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RESUMO

A osteoporose € uma doenca esquelética multifatorial que altera microarquitetura e
reduz massa 6ssea, causando perda de forca mecanica e aumento do risco de fratura.
Dentre as formas de osteoporose, a induzida por glicocorticoides (OIG) é o tipo mais
frequente de osteoporose secundaria. Sabendo que a prevencéao e tratamento da OIG
ainda permanecerem como um desafio, produtos naturais e exercicios fisicos tém sido
foco de estudo. Neste contexto, Kefir, um probidtico oral, destaca-se por apresentar
beneficios ao osso e minimizar os efeitos colaterais farmacolégicos das medicagdes.
Assim, este estudo objetivou avaliar o efeito do exercicio fisico na osteoporose e o
efeito do Kefir associado ao exercicio resistido no tecido ésseo na OIG. Inicialmente,
foram realizadas 2 revisdes sistematicas, com estudos pré-clinicos e clinicos, para
analisar os efeitos do exercicio no tecido 6sseo durante a osteoporose. Foi observado
que exercicio de forga aumentou densidade mineral 6ssea (DMO), volume 6sseo e
trabecular (BV/TV) e diminuiu separagédo trabecular (Tb.Sp), indicando efeitos
benéficos do exercicio para tecido 6sseo em modelos animais. 60% dos estudos
clinicos confirmaram associacdo positiva entre diminuicdo dos marcadores de
reabsorgcédo 0ssea e exercicio, sugerindo reducdo da reabsorgdo em pacientes com
osteoporose. Finalmente, para analisar o efeito da associacdo de exercicio+Kefir no
tecido 6sseo submetido a OIG, 60 ratos Wistar machos foram divididos em 2 grupos:
normal (N), e submetidos a OIG, que foi subdividido em 4 grupos de acordo com o
tratamento: controle (C), Kefir (K), Exercicio (Ex) e Exercicio+Kefir (ExK). A OIG foi
induzida por dexametasona (7mg/kg; i.m.). Kefir foi administrado por gavagem (0,7
ml/animal/dia) por 16 semanas. O exercicio foi realizado 3 dias/semana, com
intensidade de 20% a 80% da carga individual maxima, durante 16 semanas. Apds
eutanasia, o fémur foi coletado para analises macro e microscopicas, exames de
imagens e testes biomecanicos. A luz dos nossos conhecimentos, esta é a primeira
vez que uma avaliagao in vivo de exercicio+Kefir em tecido 6sseo de ratos com OIG
foi realizada. OIG reduziu em 35% BV/TV, 33% espessura trabecular (Tb.Th), 26%
conteudo mineral e colageno (56%). Houve ainda reducao da resisténcia a flexao
(81%), carga de fratura (80%) e numero de osteocitos (84%) apos OIG. Os
glicocorticoides alteraram a remodelacéo 6ssea (p <0,05), marcada pela redugédo no
numero de osteoblastos enquanto aumentaram numero de osteoclastos, e rugosidade

do tecido 6sseo. Apos a intervencao de 16 semanas, associacao de ExK melhorou



significativamente microarquitetura e qualidade 6ssea, marcada pelo aumento na
dimensao fractal (38%), volume cortical (34%), BV/TV (34%), Tb.Th (33%), conteudo
mineral e maturidade do colageno, enquanto reduziu Tb.Sp (34%) e rugosidade
ossea. Assim, ExK melhorou resisténcia 6ssea e biomecénica, além de estimular
formacao 6ssea e modular remodelagao 6ssea. Conclui-se que o exercicio apresentou
efeitos antirreabsortivos no tecido dsseo e que Kefir potencializou os efeitos benéficos
do exercicio sobre o tecido 6sseo, melhorando a microarquitetura, a qualidade do
fémur e as propriedades biomecanicas e estimulou a formagdo 6ssea. Assim, o
tratamento com Kefir e exercicios fisicos apresentam-se como possiveis ferramentas

adjuvantes para melhorar o quadro de perda 6ssea provocados pela OIG.

Palavras-chave: Kefir; exercicio; osteoporose; glicocorticoides; tecido dsseo.



ABSTRACT

Osteoporosis is a multifactorial skeletal disease that alters microarchitecture and
reduces bone mass, causing loss of mechanical strength and increased risk of fracture.
Among the forms of osteoporosis, glucocorticoid-induced (GIO) is the most frequent
type of secondary osteoporosis. Knowing that the prevention and treatment of GIO will
still remain a challenge, natural products and physical exercises have been the focus
of study. In this context, Kefir, an oral probiotic, stands out for presenting benefits to
the bone and minimizing the pharmacological effects of medications. Thus, this study
aimed to evaluate the effect of physical exercise on osteoporosis and the effect of kefir
associated with resistance exercise on bone tissue in the GIO. Initially, 2 systematic
reviews were evaluated, with preclinical and clinical studies, to analyze the effects of
exercise on bone tissue during osteoporosis. It was observed that exercise for
enhanced bone mineral strength (BMD), bone and trabecular volume (BV/TV) and
decreased trabecular separation (Tb.Sp), beneficial effects of exercise for bone tissue
in animal models. 60% of clinical studies confirm a positive association between
decreased bone resorption markers and exercise, suggesting reduced resorption in
patients with osteoporosis. Finally, to analyze the effect of the association of exercise
+ kefir on bone tissue submitted to OIG, 60 male Wistar rats were divided into 2 groups:
normal (N), and performing GIO, which was subdivided into 4 groups according to
treatment: control (C), Kefir (K), Exercise (Ex) and Exercise+Kefir (ExK). GIO was
induced by dexamethasone (7mg/kg; i.m.). Kefir was administered by gavage (0.7
ml/animal/day) for 16 weeks. The exercise was performed 3 days/week, with an
intensity of 20% to 80% of the maximum individual load, for 16 weeks. After
euthanasia, the femur was collected for macro and microscopic analyses, imaging
examinations and biomechanical tests. In light of our knowledge, this is the first time
that an in vivo evaluation of exercise + Kefir in bone tissue from rats with GIO has been
performed. GIO reduced by 35% BV/TV, 33% trabecular thickness (Tb.Th), 26%
mineral and collagen content (56%). There is also a reduction in flexion strength (81%),
fracture load (80%) and number of osteocytes (84%) after GIO. Glucocorticoids altered
bone remodeling (p < 0.05), marked by a reduction in the number of osteoblasts while
an increased number of osteoclasts, and roughness of bone tissue. After the 16-week
intervention, association of ExK improved microarchitecture evolution and bone

quality, marked by an increase in fractal dimension (38%), cortical volume (34%),



BV/TV (34%), Tb.Th (33%), mineral content and collagen maturity, while reducing
Tb.Sp (34%) and bone roughness. Thus, ExK improved bone strength and
biomechanics, in addition to stimulating bone formation and modular bone remodeling.
It is concluded that exercise had antiresorptive effects on bone tissue and that kefir
potentiated the beneficial effects of exercise on bone tissue, improving
microarchitecture, femur quality and biomechanical properties and stimulated bone
formation. Thus, treatment with kefir and physical exercises are provided as adjuvant
tools to improve the bone loss picture caused by GIO.

Keywords: kefir; exercise; osteoporosis; glucocorticoids; bone tissue.
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1 INTRODUGAO GERAL

1.1 Tecido dsseo

O osso é um tecido dinamico que apresenta multiplas funcdes, dentre as
quais o fornecimento de suporte estrutural para corpo; constituicido do sistema de
alavancas com os musculos, o que permite 0 movimento e a locomog¢ao; protecédo de
orgaos e estruturas internas vitais; manutengdo da homeostase mineral; e alojamento
e protecdo da medula 6ssea, fornecendo o ambiente para a hematopoiese (CLARKE,
2008; FENG; MCDONALD, 2011; LERNER, 2000).

Para suportar as forgcas, tais como os musculos em contracdo e a
sustentacdo do peso corporal, os 0ssos necessitam ser fortes, porém nao
quebradicos. Essa caracteristica € obtida por meio do componente inorganico (ou
mineral), composto por cristais de fosfato de calcio na forma de hidroxiapatita, que
oferecem ao osso a capacidade de suportar forcas compressivas ou de
esmagamento. Por outro lado, a capacidade de sustentar forcas de tensdo ou
estiramento, tornando o osso menos vulneravel as fraturas, € obtida por meio do
componente organico que consiste em fibras de colageno embutidas em uma
substancia gelatinosa (ANDIA; CERRI; SPOLIDORIO, 2006; CLARKE, 2008). Os
percentuais relativos de componentes inorganicos e organicos variam de acordo com
a idade. Em geral, apresenta-se por 60% a 70% de cristal inorganico e 30% a 35% de
material orgénico, sendo este ultimo constituido em 90% por colageno (ANDRADE et
al., 2007; CLARKE, 2008).

Macroscopicamente, € possivel observar dois tipos Osseos diferentes:
esponjoso e compacto. Embora os elementos que formam as duas substancias sejam
similares, elas apresentam algumas diferengas. A substéncia O0ssea esponjosa,
também denominada trabecular ou reticular, apresenta laminulas désseas mais
irregulares no que diz respeito a forma e tamanho e organizam-se deixando espagos
entre si, formando lacunas que se comunicam e sao preenchidas por medula éssea.
Ja a substancia compacta, também chamada de cortical, possui laminulas fortemente
unidas, sem que haja espacgo livre entre elas, proporcionando maior densidade e
dureza a essa substancia (CLARKE, 2008; DALMOLIN et al., 2013; RALSTON, 2013).

No osso longo, o predominio de substancia compacta ocorre na diafise. Ja nas
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epifises, o0 0sso esponjoso € mais evidente sendo revestido por fina camada de osso
compacto (CLARKE, 2008; RALSTON, 2013).

A densidade mineral 6ssea (DMO), definida pela quantidade de massa
mineral por area ou por volume Osseo, é determinada pelo equilibrio entre os
processos de remodelagdo 6ssea (LERNER, 2000; RALSTON, 2013; SOPHER,;
FENNOQOY; OBERFIELD, 2015). Essa caracteristica faz do osso um tecido
metabolicamente muito ativo que é constituido por uma populacéo heterogénea de
células (ANDRADE et al., 2007). No esqueleto eutrofico, o osso esta em processo
continuo de remodelacdo, que € um mecanismo de manutencao do metabolismo
0sseo. Esse mecanismo que se da pelo equilibrio entre os processos de reabsorgao
e formacdo éssea, realizados por células O0sseas especializadas conhecidas por
osteoclastos e osteoblastos, respectivamente (ANDIA; CERRI; SPOLIDORIO, 2006;
CLARKE, 2008; RALSTON, 2013). Quando ocorre o desequilibrio entre a reabsorgéo
O0ssea e formagao 6ssea osteoblastica pode ocorrer uma condi¢ao patoldgica dentre
as quais se destaca a osteoporose (FENG; MCDONALD, 2011).

1.2 Osteoporose

A osteoporose é definida como uma doencga esquelética multifatorial que
se caracteriza pela redu¢ao da massa éssea e ruptura da estrutura da microarquitetura
do tecido 6sseo, resultando em perda de forgca mecanica e aumento do risco de fratura
(ARMAS; RECKER, 2012; PORFIRIO; FANARO, 2016).

Segundo a International Osteoporosis Foundation (COOPER; FERRARI,
2019), a osteoporose € uma condicdo muito comum. Uma em cada trés mulheres e
um a cada cinco homens com mais de 50 anos ter&o fratura por fragilidade decorrente
dessa condi¢do. Ha uma grande variedade de estimativas para a prevaléncia de
osteoporose (KARNSUND et al., 2020), ndo tornando possivel a identificacdo mais
segura desses dados. Porém, estima-se que mais de 200 milhdes de pessoas, ou seja
aproximadamente 3% da populagdo mundial, tem osteoporose (COOPER; FERRARI,
2019).

Entre os efeitos negativos da osteoporose sobre qualidade de vida dos
pacientes, incluem-se deformidades, dor cronica, depressao, perda da independéncia
e aumento da mortalidade e, ainda, as debilitantes fraturas (KANIS et al., 2008). 1,4

milhdes de individuos que sofreram fraturas osteopordticas nas vértebras, por
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exemplo, sofrem dores, perda de altura e muitos outros efeitos sobre a qualidade de
suas vidas (COOPER; FERRARI, 2019). Surpreendentemente, em estudo de reviséo
sistematica analisando fraturas osteoporéticas em relagédo as taxas de incidéncia de
fraturas de quadril em todo o mundo, verificou-se que taxas de incidéncia de fratura
de quadril foram 2 a 10 vezes maiores nas categorias de idade mais jovens em
comparagao com as mais velhas e nas mulheres em comparacido com os homens,
com poucas excegdes (CHAKHTOURA et al., 2021).

A osteoporose, além de uma quest&o social, € um problema econémico, ja
que os cuidados com essa enfermidade geram altos custos (FONTES; ARAUJO;
SOARES, 2012). Na Unido Europeia, a osteoporose € um fator chave para o gasto
elevado com cuidados médicos. Em 2010, a Unido Europeia gastou 40 bilhdes de
dolares e, em 2015, os Estados Unidos gastaram 20 bilhdes de dolares com a
osteoporose e suas consequéncias (COOPER; FERRARI, 2019). No Brasil, foram
gastos mais 288 milhdes de reais com tratamento de osteoporose no SUS entre os
anos de 2008 e 2010 (MORAES et al., 2014). Assim sendo, além de ser uma doenga
que reduz a qualidade de vida e que pode causar a morte, a osteoporose € uma
doenca que gera um alto custo para os orgamentos em saude.

A osteoporose pode ser classificada em primaria (tipo | ou tipo Il) ou
secundaria. A osteoporose primaria do tipo | € conhecida por tipo pés-menopausa e
caracteriza-se por rapida perda de massa 6ssea. Ja a osteoporose primaria do tipo Il
e também denominada de senil, pois esta associada ao envelhecimento, e surge pela
deficiéncia crénica de calcio, aumento da atividade do paratorménio e diminuicdo da
formacao 6ssea (RIGGS; MELTON, 1983). A osteoporose secundaria, por sua vez,
ocorre em virtude de processos inflamatérios, alteracbes enddcrinas e desordens
adrenais (LANE; NYDICK, 1999); mieloma multiplo (MIRZA; CANALIS, 2015); por uso
de drogas como heparina (RAJGOPAL et al., 2008), alcool (CRUEL et al., 2017),
cigarro (YOON; MAALOUF; SAKHAEE, 2012), inatividade fisica (VOLPON et al.,
2008) e por glicocorticoides (GCs) (ADAMI; SAAG, 2019), sendo esta ultima, a causa
mais frequente da osteoporose secundaria (MESSINA et al., 2021; WEINSTEIN,
2012).

A osteoporose secundaria pode estar presente em mulheres pré- e pos-
menopausicas e também em homens. Até 30% das mulheres na pdés-menopausa e
50 a 80% dos homens apresentam fatores que contribuem para o surgimento desse

tipo de osteoporose (MIRZA; CANALIS, 2015). Apesar da osteoporose ser
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comumente associada a um problema da saude feminina, nos ultimos 20 anos, essa
doenca tem sido considerada um problema de saude publica entre os homens devido
a ocorréncia cada vez maior de fraturas por fragilidade nos mesmos (LOURES et al.,
2017).

A DMO pode ser afetada de forma negativa por varias doengas, como
diabetes (SHAH et al., 2021) e artrite reumatoide (SILVA; PIPA; ZERBIN, 2007), e de
forma frequente por drogas utilizadas nos tratamentos de doengas, tais como
agonistas do horménio liberador de gonadotrofinas (GnRHa), inibidores de aromatase,
anticonvulsivantes, horménios da tiroide em dose supressiva, uso prolongado de
glitazonas, inibidores da bomba de prétons e por glicocorticoides (PINTO; ZERBINI,
2010). Os GCs sao medicamentos de ampla utilizagdo na pratica clinica por
apresentarem efeitos anti-inflamatorios e imunossupressores (MIRZA; CANALIS,
2015). A osteoporose tem sido observada em tratamentos crénicos com uso desses
esteréides (KOMORI, 2016; WEI YAO et al., 2008; CANALIS et al., 2007) e sua
utilizagcado terapéutica esta associada ao aumento no risco de fraturas (PINTO;
ZERBINI, 2010; VAN STAA et al., 2003; VAN STAA et al., 2004). A osteoporose
induzida por glicocorticoides (OIG), portanto, € uma doenga sistémica secundaria que
surge em individuos que fazem uso prolongado destes medicamentos, aumentando o
risco de fraturas 6sseas (MESSINA et al., 2021; WEINSTEIN, 2012; SOUZA et al.,
2010).

