).

A Fibromialgia é uma sindrome de dor cronica difusa, caracterizada por alodinia e
hiperalgesia, sendo o segundo maior problema reumatol6gico com uma prevaléncia de 2%
a 8% da populacdo mundial, com uma prevaléncia de 2 mulheres para 1 homem. A
fisiopatologia da sindrome ainda é pouco conhecida, mas sabe-se que existem alteracGes no
Sistema Nervoso Central (SNC), causando sensibilizacdo central e aumento no input
sensorial*. O modelo fisiopatogénico mais aceito nos dias atuais consiste em um

desequilibrio entre nocicepgéo e controle fisioldgico da dor®.

Além de hiperalgesia e alodinia, os pacientes com fibromialgia apresentam cefaléia,
dismenorréia, disfuncBes na articulagdo temporo-mandibular (ATM), fatiga crénica,
sindrome do intestino irritdvel, alteracdes na qualidade do sono e qualidade de vida.
Problemas psicoldgicos, comportamentais e sociais podem agravar a fisiopatologia da
Fibromialgia. Pacientes que apresentam a sindrome tendem a possuir maiores problemas
psiquiatricos, como depresséo, ansiedade, transtorno obsessivo-compulsivo e estresse pos-

traumatico®.

Ainda assim, existem diversos transtornos que podem sobrepor a Fibromialgia, tais

como: transtornos inflamatérios e autoimunes (ex: artrite reumatoide), lGpus eritematoso
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sistémico, espondiloartrite, mialgias e disturbios musculares, endocrinopatias, transtornos

neurolégicos, sindrome da dor miofascial, dentre outras’.

Os diferenciais de dor que ocorrem entre os individuos com Fibromialgia poder ser
resultado de um desequilibrio ou de uma alteracdo na atividade de varios
neurotransmissores, explicando o fato de que alguns analgésicos centrais podem ajudar em
alguns sintomas da Fibromialgia (alteragfes sono, humor e fadiga sdo exemplos) ou néo,
dependendo do individuo®.

Os niveis de BDNF (fator neurotrofico derivado do cérebro) estdo associados as
medidas psicofisicas da dor em sujeitos higidos e em pacientes fibromialgicas?®. Os efeitos
do BDNF séo complexos, podendo aumentar ou diminuir sua excitabilidade, o que pode
estar relacionado a sua concentracdo, estado neuroplastico do sistema e niveis de

hormdnios gonadais®.

O tratamento da FM objetiva contra-regular o processo neuroplastico disfuncional,
através de técnicas multimodais. As intervencdes farmacoldgicas incluem analgésicos
simples, sedativos e relaxantes musculares promovendo o controle sintomatico, atingindo
algum nivel de sucesso terapéutico, embora com resultados heterdgenos e de magnitude
variavel'®l, Associadas a estas, tem sido propostas algumas intervencdes nio
farmacoldgicas, incluindo exercicio fisico, terapia cognitivo comportamental, técnicas de
relaxamento, estimulacdes periféricas como eletroacupuntura, e estimulagdo transcraniana

com campos magnéticos e com corrente continua®2.

Além disso, de acordo com a American Pain Society e a European League Against
Rheumatism, é recomendado tratamento farmacolégico para a Fibromialgia, envolvendo
quatro classes de farmacos: drogas antiepilépticas, antidepressivos triciclicos, inibidores
seletivos da recaptacdo da serotonina e inibidores da recaptacdo de serotonina-

norepinefrina®®,

A FDA (Food and Drug Administration), nos Estados Unidos, considerou
pregabalina, duloxetina e milnaciprano como possiveis farmacos para o tratamento da
Fibromialgia’*. Porém, o uso dos farmacos supracitados provocam significativos efeitos

adversos, os quais dificultam a adeséo ao tratamento.
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Nesse sentido, investiga-se 0 uso de um promissor farmaco: baixas doses de
naltrexona. Naltrexona € um medicamento da classe dos antagonistas opidides e foi
primeiramente sintetizada em 1963. O medicamento é utilizado para tratar vicios em
drogas, alcool, nicotina, estimulantes e opidides®. O uso de baixas doses de naltrexona tem

mostrado significancia na melhora da Fibromialgia®®.

A naltrexona possui um mecanismo semelhante a outro antagonista opioide, a
naloxona. Entretanto, a naltrexona possui um tempo de meia vida maior e maior
biodisponibilidade. O mecanismo do farmaco ¢ baseado no bloqueio receptores opiodides p,
aumentando receptores endogenos que ativam receptores opioides K, ao ativar os receptores
K, a naltrexona induz um efeito anti-inflamatorio. Em baixas doses, a naltrexona também
atua sobre receptores ndo opiodides, como o Toll Like Receptor 4 (TLR4), que séao

encontrados na microglia e constituem 70% do Sistema Nervoso Central®’.

Quando utilizada em baixas doses, a naltrexona possui efeitos analgésicos e anti-
inflamatorios. Contudo, a dose ultra baixa de naltrexona (<1 pg) aumenta os efeitos dos
agonistas opidides!®, Para utilizacdo em ratos, a naltrexona deve ser diluida em agua
destilada e sua aplicacdo ocorre por gavagem oral; a dose deve ser de 0,5 mg/Kg por dia,
durante 10 dias, conforme utilizado por Tawfik e colaboradores para o tratamento da

Doenca de Crohn®,

O exercicio aerébico mostrou-se eficaz para alivio da dor, melhora da fadiga,
melhora na qualidade de vida e aptiddo fisica. Além disso, estudos demonstraram que a
atividade fisica aerdbica promove uma diminuicdo nos sintomas depressivos, atraves da

liberagdo de neurotransmissores?°.

Estudos em modelos animais demonstraram que o0 exercicio promove
antinocicepcdo a longo termo e aumenta a concentracdo opiacea em plasma e fluido
cerebroespinhal. Além disso, 0 exercicio reduz dor inflamatéria, dor crdnica

musculoesquelética e dor neuropatica?:.

No entanto, em seres humanos, a compreensao fisiopatologica do efeito das terapias
é limitado. Tal fato se da pelo alto custo, pela dificuldade de adesdo a proposta de ensaio
clinico pelos pacientes, além de se limitar, por vezes, a avaliagdes ndo invasivas. Com isso,

modelos animais da sindrome permitem a avaliacdo de fatores que em humanos ndo é
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possivel. Devido as alteracGes descritas em circuitos serotoninergicos, dopaminérgicos e
catecolaminérgicos em pacientes fibromidlgicas, tem sido proposto um modelo desta
doenca em ratos, usando o fArmaco reserpina. A injecdo repetida de reserpina é capaz de
induzir deplecdo das aminas biogénicas em ratos, induzindo alodinia generalizada, achado

que € caracteristico da doenca??.

Na literatura atual, ¢ verificado que baixas doses de naltrexona proporcionam por
meio das ligagdes bem elucidadas entre os receptores p opioides e os neurdnios centrais da
dopamina no mesencéfalo, estado emocional positivo, além das evidencias do
aprimoramento especifico de recompensa por exercicio fisico. Entretanto, existe um gap na
literatura acerca dos beneficios fisioldgicos oriundos da combinagdo dessas baixas doses
com a pratica de exercicio fisico. Sendo assim, faz-se necessario ampliar o nimero de

pesquisas cientificas nessa area.

Referéncias

1 — Merskey, H.; & Bogduk, N. (1994). Classification of chronic pain: Descriptions of
chronic pain syndromes and definitions of pain terms (2nd ed.). Seatle: IASP Pain

Terminology.

2 — Bushnell, M.C.; Ceko, M.; Low, L. A. Cognitive and emotional control of pain and
its disruption in chronic pain. Nat Rev Neurosci. 2013 Jul;14(7):502-11.
doi:10.1038/nrn3516. Epub 2013 May 30. Review. PubMed PMID: 23719569; PubMed
Central PMCID: PMC4465351.

3 — Rajapakse, D.; Liossi, C.; Howard, R. F. Presentation and management of chronic
pain. Arch Dis Child. 2014 May;99(5):474-80. doi: 10.1136/archdischild-2013-304207.
Epub 2014 Feb 19. Review. PubMed PMID: 24554056.

4 — Clauw, D. J. Fibromyalgia. JAMA 2014;311:1547. doi:10.1001/jama.2014.3266.

5 — Yunus, M. B. Fibromyalgia and overlapping disorders: the unifying concept of
central sensitivity syndromes. Semin Arthritis Rheum. 2007 Jun;36(6):339-56. Epub 2007

Mar 13. Review.

