UNIVERSIDADE VILA VELHA
PROGRAMA DE POS-GRADUAGAO EM CIENCIAS FARMACEUTICAS

EFEITOS DO KEFIR NO BARORREFLEXO DE RATOS
ESPONTANEAMENTE HIPERTENSOS

LiICIA BAIAO DUEMKE

VILA VELHA
NOVEMBRO/2016



UNIVERSIDADE VILA VELHA
PROGRAMA DE POS-GRADUAGAO EM CIENCIAS FARMACEUTICAS

EFEITOS DO KEFIR NO BARORREFLEXO DE RATOS
ESPONTANEAMENTE HIPERTENSOS

Dissertacao apresentada a Universidade
Vila Velha como pré-requisito do
Programa de Pdés-graduacédo em Ciéncias
Farmacéuticas, para a obtengdo do grau
de Mestra em Ciéncias Farmacéuticas.

LICIA BAIAO DUEMKE

VILA VELHA
NOVEMBRO/2016



Catalogacao na publicacao elaborada pela Biblioteca Central / UVV-ES

D852¢e
Duemke, Licia Baiao.
Efeitos do kefir no barorreflexo de ratos
espontaneamente hipertensos / Licia Baido Duemke — 2016.

49 f.: il.

Orientador: Elisardo Corral Vasquez.

Dissertacao (mestrado em Ciéncias Farmacéuticas) -
Universidade Vila Velha, 2016.

Inclui bibliografias.

1. Hipertensao 2.Pressao arterial. . Vasquez, Elisardo
Corral. Il. Universidade Vila Velha. Ill. Titulo.
CDD 616.132




LiCIA BAIADO DUEMKE

EEEITOS DO KEFIR NO BARORREFLEXO DE RATOS
ESPONTANEAMENTE HIPERTENSOS

Dissertagdo apresentada a Universidade
Vila Velha como pré-requisitic do
Programa de Pos-graduacao em Ciéncias
Farmacéuticas, para a obtengdo do grau
de Mestra em Ciéncias Farmacéuticas.

Aprovada em 03 de Novembro de 2018,

.i---_
—~

. i
/ s : i vl '\-\_\
L% E-:._.J.:_PJ_____..-__-M_T-'"'.._ = b
e "

==

~ Prof. Dr. Manuel Campos Toimil
Universidade de Santiago de Compostela (USC), Espanha
Membro externo

AU A A

Prof. Dr. Tadeu Uggere de Andrade
Universidade vila Velha (UVV)
Membro interno

Prof. Dr. Elisardo Corral Vasquez

Universidade Vila Velha (UVV)
Orientador



http://www.tcpdf.org

DEDICATORIA

Dedico este trabalho a minha méae, Rachel, minha maior incentivadora e minha maior fonte
de inspiracédo, ao meu pai, Octavio, por estar sempre presente em minha vida, aos meus

irmaos, Adriana, Rodrigo e Beatriz, e aos meus sobrinhos, Felipe, Matheus e Octavio.



“Por vezes sentimos que aquilo que fazemos
néo é sendo uma gota de agua no mar.
Mas o mar seria menor se lhe faltasse uma gota.”

Madre Teresa de Calcuta.



AGRADECIMENTOS

Os mais sinceros agradecimentos

Ao Professor Dr. Elisardo Corral Vasquez, orientador deste estudo, pela eficiéncia,
dedicacao e orientagbes precisas com que acompanhou este trabalho, abrindo horizontes

mais amplos de analise no decorrer do mesmo.

Aos professores do Mestrado em Ciéncias Farmacéuticas, pela qualidade das aulas

ministradas.

Ao Professor Dr. Tadeu Uggere Andrade, pela colaboracao e esforco e por gentilmente nos

ceder o Kefir.

Aos colegas do Programa de Pds-Graduacéo, pelas companhias nas aulas e pela amizade

demonstrada no decorrer do mesmo.

ABrunella Faro Klippel, pelo incentivo e participagdo efetiva no desenvolvimento deste

estudo.

Ao Marcos Leal, que desde o inicio me ajudou sendo fundamental nessa dificil caminhada.

Aos colegas do Laboratério de Fisiologia Translacional, por terem feito parte dessa jornada.

A minha familia, pelo encorajamento e apoio aos meus estudos e ao meu trabalho.

A Deus, por ter me feito capaz e me dado forgas.