1.3 Osteoporose induzida por glicocorticoide (OIG)

Os GCs sao horménios esteroides secretados pelo cértex suprarrenal que
exercem multiplos efeitos sistémicos e locais (MILLER; AUCHUS, 2011). Em
condi¢cdes normais, no tecido 6sseo, os GCs participam do metabolismo do calcio
(RUBIN; BILEZIKIAN, 2002) e participam da diferenciagao e ativagao dos osteoblastos
(células que depositam matriz éssea), promovendo a formagdo da matriz dssea
(BRIOT; ROUX, 2015). Todavia, o excesso de GCs altera a atividade metabdlica e
proliferativa das células do tecido 6sseo (CANALIS et al., 2007; HARTMANN et al.,
2016).

Os GCs em excesso interferem diretamente na proliferacao, diferenciacao
e apoptose dos osteoblastos, inibindo a osteoblastogénese, reprimindo a fungéo
osteoblastica (CANALIS et al., 2007; HENNEICKE et al., 2011) e aumentando a
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apoptose dos osteoblastos (KOMORI, 2016). Além disso, GCs geram autofagia,
apoptose e/ou necrose dos ostedcitos, dependendo da dose e tempo de exposi¢ao
(YAO et al, 2013). Os CGs em excesso também prolongam a vida util dos
osteoclastos (células que degradam a matriz éssea) (WEINSTEIN, 2012), aumentam
a atividade osteoclastica (HENNEICKE et al., 2011; ZHOU et al., 2018), suprimem a
inibicdo da osteoclastogénese (DOVIO et al., 2006) e diminuem a apoptose de
osteoclastos maduros (JIA et al., 2006). Mais recentemente também foi verificado que
os GCs reduzem a vascularizagdo do osso (WANG; YU; HE, 2019) que, em conjunto
com as demais alteracdes, pode ser a explicagao para o fato de haver maior redugao
da resisténcia 6ssea do que da massa ossea, diferenciando a OIG dos demais tipos
de osteoporose neste aspecto. Em conjunto, essas alteragbes promovem a
degradacao da matriz 6ssea (LANE, 2019).

Além disso, os GCs em excesso atuam no intestino, reduzindo a absorgao
de calcio. Nos rins, 0 excesso desse esteroide aumenta a excreg¢ao de calcio, o que
eleva a secregdo de hormdnio da paratireoide (PTH) que, consequentemente, gera
alterac&o dos niveis séricos de calcio e de fosfatase alcalina 6ssea (FAO) (BORBA,;
LAZARETTI-CASTRO, 1999). Nas gbnadas, o excesso de GCs reduz a secregao de
horménios sexuais (ZIEGLER; KASPERK, 1998); e nos musculos, promovem
diminuicdo de massa e de forga muscular (SZULC et al., 2005), que € um fator que
induz ao maior risco de queda e, consequentemente, de fraturas (CANALIS et al.,
2007; SZULC et al., 2005). Assim, os GCs induzem um desequilibrio no processo de
remodelagdo 6ssea (SOUZA et al., 2010; WEINSTEIN, 2012) que gera uma rapida
perda 6ssea trabecular, deterioracdo da microarquitetura do tecido 6sseo, diminui o
turnover 6sseo e aumenta o risco de fraturas (HENNEICKE et al., 2011; LANE, 2019;
WEINSTEIN, 2012).

Portanto, o uso prolongado de GCs tem sido considerado um fator de risco
importante para osteoporose e consequente fratura osteoporética (AMICHE et al.,
2018; BALASUBRAMANIAN et al., 2016; SARINHO; PINHO; MELO, 2017). No
entanto, apesar desse risco elevado, devido aos seus efeitos anti-inflamatérios e
propriedades imunomoduladoras e antiproliferativas, os GCs tém sido utilizado como
tratamento de doencas crénicas (HENNEICKE et al., 2011) por praticamente todas as
especialidades médicas (OVERMAN; YEH; DEAL, 2013; WALSH et al., 2001).
Aproximadamente 250.000 homens e mulheres usam GCs a longo prazo no Reino

Unido e estao correndo risco significativamente aumentado de fraturas osteoporéticas,
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independentes de fraturas prévias (KANIS et al., 2011). A incidéncia de fraturas varia
de 30 a 50% em pessoas que usam GCs por mais de trés meses. Porém, além da
duragédo prolongada do tratamento, o aumento da dosagem diaria e dose cumulativa
com varios cursos de alta dose oral ou terapia intravenosa com doses relativamente
baixas também aumenta o risco para fraturas (WEINSTEIN, 2012). Além disso, é
importante destacar que o risco de fratura em individuos com a mesma DMO ¢é
superior naqueles com OIG quando comparado aos pacientes com osteoporose pds-
menopausa ou senil (KAJI et al., 2006; LANE, 2019).

Com a instalacao da atual pandemia de COVID-19 e a recomendacgéo pela
Organizagao Mundial da Saude (OMS) do uso da dexametasona para os casos graves
dessa doenga (ROCHWERG et al., 2020) e sabendo que esses esterdides tem sido
utilizados contra a sindrome respiratéria aguda grave do coronavirus (SARS-CoV-2),
mesmo com uma conclusédo ainda nao confiavel sobre o uso de GCs no tratamento
de COVID-19 (CORDEIRO et al., 2021), é provavel que haja um aumento relevante
de casos de OIG em um futuro proximo. Assim, com o aumento da sobrevida de
pacientes com doengas cronicas, aumento da frequéncia de uso de GCs e
consequente aumento da morbidade e mortalidade relacionadas ao seu uso
(PEREIRA et al., 2012), a OIG, e as fraturas decorrentes dela, deve ser melhor

compreendidas, prevenidas e tratadas.

1.4 Prevencgao e tratamento da OIG

Nos ultimos anos, os programas de tratamento e prevengao da osteoporose
tem focado em estratégias que visam minimizar a reabsor¢ao e maximizar a formagao
0ssea e, ainda, incluem estratégias que busquem diminuir os episodios de quedas
e/ou outros incidentes que possam ocasionar fraturas (COHEN; ROE, 2000). Esse
tratamento envolve agdes farmacolégicas e nao farmacoldgicas (LANE, 2019).

A estratégia farmacologica prevé o uso de medicamentos tais como os
bisfosfonatos, sendo esta a terapia mais amplamente usada na OIG (ADAMI; SAAG,
2019). Essa medicacéo visa a inibigdo da reabsorgao éssea e atua primariamente nos
osteoclastos (MARIE, 2006). Também sao prescritos teriparatida (BRIOT; ROUX,
2015) e denosumab (BUCKLEY et al., 2017), que visam promover a neoformagéo
Ossea, atuando primariamente nos osteoblastos (MARIE, 2006). Todos esses

farmacos geram melhora no quadro de osteoporose reduzindo a ocorréncia de
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fraturas através de efeitos benéficos na massa, volume, tamanho, forma, turnover,
microarquitetura e qualidade do osso (ALMEIDA et al., 2017; CHO; KIM; JEON, 2012;
NEWMAN et al., 2016; ZHAO et al., 2011). Porém, apesar dos relevantes beneficios,
essas medicacgbes estdo associadas a efeitos adversos (ALMEIDA et al., 2017), tais
como intolerancia gastrointestinal (SOUZA et al., 2010) e osteonecrose mandibular
(POZZI et al., 2007; SOUSA FERREIRA et al., 2021).

As intervengdes nao farmacolodgicas, por sua vez, incluem além da ingestéao
de vitamina D e calcio, a pratica de exercicios fisicos (CORONADO-ZARCO;
OLASCOAGA-G; MACIAS-HERN, 2019; LANE, 2019), especialmente o treinamento
resistido, com objetivo de prevenir a perda de massa e forga muscular, e
consequentemente evitar as quedas (LANE, 2019).

A inatividade fisica, e a consequente redugao da carga mecanica sobre os
0sso0s, € provavelmente um dos fatores que contribui para a osteoporose (VIANA et
al., 2013). Por outro lado, a atividade fisica regular pode prevenir a perda de massa
ossea (YUAN et al., 2016) e alguns exercicios fisicos podem melhorar forca e
equilibrio muscular, reduzindo o risco de quedas e fraturas (GIANOUDIS et al., 2014).
O exercicio aumenta a DMO, massa e resisténcia dssea e melhora as propriedades
mecanicas do o0sso, atuando nas células 6sseas o que afeta os varios aspectos da
remodelagdo (YUAN et al., 2016). O exercicio promove a formagdo Ossea,
estimulando diferenciacdo osteogénica e as atividades de osteoblastos e ostedcitos,
(HSU et al., 2018; ZHANG et al., 2017) e, paralelamente, inibe a osteoclastogénese e
a reabsorgdo Ossea (KANAZAWA et al., 2020; ZHANG et al., 2017).. Pichler e
colaboradores (2013) identificaram que a estimulagdo mecanica por meio do exercicio
fisico pode ser um possivel tratamento terapéutico para OIG, aumentando a formacao
ossea e prevenindo fraturas. Porém, sao necessarios mais estudos para confirmar os
beneficios da pratica de exercicios fisicos especialmente em pacientes com OIG
(BUCKLEY et al., 2017)

Sabendo que para pacientes que fazem uso de GCs a ingestao de calcio é
ainda mais necessaria do que para mulheres com osteoporose pds-menopausa
(RATERMAN; BULTINK; LEMS, 2019) e que o uso de produtos naturais, que
apresentam menos efeitos adversos, tem ganhado destaque na prevengao e
tratamento ndo apenas da osteoporose mas de todas as doencgas (CHE et al., 2016;
CHO; KIM; JEON, 2012), o Kefir apresenta-se como uma relevante possibilidade de

tratamento. Este probidtico se origina da agdo da microbiota natural presente nos
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graos ou grumos de Kefir (MARCHIORI, 2007) e apresenta teores de calcio
semelhantes aos do leite apds o processamento, o que o caracteriza como uma boa
fonte desse mineral (LERNER, 2000).

Kefir € um leite fermentado de preparo facil e economicamente acessivel
(AHMED et al.,, 2013; MARCHIORI, 2007), que pode ser consumido fresco ou
maturado. A maturacdo é uma fermentagao secundaria com duracao de 24 horas, a
10°C, que tem o objetivo de promover o crescimento de leveduras e trazer sabor e
aroma caracteristicos a bebida (BESHKOVA et al., 2002). Como resultado desse
processo, que pode ser repetido indefinidamente, ocorre a producdo de um alimento
rico em A&acidos latico, acético e glicdnico, gas carbdnico, vitamina B12 e
polissacarideos que conferem ao Kefir caracteristicas singulares e o caracterizam
como um produto leve e de facil digestdo (RODRIGUES; CARVALHO;
SCHNEEDOREF, 2005).

Fina; Brun; Rigalli (2016) compararam leite caseiro enriquecido com casca
de ovo e Kefir com leite ndo tratado e enriquecido com casca de ovo e observaram
que houve menor conteudo de lactose em ambos os leites com Kefir e maior
concentracdo de calcio no leite com Kefir e enriquecido devido ao menor pH que
facilitou a dissolugao da casca de ovo. Em adigao, o efeito protetor de Kefir no tecido
6sseo em ratas ovariectomizadas foi verificado através do aumento da captacao de
calcio intracelular (CHEN et al., 2015). Tu e colaboradores (2020), por sua vez,
indicaram a funcdo osteo-protetora do Kefir independente de suplementacdo de
calcio. Em um outro estudo realizado por esses autores, dessa vez em pacientes com
osteoporose, observou-se que o consumo de leite fermentado com Kefir apresentou
diminuicdo no marcador de reabsorgdo éssea nos pacientes que fizeram uso desse
probiotico (TU et al., 2015). Embora o Kefir venha conquistando adeptos e tenha
apresentado resultados benéficos a saude (GUZEL-SEYDIM; G OKIRMAKLI;
GREENE, 2021; SILVA-CUTINI et al., 2019; VASCONCELOS et al., 2021), ainda sao
necessarios mais estudos que investiguem o papel do Kefir no metabolismo 6sseo na

osteoporose, especialmente na OIG.
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2 PROPOSIGOES

Este trabalho teve como objetivos:

2.1 Objetivo geral
Avaliar o efeito do exercicio fisico em casos de osteoporose e o efeito do
Kefir associado ao exercicio resistido no tecido 6sseo na osteoporose induzida por

glicocorticoide.

2.2 Objetivos especificos
¢ Avaliar o efeito do exercicio resistido no metabolismo ésseo, em
modelos animais de osteoporose e estudos clinicos, por meio de revisao
sistematica
¢ Avaliar o efeito anabdlico 6sseo de Kefir e do exercicio resistido em ratos
com osteoporose induzida por glicocorticoide na:
o microarquitetura do fémur;
o forca e qualidade do tecido 6sseo do fémur;

o remodelagao 6ssea no fémur.
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3. CAPITULOS
REGIMENTO INTERNO

Por se tratar de pesquisa envolvendo animais, o projeto de pesquisa
referente a esta tese foi submetido & apreciacdo da Comissdo de Etica no Uso de
Animal (CEUA) da Universidade Federal do Cear4, tendo sido aprovado sob numero
de protocolo 137/17 (Anexo A). Esta Tese de Doutorado baseia-se no Artigo 37° do
Regimento Interno do Programa de Po6s-Graduagdo em Ciéncias Morfofuncionais da
Universidade Federal do Ceara, que regulamenta o formato alternativo para
dissertacdes de Mestrado e teses de Doutorado. Os resultados obtidos estao
apresentados na forma de 3 artigos cientificos, redigidos de acordo com as normas

da revista cientifica escolhida para publicagéo.

Artigo 1: Effect of strength exercise on bone metabolism in osteoporosis: a systematic
review of animal studies

Periddico: revista PLoS One* (ISSN: 1932-6203)

Qualis capes: A1

Fator de Impacto: 2.740

Artigo 2: Effect of physical exercise on bone tissue in patients with osteoporosis: a
systematic review clinical study

Periodico: Bone Reports™* (ISSN: 2352-1872)

Qualis capes: B2

Fator de Impacto: 3.710

Artigo 3: Kefir Treatment Enhanced Skeletal Response to Climb Exercise in Rats
submitted to Glucocorticoid Induced-Osteoporosis

Periddico: Frontiers in Endocrinology*** (ISSN: 1664-2392)

Qualis capes: A1

Fator de Impacto: 4.850

Normas das revistas disponiveis em:
* https://journals.plos.org/plosone/
** https://www.elsevier.com/journals/bone-reports/2352-1872/guide-for-authors

*** https://www.frontiersin.org/journals/endocrinology
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Effect of strength exercise on bone metabolism in osteoporosis: a systematic

review of animal studies

ABSTRACT

Osteoporosis is a crucial human, social and economic burden that has
enormous personal and socioeconomic consequences for millions of people. This
disease and its pathological changes have similarities between animal models and
osteoporosis in humans. Therefore, animal models have been widely used as a
clinically relevant model of bone loss. Thus, studies in animal models that address the
treatment of osteoporosis are of great importance and interest to support future clinical
studies that, in turn, may help to better choose treatments for patients with
osteoporosis. In order to analyze the effects of strength exercise on bone tissue during
osteoporosis, studies in animal models submitted to physical strength exercises have
been searched at PubMed, Cochrane Library database, EMBASE, Ovid Medline,
Scopus and Web of Science using a combination of terms: ((exercis*) OR (physical
exercis*) OR (strength exercis*) OR (resistance exercis*)) AND ((bone tissue) AND
(osteoporos*) AND (animal model)). Those which were pre-clinical trials, case-
controlled studies, cross-sectional studies using animal models with osteoporosis and
treated with therapeutic through physical strength exercises, published in Portuguese,
English or Spanish language, in the last 10 years were included. The evaluation of the
results considered the morphometric, histological, biomechanics, radiographic and/or
laboratory parameters. It was seen that physical exercise can mitigate bone loss in
animal models when compared to animals not submitted to exercise, either healthy or
with osteoporosis. Exercises were related to an increase in bone mineral density
(BMD) in 60% of the analyzed studies as well as increase in the maximum load,
stiffness, toughness and fracture load. It was also seen that exercise increased bone
and trabecular volume while decreased trabecular thickness, indicating beneficial
effects of physical training on bone tissue. Together, these results support the choice
of strength exercise as part of the treatment of patients with osteoporosis in future
clinical studies that, in turn, can help in choosing the exercise as an adjunct tool for

improving the bone loss process induced by osteoporosis.