16



6 — Wolfe, F.; Clauw, D.; Fitzcharles, M. A.; Goldenberg, D. L.; Hauser, W.; Katz, R. S.;
Mease, P.; Russell, A. S.; Russell, 1. J.; Winfield, J. B. Fibromyalgia criteria and severity
scales for clinical and epidemiological studies: a modification of the ACR Preliminary
Diagnostic Criteria for Fibromyalgia. J Rheumatol. 2011 Jun;38(6):1113-22.

7 — Chinn, S.; Caldwell, W.; Gritsenko, K. Fibromyalgia Pathogenesis and Treatment
Options Update. Curr Pain Headache Rep. 2016 Apr;20(4):25. doi: 10.1007/s11916-016-
0556-x. Review. PubMed PMID: 26922414,

8 — Burgmer, M.; Pogatzki-Zahn, E.; Gaubitz, M.; Wessoleck, E.; Heuft, G.; Pfleiderer, B.
Altered brain activity during pain processing in fibromyalgia.Neuroimage. 2009 Jan
15;44(2):502-8.

9 — Stefani, L.C.; Torres, I. L.; De Souza, I. C.; Rozisky, J. R.; Fregni, F.; Caumo, W.
BDNF as na effect modifier for gender effects on pain thresholds in healthy subjects.
Neurosci Lett. 2012 Apr 11;514(1):62-6. doi: 10.1016/j.neulet.2012.02.057. Epub 2012 Feb
25. PubMed PMID: 22395087.

10 — Crofford, L. J. Pharmaceutical treatment options for fibromyalgia. Curr
Rheumatol Rep. 2004;6(4):274-280.

11 — Goldenberg, D. L. Pharmacological treatment of fibromyalgia and other chronic
musculoskeletal pain. Best Pract Res Clin Rheumatol. 2007;21(3):499-511.
d0i:10.1016/j.berh.2007.02.012.

12 — Hassett, A. L.; Gevirtz, R. N. Nonpharmacologic treatment for fibromyalgia:
patient education, cognitive-behavioral therapy, relaxation techniques, and
complementary and alternative medicine. Rheum Dis Clin North Am. 2009;35(2):393-
407. doi:10.1016/j.rdc.2009.05.003.

13 — Wang, H. Y.; Frankfurt, M.; Burns, L. H. High-affinity naloxone binding to
filamina prevents mu opioid receptor-Gs coupling underlying opioid tolerance and
dependence. PLoS One. 2008 Feb 6;3(2):e1554. doi: 10.1371/journal.pone.0001554.
PubMed PMID: 18253501; PubMed Central PMCID: PMC2212716.

17



14 — Derry, S.; Cording, M.; Wiffen, P. J.; Law, S.; Phillips, T.; Moore, R. A. Pregabalin
for pain in fibromyalgia in adults. Cochrane Database Syst Rev 2016.
d0i:10.1002/14651858.CD011790. pub2.

15 — Halpern, R.; Shah, S. N.; Cappelleri, J. C.; Masters, E. T.; Clair, A. Evaluating
Guideline-recommended Pain Medication Use Among Patients with Newly Diagnosed
Fibromyalgia. Pain Pract. 2016 Nov;16(8):1027-1039. doi: 10.1111/papr.12364. Epub
2015 Oct 7. PubMed PMID: 26443495.

16 — Toljan, K.; Vrooman, B. 2018. Low-Dose Naltrexone (LDN)—Review of
Therapeutic Utilization. Med Sci. 6(4):82. doi:10.3390/medsci6040082.

17 — Dunn, A. L.; Trivedi, M. H.; Kampert, J. B.; Clark, C. G.; Chambliss, H. O. Exercise
treatment for depression: efficacy and dose response. Am J Prev Med. 2005
Jan;28(1):1-8. PubMed PMID: 15626549.

18 — Stagg, N. J.; Mata, H. P.; Ibrahim, M. M.; Henriksen, E. J.; Porreca, F.; Vanderah, T.
W.; Philip Malan, T. Jr. Regular exercise reverses sensory hypersensitivity in a rat
neuropathic pain model: role of endogenous opioids. Anesthesiology. 2011
Apr;114(4):940-8.

19 — Nagakura, Y.; Takahashi, M.; Noto, T.; Sekizawa, T. O e T.; Yoshimi, E.; Tamaki, K.;
Shimizu, Y. Different pathophysiology underlying animal models of fibromyalgia and
neuropathic pain: comparison of reserpine-induced myalgia and chronic constriction
injury rats. Behav Brain Res. 2012 Jan; 1;226(1):242-9.

20 — Kuphal, K. E.; Fibuch, E. E.; Taylor, B. K. Extended swimming exercise reduces
inflammatory and peripheral neuropathic pain in rodents. J Pain. 2007 Dec;8(12):989-
97.

21 — Shokraviyan, M.; Miladi-Gorji, H.; Vaezi, G. H. Voluntary and forced exercises
prevent the development of tolerance to analgesic effects of morphine in rats. Iran J
Basic Med Sci. 2014.

22 — Nagakura, Y.; Takahashi, M.; Noto, T.; Sekizawa, T. O e T.; Yoshimi, E.; Tamaki, K.;

Shimizu, Y. Different pathophysiology underlying animal models of fibromyalgia and

18


https://www.ncbi.nlm.nih.gov/pubmed/21945299
https://www.ncbi.nlm.nih.gov/pubmed/21945299
https://www.ncbi.nlm.nih.gov/pubmed/21945299
https://www.ncbi.nlm.nih.gov/pubmed/21945299

neuropathic pain: comparison of reserpine-induced myalgia and chronic constriction
injury rats. Behav Brain Res. 2012 Jan; 1;226(1):242-9.

19


https://www.ncbi.nlm.nih.gov/pubmed/21945299
https://www.ncbi.nlm.nih.gov/pubmed/21945299

11— OBJETIVOS

20



Il - OBJETIVOS

2.1

2.2

Objetivo Geral

Avaliar se uma Unica sessdo de atividade fisica até a fadiga promove efeitos
analgesicos em modelo de fibromialgia, e se esse efeito sera potencializado pela

modulacéo do sistema opidide com baixas doses de naltrexona.

Objetivos Especificos

Para tanto serdo avaliados 0s seguintes aspectos:

a) a resposta alodinica mecéanica por meio do teste de VVon Frey.
b) a ansiedade por meio do teste de Plus Maze.

c) niveis do Fator Neurotrofico Derivado do Cérebro (BDNF) em estruturas do

Sistema Nervoso Central.
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111 -HIPOTESE

A hipotese desse estudo é que uma Unica sessdo de atividade fisica até a fadiga
promoverd efeitos analgésicos em modelo de fibromialgia, sendo este efeito potencializado

pela modulacéo do sistema opidide com baixas doses de naltrexona.
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IV - DESFECHOS
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IV — DESFECHOS
e Desfecho primario: modulacdo do sistema opidide com baixas doses de naltrexona
e atividade fisica, avaliado pelo teste de Von Frey.

e Desfechos secundarios: efeito analgésico promovido pela combinacdo supracitada
em relacdo a ansiedade e o fator neurotréfico derivado do cérebro (BDNF).
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ARTIGO I: EVALUATION OF THE EFFECTS OF THE COMBINATION OF
LOW DOSES OF NALTREXONE (LDN) AND PHYSICAL EXERCISE IN AN
ANIMAL FIBROMYALGIA MODELMODEL

Periodico: Pain Medicine

Status: a ser submetido
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Abstract

Introduction: Fibromyalgia is characterized by widespread chronic pain, fatigue, non-
restful sleep and cognitive symptoms, affecting mainly women and achieving about 2% of

the world's population. Pharmacological and non-pharmacological interventions have been
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studies to promote analgesia in a wide variety of chronic pain disorders. Objective: our aim
was to evaluate if a single session of physical activity until fatigue promotes analgesic
effects in a fibromyalgia model, and if this effect is enhanced by low dose of naltrexone.
Material and Methods: 40 male Wistar rats were used, between 55 and 65 days-old (>
2500). The fibromyalgia model was developed using the reserpine model (1mg/kg, 3
consecutive days). The rats were divided into five groups: control (reserpine
vehicle+naltrexone vehicle); 2" group: fibromyalgia (reserpine+naltrexone+physical
exercise); 3" group: fibromyalgia (reserpine+naltrexone vehicle +physical exercise); 4™
group: fibromyalgia (reserpine+ naltrexone + no exercise), 5" group: fibromyalgia
(reserpine+naltrexone vehicle+no exercise). Interventions were: low dose of naltrexone
(LDN, 0.5 mg/kg by gavage) or vehicle, and treadmill exercise or sedentary. Mechanical
hyperalgesia was measured using Von-Frey test. Anxiety-like behavior was assessed using
Plus-Maze test. BDNF levels were measured by ELISA. Results: reserpine induced
mechanical hyperalgesia in rats, and LDN associated or not to exercise presented an
analgesic effect at short-term; however only LDN plus exercise was able to maintain this
effect 24h after. Anxiety-like behavior and BDNF levels were modulated by LDN and
exercise. Conclusion: LDN and exercise are promising tools to treat chronic pain as

fibromyalgia.