1.1
1.2
1.3

2.1
2.2

3.1
3.2
3.3
3.4
3.5

4.1

SUMARIO

INTRODUGAO ..ottt 12
HipertenS80 arterial ..................ccooooiiieeiiicccee e 12
Controle da circulagdo pelo barorreflexo............ccccoooviieiiiiieeiiiiieenanin, 13
(O N o) 0] o) (o)1 [o0) Q= R 16
OBUJETIVOS ...t 18
ODBJEUVO QEIal ... 18
ObjetivoS @SPECITICOS ..........ccoeeeeeeeeeeeee e 18
MATERIAL E METODOS ......oooiiiiiieeieeeee et 19
ANUMAIS ..ottt aanas 19
Preparagédo e administragdo do Kefir ............ooueeeuuueeeeeeiieeeiiieaiiieeiiennnn, 19
Medidas hemodinGmICAsS ..............cooeeeeeeeiiiieeeeeeeeeeee e 20
Sensibilidade do barorrefleXo .............ceeveeeeeeeeeiiiieieeeieeeeeeee e, 20
ANalise eStatiStiCa .............oooveeeeiieiiiieeeeeeeeeeeeee e 21
RESULTADOS ...ttt 22
HeMOAINGMICA ............coooveeieeee e 22
DISCUSSAOD ..ottt 28
CONCLUSAO ...ttt 31
REFERENCIAS ..........cooiiiiiiiiiriiieeeis s 32



Figura 1

Figura 2

Figura 3

Figura 4

Figura 5

Figura 6

LISTA DE FIGURAS

llustracdo esquematica do arco reflexo de controle neural da
presséao arterial (PA) e técnica de ativacao e desativagdo do mesmo
através do vasodilatador nitroprussiato de sodio (NPS) e da
fenilefrina (Phe). Sdo também esquematizadas as vias aferentes e
eferentes do arco reflexo, bem como os sensores e efetores do
SISIEMA oo

Fotomicrografias de graos de Kefir obtidos por meio de camera
digital e (a) microscopia eletrénica de varredura do exterior (b-d) e
interior (e, f) da superficie de um grdo de Kefir. Na superficie
exterior (c, d) encontramos a prevaléncia de bacilos em estreita
associacdo com a matriz polissacaridea (Kefiran). Na superficie
interior encontramos em forma de bastonete os bacilos que crescem
em associacao com leveduras (€, f) .....ccccceviiiiiiiiiii e

Pressao arterial e frequéncia cardiaca basais aferidas em ratos
espontaneamente hipertensos (SHR) tratados por 30 e 60 dias com
graos ou fragcao soluvel de Kefir, comparados com os SHR tratados
com o veiculo (leite integral) e com os normotensos Wistar ..............

Registros tipicos do barorreflexo, caracterizado por taquicardia em
resposta as quedas de pressao arterial e bradicardia em resposta
aos aumentos da pressdo arterial, induzidas pela administracdo
intravenosa do vasodilatador nitroprussiato de sodio (V) e do
vasoconstritor fenilefrina (1) em ratos normotensos (Wistar) e ratos
espontaneamente hipertensos naotratados (SHR) e também
tratados com o parabidtico Kefir durante 60 dias ...............................

Esquema simplificado de como séo obtidas as
barocurvassigmoidais. Os valores pressao arterial (PA) basal e de
frequéncia cardiaca (FC) basal (circulo em linha pontilhada) sao
alterados com injec¢des “in bolus” ou por infusdo do vasodilatador
nitroprussiato de sodio (NPS) ou do vasoconstritor adrenérgico
fenilefrina (Fen). As respostas reflexas cronotropicas sao plotadas
em diferentes niveis pressoricos. As barocurvas sao caracterizadas
por um platd inferior de bradicardia reflexa e um superior de
taquicardia reflexa, os quais, juntamente com o intervalo entre
ambos, bem como o valor de pressao no ponto médio da sigmoide,
sao utilizados no algoritmo ....

Avaliagado da funcao do barorreflexo em ratos SHR tratados por 60
dias com Kéefir obtido pela fermentacao de seus graos em leite
integral, em comparacdo com ratos da mesma linhagem tratados
com o veiculo (leite integral somente). No painel superior séo
mostradas as sigmoides de cada grupo. Os pontos ao longo da
linha representam os valores da média do grupo de animais para
aquele nivel de alteracdo da pressao arterial. No painel inferior sdo
mostradas as respectivas primeiras derivadas das fungdes acima,
representando a sensibilidade do reflexo a cada nivel da barocurva .

15

17

22

23

25

27






Tabela 1

LISTA DE TABELAS

Parametros calculados, os quais foram utilizados na construgao
do algoritmo para gerar as barocurvas ..........ccccceeeieiiiiiiiiiieiieenenns



LISTA DE ABREVIAGOES

ANOVA - analise de variancia de uma via
CVLM - bulbo ventrolateral caudal

FC - frequéncia cardiaca

NA - nucleo ambiguo

NDMV - nucleo dorsal motor do vago
NTS - nucleo do trato solitario

PA - pressao arterial

PAM - presséao arterial média

PAP - pressao arterial pulsatil

RVLM - bulbo ventrolateralrostral

SHR - Ratos espontaneamente hipertensos



RESUMO

Duemke, Licia Baidao, Universidade Vila Velha - ES, novembro de 2016 -EFEITOS
DO KEFIR NO BARORREFLEXO DE RATOS ESPONTANEAMENTE
HIPERTENSOS. Orientador: Elisardo Corral Vasquez