Keywords: osteoporosis; exercise; bone tissue; animal models
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1. Introduction

Osteoporosis is defined as a multifactorial skeletal disease that is characterized
by the reduction of bone mass and disruption of the structure of bone tissue
microarchitecture, resulting in loss of mechanical strength and increased risk of
fracture (1). This disease is quite common since one in three women and one in five
men over 50 has a fragility fracture as a result of osteoporosis. There is a prevision
that prevalence increases significantly due to the aging process of the population. In
addition, this disorder represents a crucial human, social and economic burden, as a
result of fragility fractures, generating enormous personal and socioeconomic
consequences for millions of people (2). Therefore, studies that address the treatment

of osteoporosis are of high importance and interest.

Osteoporosis treatment and prevention programs have focused on strategies
that aim to minimize resorption and maximize bone formation. They also include the
reduction of falls and/or other incidents as an aim in order to lessen fractures (3). The
mechanical load promoted by physical exercise increases bone mass (4-6), and it has
been reported to be potentially safe and effective in preventing bone loss (6). So,
physical exercise has been suggested as a valuable adjuvant tool for the treatment of

osteoporosis.

Osteoporosis and its pathological changes have similarities between animal
models and osteoporosis in humans. Therefore, animal models have been widely used
as a model of bone loss clinically relevant (7—10). Thus, the analysis of the effects of
strength exercise on the bone tissue of animals with osteoporosis is interesting to
support the choice as part of the treatment of patients. So, in order to better understand
physical exercises in the treatment of this disease, the aim of this study was to conduct
a systematic review of the use of strength exercises in the treatment of osteoporosis
with animal models and to investigate the effects of strength exercise on bone

metabolism in osteoporosis.
2. Materials and methods
2. 1 Protocol and registration

This systematic review was carried out following the premises made by the
Preferred Report ltems for Systematic Reviews and Meta-Analysis Guidelines

(PRISMA) (11). The protocol was elaborated and previously registered in the revision
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database Reviews and Disclosure Center (PROSPERO) International property
registration systematic reviews with several records CRD42020220192, updated
November 301", 2020.

2.2 Focused question

The focused-question “Does strength exercise alter bone metabolism in animal
models of osteoporosis compared to animals not subjected to strength exercise?” was
formatted. Population (P): animal with osteoporosis; Interventions (l): strength
physical exercise; Control intervention (C): animals not submitted to strength
exercise; and Outcome measured (O): the effect of physical strength exercise

interventions on bone metabolism.
2.3 Search Strategy

This review study was conducted according to the Preferred Reporting Items
for Systematic Reviews and Meta Analyses Guidelines (11) and Cochrane Handbook
for Systematic Reviews (12). The search strategy was constructed according to the
Populations, Interventions, Comparison and Outcomes (PICO) principle. Individual
search strategies were designed for the following electronic databases: PubMed, the
Cochrane Library database, EMBASE, Ovid Medline, Scopus, Web of Science.
Electronic databases were searched to identify relevant studies published up to and
including November 2020. The searched publications were only considered in last ten

years in Portuguese, English or Spanish language.

The search strategy contained a combination of controlled predefined Medical
Subject Heading (MeSH) and/or Descriptors in Health Sciences (DeCS) terms and free
terms using the Boolean operators (i.e., OR, AND), always adapted to the syntax rules
of each bibliographic database. A combination of the following terms was used to
identify relevant studies: ((exercis*) OR (physical exercis*) OR (strength exercis*) OR
(resistance exercis*)) AND ((bone tissue) AND (osteoporos*) AND (animal model)).
The Hooijmans (2010) and de Vries (2011) search filters for the identification of
preclinical studies in PubMed and Embase, respectively, were applied to increase
search efficiency (13,14). Additionally, it has also conducted a manual search of
bibliographies and reference lists of the included studies to locate any potential

unidentified study.

2.4 Selection criteria
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It was included in vivo pre-clinical trials in animals such as rats, mice or rabbits,
with osteoporosis, regardless of gender or age. The osteoporosis model should be
induced by glucocorticoid, ovariectomy or oophorectomy, orquiectomia or
orquidectomia, calcium restriction, hormone use or using senile rats. The studies must
have used strength physical exercises independent of protocols, duration or intensity,
combined or not with other non-surgical therapies or medications. Studies with a
separate control group whose animals were received vehicle, were untreated, treated
with simulation (for example, electrical stimulation), submitted to none treatment,
without strength exercises in animals healthy or with osteoporosis were included.

Studies should be published in Portuguese, English or Spanish, in the last ten years.
2.5 Exclusion criteria

In this study, all references related to (a) literature reviews, clinical trials, case
reports or reviews, case studies, cross-over studies; (b) animals with comorbidities;
pregnant; ex vivo, in vitro and in silico models; (c) exercise protocols that are not
strength exercises or treatments that include strength exercises but are associated
with any surgical treatment; (d) bone loss protocols that include animals in movement
deprivation such as in the model of tail suspension and all other conditions of untreated
control; (e) studies without a separated control group were excluded. Studies that
present isolated non-relevant data, such as, for example, only animal weight variation,

were not considered.
2.6 Types of outcome measures

For result evaluation, morphometric, histological, biomechanics, radiographic,
and/or laboratory parameters were considered. The following parameters were
adopted: bone structure parameters, as such histomorphometry, evaluation of bone
resistance through biomechanical tests, bone mineral density (BMD); measurements
of the area of bone loss, volumetric analysis, bone percentage, bone porosity and
trabecular thickness (Tb. Th) and biochemical parameters (for example, serum levels
of bone alkaline phosphatase [BALP], calcium and phosphorus; and bone

biomarkers).
2.7 Screening methods, data extraction and risk-of-bias assessment

Titles and/or abstracts of the studies were selected using the search strategy

with an electronic search algorithm considering the selection criteria. The algorithm



34

included the descriptors or keywords (DeCS and MeSH) already mentioned. The
electronic search took place in the databases already reported and followed the
selection criteria already specified. The full text of potentially eligible studies was
retrieved and independently evaluated by two reviewers (VC, RF). The eligibility
certification for the selected studies was carried out upon confirmation by a third
reviewer. The Kappa (K) concordance test, also known as the Kappa coefficient, was
used to measure the degree of agreement between the evaluators. Values greater than
0.80 had been considered for agreement between the evaluators.

A standardized pre-pilot form was used to extract data from the included studies
in order to assess its quality and synthesize evidences. The information extracted
included: study design; information about sample and experimental groups;
osteoporosis induction protocol; details of exercise intervention and other
interventions; information to assess the risk of bias, author, year of publication and
research location. Missing data was requested from the authors. Information about
controlled versus crossover, number of experimental groups, number of animals per

group was also collected.

From the animal models, it was extracted variables such as age and weight,
species, sex and the use of anesthetic agent. So, that we could evaluate the effect of
strength exercise in different species and in both sexes, checking if there was a
different performance with those variables. About the type of intervention, any exercise
that was performed against resistance, in any medium (aerial or aquatic), using
different implements (loads attached to the syrup, stairs, pools, among others), with
any duration (daily, weekly, or monthly) was considered a strength exercise, in

combination with non-surgical therapies and other drugs (combination of drugs).

The dichotomous data primary were extracted from different models of strength
exercise, associated or not with other medications and/or non-surgical procedures,
which caused an improvement in bone tissue with osteoporosis. The continuous data
verified changes in the data of bone structure parameters, such as bone mineral
density (BMD, g/cm?), bone volume (VB, mm?3), percentage bone volume (BV/ TV,
percentage), trabecular thickness (Tb.Th, mm), trabecular number (Tb.N), total
porosity (Po (tot), percentage) and total volume of the porous space (Po.V (tot), mm?).
The biomechanical outcomes had the following calculated values: stiffness (K; N mm-

"), maximum load (maximum load; N), work to fracture (Nmm) and post-flow
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displacement (PYD; mm) and biochemical parameters such as serum levels of bone

alkaline phosphatase, calcium, and phosphorus (mg/dL).

The secondary continuous data extracted were: type and duration of strength
training per training session (in minutes); frequency of strength exercise (times per
week); total duration of the strength exercise (in weeks); load used (in grams), number
of sets and repetitions of the strength exercise; evolution of the animal weight (in
grams); as well as bone structure parameters such as osteocyte, osteoblast and

osteoclast counts (viable cells /mm?).

We used the RoB tool for animal intervention studies (SYRCLE RoB tool),
without adaptations, to assess the risk of bias. The CAMARADES (Collaborative
Approach to Meta-Analysis and Review of Animal Data in Experiment Studies) (15)
checklist was used to analyze for study quality.

3. Results
3.1. Search Results

A total of 126 studies were identified (Figure 1). Of these, a total of 84 studies
were excluded, one was duplicated and 83 it did not evaluate bone tissue in animal
models. After reading the 42 selected articles, it was found that 30 of these did not
meet the eligibility criteria, and seven articles were excluded because they did not
induced osteoporosis (n=5), or included animals in motion deprivation, such in model
of tail suspension (n=1) or did not present data of interest for the study (n=1); thus, five
complete articles were included in this systematic review. The Kappa agreement test

(K) showed a value of 0.88, which means a perfect agreement level (threshold > 0.8).
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Figure 1. PRISMA flowchart. Studies included for qualitative assessment
based upon the Preferred Reporting ltems for Systematic Reviews and

Meta-analysis guidelines.
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3.2. Characteristics of the Included Studies

Four studies aimed to investigate the effects of exercise training, combined or
not with other intervention (16—19). One study aimed to investigate whether swimming

can prevent bone loss caused by osteoporosis (20).

General information and technical features of the included studies are
summarized in Table 1. All studies were published in English. Two studies were
randomized controlled (18,20) and three others studies were randomized placebo-
controlled study (16,17,19).

The studies used between 24 to 66 adult rats, among them, 3 studies used
Wistar rats (17,18,20), 1 study used Sprague-Dawley (19) and 1 study used Holstman

rats (16). Four studies (16,17,19,20) used females while 1 study used male animals
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(18). The initial weight ranged between 100 to 300 g. The studies had 4 to 6
experimental groups with a range of 6 to 11 animals per group. Four studies used the
ovariectomy-induced osteoporosis model (16,17,19,20) while 1 study used
glucocorticoid-induced osteoporosis model (18).

About the exercise intervention, three studies used treadmill exercise (17-19),
one study used climb with an 80° inclination (16) and 1 study used swimming (20).
Four studies used another intervention associated with exercise: vibration stimulation
(18), creatine-supplemented (17), hormone replacement (16) and Icariin (19). Only 1
study did not perform any other type of intervention in addition to the physical exercise
(20).



Table 1. General characteristics of the included studies.

Sample . .
Author, Research Study . . . Osteoporosis Exercise .
. . (age, weight, gender, Experimental groups and animals per group . - . Others Intervention
year location design species) induction protocol Intervention
5 groups (n=8 per group) vibration stimulation
= |
' N=40 e control; _ _ o treadmill (13x28x15 cm compart_ments
Pichler . (12-week-old 240+20g e osteoporosis + prednisolone glucocorticoid . attached to Pneu-Vibe
Austria RC ) ) . . exercise . . ;
etal. 2013 male e prednisolone + treadmill training (prednisolone) vibration plataform;
Wistar rats) e prednisolone +vibration stimulation 30 min of whole-body
oo eenen . 2. Prednisolone + treadmil + vibration stimulation ) vibration/d, 5 djwk, for 12 wk)
5 groups (n=11 per group)
N=55, e sham-operated
Murai Brazil RPC (15-week-old 250-300 g e OVX non-trained placebo-supplemented ovariectom treadmill creatine-supplemented
et al. 2015 female e  OVX non-trained creatine-supplemented y exercise (300 mg/kg body weight)
Wistar rats) e  OVX exercise-trained placebo-supplemented
e OVX exercise-trained creatine-supplemented
- egroups(n=11pergroup)
e sham-operated sedentary _hormone replac_ement (sc.
N=66 ¢  OVX sedentary mplantsd silastic capsules
etzcl)uzz(?ﬂ Brazil RPC 220 +(‘Iagu”f,emale e sham-operated resistance training ovariectomy climbing Wltheif;asd?(l;ft(lgg ?; 176-
. Hol_stmagn rats) *  OVXresistance training 17B-estradiol/ml of sugnflower
e OVX sedentary hormone replacement oil), volume/ capsule (10 pL)
. % OVX resistance training hommone replacement T
N=24 4 groups (n=6 per group)
Souza a(;ult e no surgery and sedentary
et al. 2016 Brazil RC ~( 100é e no surgery and trained ovariectomy swimming No
’ e OVX and sedentary
female, Wistar rat °
__________________________________________ erele, WiSlertelS) . owXandwained
N=32 4 groups (n=8 per group)
e e sham-operated . .
Zhao; Bu; (3-month old, 210-235g, . treadmill Icariin
C China RPC e OVXgroup ovariectomy .
hen 2019 Sfemale, e OVX + exercise exercise (50 mg/kg/day by gavage)
D rat
rats) e OVX + exercise + Icariin

Source: survey data. RC: randomized controlled; RPC: randomized placebo-controlled; SD: Sprague Dawley; OVX: ovariectomized.
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3.3 Main outcome variables of studies

The morphological and histological parameters were tibial weights in one study
(16); visibility and organization of chondrocytes and structural organization of tissues
in a study (20); bone volume in one study (18); trabecular bone volume (BV/TV),
trabecular number (Tb.N) and trabecular thickness (Tb.Th) in two studies (17, 19). This
last study (17), in addition to the parameters reported above, also analyzed the
relationship between the volume of the osteoid and the total volume of the bone
(OV/BV) and the thickness of the osteoid (O.Th), the areas of erosion surface (ES/BS)
and osteoid surface (OS/BS), the osteoclast surface (Oc.S/BS), the osteoblast surface
(Ob.S/BS), osteoid thickness (O.Th), mineral apposition rate (MAR), mineralizing
surface area (MS/BS) and bone formation rate (BFR / BS).

Regarding bone parameters, two studies analyzed only bone mineral density
(BMD) (18,19), one study (17) analyzed BMD and bone mineral content (BMC), one
study (16) analyzed bone density (BD) and BMC; and another study analyzed only BD
and bone mass (20). The biomechanical parameters of maximum load, stiffness, and
tenacity (17) and stiffness, fracture load, and maximum load (16) were verified. The
biochemical parameters analyzed were the plasma level of kappa B nuclear activator
receptor (RANKL) and osteoprotegerin (OPG) ligand in 1 study (18); calcium and
phosphorus levels from bones in 1 study (16); dosage serum of calcium and alkaline
phosphatase in another study (20) and serum concentrations of estradiol, alkaline
phosphatase and tartrate-resistant acid phosphatase (TRAP) in one study (19).

3.4 Primary outcomes: effects of exercise treatment in the bone loss

The characteristics of exercise in the included studies are summarized in Table
2. The treatment with exercise, alone or associated with another intervention, was able
to decreased Tb.Sp (17) and increase tibia weight (14), bone volume (16), BV/TV (17)
as well as increase the number of chondrocytes and improve observation of the
structural organization of the tissue, suggesting an increased in bone formation,
despite fewer gaps in the proximal cancellous bone diaphysis microarray, indicating
that bone was strengthened (20). Only one study did not show relevant changes due
to exercise in histological parameters (17). Exercise, associated or not with another
treatment, increased BMD (17-19), BMC (16, 17), BD (16, 20) and bone mass (20).
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The biochemical results of the selected articles indicate that exercise,
associated or not with another intervention, was able to decrease the serum levels of
RANKL (18), serum levels of alkaline phosphatase and TRAP (19) and increased
serum OPG (18), E2 concentrations (19), both protein and mRNA expression of ERa.,
p-Akt (Akt) or Akt, B-catenin, and Runx2 (19), and levels of calcium and phosphorus in
the bone (16) when compared with animals with osteoporosis. One study did not
observe changes in serum levels of serum calcium and phosphorus induced by

exercise (20).