Keywords: Fibromyalgia, Naltrexone, Physical Exercise, Rats.
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INTRODUCTION

Fibromyalgia syndrome is characterized by generalized chronic pain, fatigue, non-
restorative sleep and cognitive symptoms’, affecting mainly women and affecting about 2%
of the world population. Several pathophysiological models have been proposed to
elucidate this syndrome, the most accepted being that there is an imbalance between
nociception and physiological control of pain®. According to this model, there is a global
decrease in pain-related inhibitory pathways, thus allowing low intensity or non-
nociceptive stimuli to be processed into pre-cortical and cortical structures involved in the
affective and cognitive process of pain, resulting in an increase in painful perception®.
Therefore, therapeutic strategies aim to modulate neuroplasticity process in pain
neuromatrix (multiple brain areas implicated in affective, cognitive and evaluative pain

responses).

The treatment of fibromyalgia is usually multidisciplinary, aiming at symptomatic
relief, which translates into modification of the maladaptive plasticity of the pain
neuromatrix. Pharmacological interventions include simple analgesics, sedatives, and
muscle relaxants for symptomatic control, as well as antidepressants and anticonvulsants,
attempting the so-called pain neuromatrix modification, which often yields unsatisfactory

resultst® 11,

In this context, studies have shown that low doses of naltrexone could reduce the
severity of symptoms in fibromyalgia, multiple sclerosis and complex regional pain
syndrome'?. Naltrexone is similar in structure and function to the opioide naloxone

antagonist, however it has a higher oral bioavailability and longer half-life.

The mechanism of action of naltrexone occurs by blocking opioid p receptors,
which leads to a compensatory increase in endogenous opioid production, which can
activate opioid receptors. Activation of «k opioid receptors has anti-inflammatory effect by

decreasing 1L-6 levels and neutrophil migration®?

Used at low doses, naltrexone exhibits paradoxical properties, such as analgesia and
anti-inflammatory effects, which have not been reported at higher dosages. At oral doses of
50-100 mg, it may reverse opioid dependence and treat alcoholism. However, the ultra-low

dose of naltrexone (<1 pg) increases the effects of opioid agonists!*. For use in rats,
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naltrexone should be diluted with distilled water and applied by oral gavage, the dose

should be 0.5 mg / kg / day for 10 days as used by to the treatment of Crohn's disease®®.

The animal model of the syndrome allows the evaluation of factors that in humans
is not possible. Due to the alterations described in serotonergic, dopaminergic and
catecholaminergic circuits in fioromyalgics patients, a model of this disease in rats using
the drug reserpine has been proposed. Repeated injection of reserpine is able to induce
depletion of biogenic amines in rats, inducing generalized allodynia, a finding that is

characteristic of the disease?®.

In this regard, clinical studies suggest that exercise decreases pain symptoms and
improve function in patients with chronic pain, including those with pain syndromes
believed to have a neuropathic component. More recent studies in experimental animals
have shown that exercise produces long-term antinociception in untreated animals and
increases opioid concentrations in plasma and cerebrospinal fluid. In addition, in animal
models, exercise decreases measures of inflammatory pain, chronic muscle pain, and

chronic neuropathic pain?®.

According to all exposed before, our aim was to evaluate if a single session of
physical activity until fatigue promotes analgesic effects in a fibromyalgia model, and if
this effect is enhanced by low dose of naltrexone. In addition, to quantify the effects of both

interventions upon central and peripheral BDNF levels.

MATERIAL AND METHODS
Animals

Forty male Wistar rats (55-65 days old and weighing 280 + 20g) were randomized
by weight and housed in polypropylene cages (49 x 34 x 16 cm), with sawdust-covered
floors in a number of four rats per cage. Rats were maintained on a standard 12:12 light—
dark cycle (lights on at 07:00h and lights off at 19:00h), at room temperature (22 + 2°C),
with water and chow (Nuvital, Porto Alegre, Brazil) ad libitum. All experiments and
procedures were approved by the Institutional Committee for Animal Care and Use (GPPG-
HCPA protocol N° 2018-0515) and met to the Guide for the Care and Use of Laboratory

31



Animals 8th ed. 2011 and law 11.794 (Brazil). The experimental protocol complied with
the ethical and methodological standards of the ARRIVE guidelines®’.

Drugs

Reserpine (Sigma Aldrich - Ref.: 0875) was dissolved in glacial acetic acid, and
diluted in distilled water to a final concentration of 0.5%. Reserpine was administered in
the midscapular region at a dose of 1 mg/kg in a volume of 1 mL/kg*®. The Naltrexone was
diluted in 0.9% saline (final concentration 0.17 mg/mL) and administered by gavage at a
daily dose of 0.5 mg/kg (3 mL/mL administration volume) by trained professional. The

dose of naltrexone was based on a previous study (Tawfiket al. 2016).

Experimental Design

The rats were weighed and randomized into five groups: control acetic acid+saline
(C): fibromyalgia+naltrexone+physical exercise (FNP); fibromyalgia+saline+physical
exercise (FSP); fibromyalgia+naltrexone+no exercise (FNS), fibromyalgia+saline+no
exercise (FSS). For the fiboromyalgia-like model, the rats received a single shot of reserpine
(Img/kg/day) during 3 consecutive days (Nagakura et al, 2012). In order to confirm the
fibromyalgia-like model, the behavioral tests (von Frey and Plus Maze tests) were taken
five days after the last administration (8th day). Then, the treatment with naltrexone was
given from sixty day after the last reserpine administration and lasted 10 consecutive days
(from 9th until 18th day)®®. In the last day of treatment, the naltrexone treatment was
followed by a single bout of treadmill exercise. After that, the von Frey test was performed
immediately after the single exercise bout and twenty-four hours after the treatment. The
Plus Maze test was performed 24-h after the end of treatment in the morning. The animals

were Killed by decapitation 24 hours after the last behavioral tests.

Physical Exercise: Acute aerobic exercise was performed by using a treadmill. The
rats run at a progressive speed of 20 m/min and 0% of slope for an average time of 45.03 +
2 min. Fatigue was defined as a point at which animals were unable to keep on running on

the treadmill®.
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In order to habituate the rats with the exercise, they run on the treadmill at speeds of
5m/min (1st day), 10m/min (2nd day) and 15m/min (3rd day) for 5 minutes before the
experiments. If rats with fibromyalgia do not perform the exercise properly, in other words,
do not run at any time, this animal was excluded from the test. No exercise: Animals

considered sedentary will not be submitted to physical exercise.

Von Frey test

To assess mechanical hyperalgesia, we used an automatic von Frey anesthesiometer
(Insight, Sao Paulo, Brazil). On the day of the test, the rats were put on polypropylene
cages with wire grid flooring and a tip was gradually applied underneath the hindpaw. The
force required for the animal withdraw the hindpaw was registered. The rats were
habituated to the apparatus twenty four hours before the test to avoid the novelty-induced
analgesia. Measurements were taken in triplicate and the results are expressed in grams (g)
per paw withdrawal. All tests were performed by the same investigator, which was blinded

for treatment group.

Elevated Plus Maze test

Anxiety-like behavior of the rats was assessed by the elevated plus-maze test
(EPM). This apparatus is over 75¢cm on the floor and consists of two open arms (10 x 10)
and two closed arms (50 x 40 x 10). At the beginning of the test the rats were put on the
apparatus facing one of open arms. We evaluated the number of entries in open arms
(EOA), and in closed arms (ECA); number of rearings, time of grooming, time spent in
open arms (TOA) and in the closed arms (TCA), numbers of protected head dippings
(PHD) and non-protected head dipping (NPHD) and fecal bolus.This test is based on the
fact that more anxious animals stay longer in the closed arms, where they feel more

protected.
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Biochemical assays

Central BDNF levels were quantified in brainstem, spinal cord and serum of rats.
Measurements were assessed by ELISA using commercial kits. Dosing was accomplished
on HCPA Molecular and Protein Analysis (UAMP).