Sabe-se que varios probidticos, dentre os quais oKefir, apresentam efeitos benéficos
nos niveis altos de pressédo arterial. O objetivo do presente trabalho foi avaliar a
acao do tratamento crénico do Kefir sobre o barorreflexo em ratos espontaneamente
hipertensos (SHR). Ratos Wistar e SHR machos adultos foram divididos em trés
grupos —Wistar, SHR e SHR-Kefir— tratados por 60 dias com Kefir (0,3ml/100g) via
gavagem. Os niveis basais de pressdo arterial e frequéncia cardiaca foram
avaliados no animal naoanestesiado, 24 a 48 horas apds a implantacdo de cateteres
na artéria femoral e veia femoral. O ganho (ou sensibilidade) do barorreflexo foi
avaliado nos animais acordados por meio de aumentos ou diminuigdes da pressao
arterial, através de inje¢des in bolus de fenilefrina e nitroprussiato de sodio. As
alteracdes de frequéncia cardiaca em funcdo das alteragdes de pressao arterial
foram analisadas por tratamento matematico, resultado em sigmoides ajustadas,
denominadas barocurvas. Os valores basais pressao arterial e frequéncia cardiaca
foram significativamente maiores no grupo SHR (16817 mmHg e 330£10 bpm) do
que nos ratos Wistar (102+6 mmHg e 287+10 bpm). Kefir atenuou significativamente
esses valores do SHR (152+9 mmHg e 310£11 bpm). A analise das barocurvas
mostrou uma significante diminuicdo da sensibilidade do barorreflexo no grupo SHR
(-3,6+£0,3 bpm/mmHg), quando comparado com os ratos normotensos Wistar (-
6,0+0,4 bpm/mmHg). Por outro lado, o tratamento dos SHR com Kefir durante 60
dias melhorou, mas nao reverteu completamente o ganho do barorreflexo (-4,1+0,3
bpm/mmHg). Isto é, tanto a taquicardia como a bradicardia reflexas foram mais
intensas em resposta as alteragdes pressoricas induzidas pelas drogas vasoativas.
Estes dados, explicitados no corpo da dissertacdo de mestrado, nos levam a concluir
que o tratamento de SHR por 60 dias resulta numa atenuacdo do prejuizo do
barorreflexo observado neste modelo. Nao foi possivel, no entanto saber se o
prejuizo do barorreflexo € causa ou consequéncia da atenuacdo significante da
pressao arterial e frequéncia cardiaca basais.

Palavras chave: Hipertensao arterial,Kefir, barorreflexo, pressao arterial, frequéncia

cardiaca, ratos espontaneamente hipertensos.



ABSTRACT

Duemke, LiciaBaido, Vila Velha University - ES, november 2016- EFFECTS OF
KEFIR ON THE BAROREFLEX IN SPONTANEOUSLY HYPERTENSIVE RATS.

Supervisor: Elisardo Corral Vasquez, Ph.D.

Studies have shown that the probiotics, including Kefir, exhibit beneficial effects in
the treatment of hypertension. The aim of this study was to evaluate the effect of
chronic treatment with Kefir on arterial baroreflex in spontaneously hypertensive rats
(SHR). Male Wistar and SHR rats at 4 months of age, were separated into 3 groups
Wistar, SHR and SHR-Kefir treated for 60 days with Kefir (0,3ml/100g) by gavage.
Basal levels of arterial pressure and heart rate were evaluated in conscious animals
24 to 48 hours after catheterization of femoral artery and vein under anesthesia. The
baroreflex gain (sensitivity) was tested in conscious animals through increases or
decreases in blood pressure by bolus injections of phenylephrine and sodium
nitroprusside. The heart rate data changes in function of arterial pressure changes
were subjected to a logistic sigmoidal equation (fitting barocurves) to determine the
gain of the baroreflex. As expected the SHR group had higher levels of arterial
pressure and heart rate (168+7 mmHg and 330+10 bpm) compared to Wistar rats
(1026 mmHg and 287110 bpm). Kefir treatment significantly attenuated these
parameters (152+9 mmHg and 31011 bpm). The baroreflex sensitivity was
significantly decreased in SHR group (-3,6+0,3 bpm/mmHg), when compared to the
Wistar group (-6,0+£0,4 bpm/mmHg). In the SHR rats treated with Kefir the gain was
initiatively improved (-4,1+0,3 bpm/mmHg). Thus, both the reflex tachycardia and the
reflex bradycardia were of higher magnitude in response to the changes in arterial
pressure. These data, described in the text of this dissertation lead us to the
conclusion that the treament of SHR for 60 days with Kefir results in imrovment of the
baroreflex function in the modelof hypertension. However, our data do not allow us to
know if the de baroreflex function is cause or consequence of the high levels of

arterial pressure.

Keywords: Arterial hypertension,Kefir, baroreflex, heart rate, spontaneously

hypertensive rats.
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1INTRODUGAO

Dentre as doencgas cronicas ndo transmissiveis, a prevaléncia de doencas
cardiovasculares tem crescido em decorréncia de varios fatores em nivel mundial,
conforme vem sendo alertado pela Organizacdo Mundial da Saude (WHO, 2013).
Dentre os fatores de risco para as doencgas cardiovasculares, a hipertensao arterial

sistémica se destaca por ser um dos mais importantes (Kearneyet al., 2005).