Biomechanical results were identified in two studies. Exercise, associated or not
with another intervention, was able to increase maximal load, stiffness, toughness (17),

and fracture load (16) indicating beneficial effects of exercise training on bone tissue.

All studies claim that exercise was effective in preventing deleterious changes
in bone tissue and that exercise can be promising tool in preventing bone loss and

promoting bone formation.



Table 2. Characteristics of exercise intervention the studies included (primary outcomes).

Author,
year

Morfological and Histological
outcomes

Bone parameters outcomes

Biomechanical and biochemical

Conclusions
outcomes

Pichler et
al. 2013

Murai et
al. 2015

Souza et
al. 2017

Souza et
al. 2016

Zhao; Bu;
Chen
2019

e EX and El increased the bone volume by 12.9
and 42.8% compared with osteoporosis group.
o Increase of El was significant compared with
osteoporosis and control group.

o No main or interaction effects were observed for
any of the histomorphometric parameters evaluated.

o Greater tibia weight in the El (0.61 £ 0.0 g)
compared to healthy sedentary (0.57 + 0.0 g)

o EX showed better organization of the tissue and the
gaps when compared to sedentary group.

e The cancellous bone of EX has fewer gaps than in
any other groups, especially compared to the OVX
group.

o EX was able to prevent the disintegration of the
general arrangement of the bone.

o OVX significantly decreased BV/TV, Tb.N and
Tb.Th, and increased Tb. Sp. Both EX and El
improved these adverse changes.

o El generated greater BV/TV gains and decreased
more Tb.Sp compared with EX.

e EX produced variation in BMD
compared to control rats after 12 weeks.
e El showed BMD no significant
difference compared to control after 12
weeks.

e increased BMC and BMD, femoral and
lumbar spine, suggesting that the trained
animals had higher values, irrespective of
other intervention.

e BD and BMC were significantly higher
in trained groups compared to groups
without training

e The association between exercise and
hormone replacement induced higher
values of BD and BMC

e EX had higher BD in the diaphysis and
epiphysis when compared to any other
group.

e EX bone mass was higher when
compared to sedentary

e OVX induced a significant bone loss, but
exercise alone (0.162 + 0.01 g/cm?) and
associated (0.171 + 0.01 g/cm?) markedly
alleviated bone wasting, with more BMD
increment.

e EX increased RANKL compared to the
control group.

e El decreased RANKL compared to
osteoporosis group, equated to the controls.
e El increased OPG compared to
osteoporosis, and equated controls.

Mechanical stimulation (exercise and/or
vibration) could be a possible therapeutic
treatment, through lowering the RANKL
level, thereby increasing bone formation and
preventing fractures in osteoporotic bone.

e Maximal load (p<0.001), stiffness
(p<0.001), and toughness (p=0.046)
indicated beneficial effects of exercise
training on bone tissue.

Exercise training does improve overall bone
health in this experimental model.

Exercise was effective in preventing the
deleterious changes on the bone tissue of
OVX rats.

Exercise associated with hormone were even
more favorable to the health of the bone
tissue.

e EX and El increase the calcium and
phosphorus concentrations in bones.

e EX and El induced significantly higher
stiffness, fracture load and maximum load.

* Groups did not present a statistically
significant difference on alkaline
phosphatase (U/L at 37°C).

* No group presented abnormal values of
serum calcium and alkaline phosphatase
compared to the reference values.

Through the parameters used, swimming
promotes greater bone formation and proved
to be effective to prevent the loss of bone
mass, the disorganization
of bone structure and the proliferation of
osteoclasts and adipocytes.

e EX and El decreased serum alkaline
phosphatase and tartrate-resistant acid
phosphatase and elevated estradiol.

e These changes were greater in El
compared with EX.

The combined benefits of exercise and Icariin
improved OVX-induced bone loss by up-
regulating osteoblastic formation

Source: survey data. Note: OVX: ovariectomy; EX: exercise intervention alone; El: exercise with other intervention; BMD: bone mineral density; BMC: bone mineral content; BD: bone
density; BV/TV: trabecular bone volume; Tbh.N: trabecular number; Tb.Th: trabecular thickness; RANKL: nuclear factor kappa B activator ligand; OPG: osteoprotegerin
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3.5 Secondary outcomes

Secondary outcomes of the included studies are summarized in Table 3. Body
weight was recorded in all studies, except by one (18). Three studies (16, 19, 20)
showed greater weight gain in the group of animals with osteoporosis and without
treatment. In one study (17), all groups gained weight regardless of the intervention.
One study (18) did not present data about animal weight.

Three studies used running exercise as a treatment (17-19), one of them being
downhill running (17); one study used climbing exercise with a load attached to the tail
(16), and one study used swimming as a treatment for osteoporosis (20).

The total duration of treatment with exercise was 12 weeks in three studies (16-
18) and eight weeks in two studies (19, 20). Training session duration was 30 min in
two studies (17, 18): a single session in one study (18) and two 15 min sessions (one
in the morning and one in the afternoon) in the other study (17). Two other studies had
a total training session time of 60 min in a single session (19, 20). One study did not
show the duration of the training session (16). The weekly frequency was 5 days a
week in four studies (17-20) and 2 days a week in a study (16).



Table 3. Secondary outcomes.

Total Training Weekl
Author, . Type of training session y .. .
Body weight . - - frequency Exercise intensity
year exercise duration duration (days per week)
(weeks) (minutes) ys perw
PIChZISI; gt al. - L;e;iirg'e” 12 30 5 10-speed m/min with incline at 2° set
Irrespective of the 30 20-speed m/min downhill running
Murai et al. interventions, all of the Treadmill 12 (2 sessions of 5 The trained groups demonstrate a
2015 animals increased their exercise 15) significantly progressive increases in
body weight across time the workload
Greater weight gain has
Souza et al been observed in the 1,1m vertical ladder, 80° incline, 50%,
2017 " QVX group, exception of Climbing 12 -- 2 75%, 90%, and 100% of the rat’s
exercise with the MCL, 27 sessions de 4-9 climbs
hormone group
Souza et al Greater weight gain has
2016 ' been observed in the Swimming 8 60 5
___________________________ O K grOUD
Greater weight gains
Zhao: Bu: have been found in all Treadmill
Chen;,201’9 groups, exception control exercise 8 60 5 18-speed m/ min and grade of 5%

group, with the largest
increment in OVX

Source: survey data. Note: OVX: ovariectomy; MCL: maximal carrying load
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The intensity of the exercise on the treadmill was 10, 18 and 20 m/min of speed,
respectively, with inclination (17-19). One study used downhill running (17). The
intensity of the climbing exercise with an inclination of 80° gradually increased by 50%,
75%, 90% and 100% of the maximal carrying load (MCL) of the rat, measured in the
previous training. There were 27 training sessions with 4 to 9 climbs each session
(16). The study that used swimming exercises did not present specific information on

training intensity.

Only one study presented information about bone cells, claiming to have
observed a greater number of osteoclasts in the osteoporotic and sedentary group
(20) A single study (18) showed less RANKL immunoexpression when compared
exercise with another intervention (vibration stimulation) to the osteoporosis sedentary
group, and it also showed high OPG immunoexpression when compared to

osteoporosis sedentary group. The exercise alone did not show the same results.
3.6 Risk-of-bias assessment

The risk of bias assessment of the included studies was assessed, using the
RoB tool for animal intervention studies (SYRCLE RoB tool) (Figure 2). About
selection bias, one study had a low risk of bias for random sequence generation (17)
and four studies were classified as unclear for this item, as they claimed to be
randomized, but did not describe the methods used to generate the allocation
sequence in sufficient detail (16, 18-20). About allocation concealment, one study
presented low risk of bias (17), two studies were classified as unclear because did not
describe the method used to conceal the allocation sequence in sufficient (16,18) and
two studies showed high risk of bias because did not present any description about
allocation concealment (19,20). Three studies have a low risk of bias in the item
baseline characteristics (17,19,20) and two studies did not be clear about if control
and intervention groups were similar at the beginning of the experiment (16,18).

About Performance and Detection bias, all studies presented a high risk of bias
in the items Random housing and Random evaluation of results because they do not
demonstrate if the animals were randomly housed and if the animals were randomly
selected to evaluate the results. Two studies (17,18) low risk of bias for blinding
(performance bias), but three studies (16,19,20) were unclear about blinding the care

givers or researchers. Two studies (17,18) showed low risk of blinding bias (detection
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bias), but three studies (16,19,20) presented a high risk of bias because they did not
present describe all measures used for the blind result evaluators to know which
intervention each animal. Regarding the Incomplete outcome data, selective outcome

reporting aspects and other sources of bias, all studies showed low risk of bias.

Figure 2. Risk of bias assessment. The risk-of-bias of the included
studies was assessed using the SYRCLE RoB tool.
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Source: elaborated by the authors.

3.7 Quality Assessment

A summary of the quality assessment using the CAMARADES Checklist (15) is
shown in Table 4. Total scores showed that the quality of the 5 studies with a minimum
of 5 points and a maximum of 9 points, out of 10 points. One study had 5 points (16),
3 studies had 6 points (18—-20) and 1 study had 9 points (17).
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Table 4. Camarades Checklist.

Pichleret Muraiet Souzaet Souzaet Zhao; Bu;

Article al. 2013  al. 2015 al. 2017 al. 2016 Chen 2019

Publication in peer- % % Y Y Y
reviewed journal

Statement of control of

Y Y Y Y Y
temperature
Randomization of Y Y Y Y Y
treatment or control
Allocation concealment N Y N N N
Blinded assessment of N Y N N N
outcome
Avoidance of anesthetics
with marked intrinsic Y Y Y Y Y
properties
Use of animals with
hypertension or diabetes N N N N N
Sample size calculation N Y N N N
Statement of compliance
with regulatory Y Y Y Y Y
requirements
Statgment regardlng Y Y N Y v
possible conflict of interest
Total (on 10) 6 9 5 6 6

Source: survey data. Note: Y: yes; N: no.

4. Discussion
The studies analyzed in this systematic review showed that physical strength
exercise can reduce the level of bone loss progression in animal, when compared to

animals without exercise, either healthy or with osteoporosis.

After induction of osteoporosis through ovariectomy (16,17,19,20) or
glucocorticoids (18), treatment with exercise alone was able to increase bone mineral
density (BMD) (17-19). When associated with other interventions, such as vibration

stimulation (18) and creatine-supplemented (17), these effects were
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increased, helping to support the choice of strength exercise as part of the treatment
of patients with osteoporosis in future clinical studies.

One of the main benefits of evaluating BMD is that the amount of bone mass is
an excellent predictor of the risk of osteoporosis fracture (21). The vibration stimulation
or creatine-supplementation favored the exercise of strength which, in turn, played a
protective bone effect in these animal models. BMD measures the quantity of bone

density; however other factors need to be considered to assess bone quality.

In order to assess bone quality, its material and structural properties must be
taken into account. Material properties include mineral and collagen composition and
micro-damages and respective repairs. The structural properties include bone
geometry and microarchitecture (22). A better tissue organization was observed in the
femoral head in both groups of healthy animals and in animals with osteoporosis
submitted to exercise (20), suggesting that exercise was also able to promote changes
in quality at the tissue level. Thus, exercise was able to prevent the disintegration of
the general bone arrangement caused by osteoporosis, improving the structural

properties of bone tissue.

Reinforcing the findings of bone quality, bone mechanical properties were
verified through biomechanical tests. Treatment with exercise increased maximal load,
stiffness, toughness (16,17), as well as fracture load (16) indicating beneficial effects
of exercise training on bone tissue. When associated with hormone replacement, this
effect was enhanced (16). Treatment with exercise also increased bone volume (18)
and trabecular volume and decreased trabecular thickness (19) reinforcing the positive

impacts of physical exercise on bone quality.

However, the study with high quality based on the measurement of quality
scores by the CAMARADES Checklist and the lowest risk of bias analyzed via the
RoB tool for animal intervention studies (SYRCLE RoB tool), did not show any relevant
changes in the histological parameters caused by exercise (17). These results may
have occurred due to the methodological difference in the preparation of the
histological material. In two studies (16,17), the hematoxylin and eosin (H&E)
histological evaluation routine was used and, in another study (15), there was the
application of a bone marker (oxytetracycline) and, later, decalcified distal femurs were

dissecated for histological analysis. However, this last study (15) pointed out changes
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in other parameters caused by physical training, such as increased bone mineral
content which was also observed in the study by Souza et al. (2017) (14), increased
bone density (also observed in the study by Souza et al. [18]), and an increase in BMD

already mentioned.

A decrease in serum RANKL levels and an increase in OPG (18) was observed
only when exercise was associated with vibration training. The immunoexpression of
RANKL was also low only in the group that associated exercise with vibration training.
Neither exercise alone nor vibration training alone was able to cause these changes.
Vibration training is a mechanical stimulus that has been used in the training and
rehabilitation of the physical capacities of individuals of different levels of physical
conditioning and age group (23). Therefore, it appears that the vibration training
potentiated the effects of exercise, promoting a decrease in bone resorption since the
positive regulation of RANKL is an essential factor in the increase in bone resorption
(24). The high levels of OPG, a regulator of the RANK-RANKL-OPG pathway,
reinforce these findings favoring the synthesis of the bone matrix (22). It should be

noted, however, that these findings refer to only one study.

However, the study by Zhao; Bu; Chen (2019) (19) showed that exercise, alone
or in combination with another treatment, increased serum estradiol levels. The
exercise associated with Icariin potentiated this finding. RANKL expression is
positively regulated two to three times by estrogen deficiency and directly correlated
with increases in bone resorption markers, indicating that the increase in estradiol
(estrogen) levels, promoted by exercise, can result in a decrease in bone absorption
mediated by the RANK-RANKL-OPG route (25).

The RANK-RANKL-OPG pathway is one of the routes that regulate bone
remodeling (26). The positive regulation of RANKL and the negative regulation of OPG
can be one of the means that generate bone loss caused by osteoporosis (27).
Exercises and physical activities promote bone health, increasing OPG levels, and

decreasing RANKL levels (28), corroborating what was identified in this review study.

Zhao; Bu; Chen (2019) (19) reinforces their own findings as they identified the
decrease in serum levels of TRAP and alkaline phosphatase promoted by treatment
with exercise, alone or in combination. Similar to the other findings already mentioned,

the exercise associated with Icariin also potentiated this finding. TRAP and an alkaline
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phosphatase were measured as markers of bone remodeling. Thus, the decrease in
the two markers indicates the anti-resorptive effect.

When analyzing calcium and phosphorus levels in blood and bone (16,20), only
in bone tissue did physical exercise increase the concentrations of calcium and
phosphorus on bone, which may contribute to greater resistance and tissue
remodeling (16). Ovariectomy contributed to increasing the body weight in three
studies (16,19,20) corroborating the literature in the castrated rat is also a model for
inducing obesity (7,10,29).

In this systematic review, treadmill running (17-19), climbing (16), and
swimming (20) were used as treatment for osteoporosis. In a systematic review that
analyzed different types of exercise as treatment for postmenopausal women (a
situation similar to most osteoporosis-inducing animal models in this review), the
positive impact of exercise on bone health was undeniable (30). In this review, three
studies used the weight resistance of the animal's own body associated with the
impact of running (17-19), one study used weight resistance of the body of animals
associated with external loads coupled to the tail (16), and a study used water
resistance in a reduced impact environment (20). Thus, regardless of the type of
resistance used, the exercises, associated or not with other types of treatment, were
effective in preventing deleterious changes caused by animal models of osteoporosis

induction, corroborating with the existing literature.