Statistical Analysis

A generalized estimating equation (GEE) followed by Bonferroni test was
performed to analyze nociceptive behavior and body weight of rats. One-way analysis of
variance (ANOVA) followed by SNK (Student Newman Keuls) was performed to compare
the BDNF levels between groups. The data were expressed as the mean + standard error of
the mean (S.E.M.) and considered significant at P<0.05. SPSS Statistics version 20,

Armonk, NY, USA for Windows was used for the statistical analyses.

RESULTS
Body weight

It is possible to observe that in the baseline time point, there was no difference in
body weight of rats between groups (Wald Chi-Square, P>0.05, Figure 2), but I highlight
that all experimental groups receive supplementation through the application of whey and
consumption of sunflower seeds, in order to avoid animal loss throughout the study.
However, after the induction model of fibromyalgia, we observed reduction of the body
weight of rats in all time points assessed, for example, after reserpine, after last dose of
LDN and exercise, and 24h after the exercise (Wald Chi-Square, P<0.05, Figure 2).

Mechanical hyperalgesia

In the baseline, there was no difference in the mechanical hyperalgesia between
groups (Wald Chi-Square, P>0.05, Figure 3). After the induction model using reserpine, it

is possible to observe that there was a decrease in mechanical threshold in all groups
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subjected to reserpine model in comparison to control group (reserpine vehicle plus
naltrexone vehicle) (Wald Chi-Square, P<0.05, Figure 3). After last dose of LDN and
exercise, both groups that received LDN associated or not with exercise showed a
significant increase in the mechanical threshold in comparison to other reserpine groups
(LDN Vehicle + no exercise and LDN vehicle + exercise) (Wald Chi-Square, P<0.05,
Figure 3). Interestingly to note that 24h after the last dose of LDN and exercise, only the
association between LDN and exercise administered in the fibromyalgia model rats showed
an increase in the mechanical threshold in comparison to other reserpine model, with

similar levels of the control group (Wald Chi-Square, P<0.05, Figure 3).

Anxiety-like behavior

Anxiety-like behavior was assessed by Plus Maze test. We found no difference in

the number of fecal boluses between groups (Wald Chi-Square, P>0.05, Table 1).

In addition to the number of entries in closed arms (ECA), there was an interaction
between time and group (Wald Chi-Square, P<0.05, Table 1); the control group displayed
an increase in the ECA at 24h after exercise and LDN in comparison to 5 days after model
induction (Wald Chi-Square, P<0.05, Table 1). And, there was a reduction in the ECA in
the vehicle + exercise at 24h after exercise and LDN time point (Wald Chi-Square, P<0.05,
Table 1).

Time effect was found in the time of grooming, there was an increase in the time of
this behavior at 24h after exercise and LDN in comparison to 5 days after model induction
(Wald Chi-Square, P<0.05, Table 1).

We found an interaction between time and group in the number of rearing (Wald
Chi-Square, P<0.05, Table 1); there was a decrease in the number of rearing in both groups
subjected to LDN associated or not with exercise (LDN plus exercise and LDN plus no
exercise, (Wald Chi-Square, P<0.03 and P<0.001, respectively, Table 1).

Regarding the time spent in the open arms (TOA), we found an interaction between

time and group in the TOA (Wald Chi-Square, P<0.05, Table 1); there was an increase in
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the TOA in the control group at 24h after exercise and LDN in comparison to 5 days after
model induction (Wald Chi-Square, P<0.05, Table 1). In addition, there was a decrease in
the TOA in the LDN plus no exercise group at 24h after exercise and LDN in comparison
to 5 days after model induction (Wald Chi-Square, P<0.05, Table 1).

Furthermore, we found an interaction between time and group in the time spent in
the closed arms (TCA) (Wald Chi-Square, P<0.05, Table 1); there was a reduction in the
TCA in the control group at 24h after exercise and LDN in comparison to 5 days after
model induction (Wald Chi-Square, P<0.02, Table 1). In addition, there was an increase in
the TCA in the LDN plus no exercise group at 24h after exercise and LDN in comparison
to 5 days after model induction (Wald Chi-Square, P<0.05, Table 1).

Time effect was found in the number of protected head dipping (PHD), there was a
reduction of this number at 24h after exercise and LDN in comparison to 5 days after model
induction (Wald Chi-Square, P<0.05, Table 1). And, no difference in the number of non-
protected head dipping (NPHD) was found between groups (Wald Chi-Square, P>0.05,
Table 1).

BDNF Levels

Regarding BDNF brainstem levels, we observed that the vehicle plus exercise group
presented higher levels in comparison to vehicle no exercise group (one-way
ANOVA/SNK, P<0.05, F@,25=2.938). Regarding BDNF spinal cord levels, there was no
difference between groups (one-way ANOVA, P>0.05, Fu22=2.938). Regarding BDNF
serum levels, we observed an increase levels in the low-dose of naltrexone no exercise
group in comparison to control, vehicle no exercise, vehicle plus exercise and low-dose of

naltrexone plus exercise groups (one-way ANOVA/SNK, P<0.05, F,26=5.129).
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DISCUSSION

In this study, our findings corroborates previous study (Burgmer M, 2009) using
reserpine to induce fibromyalgia model in rats, this was indexed to reduction of mechanical
threshold of rats that were subjected to this model (Figure 3). In addition, it is possible to
identify that this model induced a decrease in the body weight of rats (Figure 2). It is
important to highlight that repeated doses of LDN associated or not to exercise presented an
analgesic effect at short-term; however, only the association between LDN and exercise
presented an analgesic effect at 24h after last LDN and exercise session. Furthermore, LDN
decreased the number of rearing, and an interesting time effect was observed in the control
group. Also, exercise increased BDNF brainstem levels and low-dose of naltrexone in the
sedentary group increased BDNF serum levels.

Our results corroborate previous study (Tawfik et al., 2016) where LDN were used
as analgesic treatment. The use of low doses of naltrexone ranging from 1.5 mg to 3 mg
was first used in the 1990s in patients with acquired immunodeficiency syndrome, where an
immunomodulatory effect was observed (Patten et al. 2018; Toljan and Vrooman 2018).
The mechanism of action of low doses of naltrexone is related to glial modulation with
neuroprotective effect, inducing inhibition microglia activation, which would produce
inflammatory agents, activating pro-inflammatory cascade. This effect was observed only
at doses ranging from 1mg to 5mg.

However, in the current study the association between LDN and exercise showed
medium-term analgesic effect. Previous study has highlighted that voluntary and forced
exercises might be useful for treating the development of tolerance to morphine in rats
(Shokraviyanet al., 2014). The benefits of exercise might be linked with modulation of

opioid endogenous involved with changes in nociceptive threshold (Stagg et al. 2011).

It should be also stressed that exercise provides non-opioid and opioid-dependent
effects. For instance, Koltyn et al (2014) found that analgesic effects were attributed to
endocannabinoids released by exercise, while, Mazzardo-Martins et al. (2010) have
demonstrated that the analgesic effects of treadmill exercise were abolished in rats
subjected to a chronic pain model and treated with naltrexone. These effects might be

related to a modulation of descending analgesic pathways. In chronic pain conditions it is
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well known that there is an imbalance between inhibitory and excitatory pathways
(Aronoff, 2016). For example, the upregulation of neurotransmitters and receptors to
glutamate, substance P, and others algogenic substances, associated to an impairment of
inhibitory tonus, provide a mechanism called wind-up and consequently a central
sensitization process, characterized by excessive nociceptive inputs and chronification of
pain. While the underlying mechanisms of fibromyalgia is not to be fully understood, it
seems to be an impairment in the conditioned-pain modulation, implying that the

endogenous pain modulation is impaired (Cardinal et al., 2019).

In this fibromyalgia-like model, the reserpine act by decreasing the amount of
important neurotransmitters levels like dopamine, noradrenaline and serotonin, involved in
the modulation of descending pathways. On the other hand, it is well known that physical
exercise has neuromodulatory effects upon a wide range of these substances. Previous
studies have also shown that treadmill exercise improved the cognitive impairments and the
outcomes related to reserpine administration in a model of reserpine-induced parkinson
model (Dao et al., 2013; Aguiar et al., 2009). Therefore, it is important to emphasize that
strategies involving physical exercise must be included in programs that target the

prevention and pain relief, beyond others conditions related chronic diseases.