1.1 Hipertenséo arterial

A hipertensao arterial sistémica € uma doenga crbénica determinada por
elevados niveis de pressdo sanguinea nas artérias, fazendo com que o
coragao exerca um esforgco maior do que o normal para bombear o sangue através
dos vasos sanguineos (Anadénet al., 2010). Dentre os varios mecanismos pelos
quais a hipertensao ocorre, destacam-se de maneira interativa (mosaico de Page),
fatores genéticos, ambientais, disfuncéo endotelial e controle neural da circulagao,
obesidade, a taxa de ingestdo de sal, o consumo de bebidas alcodlicas, o
sedentarismo, fatores socioeconémicos e atividade cardiaca (SBH, 2010; WHO,
2013). Essa multiplicidade de consequéncias caracteriza a HAS como uma das
causas de maior reducdo da expectativa e da qualidade de vida dos individuos
(Duncan et al., 2006). As VI Diretrizes Brasileiras de Hipertensao Arterial publicadas
no ano de 2010 informam que aproximadamente 25% da populagdo mundial adulta
tem hipertensao arterial e estima que até 2025 a prevaléncia pode aumentar para
29%. Em relagéo ao Brasil, em diversas cidades, a hipertensao ja acomete 30% dos

adultos.

Ratos espontaneamente hipertensos (SHR) tém sido utilizados como uma
ferramenta importante para a compreensdo da hipertensdo arterial e outras
disfungdes cardiovasculares, bem como para a identificagdo de agentes alternativos
ou naofarmacoldgicos para a prevencgao/tratamento destas doencgas (Monteiro et al.,
2012; Friqueset al., 2015; Barbosa Neto et al., 2013; Ceroniet al., 2009). Uma
caracteristica relevante deste modelo de hipertensdo essencial € um controle
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nervoso autbnomo anormal (Moreira et al., 2013; Monteiro et al., 2012; Barbosa Neto
et al., 2013; Ceroniet al., 2009), associado com lesdo de o6rgaos alvos (Suet al.,
2001; Abboud 2010; Abboudet al., 2012). Neste modelo de hipertensdo ocorre um
tbnus parassimpatico cardiaco (vagal) diminuido, um ténus simpatico cardiaco
aumentado e um ténus vasomotor simpatico aumentado, quando comparados com
ratos Wistar normotensos (Ceroniet al., 2009; Barbosa Neto et al., 2013; Silva et al.,
2009; Hayward et al, 2012). Do mesmo modo, ou consequéncia disto, a
sensibilidade barorreflexa esta diminuida nestas condi¢ées (Barbosa Neto et al.,
2013) e também na hipertensao secundaria (Moysés et al., 1994; Campagnaro et al.,
2012).

1.2 Controle da circulagao pelo barorreflexo

A regulagdo neural autonbémica da circulagdo através do sistema
simpatico e parassimpatico fornece para os 6rgaos uma perfusao ideal, de acordo
com as suas necessidades metabdlicas (Vasquez et al., 2012). O sistema nervoso
simpatico exerce uma agao excitatéria no coragdo e vasos sanguineos, enquanto
que a inervagao parassimpatica cardiovagal exerce uma acgao inibidora sobre o
coragao (Campagnaro, 2012). Por isso, o barorreflexo € de grande importancia na
regulagao da fungao cardiovascular. O reflexo barorreceptor arterial (ou barorreflexo)
€ um dos mecanismos mais poderosos e rapidos para controlar a pressao arterial
(PA), promovendo momento a momento uma regulagao, impedindo a labilidade da
PA, pois nos mamiferos isto € muito importante. Um aumento imediato na PA
provoca um aumento reflexo da atividade vagal cardiaca e uma diminuicdo da
atividade simpatica cardiaca e vascular, resultando em uma diminuicdo da
frequéncia cardiaca (FC) e na corregcao da PA. Por outro lado, em resposta a uma
queda da PA, a atividade cardiovagal € inibida e a atividade simpatica cardiaca e
vascular € aumentada, causando um aumento da FC e um ajuste da PA conforme
pode ser visto no esquema da Figura 1(Vasquez, et al., 2012). A cada sistole
cardiaca, a PA gerada deforma as paredes desses vasos, levando a uma
despolarizacado do barorreceptor, o que leva ao aumento da frequéncia de potenciais
de acao transmitidos pelas fibras aferentes dos nervos depressor aodrtico e sinusal,
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0S quais se unem respectivamente aos nervos vago e glossofaringeo, fazendo
sinapse no nucleo do trato solitario (NTS), localizado no bulbo dorsal (Chapleauet
al., 1995; Irigoyenet al., 2001; Silvaet al., 2010). Assim, neurénios do NTS excitam
neurdnios parassimpaticos no nucleo dorsal motor do vago (NDMV) e no nucleo
ambiguo (NA), cujos axdnios se projetam para o coragao. Contrariamente, neurénios
provenientes do NTS se dirigem para o bulbo ventrolateral caudal (CVLM), o qual
envia estimulos inibitérios que irdo se projetar para o bulbo ventrolateralrostral
(RVLM), que sao projetados aos neurbnios simpaticos da coluna intermédio-lateral
(Irigoyenet al., 2001; Vasquez et al., 1997). O oposto acontece frente a redugdes nos
niveis da PA. Se houver uma diminuigcdo, ha uma menor deformacgao da parede, que
geram menos potenciais de agdo que sao conduzidos para o NTS, havendo uma
inibicado do NA e NDMV, desencadeando uma diminuigdo da atividade
parassimpatica cardiaca. Simultaneamente, CVLM estara menos estimulado,
diminuindo a inibicdo sobre RVLM, que aumenta a atividade simpatica cardiaca e
vascular. Consequentemente ocorrera uma diminuicdo da atividade vagal, um
aumento da FC, da contratilidade cardiaca, da resisténcia vascular periférica e do
retorno venoso, aumentando a PA reflexamente (Figura 1, parte inferior) (Irigoyenet
al., 2001; Vasquez et al., 1997; Silva, 2010).Conforme ilustrado na Figura 1, o
barorreflexo € tradicionalmente avaliado por meios farmacoldgicos, embora seja