The intensity, volume, and density of training are important variables of physical
exercise. The intensity includes load, speed, and power; the volume includes duration,
distance, repetitions and the density are the training frequency. Generally, volume and
intensity are inversely related, and the higher the density, the shorter the recovery time
(31). Therefore, the exercises applied as treatment in the studies analyzed are of high
intensity, short duration and high density. It is noteworthy that there was an indirect
relationship between intensity and training volume since the treatments that were
performed five days a week lasting 30 min per session in a total duration of 12 weeks
(17,18). The treatments that were carried out five days a week with a duration of 60
min per session had a total duration of less than eight weeks (19,20). And the
treatment that was performed twice a week for 12 weeks had a high load intensity,

reaching 100% of the maximum load (16).
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American College of Sports Medicine, when it comes to physical exercise for
bone health, recommends moderate to high intensity, weekly frequency of 2 to 5 days
a week, and duration of each session ranging from 30 to 60 minutes (32). Therefore,
the treatment with exercise in animal models used in the analyzed studies is adequate

to the recommended.

The strengths of this review include the use of a well-established system of
methodology, the processes for checking eligibility, sorting, and abstraction of
information that were carried out in duplicates to minimize all possible deficiencies. In
addition, the fact that the experimental models of included studies used animals of the
same species facilitates the extrapolation of the results in humans.

The total duration of treatment with exercise in the studies analyzed ranged
from 8 to 12 weeks. Despite the short duration, the benefits for bone tissue could be
revealed. However, it is necessary to investigate treatment models with longer
duration to analyze the maintenance of these results over time, since the aging

process is harmful to bone tissue.

All studies in this review used young adult animals in models that simulated
postmenopausal osteoporosis (16,17,19,20) or induced osteoporosis by
glucocorticoids (18). Thus, the non-inclusion of studies with aging animal models was
a gap in this review, and it may not be possible to analyze the effects of treatment with

physical exercise on senile osteoporosis.

Other limitations of this review are due to the different outcome variables in the
different studies since only one study presented information about bone cells (20); a
single study showed immunohistochemical results (18) and only two studies presented
biomechanical data (16,17). The date limitation in the study selection process may
have generated this limitation. Research with these more comprehensive inclusion
criteria in future studies is suggested.

However, despite these different outcome variables, their findings
complemented each other, demonstrating the anti-resorptive effects on bone tissue.
Thus, the repercussions of strength exercise on the bone tissue of animals with
osteoporosis analyzed in this systematic review showed the beneficial effects of
exercise treatment in animal models, helping to substantiate the choice of resistance

exercise as part of patients with osteoporosis treatment.
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Effect of physical exercise on bone tissue in patients with osteoporosis: a

systematic review clinical study

ABSTRACT

Osteoporosis is a skeletal muscle disorder that is characterized by low bone mass and
structural deterioration of bone tissue, causing an increased risk of fractures due to
fragility. Although exercise is indicated as part of the treatment for patients with
osteoporosis, it is necessary to better understand how these benefits occur in bone
metabolism in order to indicate the best type, frequency and duration of exercise to
treat osteoporosis. This study aims investigate the effects of physical exercise on bone
tissue of patients with osteoporosis. A systematic review was carried out using
PubMed, the Cochrane Library database, EMBASE, Ovid Medline, Scopus, Web of
Science databases, using a combination of the following terms: exercise OR physical
exercise AND bone tissue AND osteoporosis AND clinical trials. The methodological
quality of the included studies was assessed with the checklist CONSORT statement
and the Cochrane Collaboration for clinical trials. After application of predetermined
inclusion and exclusion criteria compatible with the PICOS process, a total of five
suitable articles were identified. Three studies confirmed a positive association
between the decreased levels of markers of bone resorption and physical exercise.
Only one study showed increased BMD in patients of exercise group. However, the
number the studies that investigated the physical exercise in bone metabolism in
osteoporosis was small. So, the evidence is enough to just hypothesize that physical
exercise can reduce bone resorption, decreasing the level of bone loss progression,
in patients with osteoporosis compared to sedentary people, helping to substantiate

the choice of resistance exercise as part of the treatment of patients with osteoporosis.

Key words: osteoporosis; exercise; bone tissue; clinical study.
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1. Introduction

Osteoporosis is a very common condition (1) that is characterized by the
patient having low bone and structural deterioration of bone tissue, causing an
increased risk of fractures due to frailty (2). High impacts on the economy and loss of
quality of life for patients and their families are important burdens generated by these
fragility fractures (1). Thus, the effort in the search for effective treatments for
osteoporosis is extremely important. Thereby, osteoporosis treatment and prevention
programs should focus on strategies that aim to minimize resorption and maximize
bone formation, and also include strategies that seek to reduce episodes of falls that
may cause fractures (1,3).

Although there are anti-resorptive and anabolic medications available to treat
osteoporosis, this disease can’t be completely cured (4). Therefore, physical exercise
presents itself as an economical, effective and safe way to prevent the development
of osteoporosis (5), presenting itself as a valuable resource in the prevention and

treatment of osteoporosis (6).

Physical activity can prevent bone loss (4), improve quality of life and muscle
strength (7) and balance, and reduce the risk of falls (8). Although exercise is indicated
as part of the treatment for patients with osteoporosis (1), it is necessary to understand
how these benefits occur in bone metabolism to better indicate the type, frequency

and duration of treatment through physical exercise.

Therefore, long-term studies examining the effect of treatment of osteoporosis
with physical exercise is invaluable importance. Thus, in order to better include
physical exercises in the treatment of osteoporosis, this study aims to investigate the

effects of physical exercise on bone tissue in patients with osteoporosis.
2. Materials and methods
2.1 Protocol and registration

This systematic review was carried out following the premises made by the
Preferred Report Items for systematic reviews and meta-analysis guidelines (PRISMA)
(9) and a Cochrane handbook for systematic reviews (10). The protocol was
elaborated and previously registered in the revision database Reviews and Disclosure
Center (PROSPERO) International property registration systematic reviews with a
number of records CRD42021224368, updated January 16, 2021.
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2.2 Focused question

The focused-question "Does physical exercise reduce the level of bone loss
progression in patients with osteoporosis compared to sedentary people?" was
formatted. Population (P): patients with osteoporosis; Interventions (l): physical
exercise; Control intervention (C): sedentary patients and Measured result (O):
reduction in the level of bone loss.

2.3 Search Strategy

According to the Populations, Interventions, Comparison and Outcomes
(PICO) principle, the search strategy was constructed. Individual search strategies
were designed for the following electronic databases: PubMed, the Cochrane Library
database EMBASE, Ovid Medline, Scopus, Web of Science. The electronic databases
were searched to identify relevant studies published up to and including January 2021.
The searched publications were only considered in last ten years with no restrictions

on idiom.

The search strategy contained a combination of controlled predefined Medical
Subject Heading (MeSH) terms and free terms using the Boolean operators (i.e., OR,
AND), always adapted to the syntax rules of each bibliographic database. A
combination of the following terms was used to identify relevant studies: ((exercis*)
OR (physical exercis*) AND ((bone tissue) OR (bone)) AND (osteoporos®) AND
((clinical trial*). Additionally, it was also conducted a manual search of bibliographies

and reference lists of the included studies to locate any potential unidentified study.
2.4 Selection criteria

Inclusion criteria were used: (a) randomized clinical trials; (b) adults, aged 18
years or older, both genders, without distinction of ethnicity, with osteoporosis; c)
therapeutic intervention through physical exercises was included, regardless of the
exercise frequency, duration and intensity, combined or not with other therapies or
non-surgical medications; (d) articles published in any idiom; and (e) articles published

in the last ten years.
2.5 Exclusion criteria

In this study, all references related to (a) case studies, case reports, cross-over

studies, studies without a separate control group and preclinical trials; (b) people with
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disabilities and pregnancy; (c) treatments that include physical exercises, but which
are associated with some surgical treatment; (d) studies without a separate control
group; (e) any other study that does not address the use of physical exercise in
patients with osteoporosis were excluded. Studies that presented isolated non-

relevant data, such as, for example, only weight variation, were not considered.
2.6 Types of outcome measures

In order to evaluate the results, morphometric, biomechanics, radiographic
and/or laboratory parameters were considered. The following parameters were
adopted: bone mineral density (BMD) (spine, hip or forearm), bone microarchitecture
(assessed by high-resolution peripheral quantitative CT (HRpQCT) or bone biopsy),
bone turnover markers (carboxy-terminal collagen cross-link (CTX) (bone resorption)
or amino-terminal propeptide of type | collagen (P1NP) (bone formation) or calcaneal
quantitative ultrasound and biochemical parameters like serum levels of alkaline

phosphatase, bone alkaline phosphatase, calcium, and phosphorus.
2.7 Screening methods, data extraction and risk-of-bias assessment

Initially, studies were included based on data from titles and abstract screening.
The final selection phase involved the full-text reading by two reviewers (VC, RF) using
a predetermined data extraction form to confirm eligibility of each study based on the
inclusion and exclusion mentioned criterion. Studies that present isolated non-relevant
data were not considered. Titles and/or abstracts of studies were selected through the
search strategy that included the construction of the algorithm, the electronic search
and the selection criteria. The algorithm included the descriptors or keywords already
mentioned. The electronic search took place in the databases already reported and
will follow the selection criteria already specified. The full text of potentially eligible
studies was retrieved and independently evaluated by two independent reviewers. The
Jadad scale was used to assess the methodological quality of the selected studies.
Any disagreement between them about the eligibility for specific studies was resolved
through discussion with a third reviewer. The Kappa (K) concordance test, also known
as the Kappa coefficient, was used to measure the degree of agreement between the
evaluators. Values greater than 0.80 were considered for agreement between the

evaluators.
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A standardized pre-pilot form was used to extract data from the included studies
to assess the study’s quality and synthesize evidence. The information extracted was
included: details of the intervention and control conditions; suggested intervention
action mechanisms; information to assess the risk of bias, author and year of

publication. Missing data were requested from the study authors.

To evaluate the results of clinical trials, considering the sample number and the
follow-up period of the volunteers, in addition to clinical parameters for improving bone
loss, radiographic and/or biochemical data, and aspects of gender, age, underlying
diseases, and adverse effects and morphometric, histological, radiographic and/or
laboratory analyzes were consider. For data about intervention of interest for
performance measurements, any exercise, in any medium (aerial or aquatic), using
different implements (loads attached to the syrup, stairs, pools, among others), with
any duration (daily, weekly or monthly) were considered, in combination with non-
surgical therapies and other drugs (combination of drugs).

The criteria used to evaluate the quality were adopted from the checklist
CONSORT statement, providing guidelines for the following parameters: (a) sequence
generation; (b) allocation concealment method; (c) masking of the examiner; (d)
address of incomplete outcome data; and (e) free of selective outcome reporting. The
degree of bias was categorized as low risk if all the criteria were met, moderate risk
when only one criterion was missing, and high risk if two or more criteria were missing.
Potential impact of risk of bias for sample size calculation, patient selection, and
reporting was considered for each selected study. The potential risk of bias was
considered low if a study provided detailed data on all the parameters. A study was
considered to have a moderate risk if it does not provide information about just one of
the parameters; however, when a study lacked information about more than two
parameters, was designed to have a high risk of bias. Two independent reviewers
assessed he eligibility and extraction of the results of the articles. Any disagreements

were resolved with third reviewer.
3. Results
3.1 Search Results

A total of 88 studies were identified. Of these, a total of 42 studies were

excluded because they did not evaluate physical exercise treatment on bone tissue in
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patients with osteoporosis. After reading the 46 selected articles, it was found that 39
of these did not meet the inclusion and/or exclusion criteria because patients did not
diagnose with osteoporosis. Seven studies were assessed for eligibility, but two
articles were excluded because did not present data of interest for the study (n=2).
Thus, five complete articles were included in this systematic review (Figure 1). The
Kappa agreement test (K) showed a value of 0.91, which means a perfect agreement
level (threshold > 0.8).

Records identified through Additional records identified
database searching through other sources
(n=88) (n=0)

| l

Records after duplicates removed

(n=88)
v
Records screened |l Records excluded
(n = 46) 4 (n=39)
3 Full-text articles
Full-text articles excluded, with reasons
assessed for eligibility > (n=2)
n=7) e did not present data
of interest for the study

Studies included in
qualitative synthesis
(n=5)

| included | [ eigbiity | [ screening | [ Identification |

Figure 1. PRISMA flowchart. Studies included for qualitative assessment based upon the Preferred

Reporting ltems for Systematic Reviews and Meta-analysis guidelines.

3.2. Characteristics of the Included Studies

General information and technical features of the included studies are
summarized in Table 1. All studies were published in English and were randomized
controlled study. These studies were conducted in the Turkey (11), Hungary (12),
Serbia (13), India (14), and Iran (15).

One study aimed to investigate the effects of single session of exercise (12).
Two studies investigated the effects of exercise training, combined or not with other
intervention (11,14). And two others studies inquired different kinds of exercise on

osteoporosis treatment (12,13,15).
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All studies used group control, and all had comparable demographic
characteristics (age, BMI and sex). In all studies, patients were overweight with a BMI
between 25.79 and 31.23 kg/m?. The studies included women between 40 to 75 years
old with postmenopausal osteoporosis (11-15). Two studies included women with
osteoporosis and osteopenia, without difference between groups (12,14).
Postmenopausal osteoporosis was diagnosed by bone mineral density (BMD),
according to densitometry T-score value (< - 2, 5) in four studies (11-13,15). One
study used BMD measured using quantitative ultrasound densitometry (SOS) with
values between 3864 m/s and 3740 m/s (14).

Four studies used three experimental groups with many patients between 19
and 50 per group in three of these (11,12,14), and one study used small number of
patients per group: between 8 and 10 (15). One study used two experimental groups

with a number of patients between 31 and 37 per group (13).

About the exercise intervention, three studies (12,13,15) used two different
kinds of exercise in osteoporosis treatment: resistance and aerobic exercise in one
study (12), resistance, aerobic and balance exercise aerobic exercise in one study
(13), and aerobic exercise with additional load attached to the body in another study
(15). One study used resistance exercise (14), and one study used high-impact
exercise (with jumps) (11). One study lasted 24 weeks (11), two studies lasted 12
weeks (13,14), one study lasted six weeks (15), and only one study carried out single

session of physical exercises (12).



Table 1.

General characteristics of the included studies.

. Study Sample Experimental groups Osteoporosis Type of . . .
Author, year Location . . . ! osteopo Exercise Intervention Other Interventions
design (age and sex) and patients per group diagnosis rosis
Sen: N=58 3 groups WBV exercises
Esmaeilzade; Turkey RCT 40-65 years *CTRL group (n = 20) _ BMD T-scores PM e HIT: 20—-60 min, 3 d/wk, for 24 wk 34 20/_60 n;.r; 24
Eskiyurt, 2020 women ¢\WBYV training group (n = 19) ays/ week, for
’ «HIT group (n =19) weeks
3 groups ¢ RE: 30 min, muscle-strengthening and core
N=150 = stabilization elements, single session
Gomzb(())156et al. Hungary RCT  58.5t7.5 years :EERIFOQUFO?EC(;C'I(;,;SO)SO) BMD T-scores PM « W: moderate intensity (~ 3-6 metabolic -
women group o equivalents), 100 steps/min for 46 min in
W group (WG; n = 50) . X
outdoors on even ground, single session
e RE: muscles of the upper and lower
Filibovi‘c et al N=68 2 groups extremities, 3 d/wk, each of 70-min duration, for
P 2019 ’ Serbia RCT 64.271+5.61 years e CTRL group (CG, n=31) BMD T-scores PM 12 wk. -—-
women e Ex group (EG; n=37) ¢ W: rapid walking, 3-5 km/h,70% MHR, 5
d/wk, 50 min/d, for 12 wk.
3 groups 40g/d f
N=60 * CTRL (n = 20) ¢ RE: 10 dynamic exercises for both lower and p%/ot:i);]oorZon
Ssr;?:j?a ZB(()B 1d é India RCT 45-65 years ZP(Ssoﬁ Eozlgt)e protein alone Qg:zgitf; ;xztultr(assgg;d PM upper limbs, 8—15 repetitions at 40-80% of incorporated into
women . S(’) isolate protein+RE ry 1RM, 40-50 min, 4 d/wk, for 12 wk. 200-250 ml of milk
(PEGy' o= 20)p twice a day.
3 groups e AE: 18 sessions of submaximal treadmill
Roghani et al, N=27 « CTRL group (n=10) walklng., 30 rmn, 3 days/ week, for 6 Wegks.
2013 Iran RCT 45-65 years e AE group (n=8) BMD T-scores PM ¢ WV: identical to that of the aerobic with -
women weighted vest (4—8 % of body weight), for 6

o WV group (n=9)

weeks.