It is interesting to note that central and peripheral BDNF levels were modulated by
LDN or exercise; while BDNF brainstem levels were increased after exercise, LDN
increased BDNF serum levels which were reversed by exercise. In previous clinical study,
it is possible to verify that patients with fibromyalgia presented increased BDNF serum
levels showing a condition of central sensitization that was able to reflect in a peripheral
way (Zanette et al., 2014). In the current fibromyalgia model, we were not able to show this
result, which can consider a limitation, related to some animal models. Studies from
literature highlight a diverse effect of exercise upon BDNF levels; for example, plasma
BDNF levels increased in an intensity-dependent manner with sprint interval training
eliciting the highest BDNF concentration immediately post-exercise (Reycraft et al., 2019);
and significant increase BDNF levels after exercise without differences relative to exercise
intensity (Etnier et al., 2016); while blood levels of BDNF were not affected by a six-month
individualized, progressive, multicomponent physical exercise intervention (Arrieta et al.,
2020). On the other hand, there is a lack of data in the literature about the effects of
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naltrexone upon neurotrophins. In this way, a recent study showed that naltrexone and
sucrose can reverse increased pain sensitivity induced by acute repetitive neonatal pain
probably by normalizing BDNF expression and increasing 3-endorphin levels (Nuseir et al.,
2017). Thus, the need of new studies to understand the effects of naltrexone merely

attention, mainly it is used in different chronic conditions.

In addition, anxiety-like behavior was altered by LDN and exercise, and there was
an interesting time effect in the control group. It is interesting to note that LDN triggered an
anxiogenic-like behavior, once decrease the time spent in the open arms and increase the
time spent in the closed arms. Considering that naltrexone is a p-opioid receptor antagonist
that blocks opioid effect, it has been tested to treat opioid dependence, however recent
evidence described that naltrexone did not increase craving, depression, anxiety or
anhedonia (Krupitsky et al., 2016). On the other hand, naltrexone moderates the predictive
relationship  between cue-induced craving and positive subjective effects of
methamphetamine (Roche et al., 2017). All results together suggest that naltrexone has role
in the anxiety behavior in humans and rats, despite more robust evidences are necessary to

confirm the real effect of naltrexone.

CONCLUSION

In summary, our findings highlight that repeated LDN might be useful to relief pain
in chronic conditions as fibromyalgia; moreover, the association between LDN and
physical exercise until exhaustion promotes benefits that last until 24h after the session. In
addition, anxiety-like behavior is sensitive to pharmacological and non-pharmacological
interventions. Also, BNDF levels can be a potential biomarker linked to effects of LDN or
exercise, since it is involved with central sensitization in chronic pain disorders.
Furthermore, new studies are encouraged to be developed to increase understanding about

fibromyalgia-like condition, benefits of LDN and exercise.
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Figures and Tables

Figure 1
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Figure 1: Experimental design. LEGEND

VFT: Von Frey Test. RP: Reserpine. LDN: Low Dose Naltrexone. PA: Physical Activity.
FST: Forced Swim Test. PMT: Plus Maze Test.

+ Death of animals for biological material collection.
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Figure 2
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Figure 2: Effect of treatment on the electronic VVon Frey test. * Different from other groups
(P <0.05). GEEE = Isolated group and time effect; group interaction * time.
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Figure 3
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Figure 3: Data analysis from Forced Swim test. Wald Chi Square 12.073. Interaction between time x

group P<0.02. * different from LDN+exercise. ** different from reserpine vehicle, LDN+exercise and

LDN+no exercise.
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Figure 4
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Figure 4: BDNF levels 24h after Treatments with LDN and one session physical exercise. Data
expressed as mean = SEM. (A) Brainstem of brain-derived neurotrophic factor (BDNF). (B) Spinal
Cord of brain-derived neurotrophic factor (BDNF). (C) Serum of brain-derived neurotrophic factor
(BDNF).

Table 1: Data analysis from Plus Maze test.

5 days After 24h After Exercise P Value

Model Induction + LDN

Fecal Boluses (n)

Reserpine Vehicle 0.00 + 0.00 0.00 +0.00 >0.05
LDN + Exercise 0.00 + 0.00 0.50 + 0.46 >0.05
Vehicle + Exercise 0.00 + 0.00 0.37+0.35 >0.05
LDN + No Exercise 0.00 + 0.00 0.00 +0.00 >0.05
Vehicle + No Exercise 0.12+0.11 0.00 +0.00 >0.05
P Value >0.05 >0.05

Entries in the open arms (n)

Reserpine Vehicle 0.50 +0.18 1.50 + 0.43 >0.05
LDN + Exercise 0.12+0.12 0.75 + 0.37 >0.05
Vehicle + Exercise 1.00 + 0.43* 0.50 +0.19 >0.05
LDN + No Exercise 1.00 + 0.53* 0.12 +0.12* <0.05
Vehicle + No Exercise 0.50 +0.19 0.37 +0.26 >0.05



P Value <0.05

Entries in the closed arms (n)

<0.05

Reserpine Vehicle 5.12+0.78
LDN + Exercise 6.25+1.19
Vehicle + Exercise 475+ 1.11
LDN + No Exercise 6.00 + 1.26
Vehicle + No Exercise 4,00 +1.06
P Value >0.05

Grooming (s)

8.37+1.14

5.75+1.19

3.50 + 1.07*

5.50 +1.50

5.50+0.79

<0.05

<0.05

>0.05

<0.05

>0.05

>0.05

10.37 + 3.69

12.62 + 4.13

10.12 + 2.15

24.75 +6.90

9.87 +2.68

>0.05

<0.052

<0.052

<0.052

<0.052

<0.052

Reserpine Vehicle 5.00 +2.00
LDN + Exercise 6.50 +1.75
Vehicle + Exercise 7.87 +3.15
LDN + No Exercise 10.86 + 2.82
Vehicle + No Exercise 8.50 +2.10
P Value >0.05
Rearing (n)

Reserpine Vehicle 17.87 +2.31
LDN + Exercise 15.87 + 2.35

16.12 + 2.20

11.87 + 1.96

>0.05

<0.03
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Vehicle + Exercise 14.00 + 2.26 9.87 +2.33 >0.05

LDN + No Exercise 19.00 + 2.81 11.00 + 1.94 <0.001
Vehicle + No Exercise 13.37 +3.14 16.87 + 1.87 >0.05
P Value >0.05 >0.05

Time spent in the open arms

©)

Reserpine Vehicle 10.37 +4.79 27.62 +9.21 <0.05
LDN + Exercise 11.00 +5.10 12.87 + 6.69 >0.05
Vehicle + Exercise 23.12+9.34 12.50 +5.16 >0.05
LDN + No Exercise 10.87 +5.41 250 +234 <0.05
Vehicle + No Exercise 9.25 +3.40 475 +291 >0.05
P Value >0.05 >0.05

Time spent in the closed arms

©)

Reserpine Vehicle 289.62 + 4.79 272.37+9.21 <0.02
LDN + Exercise 289.00 +5.10 287.12 + 6.69 >0.05
Vehicle + Exercise 268.50 +14.45 287.50 + 5.16 >0.05
LDN + No Exercise 289.25 +5.34 297.50 + 2.34 <0.05
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Vehicle + No Exercise

P Value

Protected head dipping (n)

290.75 + 3.40

>0.05

295.25+2.91

>0.05

>0.05

Reserpine Vehicle

LDN + Exercise

Vehicle + Exercise

LDN + No Exercise

Vehicle + No Exercise

P Value

Non-protected head dipping

Q)

Reserpine Vehicle

LDN + Exercise

Vehicle + Exercise

LDN + No Exercise

Vehicle + No Exercise

P Value

7.50 +1.45

8.00 + 1.53

5.37 +1.37

8.00 + 1.46

6.00 +2.42

>0.05

1.62 + 0.66

1.50+0.71

4.62 +2.22

4.50 + 3.09

2.25+1.18

>0.05

7.25+1.97

4374212

3.00 +0.47

3.50 +1.47

5.87+1.28

>0.05

3.00 +1.04

2.00 + 1.07

2.00+0.95

0.50 +0.47

0.50+0.31

>0.05

<0.052

<0.05?

<0.052

<0.052

<0.052

>0.05

>0.05

>0.05

>0.05

>0.05

Data expressed as mean + standard error. * different from control group. a time effect.
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RESUMO

Introducdo: a fibromialgia é reconhecida como uma condicao heterogénea; acreditasse que
esteja relacionada a distarbios fisioldgicos e bioquimicos da modulacdo da dor, fisiologia
do sono, estado psicolégico e fluxo sanguineo cerebral. Além disso, pessoas com
fibromialgia sdo frequentemente intolerantes a atividade fisica e tendem a ter um estilo de
vida sedentario, o que aumenta o risco de morbidade adicional. Nesse sentido, estudos
clinicos sugerem que o exercicio diminui os sintomas de dor e melhora a funcdo em
pacientes com dor cronica. Objetivo: elaborar uma cartilha educativa de exercicios fisicos
para as mulheres com fibromialgia. Materiais e Métodos: estudo descritivo, desenvolvido
em duas etapas: levantamento bibliogréafico e a confeccdo de uma cartilha de exercicios

fisicos voltados para mulheres com fibromialgia. Resultado: o uso do material educativo
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elaborado visa proporcionar um guia de exercicios fisicos que poderdo ser executados por
todas as mulheres com fibromialgia, além de contribuir para uma mudanca no estilo de vida
sedentario. Concluséo: a cartilha educativa foi elaborada como instrumento capaz de
oferecer uma orientacdo na pratica de alguns exercicios fisicos que visa trazer beneficios
para 0 corpo e mente de seus usuarios, que culminara na sua maior independéncia em

relacdo as tarefas do cotidiano.