crescente numero de estudos sobre o barorreflexo espontaneo (Silva et a., 2009).
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Figura 1. llustracdo esquematica do arco reflexo de controle neural da pressao arterial (PA)
e técnica de ativagdo e desativacdo do mesmo através do vasodilatador nitroprussiato de
sodio (NPS) e da fenilefrina (Phe). Sdo também esquematizadas as vias aferentes e
eferentes do arco reflexo bem como os sensores e efetores do sistema. Fonte: Vasquez et

al., 2012.



16

1.3 O probiéticoKefir

Embora existam varias opg¢des e condutas farmacolégicas para o
tratamento da hipertensao arterial, € cada vez maior a necessidade e procura por
formas alternativas de prevencgado e tratamento da mesma, em especial quando o
individuo apresenta refratariedade ao tratamento convencional. Por outro lado, ha
uma enorme caréncia sobre condutas ndo farmacoldgicas visando também a
correcao dos disturbios de controle neural da circulagdo que ocorrem nos processos

hipertensivos.

Nesse sentido, tem crescido a procura pelo uso de probidticos, isto &, o
uso de micro-organismos utilizados no processo de fermentagdo e que quando
administrados em quantidades adequadas exercem um efeito benéfico a saude do
consumidor. Estudos recentes experimentais e clinicos tém demonstrado os efeitos
benéficos dos alimentos funcionais (Monteiro et al., 2012; Friqueset al., 2015),
incluindo a diminuicdo da pressado arterial e a atenuagao da disfuncdo endotelial
(Friqueset al., 2015). Entre as opgdes, temos o uso do Kefir, o qual foi demonstrado
em nosso laboratdrio que, quando administrado em SHR, resulta em diminui¢cao da
pressao arterial e melhora da funcdo endotelial vascular, apds 60 dias de tratamento
(Friqueset al., 2015).

Trata-se de uma bebida fermentada pela acado de bactérias e leveduras
que estao associadas simbioticamente nos chamados graos de Kefir. A bebida tem
origem na Asia central, entre as montanhas caucasianas e a Mongdlia, e traz
promessas de varios beneficios para a saude. O nome “Kefir’ significa “sentimento
bom” (Wszoleket al., 2006; Nielsen et al., 2014; Lopitz-Otsoaet al., 2006; Sarkar,
2007). O Kefir preparado pela fermentacéo dos graos em leite integral € uma forma
bastante consumida pela populacédo brasileira, mas suas propriedades funcionais
ainda sao pouco relatadas na literatura(Sakar, 2007). Os principais produtos da
fermentacdo do Kefir sdo o acido lactico, o etanol e o CO2, que irdo conferir a
viscosidade, a acidez e o baixo teor de alcool (Leite et al., 2013).0s graos de Kefir
variam de tamanho, de 0,3 a 3,0 cm de didmetro (Figura 2) e tém uma composicao
microbioldgica complexa.Consistem de uma mistura de bactérias acido-lacticas

(aproximadamente 83-90%) e leveduras (aproximadamente 10-17%) (Wszoleket al.,
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2006). Um estudo feito em nosso laboratério realizando-se a microbiologia e
aanalise de microscopia eletrbnica de varredura no grao de Kefir mostrou que o
biofiime presente no grédo é composto majoritariamente por bacilos curvos curtos e
longos ou por leveduras de forma ovoide,e que a microflora dominante do Kefir inclui
varias espécies de bactérias benéficas,incluindo bactérias como
alLactobacilluskefiranofaciens, e leveduras, como Candidafamata e Candidakrusei.
Possui também uma contagem de microrganismos total de 7,5x107 UFC/mL
(Friqueset al., 2015).

graos de Kefir obtidos por meio de camera digital (a) e
microscopia eletrénica de varredura do exterior (b-d) e interior (e, f) da superficie de um grao
de Kefir. Na superficie exterior (c, d) encontramos a prevaléncia de bacilos em estreita
associacédo com a matriz polissacaridea (Kefiran). Na superficie interior encontramos em
forma de bastonete os bacilos que crescem em associagdo com leveduras (e, f). Fonte:
Friqueset al., 2015.