RCS: randomized controlled trial; WBV: Whole body vibration; BMD: bone mineral density; MHR: maximum heart rate, RM: repetition maximum; HIT: high-impact training;

PM: Postmenopausal; RE: resistance exercise; W: walking; CTRL: control; Ex: exercise; AE: aerobic exercise; WV: weighted-vest

64



65

Two studies used another intervention associated with exercise: whole body
vibration with the same session duration, weekly frequency and total time to exercise
sessions (11), and soy protein supplemented orally, 40g per day incorporated into 200
to 250 ml of milk twice a day (14).

3.3 Quality Assessment

A summary of the quality assessment was adopted from the checklist of the
Cochrane Center and the CONSORT (Consolidated Standards of Reporting Trials)

statement is shown in Table 2.

Table 2: Parameters evaluated the quality of randomized controlled trials (RCT) according to the
Cochrane Center and CONSORT guidelines (RoB 2.0) 38.

Random Blinding of  'mcomplete
Publicati Allocation Blinding of g Outcome Selective Other Overall
ublication Sequence c L. outcomes . i .
Generation oncealment Participants Assessment Data Reporting Biases Risk
Addresses
Sen;
Esmaeilzade; (+) (+) (+) ) (x) (+) (+) Moderate
Eskiyurt, 2020
Gombosetal ) +) +) “) +) +) (+)  Moderat
_ + + - + + + oderate
2016
Aipovieetal ) +) +) “) +) +) ® L
+ + + - + + + ow
2019
Shenoy. Bedh x) +) ) +) +) ) High
- X + - + + + i
Sandhu, 2013 g
Roghanietal ) () +) “) x) +) (+)  High
- - + - X + + I
2013 g

(+): Low bias risk; (-): unclear bias risk; (x): high bias risk

100% of studies with low risk of bias for blinding participants, selective reporting
and other biases. The included studies included 40% of the random sequence
generation (11,13), 60% demonstrated confidential allocation (11-13), in 100% there
is not enough information about the blinding of outcomes assessment (11-15), 60%

describe the number of losses of the participants (12—14). Thus, 40% of the studies
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had a moderate risk of bias (11,12), 40% a high risk of bias (14,15) and 20% a low risk
of bias (15).

3.4 Main outcome variables of studies

The parameters bone mineral density (BMD) were adopted for three studies
(11,14). The dual-energy x-ray absorptiometry (DXA) based BMD value of the femoral
neck was determined for two studies (11,13). One of these (13) was used lumbar spine
T-score too. BMD of left distal radius and midshaft tibia was used in one another study
(14).

The biochemical parameters were verified for four studies (12,13,15). The
concentrations of markers of bone metabolism carboxy-terminal cross-linked
telopeptide of type | collagen (CTX) was collected in three studies (11,12,15) and
serum bone-specific alkaline phosphatase (BALP) was measured for two studies
(12,15). Indicators for altered bone homeostasis in the serum level of matrix
metalloproteinases (MMP-9) and their tissue inhibitors (TIMP-1) were detected in one
study (13). The measurement of serum calcium (Ca), phosphorus (P) and total alkaline
phosphatase (TALP) was realized for one study (15) and serum osteocalcin (OC) for
other study (11).

Three studies evaluated others parameters: functional mobility, fall index,
health-related quality of life and depressive symptoms by Quality of Life Questionnaire
of the European Foundation for Osteoporosis (QUALEFFO) and Beck Depression
Inventory (BDI) (11); isokinetic muscle performance measurements (14); and balance
measurement by near tandem stand (NTS) and star-excursion (SE) test (15).

3.5 Primary outcomes: effects of exercise treatment in the bone loss

The characteristics of exercise intervention the studies included are summarized
in Table 3. The treatment with exercise associated with another intervention, was able
to increase increased significantly the BMD T-score in only one study (11), suggesting
an increase in bone formation. In one other study, vibration exercise was able to
increased BMD T-score, but not in high impact exercise group (14). Two studies

measured the BMD T-score before intervention, but did not after.

The biochemical results of the selected articles indicate that exercise was able
to decreased the serum levels of NTX and CTX in two studies, respectively (12,15),

indicating that a single session of resistance exercise (12) and aerobic exercise, with
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or without weighted vest (15), reduces bone resorption. However, other study did not
find changes in serum CTX due to treatment with exercise (11). There was a significant
decrease in the enzyme activity of serum MMP-9 and increased in the TIMP-1 inhibitor
in the exercised group, which did not occur in the control group (13), reinforcing the

results that indicate that exercise reduces bone resorption.

Specific serum bone alkaline phosphatase (BALP) increased due to aerobic
exercise and a decrease in the control group in one study (15), and there was no
change in these levels in another study (12). Serum calcium (Ca) levels increased with
aerobic exercise with weighted vest (15). There was no significant change as a result
of treatment with physical exercise in the levels of osteocalcin (OC) (11), sclerostin
(SOST) (12), total alkaline phosphatase (TALP) and phosphorus (P) (15).

3.6 Secondary outcomes

High impact exercise was able decreased QUALEFFO-41 scores, and
functional mobility test called Timed Up and Go (TUG) scores compared with control
group, meaning improvement on categories pain, physical function, social function,
general health perception, mental function and functional mobility. There was no

significant change in fall index scores (11).

Resistance exercise improved muscle strength parameters for knee and elbow
before and post-exercise, but it was not different from the control group (14). Aerobic
exercise, with or without weighted-vest, decreased fat mass and increased fat-free
mass. Aerobic exercise with weighted-vest increased NTS and SE score and
decreased in CG, showing significant improvements in all balance criteria (NTS test
and all directions of SE) (15).



Table 3: Characteristics of exercise intervention the studies included (primary outcomes)

Author, year

Bone parameters

Biochemicals parameters

Others

Conclusions

Sen;
Esmaeilzade;
Eskiyurt, 2020

e VG: BMD increased in L2—
L4 (+1.3%, p = 0.005) and
femoral neck (+5.0%, p =
0.003)

e HG: no significant change
in BMD

e VG: OC -31.3%
o No significant change in serum CTX
levels

¢ VG and HG: decreased
QUALEFFO-41 scores BDIl and TUG
score.

¢ no significant change in fall index
scores.

WBY exercises prevents bone loss,
functional mobility, and the HRQoL

e BMD T-scores varied

¢ RG, WG and CG: BALP post-intervention
not differ

Physical activity can influence bone
turnover, causing change in serum

Gombos etal.  petween -4.7 and 1.0 * @%?n.d CfG n<t)r_1-3|gn|f|ce_int 'nl scletr.ostln — concentrations of biochemical markers
2016 e Post-intervention BMD ¢ W4 signinicant Increase In sclerostin of bone metabolism and serum SOST
has not been performed ¢ RG: decrease in CTX post-intervention ¢ levels
o WG or CG: no change CTX '
Filipovi'c et al . ] o EG: decrease in the enzyme activity of Exercise has significant effects on the
P IS Post-intervention BMD serum MMP-9 and increased TIMP-1 - enzyme activity of serum MMP-9 and
has not been performed  CG: no differences TIMP-1 in humans, in vivo.
. L Soy protein supplemented increased in
Shenoy, Bedi, * PG and PEG: BMD * PG and PEG: improved muscle muscle performance and bone health.

Sandhu 2013

increased significantly
e CG: there was not change

strength before and after intervention
¢ CG: it was not different

The addition of resistance exercises
enhanced these effects.

Roghani et al.
2013

e AG and WVG: BALP increased

e CG: BALP decreased and CTX increased
e AG and WVG: NTX decreased

¢ WVG: Ca was increased compared to CG
o No differences in TALP and P in the
three groups

¢ AG and WVG: Fat mass decreased
and NTS score increased

¢ WVG: Fat-free mass increased, and
SE values increased

o AG: SE values was not significant

e CG: decrease in all SE values

Exercise decrease NTX and increase
BALP levels. Besides being an
effective nonpharmacologic
intervention to protect bone integrity
exercise improves balance and
physical fithess in postmenopausal
women with OP.

VG: vibration exercise group; HG: High impact exercise group; WG: Walking group; RG: Resistance group; EG: Exercise group; PG: Protein group; PEG:
Protein+exercise group; AG: Aerobic group; WVG: Weighted-vest group; CG: Control group; OC: osteocalcin; CTX: carboxy-terminal cross-linked telopeptide
of type | collagen; NTX: N-terminal telopeptide of type 1 collagen; WBV: Whole body vibration; BMD: bone mineral density; SOST: sclerostin, BALP: bone
alkaline phosphatase; QUALEFFO: Quality of Life Questionnaire of the European Foundation for Osteoporosis; HRQoL: health-related quality of life; Ca:

calcium; TALP: total alkaline phosphatase; P: serum phosphorus; NTS: near tandem stand; SE: star-excursion; OP: Osteoporosis.
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4. Discussion

The studies analyzed in this systematic review have shown that physical
exercise can reduces bone resorption, decreasing the level of bone loss progression
in patients with osteoporosis compared to sedentary people.

The reduction in bone absorption was seen in three studies by decreasing the
biomarkers of bone resorption: NTX (15), CTX (12) and MMP-9 (13). To accurately
examine bone structure and resistance in living tissue, biochemical markers of bone
metabolism (16—18) have been used. These markers are some substances produced
during bone remodeling and are divided into two categories: markers of bone
resorption, which reflect the activity of osteoclasts, and markers of bone formation,

reflecting the activity of osteoblasts (19,20) .

The markers of bone resorption are mostly the products of type 1 collagen
degradation and NTX and CTX are included in this group of biomarkers. Thus, the
reduction in NTX and CTX levels observed in groups of women with osteoporosis who
practiced physical exercise (12,15) indicates a reduction in bone resorption, which
means an improvement in osteoporosis since in this disease there is a decrease in

formation and an increase in bone resorption with consequent loss of bone mass (21).

The results about reduction in bone absorption are reinforced for a decrease of
MMP-9 and increase of its TIMP-1 (13). The association between MMP-1, MMP-2,
MMP-3, MMP-9, and MMP-13 with the pathogenesis of osteoporosis has been
demonstrated in different studies (22—24). These proteolytic enzymes are responsible
for early bone resorption because, before demineralization begins, they degrade the
collagen layer of the bone surface (23,24). Increased MMP-9 concentration was
correlated with increased bone reabsorption (23) and was negatively correlated with
BMD (25). In addition, MMP-9 is inhibited by TIMP-1 (24). Thus, the decrease in MMP-
9 and the increase in the TIMP-1 inhibitor indicate that exercise can prevent an

accelerated loss of BMD caused by osteoporosis (26).

The markers of bone formation, in its turn, that are the byproducts of collagen
synthesis (matrix proteins or osteoblastic enzymes), which showed change in one
study: increased values BALP (15). These results corroborate with previous results.

But, in other three studies of this systematic review, there was no change in other
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markers of bone formation: osteocalcin (11), SOST (12) and total alkaline phosphatase
TALP (15).

The response of biochemical markers of bone metabolism to exercise depends
on the type and intensity of the exercise performed (27). This may justify the different
results on bone metabolism biomarkers because different types, intensity, and duration
of exercises were used as a treatment for osteoporosis in the studies included in this

systematic review.

The effect of exercise on serum calcium and phosphorus levels was performed
in only one study and calcium levels increased only in aerobic exercise with load (15).
Thus, there is an inability to assess the effects of exercise on these biochemical
parameters in osteoporosis patients who exercised. The same was observed about
BMD T-score that increased in only one study (14) because the exercise intervention
and in another study only in vibration exercise group (11). Therefore, it is not possible

to make any conclusion reliable favorable bone health outcomes in these aspects.

The patients that practiced exercise to treat the multiple aspects of osteoporosis
were able to improve on categories pain, physical function, social function, general
health perception, mental function and functional mobility (11); muscle strength
parameters (14); decreased fat mass and increased fat-free mass and improvements
in balance criteria (15). These secondary outcomes were identified in three studies
(11,14,15), demonstrating that physical exercise contributes to the improvement of

positive aspects about the quality of life of patients.

The strengths of this review are the all groups had comparable demographic
characteristics and most of the studies have a high sample size and it did not have
large sample losses. In addition, trials are based on many centers’ experiences,
different countries, thus reducing regional and temporal bias regarding data collection

and interpretation.

All the studies evaluated showed favorable results for bone health as a result of
physical exercise. However, the parameters assessed differed from one another,
hindering more concrete evidence on these aspects. Only three of the reviewed studies
examined the effects of bone biomarker levels as a result of physical exercise, of which
three showed positive effects on bone health. Studies show the positive relationship

between physical exercise and bone mass gain in healthy patients (without
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osteoporosis) (28,29) or with low bone mass (7,30). However, few have carried out this
investigation in groups of patients diagnosed with osteoporosis (as shown in this
review). Studies included in this systematic review presented some bias, which is also
a limitation of this systematic review. More research with patients with osteoporosis

that aim to investigate effects of physical exercise on bone metabolism is needed.

The final aim of the review was to investigate of effects of physical exercise on
bone metabolism of patients with osteoporosis. Unfortunately, the number the studies
that investigated the physical exercise in osteoporosis was small, and only five of these
were included in this review. Of these, three confirmed a positive association between
the decreased levels of markers of bone resorption and physical exercise. In addition,
the outcome variables of studies were different. It is not possible to reach any reliable
conclusion. Thus, this review can only raise the hypothesis that physical exercise can
reduce bone resorption, decreasing the level of bone loss progression, in patients with
osteoporosis when compared to sedentary people, helping to support the choice of

exercise as part of treatment of patients with osteoporosis.
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Abstract

Introduction: Glucocorticoid-induced osteoporosis (GlO) has emerged as a challenge
after long-term administration of glucocorticoids (GC). Although some candidates for
the treatment of GIO have been studied, there is still a lack of studies that support
these guidelines. Exercise has been pointed out as an important non-pharmacological
option, while medications have been used with the objective of modulating bone
remodeling despite their important adverse effects. Therefore, the use of a natural
product, such as Kefir milk, can be an alternative to minimize these side effects. In this
context, our study aimed to investigate the combined effect of physical exercise and
Kefir milk on bone loss in rats submitted to the GIO model.

Methods: For this study, it was used male Wistar rats divided into 5 groups: normal
(N), and subjected to GIO which was subdivided into 4 groups according to the
treatment: control (C), Kefir (K), Exercise (Ex), and Exercise+Kefir (ExK). GIO was
induced by dexamethasone (7 mg/kg — i.m.) administered 1x/wk, during 5 wk. Kefir
milk was administered orally 1x/d, 7d/wk, at 0.7 ml/animal/d for 16 wk. The climb
exercise with load was performed 1x/day, 3d/wk, with progressive loads from 20% to
80% of the maximum individual load for 16 wk. After euthanasia, femur was collected
for morphological, radiographic, biomechanical, histopathological, histometric,
confocal and scanning electron microscopy analyses. Microarchitecture of femurs was
evaluated by micro-CT, and micro-Raman spectroscopy was used to analyze its bone
composition.

Results: GIO markedly affected bone, reducing trabecular bone volume density
(BVITV) (-35%), trabecular thickness (Tb.Th) (-33%), mineral content of femur (-26%)
as well as the content of bone collagen (-56%) while increased bone tissue roughness.
Bone strength and its biomechanical properties given by flexural strength (-81%),
fracture load (-80%) and the number of osteocytes (-84%) were lowered after GIO.
GCs directly reduced osteoblast number and function while increased osteoclast
number, altering bone remodeling (p<0.05). After a 16-week intervention, when
compared to GIO, the association of ExK significantly improved bone microarchitecture
and quality, marked by an increase in fractal dimension (+38%), cortical volume (34%),
BV/TV (34%), Tb.Th (33%), mineral content and collagen maturity, while reduced
trabecular separation (34%), and bone roughness. The association of exercise+Kefir
ameliorates bone strength and biomechanics (p<0.05). Besides that, exercise+Kefir
stimulated bone formation and modulated bone remodeling (p<0.05).

Conclusion: Our results showed that Kefir treatment enhanced skeletal response to
climb exercise in rats with glucocorticoid induced-osteoporosis. Therefore, these
therapies may be an interesting tool to improve bone microarchitecture and quality,
bone strength and biomechanical properties, and stimulated bone formation.