Palavras-chave: Fibromialgia. Exercicio Fisico. Materiais Educativos.

ABSTRACT

Introduction: Fibromyalgia is recognized as a heterogeneous condition; it is believed to be
relating to physiological and biochemical disorders of pain modulation, sleep physiology,
psychological state, and cerebral blood flow. In addition, people with fiboromyalgia are
often intolerant to physical activity and tend to have a sedentary lifestyle, which increases
the risk of additional morbidity. In this sense, clinical studies suggest that exercise
decreases pain symptoms and improve function in patients with chronic pain. Objective:
To develop an educational exercise booklet for women with fibromyalgia. Materials and
Methods: A descriptive study, developed in two steps: bibliographic survey and the
preparation of a physical exercise booklet aimed at women with fiboromyalgia. Result: The
use of the elaborated educational material aims to provide a guide of physical exercises that
can be performed by all women with fibromyalgia, besides contributing to a change in
sedentary lifestyle. Conclusion: the educational booklet was designed as an instrument able
to offer guidance in the practice of some physical exercises that aims to bring benefits to
the body and mind of its users, which will culminate in their greater independence in

relation to daily tasks.

Keywords: Fibromyalgia. Physical Exercise. Educational Materials.
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INTRODUCAO

A fibromialgia é reconhecida como uma condi¢do heterogénea e acreditasse que
esteja relacionada a distrbios fisioldgicos e bioquimicos da modulacdo da dor, fisiologia
do sono, estado psicoldgico e fluxo sanguineo cerebral®. Embora seja comum, a origem da
fibromialgia ndo € completamente compreendida. Alguns reumatologistas relatam que esta
patologia é um disturbio especifico da dor e a denominam como uma sindrome de
sensibilidade central®. No entanto, um estudo recente indicou que a fibromialgia pode estar
associada a uma degeneracdo dos neurénios periféricos de pequenas fibras, demonstrando

outro aspecto fisiopatoldgico a ser considerado®

A miriade de sintomas afeta significativamente a qualidade de vida e resulta em
deficiéncias fisicas e psicossociais, com implicacdes de longo alcance para a familia, o
emprego e a independéncia’®. Além disso, pessoas com fibromialgia so, frequentemente,
intolerantes a atividade fisica e tendem a ter um estilo de vida sedentario, 0 que aumenta o

risco de morbidade adicional®?.

Como resultado de extensas queixas somaticas e incapacitantes, as pessoas com
fibromialgia normalmente realizam um maior nimero de consultas médicas a cada ano e
recrutam mais especialistas em seus cuidados?. Nesse sentido, estudos clinicos sugerem que

o exercicio diminui os sintomas de dor e melhora a fungdo em pacientes com dor cronicall.

Observa-se que durante o exercicio, 0 aumento do estresse de cisalhamento,
causado pelo aumento do fluxo sanguineo e pela distorcdo induzida pela contracéo
muscular dos vasos de resisténcia, estimula a eNOS e a nNOS. Além disso, microdano as
miofibrilas durante as contragdes musculares libera e / ou estimula as células inflamatérias,
ativando a iNOS. Os gldbulos vermelhos liberam ATP em ambientes de baixo oxigénio e
pela deformacdo causada por contracbes musculares. Desta forma, o ATP liga-se aos
receptores purinérgicos no endotélio, levando a ativacdo da eNOS e consequentemente a
producdo de NO3. Desta forma, os beneficios oriundos da préatica de exercicio estio
associados a maior producdo de agentes vasodilatadores derivada do endotélio, que
proporcionara reducdo da resisténcia vascular periférica e, consequentemente a diminuigado

do processo inflamatério.
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Face aos aspectos aqui mencionados, constatamos, de forma categdrica, que o
exercicio fisico contribui para mudancas fisioldgicas que se traduzem em uma melhor
qualidade de vida. Neste sentido, pessoas que apresentam patologia associada a
fibromialgia terdo os seus sintomas minimizados e sendo capazes de realizar atividades

cotidianas que refletirdo em um melhor bem-estar fisico e mental.

MATERIAIS E METODOS

Trata-se de estudo que foi construido seguindo uma metodologia padrdo, que
resultou em um produto técnico de material didatico educativo, abrangendo as mulheres
que apresentam um quadro de fibromialgia. Essa cartilha foi desenvolvida respeitando as
seguintes etapas, a saber: 1. Levantamento bibliogréfico; 2. Confec¢do de uma cartilha de

exercicios fisicos voltados para mulheres com fibromialgia.

1. Levantamento bibliografico; A estratégia de busca foi realizada nas bases de dados
LILACS, Medline/Pubmed, utilizando os seguintes descritores: “Exercicio Fisico”,
“Mulheres com Fibromialgia”, “Material Educativo”. O processo de constru¢do da cartilha
foi estruturado a partir da andlise de dezesseis artigos referente a diversos tipos de
exercicios fisicos direcionados as mulheres com fibromialgia, publicados entre o periodo de
2009 a 2019. Entretanto, nenhum desses artigos apresentava material educativo de

exercicios fisicos especificos para mulheres com fibromialgia.

2. Elaboracdo da cartilha educativa: Considerando os aspectos no processo de construcdo
da cartilha, a mesma foi elaborada com a finalidade de orientar a pratica de determinados
exercicios fisicos em mulheres com fibromialgia. Nessa fase, a cartilha foi elaborada
conforme as recomendacdes para concepcao e eficacia de materiais educativos, de acordo
com as seguintes caracteristicas: organizagdo, conteudo, linguagem clara e sucinta, layout,
aprendizagem e ilustracdo. Posteriormente, foi consultado especialista em Desenho
Industrial para a confeccdo das figuras de modo atrativo, de facil compreenséo e de acordo
com o contexto do publico-alvo. O programa utilizado para a diagramacéo da cartilha foi o
Adobe Illustration e as imagens foram recolhidas da Internet com direitos de autoria livre
(https://pt.shopify.com/burst) e do EB20-MC-10.350. Treinamento Fisico Militar. 42
Edicéo, 2015.
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Ainda nessa etapa foram utilizadas as orientacfes relacionadas a linguagem,
ilustracdo e o layout que o educador fisico deve julgar importante para elaborar materiais
educativos impressdes de modo a torna-los legiveis, compreensiveis, eficazes e
culturalmente relevantes, de acordo com o padrdo de especialistas da area. A versao final da
cartilha educativa intitulada “Exercicios Fisicos voltados para Mulheres com
Fibromialgia” tem a dimensdo 42x59,4cm e possui 06 (seis) paginas frente e verso;
contento: capa, , apresentagdo e contracapa.

A divulgacdo desse material sera disponibilizado na internet e no site da
Universidade, pelo fato de haver falta de recurso financeiro para a sua reproducdo. Ao
disponibilizarmos tal material educativo, tornar-se importante conhecer o impacto do seu

acesso e utilizagdo pelos usuarios a fim de aprimorar seu contetdo.

RESULTADOS

Espera-se que os beneficios do estudo, corroborado com a propria confec¢do da
cartilha, proporcionard um guia de exercicios fisicos que poderdo ser executados por todas
as mulheres com fibromialgia. Contribuir, também, para uma mudanca no estilo de vida
sedentario, caracteristica, esta, evidenciada em pessoas com este quadro de patologia, cujos
aspectos conduzirdo para uma melhor qualidade de vida, com implicacdes para a familia,
para o desenvolvimento profissional e para a sua prépria independéncia. Houve uma busca
em associar contetido rico em informacdes claras e objetivas, com linguagem acessivel a

todos os usuarios (ver figura 1).