Portanto, faz-se necessario o estudo sobre terapias ndo medicamentosas
que possam impedir o agravamento da hipertensao arterial e com isto minimizar os
efeitos colaterais que teriam os medicamentos tradicionalmente utilizados. Neste
sentido, o presente projeto visa estudar os efeitos do tratamento crénico com
Kefirsobre o controle neural da presséao arterial neste modelo experimental.
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2. OBJETIVOS
2.1 Objetivo geral

Avaliar a sensibilidade do barorreflexo no controle neural da circulagao.
2.2 Objetivos especificos

Avaliar o efeito do Kefir na pressao arterial e frequéncia cardiaca
basais.Determinar a sensibilidade do barorreflexo no modelo experimental

SHR.Verificar se o Kefir administrado cronicamente a estes animais melhora

asensibilidade do barorreflexo.
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3MATERIAL E METODOS

3.1 Animais

O presente estudo foi realizado em SHR machos de 4 meses de idade e
em ratos Wistar da mesma idade. Os ratos foram alojados no biotério da
Universidade Federal do Espirito Santo, Brasil, mantidos em gaiolas de plastico
individuais, aclimatizados com uma temperatura controlada (22-23°C), ciclo claro-
escuro (12:12-h) e alimentados com ragdo e agua ad libitum. Os protocolos
experimentais foram previamente aprovados pelo Comité Institucional de Cuidado
Animal (CEUA-UFES, protocolo n° 040/2014). Todos os procedimentos
experimentais foram realizados de acordo com as diretrizes de cuidado e uso de

animais de laboratério, como recomendado pelo Nationallnstitutesof Health (NIH).

3.2 Preparacao e administragcao do Kefir

A identificagdo, preparagcao e administracdo do Kefirfoi como descrito
anteriormente (Friqueset al., 2015). Foi obtido a partir da fermentacdo dos graos em
leite integral e as bactérias e leveduras foram identificadas utilizando quatro
diferentes meios de Agar. A preparacédo do Kefir foi por adicdo de graos em leite
integral na proporgéao de 4% (m/v) e mantidos a temperatura ambiente. Um dia apos,
a mistura foi filtrada e o produto resultante foi refrigerado a 10°C para permitir o
crescimento de leveduras durante 24 horas. Em seguida, foram feitas aliquotas de

Kefir em tubos estéreis de plastico armazenados a -20°C até a sua utilizagao.

Um grupo de SHR foi tratado com Kefir (0,3mL/100g de peso corporal, por
gavagem) durante 60 dias, baseados no trabalho anterior de Friqueset al. (2015).
Em outro grupo de SHR foi administrado leite integral (0,3mI/100g, pH ajustado para
4,5) durante 60 dias para serem utilizados como controle de hipertensao. Os ratos
Wistar receberam leite integral pelo mesmo periodo e foram utilizados como grupo

controle normotenso.
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3.3 Medidas hemodinamicas

Para a realizacdo da medida direta da press&o arterial pulsatil (PAP),
pressdao arterial média (PAM) e FC, os animais foram anestesiados
intraperitonealmente com ketamina (80 mg/Kg) e xilazina (10 mg/kg). Foi realizada a
cateterizagdo da artéria e veia femoral para medida da PA e FC e inje¢do de drogas,
respectivamente. A canula utilizada foi confeccionada com tubos de polietileno PE-
10 (IntramedicPolyethyleneTubing, Clay Adams, Becton, Dickinson andCompany,
Nova Jérsei, EUA), acoplados a outro tubo de polietileno PE-50. A artéria e a veia
foram cateterizadas e as porgdes PE-50 foram transpassadas sob a pele até o
dorso, onde as extremidades destas canulas foram exteriorizadas e fixadas por meio

de fios de sutura nas costas do animal.

Esses animais foram acondicionados em gaiolas individuais mantidas na
sala de experimentos sob condicbes de temperatura e luminosidade controladas
durante 24 horas para recuperagao. Apds um periodo de estabilizacdo de 30
minutos foram registradas as ondas de pulso arterial, a partir dasquais foi obtida a
pressao arterial média, e também as medidas de frequéncia cardiaca. Os
parametros hemodinamicos de pressao arterial e frequéncia cardiaca foram obtidos
através da onda de pulso arterial detectada por um transdutor de presséao (BIOPAC
Systems, Inc., Califérnia, EUA) conectado ao sistema de aquisicdo de dados
biolégicos (BIOPAC). Esses dados eram enviados ao computador e processados,
como pode ser observado em um dos registros obtidos no presente estudo. Este
protocolo foi realizado com a finalidade de avaliar os efeitos do tratamento com Kefir

sobre os valores pressoricos e de frequéncia cardiaca dos animais hipertensos.