Keywords: Kefir; exercise; osteoporosis; glucocorticoid; bone loss
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1 Introduction

Glucocorticoids (GCs) have been used as a treatment for chronic diseases, due
to their anti-inflammatory and immunomodulating effects, and antiproliferative
properties (1). However, the prolonged use of GCs has been considered a crucial risk
factor for osteoporosis and subconsequent osteoporotic fracture, which is an important
health problem (2). The incidence of fractures varies from 30% to 50% in individuals

who use GCs for more than three months (3).

The pathophysiology of glucocorticoid induced osteoporosis is complex. This
occurs due to their effects on both hematopoietic and mesenchymal-derived bone
cells. GCs cause initial increases in osteoclast activity followed by a delayed and
sustained reduction in osteoblast action, reducing osteogenesis leading to decreased
osteoblast maturation, life expectancy and function (3,4). GCs also promote apoptosis
of osteoblasts and osteocytes (5). These changes can eventually cause bone loss and
an increased risk of fractures (3). However, at GIO, the risk of increased fracture is not
partly related to loss of bone density (6).It is important to notice that subjects treated
with GCs often present fracture in bones with high density when compared to
postmenopausal or senile osteoporosis (3,7). Thus, the increased risk of fracture is not
fully evaluated by bone mineral density measurements, as it is also related to changes
in bone quality (8) that included bone morphology, microarchitecture, and material

properties (9).

In 2017, the American College of Rheumatology revised their guidelines and
indicated pharmacological and non-pharmacological options for prevention and
treatment of GIO. Non-pharmacologic treatments include adequate intake of calcium
and vitamin D and exercise. Regular weight-bearing exercise with an emphasis on
strength training may prevent loss of muscle mass and strength, preventing falls, an
important triggering factor that leds to bone fracture in individuals under GCs therapy.
Despite the benefits of exercise, studies that can confirm the utility of these non-
pharmacological recommendations are lacking (10). Among the pharmacological
treatments, bisphosphonates, hPTH and denosumab have been pointed out. The use
of anti-resorptive agents in GCs-treated subjects has been shown to prevent additional
bone loss and improve bone strength, without reversing changes in the bone structure

induced by glucocorticoid treatment. In addition, considering that these drugs have
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also been related to important adverse effects (3,10), the use of natural products has

gained prominence in terms of prevention and treatment of diseases (11,12).

Kefir is a probiotic derivate from the natural microbiota present in Kefir grains or
groats (13). It presents calcium levels similar to that of milk after processing, is
therefore characterized as a good source of this mineral (14). This probiotic is also
considered an easily accessible and affordable fermented milk (8,13). Kefir has already
shown promising effects in animal models of osteoporosis induced by ovariectomy
(12,15) as well as in clinical studies over postmenopausal osteoporosis. These findings
suggest that administration of Kefir has an anabolic activity, increasing osteocalcin
levels, a bone formation marker, which is strongly associated with changes in total hip
and femoral neck bone mineral density (BMD) (16). Nevertheless, to the best of our
knowledge, there is no study evaluating the effect of Kefir milk on glucocorticoid-
induced osteoporosis. Taking together, the study aimed to evaluate the effect of the
combination between Kefir milk and physical exercises on bone loss caused by
glucocorticoid-induced osteoporosis in rats. We hypothesize that the treatments with
exercise and Kefir would be able to reduce the deleterious effects of GCs in the bone
tissue and that the associated treatment with exercise and Kefir would be as more

efficient as the isolated treatments.
2 Materials and Methods
2.1 Animals and study design

This study started only after approval by the Institutional Ethics Committee for
Animal Research from the Federal University of Ceara (UFC) (protocol number
137/2017). Sixty male Wistar rats (Rattus norvegicus) (12 weeks old, £200g) from our
own facility, were used in this study. Throughout the whole experiment, the animals
were kept in cages with temperature-controlled rooms, food, free water, and with a 12-

h light-dark cycle.

To determine the sample size, it was performed a power calculation. The
sample size was determined to provide 80% power to recognize a significant difference
of 20% among groups and the standard deviation of 15% with a 95% confidence

interval (p = 0.05), considering the changes in bone microarchitecture parameters,
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identify by micro-computed microtomography (micro-CT) analysis, as the primary

outcome variable. Therefore, a sample size of 6 rats per group was required.

After two weeks of acclimation to the laboratory environment, 60 animals were
randomly divided, in a blind manner, into two experimental main groups: Normal (N),
and glucocorticoid—induced osteoporosis (GlO). Animals with GIO were then
subdivided into Control (C), Kefir (K), Exercise (Ex), and Exercise+Kefir (ExK) (n=6
animals per group). Two experiments were performed, both lasting 22 weeks. Initially,
GIO was induced by the administration of dexamethasone (Decadron® - 4 mg/ml —
i.m.) at 7 mg/kg of body weight, 1x/wk, during 5 wk. Animals from Normal group

received 0.9% saline solution in the same regimen (17,18).

At week 6, resistance climbing exercises were introduced according to the
groups (19). Initially, the animals were subjected to an adaptation, in which they were
encouraged to climb the ladder without any kind of painful stimulus. On the first day of
week 7, a maximum load test was performed (19). Then, exercise was performed
3x/wk, with one rest day between the exercise days, during 120 days. The exercise
started with 20% of the maximum load and the load was increased by 10% per week
to reach the maximum of 80% at week 13. From weeks 14 to 21, the load of 80% was
maintained. Maximum load tests took place monthly (at weeks 7, 11, 15 and 19) to
readjust the load. Each exercise session consisted of 4 sets of 5 climbs and a 2-minute
rest period between each set. The ascent time of climbing exercise of each animal was
measured. The timer was started when the animal was positioned at the base of the
stairs and stopped when the hind legs of the animal reached the base of the house at

the top of the stairs (Figure 1).

I

FIGURE 1 | Ladder used in the resistance exercise treatment (A) and resisted climbing exercise
being performed by the animal (B). Source: author's personal file
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At week 6, the oral treatment with Kefir was initiated according to the groups.
Kefir particles (Kefir grains), donated by the UFC Dairy Laboratory (Fortaleza, Ceara,
Brazil), were prepared according to Urdaneta et al. (2007) to obtain Kefir milk. The
preparation process was repeated daily throughout 16 weeks of the experimental
period. Kefir was administered at 0.7ml/animal/day by gavage daily (20). Animals from

groups N, C and Ex received the same volume of saline solution.

Exercise and Kefir administration were performed until week 21. All animals
were euthanized, at week 22, 72 hours after the last exercise session, using overdose
anesthetics (ketamine and xylazine administered intraperitoneally). All animals were

weighed weekly. Both femurs were excised and dissecated for posterior analysis.
2.2 Morphometry

After euthanasia, bone morphometry of the animals was performed to identify
any macroscopic differences. All right femurs free of muscular, capsular and tendon
structures in all their extension were measured and weighed. The length measurement
was performed with a precision pachymeter, taking as parameters the large trochanter
and the lateral condyle of the femurs. The weight of each femur was acquired using a
precision analytical balance. The ratio of the femur weight/body weight of each animal

was calculated.
2.3 Radiographic images

The same right femurs were submitted to radiography in order to see the global
structures of cortical and trabecular bones at anatomical sites of proximal-metaphysis,
diaphysis, distal-metaphysis, and femoral neck. A single investigator obtained all
images. The images were acquired and processed using the Express system
(Instrumentarium Dental Inc. Milwaukee, WI - U.S.A) to estimate fractal dimension
through the use of TACT1 workbench software (Verity Software Systems, Winston-
Salem, NC, USA).The region of interest (ROI) was selected, analyzed and fractal
dimensions was calculated according to Pornprasertsuk et al (21). The data were

expressed as meanzS.E.M.
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2.4 Micro-computed tomography analysis

The left femurs were scanned using a high-resolution Micro-CT system
(Skyscan 1172®; Bruker, Belgium). The scanning parameters were adjusted to 50kVp,
800uA, 180° rotation with 0.8° rotation angle, 1021x1300 pixels and 14um3 voxel. A
0.5mm aluminum filter was used to minimize the beam hardening effects and reduce
noise in the images. The Data Viewer1 software (version 1.5.0, Bruker, Kontich,
Belgium) was used to reconstruct the images with an isotropic voxel size of 14ums3.
The images were manually registered using the MeVisLab 2.8.1 platform (MeVis
Medical Solutions Ag, Germany) and then automatically registered using the software
(MTM Scaffold, KU Leuven, Belgium). The CTanalyzer® software (Bruker, Belgium)
was used for image segmentation and the calculation of three-dimensional
morphometric parameters. The volume of interest (VOI) of the femur was delimited
including the trabecular bone of the region of the neck of the femur (metaphysis) and
cortical bone of femoral diaphysis. The following parameters were evaluated: cortical
volume (Ct.BV), cortical thickness (Ct.Th), trabecular bone volume density (BV/TV),
trabecular number (Tb.N), separation (Tb.Sp) and thickness (Tb.Th) (24,25). Data

were expressed as meantS.E.M.
2.5 Analysis of biomechanical properties

After radiographic, the same right femurs were used to three-point flexural
strength biomechanical test that was done in a universal testing machine (3345,
Instron®, Massachusetts, USA) (22). The test applied 500N load module with speed 3
mm. s~! at the central point of the femoral diaphysis, continuously until the moment of
the fracture. Values were selected every 0.02s and automatically saved. Based on the
recorded load-deformation curves, the biomechanical parameters were calculated:
maximum displacement, fracture load, stiffness, and energy absorption were obtained
based on the load—deformation curve (23), using Bluehill 2 v2.6 (Instron Corp., USA).

The data were expressed as meantS.E.M.
2.6 Analysis of bone composition by micro-Raman spectroscopy

In another set of experiments, after euthanasia, bone samples of right femur
were sectioned in the femoral neck (area of interest), measuring 4mm from the lesser

trochanter, using a precision metallographic cutter (Isomet 4000, Buehler®, Uzwil,
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Switzerland) and diamond disc, under irrigation with distilled water and at low speed
(150RPM). The sample were immediately analyzed by using a micro-Raman
spectrometer (Labram HR800, Horiba Jobin Yvon, Paris, France) coupled to a confocal
microscope (model BX41, manufactured by Horiba Jobin Yvon) operating with an
objective Olympus Mplan N 10x with 10x magnification with 0.25 numerical aperture
and 10.6 mm of work distance. The Raman spectra were obtained with excitation at
785 nm in the range of 750 to 2000 cm™" with 60 s of analysis and 3 accumulations per

region, and the laser power on sample surface was lower than 5 mW.

For the standardization, the pieces were analyzed in three distinct points distant
from each other by 500 um using the spinal canal as a reference. The spatial
distribution of the organic and inorganic components was determined by the relative
intensities corresponding to the Raman peaks. The Raman bands selected for
evaluation were phosphate hydroxyapatite (HA) (957-962 cm™') and carbonated HA
(1050-1100 cm™") obtained from the inorganic component; and amide | (1620-1700
cm~'and amide Il (1215-1300 cm™) attributed to organic component of the matrix
bone (26,27).

The data were obtained by using the LabSpec 5 software data acquisition
command system (Horiba, Jobin Yvon, Paris, France). For a better understanding
ratios of the band were calculated: 1) mineral/matrix ratio (MTMR) (phosphate
HA/amide IIl) which is a measure of the amount of mineralization in bone and provides
information on bone tissue compositions; 2) carbonated HA/phosphate HA ratio
(CTPR) that quantify the extent of type B carbonate substitution, meaning the greater
the carbonate replacement, the more mature the bone composition because increase
of the phosphate to carbonate ratio indicate accelerated loss of carbonate (26,28); 3)
mineral maturity/crystallinity (~1030 cm~'/~1020 cm™") that is a complex outcome that
reflects length and thickness of crystal and chemical composition and structural order
(29), which is inversely correlated with carbonate content and increases with tissue
age (30); 4) collagen maturity (pyridinoline/ dehydro-dihydroxylysinonorleucine; 1660
cm~1/1690 cm™) that measures the secondary structure of the collagen fibers,
represented by underlying subbands in the amide | peak (29); and, 5) HA
carbonate/amide | (~1070 cm~'/~1667 cm™") for remodeling evaluation (31). All spectra
were acquired on the same day and under environmental conditions to avoid optical

misalignment and changes in laser power. The data were expressed as mean+S.E.M.
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2.7 Scanning electron microscopy (SEM) of bone surface

After Raman analysis, the same bone samples were fixed in Karnovisky for at
least 6h and then kept in a cacodylate buffer. The femur was cut with a diamond blade
cutter to obtain a femoral neck fragment (0.5 x 0.2 cm fragment and 0.5 mm thick).
The fragment was placed in an Eppendorf tube and left in the desiccator for 24 h for
drying. The fragments were assembled into stubs for metallization with gold powder
(Quorum Metallist QT150ES, Quorum Technologies, Laughton, England) for scanning
electron microscopy (MEV inspect-50, FEI, Hillsboro, OR, USA) (32). The image was
obtained with a 400x magnification and the roughness was verified using an ImageJ®
plugin Surface plot 3D (33).

2.8 Histopathological analysis

After euthanasia, the proximal epiphysis of the left femur from each animal was
collected for histopathological evaluation. Each femur was fixed in 10% formaldehyde,
demineralized with 10% EDTA in a period of six to eight weeks. Then, the proximal
epiphysis of the left femur was cut at a 4 ym section through the longitudinal axis.
Subsequently, the specimens the femurs were included in paraffin. Paraffin was cut

into sections 5 ym thick and prepared for hematoxylin and eosin staining.

One examiner blinded to the groups performed the histopathological
evaluations, and the averages of the counts were obtained. Three histological sections
from each animal were analyzed in at least five fields of HE stained slide (n = 6),
located in the femoral neck and were captured at x20 and x40 magnifications. The
number of osteoblasts (N.Ob/B.Pm), osteoclasts (N.Oc/B.Pm) and osteocytes for bone
area (N.Oct/B.Ar) were evaluated (34). The histological parameters were presented as
mean = S.E.M. The cell account was performed using the Image J® software (NIH,
Bethesda, MD, USA) using the cell contain command.

2.9 Analysis of percentage of collagen bone filling by confocal microscopy

As collagen is a structural protein that presents a natural phenomenon of
autofluorescence (35), the same slides used for the histopathological study were
analyzed by confocal microscope LSM 710 (Zeiss, Jena, Thuringia, Germany) using

the manufacturer's software (Zen 2.1 lite black, 64-bit version, 758 MB, Zeiss, Jena,
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Thuringia, Germany). The images were obtained using a 488 nm wavelength laser and

FITC-green fluorescence emission channel (32).

The image was obtained using a 20x magnification and the percentage of
collagen bone filling in the femoral neck region was measured, using the image of the
entire length of the slide. To measure the percentage of collagen bone filling, the

ImageJ® Software was used (36). The data were expressed as meantS.E.M.
2.10 Statistical analysis

To test data normality, the Shapiro Wilk test will be used. Parametric data was
presented as means * standard error of the mean (SEM), using the Analysis of
Variance (ANOVA) tests followed by the Bonferroni test. The non-parametric data was
presented as median (variation) using Kruskal-Wallis test followed by the Dunn’s test.
The t-Student Test was used for ascent time and maximum load lifted analyses. For
all analyzes, p <0.05 was considered statistically significant. Statistical analyzes were
performed, and charts were constructed using the GraphPad Prism 6 program for

Windows.
3 Results
3.1 Exercise and Kefir improved bone microarchitecture

At day 150, compared to normal animals, the fractal dimension of femurs was
35% lower in GC-treated animals (Figure 2A and H). GIO mainly affected the trabecular
bone, reducing BV/TV by 35% (Figure 2D) as well as trabecular thickness (-33%)
(Figure 2E). GC increased the space between trabecula (+21%) (Figure 2G) (p<0.05).
GIO did not induce change on either cortical bone (Figure 2B and 2C) or trabecular
number (Figure 1F). Animals submitted to GIO showed significant reduction on the
mineral content of femur (-26%), without change on either mineral maturity/crystallinity
or carbonated HA/phosphate HA ratio (CTPR) (Table 1).