Foi utilizada uma mescla de texto e figuras ilustrativas na cartilha, visando, com
isso, tornd-lo de facil compreensdo e execucdo. Face ao levantamento bibliografico,
constatou-se que 0 uso recorrente de materiais educativos no processo de educagdo em
salde viabilizou novas alternativas de acesso a conteudos autoexplicativos que
proporcionam esclarecimentos acerca desse tipo de patologia, bem como a aplicacdo de
exercicios que minimizardo os seus sintomas. Entretanto, é notorio afirmar que o manual

educativo ndo substitui as recomendacdes e diretrizes médicas.
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Figura 1

Cartilha Educativa de Exercicios
Fisicos para mulheres com
fibromialgia
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Apresentacao

Embora sejo comum, a origem da fibromialgio
ndo é completamente compreendida. A fibromialgia
€ reconhecida como uma condi¢do heterogénea e
acreditasse que esteja relacionada a disturbios
fisioldgicos e bioquimicos da modula¢do da dor,
wiisiologio do _sono, estado psicologico e fluxo
sanguineo cerebral. Além disso, pessoas com
fibromialgia sdo frequentemente intolerantes a
atividade fisica e tendem a ter um estilo de vida
sedentdrio, 0 que aumenta o risco de morbidade
adicional.

Neste sentido, estudos clinicos sugerem que o
exercicio diminui o5 sintomas de dor e melhora a
funcdo em pacientes com dor crénica, incluindo
aqueles com sindromes de dor que se acredita ter
um componente neuropatico. Sendo  assim, o
principal  proposito desta cartitha é conduzir a
realizacdo de alguns exercicios fisicos cujas
beneficios sdo  relevantes  para_.uma melhor
gualidade de vida
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Exercicio 1.

I . .
L0k ru‘JA el
T | [ T

Llewvacan dos loelhos

15 a 20s de corrida elevando
0s joelhos, alternadamente,
até a altura dos quadris

Exercicio2. - | F

* [ —
_orrida coma [xfensao
. P s B
aa E errna a |F rente
15 a 20s de corrida elevando a perna estendida a
frente e de maneira alternada. A cada trés passos o

movimento deve ser repetido
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Ex&l‘ﬂiﬂlﬂ 3. 15 a 20s de corrida elevando os

calcanhares, alternadaments,

fﬂ |" | -
orrida cola 'L Varan até a altura dos gllteos,
Jlrh' (. L ) ﬁL_\ s buscando manter o tronco na
5 allannale )
vertical

7

.---—4:\-'?;"‘5 4
p AT

Exercicio4. [ Lo | steral

15 a 20s de corrida com passada lateral, sem cruzar as pernas,
mantendo a mesma diregdo de deslocamento. Ao terminar,
inverter a frente mantendo a direg3o de deslocamento e
prosseguindo por mais 15 a 20s
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Exercicio 5.
£ —
-:k_.a‘:f" F'L:IIE; ‘}Dllf.' | GFI;:_;—:'
j.-?_ | Fomen

15 a 20s de corrida com
torgdo de tronco, com a perna
sendo levemente elevada e
langada no sentido contrario
ao do giro do tronco. O
movimento serd repetido a
cada trés passadas. Obs:
devera haver o cuidado para
& ndo se realizar flexdo junto

Com a torgdo, para evitar o
cisalhamento das vértebras.

Exercicio 6.
Lorrida con (
r'ﬁ - .I"- F r-'- : 3 "‘: II::".
ircundingao ll-:f t‘oral;nr; (7 '.I A
15 a 20= de corrida, com i

|
de corrida, com circundugdo  © 1} ﬁ
dos bragos para tras. Os bragos fal&
deverdo passar o mais proximo A g
possivel das orelhas, de acordo
com a amplitude articular
individual

circundugdo dos bragos para /(" | y }
frente, seguida de mais 15 2 20s |
I
i’
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Exercicio7. '° @ 20s de corida ritmada

(saltitando), com adugdo dos

) ﬁ\ | | cll
= i =
ﬁ!L'J:JT «..:_ [ _Ej£ L.'\":.ir:l ':"_
- 11 :

bragos a frente, executando duas
batidas de mdos, seguida da

- I o
5}’?.—1;;-:—:».’ Ml 1-[-:r".',1‘_'l:'r",t_-'_“{|! abducdo dos bragos para ftras,
hiperestendendo-os também por

duas vezes

A

Exercicio 8.
- L[ i
L..R_E.ﬂ_::.llﬁl .xl'.l.l;{-’r*._'—l.ll e
.I I' |.
ragos na Vert ieal

" -

o

15 a 20s de corrida ritmada
(saltitanda), com  extensdo
alternada dos bragos na
vertical, de maneira que,
quando o brago esguerdo
estiver para cima, a2 perna
direita estara a frente e vice-
versa
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Exerc[cing 1% a 20s de corrida ritmada

(saltitando), com a execugdo de
batidas de m3os acima da cabega,

- I. N |
E oLitninelo i )
) seguidas de batidas de mdos nas

COXas

REFERENCIAS

EB 20 — MC - 10.350 — Treinamento Fisico Militar

As imagens foram retiradas do site BURST. “Conforme nossas licengas. vocé ndo
precisa dar crédito ao fotografo ou ao BURST™.

Lavout e diagramacio: Gustavo de Moraes Stahl

Cartilha Educativa de exercicio fisico para mulheres com fibromialgia.

64



DISCUSSAO

A escolha do tema para a confeccdo da cartilha educativa surgiu a partir do
desenvolvimento da dissertacdo do mestrado que abordava a combinagdo de naltrexona e
exercicio fisico em um quadro de fibromialgia. Sendo assim, observou-se a relevancia da
criacdo de algo que pudesse contribuir para uma mudanca de habito que trard beneficios
para a salde e bem estar social. Cartilhas educativas confeccionadas de maneira clara,
simples e objetiva, poderdo proporcionar um melhor esclarecimento daquilo que se deseja
oferecer aos seus usuarios, diminuindo o sedentarismo e aumentando a sua qualidade de

vida no que se refere a realizagdo das atividades cotidianas®.

Muitos estudos evidenciam a eficiéncia do uso da cartilha educativa, reforcando que
este tipo de material podera promover mudancas significativas na aquisicdo de
conhecimentos e na contribuicdo do processo de adaptacdo frente as doencas crénicas sem
possibilidade de cura®. A pesquisa para a base tedrica capacitou o autor a coordenar as
ideias e elaborar a primeira versao da cartilha educativa. Estudos que abordem a prética da
atividade fisica sobre esta tematica corroboram para esclarecer a sua relagdo com o estado

fisico e a satide do paciente, e, com isso, atingir o objetivo da cartilha®.

No processo referente ao método adotado para a elaboracdo dessa cartilha, levamos
em consideragdo que ao mudarmos 0s nossos habitos em relacdo a atividade fisica
estaremos desenvolvendo além de um corpo mais saudavel, aspectos relacionados a
autoconfianga, equilibrio emocional, resisténcia fisica e mental, dentre outros’. Sabe-se que
0 exercicio fisico, aponta a maneira de coligar a teoria a pratica com o objetivo de que haja
a possibilidade da ocorréncia de uma mudanca de atitude face aos problemas vividos.
Sendo assim, a confeccdo da cartilha educativa tem uma contribuicéo significativa na vida

desses pacientes e favorecera a mudanca do estilo de vida.

Nesse contexto, cartilhas educativas com este propdsito visam desenvolver
comportamentos positivos e aumentar a adesdo ao reconhecimento que a atividade fisica é
um dos pilares para um corpo e mente saudavel®. O educador fisico precisa compreender as
questdes relacionadas a fibromialgia, pois podera, por meio da individualidade bioldgica,
oferecer beneficios cada vez mais notorios para este tipo de publico. Deve estar disponivel

para um dialogo e sadio relacionamento com esses pacientes, ressaltando os aspectos
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atinentes a limitacdo que este tipo de patologia proporciona e baseado em tais referéncias

desenvolver o exercicio fisico na intensidade adequada.

Assim, as decisdes e 0s anseios dos usuarios e dos profissionais de educacao fisica
devem ser discutidos, visando proporcionar informacdes adequadas para a sua pratica, que
acarretard em uma melhor qualidade de vida dos pacientes. Tendo concluido a construgédo
da cartilha, o estudo ndo finaliza aqui, ressalta-se que a cartilha educativa de exercicios
fisicos para mulheres com fibromialgia passard por atualizacdes frente ao crescimento

cientifico e realizar pesquisas futuras para avaliar a sua eficacia.

CONCLUSAO

Para elaboracdo da cartilha educativa de exercicio fisico para mulheres com
fibromialgia foram incluidas as recomendacdes da literatura cientifica, experiéncia e
vivencia profissional na area de treinamento esportivo. Os materiais informativos
educativos sdo adaptados para linguagem de dominio do publico alvo, onde sdo facilmente
compreensiveis, claros e objetivos. Isso trard subsidio para os exercicios que podem ser
efetivamente executados, com o intuito de proporcionar uma melhor saude corporal e

mental que facilitardo a realizacdo de tarefas diarias.