3.4 Sensibilidade do barorreflexo

O controle barorreflexo da pressao arterial foi avaliado em animais
acordados através da medida das alteragdes de frequéncia cardiaca em resposta ao
aumento ou diminuicdo da pressao arterial 24 a 48 horas apds a instrumentacao
cirurgica para medidas hemodinamicas. Apds estabilizacdo da pressao arterial e
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frequéncia cardiaca por 30 a 60 min, com o animal ndoanestesiado, livre mas quieto
em sua gaiola individualizada, foi iniciado o teste. Com os parametros
cardiovasculares estaveis, foram administradas doses in bolusde fenilefrina (de pelo
menos 2ug/kg; Sigma Chemical, St. Louis, MO) e nitroprussiato de sodio (no minimo
de 2 ug/kg; Hypofarma, Belo Horizonte), para induzir um aumento ou uma
diminuicdo da pressao arterial, respectivamente, concedendo-se um intervalo de, no
minimo, 10 min entre cada dose e outra para que os niveis de pressao e frequéncia

retornassem a valores proximos aos basais.

O pico dos valores de pressao arterial e de frequéncia cardiaca em
resposta a fenilefrina e nitroprussiato de sodio foram ajustados (“fitted”) numa
equacao logistica sigmoidal. O método de ajuste 6timo da curva foi similar ao modo

ja praticado em trabalhos anteriores:
FC =P+ P2/ [1+eP3PAPy,
onde
P41 é o platd inferior;
P> é o intervalo de frequéncia cardiaca entre os platds superior e inferior;
P3 é o coeficiente da curva; e

P4 é o valor de pressao arterial no ponto médio de P2.

O ganho (sensibilidade) foi calculado baseado na primeira derivada da

funcao sigmoidal.

3.5 Analise estatistica

Os valores foram expressos como médiatEPM. As comparagdes
estatisticas entre os diferentes grupos foram realizadas por analise de variancia de
uma via (ANOVA), seguido por teste post hoc de Bonferroni. Um valor de p<0,05 foi
considerado estatisticamente significativo. A analise estatistica foi realizada através

do software Prism versao 6.07.
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4 RESULTADOS

Os animais SHR, conforme esperado, apresentaram caracteristicas ja
conhecidas nesse modelo, tais como pelos mais eretos e ndo tdo brancos como os
Wistar, bem como deixaram de ganhar o mesmo peso que os Wistar (ao final dos 6
meses: Wistar328+3 g vs480+8 g de peso corporal, p<0.05). O tratamento com Kefir
nao modificou seu aspecto visual e comportamental e ao final do tratamento

pesavam 32614 g (p<0,05 vsWistar).

4.1 Hemodindmica
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Figura 3. Pressao arterial e frequéncia cardiaca basais aferidas em ratos espontaneamente
hipertensos (SHR) tratados por 30 e 60 dias com graos ou fragdo soluvel de Kefir,
comparados com os SHR tratados com o veiculo (leite integral) e com os normotensos
Wistar. Os valores indicam a média + EPM para grupos de 8 animais. *p<0,05 vsWistar e
#p<0,05 vs SHR. Fonte: a autora.

Como esperado, animais SHR exibiram significativamente altos niveis de
pressao arterial média e de frequéncia cardiaca basais (168t7 mmHg e 330+10
bpm; p<0,05) comparados com os ratos Wistar (102t2 mmHg e 287+10 bpm)
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(Figura 3). A administragéo de Kefir por 30 dias ndo causou efeito significante sobre
a pressao arterial e frequéncia cardiaca dos animais. O efeito benéfico do Kefir foi
notado quando a administracdo foi de 60 dias, o que provocou uma atenuacgao
significativa da pressao arterial e da frequéncia cardiaca, que foram reduzidas para
15249 mmHg e 310+11 bpm (p<0,05).
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Figura 4. Registros tipicos do barorreflexo, caracterizado por taquicardia em resposta as
quedas de pressdo arterial e bradicardia em resposta aos aumentos da pressao arterial,
induzidas pela administragdo intravenosa do vasodilatador nitroprussiato de sodio (V) e do
vasoconstritor fenilefrina (1) em ratos normotensos (Wistar) e ratos espontaneamente
hipertensos ndo tratados (SHR) e também tratados com o probidticoKefir durante 60 dias.
Fonte: a autora.
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Os registros tipicos mostrados na Figura 4 sdo modifica¢cdes/adaptacdes
do nosso artigo publicado: Klippelet al., 2016. Os efeitos da administragdo de Kefir
na sensibilidade do barorreflexo em SHR sdo mostrados nas figuras seguintes.
Como mostrado nos registros tipicos (Figura 4) e conforme esperado,
combarorreflexo desafiado por aumentos moderados induzidos por fenilefrina na
pressao arterial, o grupo SHR mostrou uma significativa diminui¢do no reflexo de
bradicardia (~50%, p<0,05), quando comparado com o grupo Wistar e,
consequentemente, uma significativa redugdo no ganho do barorreflexo (-3,6+0,3
bpm/mmHg, p<0,05) (Figura 4). O tratamento de animais SHR com Kefir por 60 dias
resultou em leve, mas significativa, melhora do reflexo de bradicardia (~40%,

p<0,05) e também no ganho do barorreflexo (-4,1+0,3 bpm/mmHg; p<0,05).
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Esquema e Exemplos de Barocurvas Sigmoidais Ajustadas