After 16-week intervention, only the association of exercise+Kefir significantly
increased the fractal dimension (+38%) compared to GIO (Figure 2A and 2H).
Exercise+Kefir improved cortical volume (34%) compared to Ex group (Figure 2B), as
well as BV/TV (34%) (Figure 1D), Tb.Th (33%) (Figure 2H) and Tb.N (9% compared
to K) (Figure 2F) while reduced Tb.Sp (34%), when compared to GIO (Figure 2G), as
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seen on micro CT analyses. Exercise and Kefir, individually, were not able to reverse
the effects of GIO on trabecular bone (Figures 2B-H). Exercise+Kefir significantly
increased mineral/matrix ratio (p<0.05) (Table 1). Neither GIO nor the treatments
changed the macroscopic parameters of femur length or weight. Taken together, these

results showed that Kefir and exercise, together, improved bone microarchitecture.
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FIGURE 2 | Exercise and Kefir improved bone microarchitecture of rat femur with GIO. (A)
fractal dimension; (B) cortical volume (Ct.BV); (C) cortical thickness (Ct.Th); (D) trabecular bone
volume per total volume (BV/TV), (E) trabecular thickness (Tb.Th); (F) trabecular number (Tb.N);
(G) trabecular separation (Tb.Sp) of femur; and (H) radiographic imagens of femur, representing
the fractal dimension (FD) and representative reconstruction of trabecular bone of the region of the
neck of the femur by micro-computed tomography (UCT). Data represent the mean+SEM of six
animals per group. Statistical analyses were performed by ANOVA followed by the Bonferroni test.

*P<0.05 vs. normal; #P<0.05 vs. control; 8P<0.05 vs. Kefir; 5P<0.05 vs. exercise.
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Table 1. Effect of exercise and Kefir in Raman analysis of rat femur with GIO

Parameters

N C K Ex ExK
Groups
MTMR 1.64+0.07 1.24+0.03* 1.31+0.03 1.42+0.03 1.46+0.02"
CTPR 0.84+0.01 0.69+0.04 0.77+0.59 0.88+0.61 0.91+0.81
Mineral 0.99+0.00 1.01£0.00 1.043:0.03 0.97+0.01 1.0040.00
Maturity
Collagen 0.74+0.17 0.3940.12* 1.14:0.83 1.01:0.92 1.14+0 45"
Maturity
Bone ” " "
. 1.16+0.01 1.69+0.16 1.36+0.13 1.02+0.08 1.15+0.87
remodeling

Data are reported as ratios of the band and represent the mean + SEM of six animals per group.
Statistical analyses were performed by ANOVA followed by the Bonferroni test. *P<0.05 vs.

normal; #P<0.05 vs. control
MTMR= Matrix to Mineral Ratio; CTPR= Carbonate to Phosphate Ratio; N= Normal; C= Control;

K= Kefir; Ex= Exercise; ExK= Exercise+Kefir
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3.2 Exercise and Kefir ameliorated bone strength and quality

GIO significantly decreased the flexural strength, by 81%, as well as the fracture
load in 80% (Figures 3A and 3B). The content of bone collagen was reduced by 56%
(Figure 3C and 3D) and the remaining collagen showed less maturity (Table 1) after
GIO (p<0.05). GCs also significantly reduced the number of osteocytes, by 84%
(Figure 3G).

Both treatments used alone significantly enhanced bone biomechanical
properties, but the associated therapy, using exercise+Kefir, showed a greater
improvement, by 84% in flexural strength and 80% in fracture load (Figures 3A and
3B). Kefir and Exercise administered isolated or in association increased the
percentage of collagen bone filling after GIO (p<0.05) (Figure 3C and 3D), but only
exercise+Kefir improved collagen maturity (p<0.05) (Table 1). The exercise itself
increased the number of osteocytes (p<0.05), also seen on Exercise+Kefir group
(+88%) on this parameter (Figure 3G). Corroborating our data, it was found that the
time spent for climbing decreased by 41% in the Ex group and by 40% in the ExK
group, while the load lifted by the animals during a climb increased by 32% in the Ex
group and 56% in the ExK group (Figures 3E and 3F). This demonstrates that even
lifting progressively heavier loads the animals were able to perform the exercise in
shorter time. Together, these findings suggest that the combined treatments contribute

to bone strength and greater biomechanical properties.
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3.3 Exercise and Kefir stimulated bone formation

Glucocorticoids directly affect osteoblast, as seen by the 5-fold reduction in the
number of this cell per bone perimeter (Figure 4A and 4C). Meanwhile, GIO increased
in 80% the number of osteoclasts (Figure 3B). SEM analysis revealed that GIO
increased bone tissue roughness on femur (Figure 5). A significant increase in bone

remodeling was given by HA carbonate/amide | ratio from Raman spectrometry (Table

1).

Exercise solo and exercise+Kefir were able to reverse the lower on osteoblast
number (Figure 4A and 4C) and decreased significantly bone remodeling (Table 1). All
treatments reduced the number of osteoclast (p<0.05) (Figure 4B). While Kefir and the

association exercise+Kefir reduced bone roughness (Figure 5).
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FIGURE 4 | Exercise and Kefir stimulated bone formation of rat femur with GIO. (A) number of osteoblasts (N.Ob./B.Pm.); (B) number of
osteoclasts (N.Oc./B.Pm.), and (C) representative imagens in H&E staining of cell count in femur in 10x and 40x magnifications. Data represent the
mean+SEM of six animals per group. Statistical analyses were performed by ANOVA followed by the Bonferroni test. *P<0.05 vs. normal; #P < 0.05 vs.
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92



Exercise Exercise+Kefir

Normal

GIO

FIGURE 5 | Exercise and Kefir reduced bone roughness of rat femur with GIO. The image was obtained with a 400x magnification and the roughness
was verified using an ImageJ® plugin Surface plot 3D. Microtopographic images that allow the visualization of recesses and degree of relief of femur
samples. Images elaborated both in gray scale and in varied tones that allow the visualization of details of the bone surface. The greater the color
variation in the images, the more irregular the surface is, and the more homogeneous, the greater the smoothness of the surface.
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4 Discussion

In this study, we demonstrate that the GIO model caused a negative impact on
bone tissue, mainly in trabecular bone. GCs changed bone microarchitecture,
decreasing its mineral and collagen content, its biomechanical properties, as well as
the number of osteocytes and osteoblasts. In addition, it was seen an increase on bone
roughness and on osteoclast number. Together, these findings indicate that GIO model
corroborate other pre-clinical studies and can reproduce the main aspects of
glucocorticoid-induced osteoporosis in human (37-39). Meanwhile, the combined
treatment using exercise+Kefir reversed many of the deleterious effects of GC on
bone. The association ExK improved microarchitecture and quality of femur,
ameliorated bone strength and biomechanical properties while stimulated bone
formation when compared to GIO or the treatment used alone. To the best of the
authors’ knowledge, this is the first time that an in vivo evaluation of exercise+Kefir on

bone tissue of rats with GIO has been performed.

Our findings indicated that GCs altered bone microarchitecture with a negative
impact, especially on cancellous bone. Bone changes were marked by reduction of the
mineral content. These conclusions are in agreement with the literature that has
already reported that treatment with GCs alter bone metabolism affecting mainly
trabecular bone (40). On the other hand, we demonstrated that the associated
treatment with Exercise+Kefir prevented bone microarchitecture deterioration induced
by GCs. Physical exercise is an important and well-known stimulus for osteoporosis
prevention and treatment (41). Resistance training has been proven to be beneficial
for bone microarchitecture, improving bone density and bone strength, besides it
provokes a generation of stimuli capable of promoting a bone osteogenic response
(42) along with mineral apposition (43). Meanwhile, despite the lack of studies in GIO,
it was demonstrated that Kefir could prevent the progress of bone loss both in model
of ovariectomy in animals (12) and clinically, in osteoporotic patients (16). The osteo-
protective potential of Kefir peptides (KPs), remain unclear. However, some studies
have pointed the positive effect of casein and whey proteins (two major proteins of
milk) on bone metabolism. Casein phosphopeptides (CPPs) may promote calcium
absorption and increase the bioavailability of calcium ions by other tissues, such as

bone, while whey proteins have shown osteo-protective properties due to the ability to



95

suppress the inflammatory status (15). Therefore, this may explain the potentiated

bone anabolic properties caused by Kefir on exercise.

Glucocorticoids also induced important reduction on flexural strength and
fracture load. Several factors may contribute to this finding. In this study, the amount
of bone collagen, as well as its maturity, was lowered after GC use. Type | collagen
plays an important role in maintaining bone structure and function, having greater
effects on bone strength than stiffness (44). Collagen composite improves the elastic
properties of bone along with hydroxyapatite, which provides the support for the
collagen matrix giving bone its strength and mechanical resistance, make bone a
strong yet flexible structure (45). Thus, damage on bone collagen decreases bone
strength (42), demonstrating the close relationship between changes in bone material
and biomechanical properties. Conversely, the treatment with Exercise+Kefir was able
to reverse the amount and quality of collagen observed after GIO, with consequent
increase in bone biomechanical properties. It was suggested that exercise-mediated
improvements in bone quality and mechanical properties are primarily driven by
collagen (46). In addition, the treatment with Kefir, which is rich in calcium (51),
rebounds positively in the treatment of osteoporosis, mitigating the lowered mechanical
properties of bone (12). There is evidence that exercise and calcium may not work
independently and demonstrates that high calcium intake can increase the effect of
exercise (52-54). Thus, the greatest improvement of exercise+Kefir in bone
biomechanical properties can also be related to the additional availability of calcium
promoted by Kefir, which, in association with exercise, increased bone mineral content,

as found in this study.

GIO was also marked by a significant reduction on osteocytes, which can also
explain the reduction on biomechanical properties. GCs may alter the metabolism and
function of the osteocyte as well as inducing cell death (47), or autophagy (48).
Osteocyte death and bone strength seems to be linked to bone hydration status. The
canalicular system surrounding the osteocyte body and its dendritic projections is
responsible to store much of the bone water, responsible for the hydraulic properties
in hard tissues (49). Death of osteocytes and disruption of the peri-cellular matrix may
therefore affect hydration status, compromising, then, bone strength (50). Resistance
exercise significantly reversed the reduction in osteocyte number induced by
GIO. Osteocytes are highly sensitive to mechanical stimulation (51). It has been
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reported that loading can reverse the decrease on the number of apoptotic osteocytes
(52) due to an increased expression of anti-apoptotic genes and activation of integrins
(53), prostaglandin receptors and subsequent signaling through protein kinase A or
beta-catenin (54). Mechanical stimulation through exercise training seems therefore
an interesting strategy to counteract the increase in osteocyte apoptosis associated

with glucocorticoids to increase bone resistance.

Another contributor to bone strength is the muscle activity. We did not analyze
the deleterious effects of GCs on muscle mass, even though it is known that GCs can
induce myopathy due to an effect on muscle mass and muscle strength, which is one
of the determinants of the risk of falls and fractures (39). On the other hand, when GIO
animals were submitted to exercise, they not only became more adapted to the
exercise model but also showed an improvement in muscle strength levels, since they
did the climbing exercise in progressively shorter times even when lifting progressively
larger loads. It is known that the mechanical load promoted by muscle strength and
ground reaction force act on the bones increase bone density and strength. This seems
to be one of the main reasons that exercise can improve bone health (58) and is

indicated for the treatment of osteoporosis (10).

Further, we observed that GC unbalanced bone remodeling marked by
reduction on osteoblast number. A number of mechanisms have been proposed to
explain the deleterious effect of GCs on osteoblast. The Wnt/pB-catenin pathway seems
to be an important target, as previously demonstrated by our study group (17), since
GCs upregulates Dkk-1 (55), Sost (56) and sFRP-1, all Wnt antagonists (57), while
reduce phosphorylation of GSK3p and the amount of nuclear 3-catenin (48). Inhibition
of Wnt signaling, in turn, favors adipocyte differentiation in bone marrow stromal cells,
rather than osteoblasts (53). Inhibition of bone morphogenetic proteins (BMPs), Runx2,
and reduction of canopy cells, which are responsible for initiation of bone formation,
may also contribute to the lower on bone formation after GC therapy (48). Exercise, in
the other hand, was capable to stimulate the increase on osteoblast number and

function.

Exercise has been shown to induce mesenchymal stem cells (MSCs) to
differentiate towards osteoblasts instead of adipocytes, and increase in the activities

of ALP and the levels of osteopontin (OPN) (58). Specifically in osteoblasts, exercise



97

has been shown to up-regulate the expression of osteogenic markers such as OCL,
Runx2, Osx, BAP, BMP2, and type | collagen in osteoblasts, also increasing the serum
levels of BALP and OCL, markers for bone formation (59). The beneficial effect of
exercise on osteoblast might involve the Wnt/b-Catenin signaling pathway, since fluid

shear stress induces nuclear translocation of b-Catenin in osteoblasts (60).

Finally, along with the decrease on osteoblast it was seen an increase on
osteoclast count and on eroded surfaces, as in accordance to previous studies
(37,47,61-65), due to both increased generation of new osteoclasts and prolongation
of the lifespan of preexisting osteoclast (6,66,67). Resorbed surfaces or surfaces in
the process of resorption are characterized by excavations resulting from the action of
osteoclasts (68). Thus, the increased roughness analyzed by scanning electron
microscopy reinforces our findings. GCs are known to induce gene transcriptions
associated with changes in osteoclast cytoskeleton organization which stimulate their
resorbing capacity (69). In addition, it has been shown that GIO is accompanied by
increased bone marrow adiposity (6,37,61). Large amounts of adipoccines are
secreted by these marrow adipocytes, such as adiponectin and IL-6, some of which
induce osteoclastogenesis (70), inflammation (71) and can interrupt hematopoiesis
(72), aggravating bone loss (73). Adiponectin, for example, which is an adipokine
highly expressed by marrow adipocytes (74), stimulates RANKL expression in mature
osteoclasts and is associated with low BMD in elderly patients (75,76). IL-6, in turn,
induces the expression of RANKL in osteoclasts and their precursors, which increases
the recruitment of hematopoietic macrophage precursors to the osteoclast lineage,
increasing bone resorption (77). Thus, the increased number and activity of osteoclasts
may be partially responsible for the reduction in trabecular bone volume observed with
excess GCs (37), as found in this study.

On the other hand, exercise and Kefir, isolated or associated, decreased the
number of osteoclasts, reversing the effects caused by GCs. As seen in MEV analyses
bone surface was more preserved with less roughness (68), suggesting less osteoclast
activity. Mechanical stress inhibits osteoclast differentiation and function (78). It has
been reported that treadmill and vibration stimulation training downregulated RANKL
expression and up-regulated OPG expression in bone cells in a rat model with
glucocorticoid-induced osteoporosis. Meanwhile, mice are fed with probiotics showed
significant reduction in TNFa and RANKL in both the intestine and bone marrow



98

(79,80). In clinical study, it was observed that Kefir-treatment decreased of 3 C-
terminal telopeptide of type I collagen (B-CTX) (16), indicator of bone resorption (81),
demonstrating that Kefir increases bone mass initially by decreasing bone resorption
first (16), as verified in this study.

In summary, the present suggests that the association of the oral probiotic Kefir
and resistance exercise improved bone microarchitecture, quality, strength as well as
its biomechanical properties through stimulation of bone formation. Thus, this
association may be an interesting choice in order to support the treatment of patients

with glucocorticoid-induced osteoporosis.
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4. CONCLUSAO GERAL

Em suma, podemos concluir que o exercicio fisico de for¢ca pode reduzir o
grau de progressao da perda 6ssea, mostrando os efeitos benéficos do tratamento
com exercicios, o que ajuda fundamentar a escolha do exercicio resistido como parte
do tratamento da osteoporose. O Kefir, por sua vez, potencializou os efeitos benéficos
do exercicio sobre o tecido 6sseo. A associacdo de exercicio com Kefir reverteu os
efeitos deletérios dos GCs no fémur melhorando a microarquitetura, a qualidade do
fémur e as propriedades biomecanicas, ao mesmo tempo que estimulou a formacao
O0ssea. Assim, o tratamento com Kefir e exercicios fisicos apresentam-se como
possiveis ferramentas adjuvantes para melhorar o quadro de perda 6ssea provocados
pela OIG.
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