Acredita-se que o uso desse material por parte desse publico alvo tornaré evidente
o0s seus beneficios, além de encorajar outras pessoas para a realizacdo desses exercicios.
Esta cartilha se constitui em uma tecnologia ilustrada capaz de favorecer a compreensao
por parte do seu usudrio, de forma que venha a facilitar a aquisicdo de conhecimentos e

propiciar uma melhor maneira de atenuar os sintomas advindos desta patologia.

Conflitos de Interesse

Os autores declaram nao ter conflitos de interesse.
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VI — CONSIDERACOES FINAIS

ApOs a realizacdo desta dissertacdo, os resultados obtidos permitiram emitir as

seguintes conclusoes:

A LDN promove alivio dos sintomas da dor em modelo animal de fibromialgia. Tal
aspecto € ratificado pelo mecanismo de up-regulation que se traduz em um efeito

anti-hiperalgesico.

O efeito analgésico de dez dias de tratamento com LDN, nédo € observado 24h apds

a sua Ultima dose.

O exercicio fisico sustenta o efeito analgésico promovido pela LDN por até 24h,
apos a sua ultima dose, haja vista que a liberacdo de beta-endorfinas e outros
peptideos opidides enddgenos podem ser responsaveis pelo aumento do limiar
nociceptivo observado.

A combinacdo de LDN e exercicio fisico aumentaram os niveis de BDNF.
Ratificamos que a associacdo do BDNF com a plasticidade neuronal e a
sobrevivéncia das células reflete no potencial sinaptico, importante mecanismo de

resposta aos estimulos térmicos, mecanicos e quimicos.
N&o houve beneficio da LDN sobre os sintomas da ansiedade.

Uma Unica sessdo de exercicio fisico ndo produz efeito na diminuicéo da ansiedade.
No entanto, sugere-se que estudos futuros investiguem o exercicio fisico prolongado
nesse modelo animal, tendo em vista que proporciona adaptagdes fisiologicas que
proporcionam beneficios psiquico e fisico para os seus praticantes.

A LDN, o exercicio fisico e a combinacdo de ambos, contribuem para a diminuicao
do limiar da dor, mas ndo atua na ansiedade. E relevante mencionar que pacientes
com este tipo de patologia manifestam um quadro clinico de grande complexidade,

onde problemas psicologicos podem afeta-los.
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VIl - ANEXO A

APROVACAO NO COMITE DE ETICA PARA USO DE ANIMAIS

urdcs o Sz

HOSPITAL DE CLINICAS DE PORTO ALEGRE
Grupo de Pesquisa e Pds Graduacio

Carta de Aprovacao

Cenificamas que o projelo ababio, que envolve a produgde, mamnulenglo ou utilizaglio de animais padencentes ao filo
Chordala, subfilo Verebrala (excelo humanos), para fins de pesquisa dentifica, enconira-se de acordo com os precailos da
Lai n® 11.794, de 8 de outubro de 2008, do Decrelo n® 6.829, de 15 de julho de 2009, & com as normas ediladas pelo
Consalho Macional de Controle de Expendmentagds Animal (CONCEA), e foi aprovada pela COMISSAO DE ETICA NO USOD
DE ANIMAIS (CEUA) & pelas dreas de apoio indicadas palo pesquisador.

Projeto:  2018/0515

Titulo: AVALIAGCAD DOS EFEITOS DA COMBINAGCAO DE NALTREXONA E EXERCICIO FISICO EM UM MODELO
AMIMAL DE FIBROMIALGIA

Pesquisador Responsdvel: IRACI LUCENA DA SILVA TORRES

Equipe de Pesquisa:
CAMILA LINO DE OLIVEIRA LICIAME FERMANDES MEDEIROS VANMESSA SILVA DE SOUZA
STEFANIA GIOTTI CIOATO ANDRESSA DE SOUZA
Data de Aprovacio:
Data de Términa: 28/08/2020
EspécieLinhagem Sexo/dade Quantidade
RATO HETEROGENICO F/60 Diafs) 40

= 0 membros da CEUAHCPA ndo panticiparam do processo de avaliagdo onde conslam como pesquisadores.
- Toda e qualjuer alleragio do Projets deverd ser comunicada & CEUAHCPA.
- O pasquisador deverd apreseniar relalbnos semesirais de acompanhamanio a relaldrio final ao CEUAHCPA.

Imprasso do sistema AGHUse-Pesquisa por RAFAEL LEAL ZIMMER em 26/03/2019 13:53:50
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% HOSPITAL DE

MW

Delegacao de Funcoes

CLINICA

PORTO ALEGRE RS

Projeto de Pesquisa: 2018-0515 - AVALIACAO DOS EFEITOS DA COMBINACAOD DE NALTREXONA E
EXERCICIO FISICO EM UM MODELO ANIMAL DE FIBROMIALGIA

CAAE:

Pesquisador Responsavel: IRACI LUCENA DA SILVA TORRES

Periods deleginio
Home Formagio Assinahss Ruibrica Fuanges alribuid
Wide Am
CAMILA LIND DE OLIVEIRA APLICAR INSTRUMENTOSDE | 4ynopma mnzens
| COLETA DE DADOS
ORGANFAR MATERIAL DO
eirie woszoie | zamazmo
LICIANE FERNANDES
Pt ANALISAR DADOS COLETADDS| oinzema | mnzems
APLICAR INSTRUMENTOSDE | gy napma ol 2eia
LCOLETA DFE DADDS
GERENCIAR ESTUDD woaeoiE | =oammo
ORGANZAR MATERIAL DO
eipiie noszoE | oszmo
IRACI LLICENA DA SILVA CADASTRAR E ATUALIFAR
o el mnzeoie | minzems
GERENCIAR ESTUDD mAzeme | oinzeme
GERENCIAR RECURSOS
B mnA2e0e | oinzzoe
ADDRIGO HERANADES ANALISAR DADDS COLETADDS| woasma | ssoasaso
PALUDO
APLICAR INSTRUMENTOS DE
it noszoE | oszmo
ANDRESSADE SOUZA ANALISAR DADOS COLETADOS| 0inzema | oinzems
GERENCIAR ESTUDD mnA2e0e | oinzzoe
ELISANGELADEMDRAES
ROCHA
APLICAR INSTRUMENTOS DE
VANESSA SILVA DE SOUFS APLICAR I mrzeoies | minzemas
BETTEGACOSTA LOPES
RAFAEL LIMA
MARIANE CASTRO
APLICAR INSTHUMENTOS DE
STEFAMIA GIOTTI CIOATO it b mAzeme | oinzezms

Declaracio do Pesquisador Responsdvel:

Confirmo que as pessoas ksladas sio qualificadas e foram devidamenie tremnadas para as fungbes alribuidas. Delego
as respeciivas fungbes, as quais serdo realizadas sob minha supenisio. Enlendo que sou o responsavel final pela

condugdo da pesquisa.

Impresso do sistema AGHUse-Pesquisa am 22/07/2019
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VIl - DIVULGACOES

Producdo cientifica durante o periodo de mestrado (2018-2019).

Resumos publicados em Anais de Congressos:

e Rocha, R. A. P. L.; Souza, A; Baixas doses de naltrexona e exercicio fisico na
modulagdo da dor em fibromialgia: revisdo de literatura. Anais da XIV SEFIC Unilasalle
2018 - Ciéncia e Tecnologia para a reducdo das desigualdades. ISSN: 1983-6783.

e Rocha, R. A. P. L.; Souza, A.; Pain modulation on fibromyalgia: low dose naltrexone
and physical exercise. Annals of X International Symposium on Neuromodulation, 2018
vl, p1-27. ISBN:978-1-7342025-0-2.

e Rocha, R. A. P. L.; Rocha, E. M.; Souza, V. S.; Lopes, B. C.; Medeiros, L. F.; Souza,
A. Efeito Analgésico da Associacdo de Baixas Doses de Naltrexona e Exercicio Fisico em
Modelo de Fibromialgia. Anais do SEFIC 2019.

e Paludo, R. H.; Rocha, R. A. P. L.; Rocha, E. M.; Souza, V. S.; Lopes, B. C.; Castro, M.
S.; Medeiros, L. F.; Caumo, W.; Torres, I. L. S.; Souza, A. Low-Dose Naltrexone effects in
pain modulation in Fibromyalgia Rats. Annals of XI International Symposium on

Neuromodulation.
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