5501

450" R _
Platd superior

350+

Intervalo

2504 FC & PA

Platé inferior

Frequencia Cardiaca (bpm)

150"

50 100 150 200 250

Press&o arterial Média (mmHg)

Figura 5. Esquema simplificado de como sao obtidas as barocurvassigmoidais. Os valores
pressao arterial (PA) basal e de frequéncia cardiaca (FC) basal (circulo em linha pontilhada)
sdo alterados com inje¢des “in bolus” ou por infusdo do vasodilatador nitroprussiato de sddio
(NPS) ou do vasoconstritor adrenérgico fenilefrina (Fen). As respostas reflexas
cronotropicas sao plotadas em diferentes niveis pressoéricos. As barocurvas sao
caracterizadas por um platd inferior de bradicardia reflexa e um superior de taquicardia
reflexa, os quais, juntamente com o intervalo entre ambos, bem como o valor de pressédo no
ponto médio da sigmoide, sao utilizados no algoritmo (Meyrelleset al.,1996).

A Figura 5 esquematiza simplificadamente o método farmacoldgico de
determinacdo da sensibilidade do barorreflexo, no qual notam-se detalhes dos
componentes que sdo manipulados na forma de algoritmo, visando a construgao das
curvas da relacao inversa entre pressao arterial e frequéncia cardiaca, as chamadas
barocurvas sigmoides. Os parametros que foram gerados e usados para construgao

das barocurvasnos trés grupos de animais sao descritos na Tabela 1.
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Tabela 1. Parametros calculados, os quais foram utilizados na constru¢édo do
algoritmo para gerar as barocurvas.

Grupos
Parametros
Wistar (8) SHR (8) SHR Kefir (8)

Intervalo (bpm) 291+£10 125£11%* 2171 1%
PAMs (mmHg) 98+10 189+11%* 148£10%#
Plat6 superior (bpm) 490+12 399+12%* 465+15%#
Plat6 inferior (bpm) 19948 272+10%* 249+7*
Ganho (bpm/mmHg) -6.0+0.4 -3.6+0.3* -4.1£0.3%#

Fonte: a autora.

Conforme sumarizado na Figura 6, o grupo de animais SHR mostrou uma
diminui¢cdo na amplitude da barocurva para 125+11 bpm, quando comparado com o
valor observado no grupo de animais Wistar (291£10 bpm). O tratamento dos
animais SHR com Kefir causou uma diminuicao desses valores para 217+11 bpm
(Figura 6 e Tabela 1). Esse intervalo diminuido no SHR foi decorrente de um menor
platd superior e inferior, comparado com os Wistar, e os quais foram parcialmente

revertidos nos SHR tratados com Kefir por 60 dias.

A partir desses parametros foi calculado o ganho ou sensibilidade do
barorreflexo, o qual foi de -3.6£0.3 bmpm/mmHg nos SHR e parcialmente
recuperado com o tratamento com Kefir para-4.1£0.3 bmpm/mmHg, valor este

estatisticamente diferente do observado no grupo SHR e Wistar.
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Figura 6. Avaliacdo da fungio do barorreflexo em ratos SHR tratados por 60 dias com Kefir
obtido pela fermentagdo de seus graos em leite integral, em comparacdo com ratos da
mesma linhagem tratados com o veiculo (leite integral somente). No painel superior sao
mostradas as sigmoides de cada grupo. Os pontos ao longo da linha representam os valores
da média do grupo de animais para aquele nivel de alteracdo da pressé&o arterial. No painel
inferior sio mostradas as respectivas primeiras derivadas das fung¢des acima, representando
a sensibilidade do reflexo a cada nivel da barocurva. A curva da primeira derivada tem seu
ponto maximo correspondente exatamente ao meio da sigmoide, onde as variacdes de
frequéncia por mmHg sdo maximas naquele grupo de animais. Os valores médios e
respectivos erros padroes das médias sdo descritos no texto, em resultados. *p<0,05
vsWistar; # p<0,05 vs SHR.



28

5 DISCUSSAO

O presente estudo investigou os efeitos dos grdos de Kefir no controle
autondbmico cardiovascular e sensibilidade do barorreflexo em ratos SHR. Foi
testada a hipétese de que a administragdo crénica do probidtico nestes animais teria
efeitos benéficos, dentre os quais se destacaria a sua acdo de melhora da disfungcao

barorreflexa.

Ha evidéncias de que o consumo de produtos lacteos fermentados com
compostos bioativos, como o Lactobacillushelveticusdurante 8 semanas, atenua a
pressdo arterial elevada no modelo SHR (Jakalaet al., 2009), o que foi
posteriormente confirmado por outros autores (Rodriguez-Figueroa et al., 2012;
Gomez-Guzman et al., 2015) e mais recentemente por nosso laboratério (Friqueset
al., 2015).Tais efeitos benéficos sobre a hipertensao arterial foram explicados pela
presenga de bactérias e fungos nos graos de Kefir, por haver nele uma relagao
simbidtica (Lu et al., 2014). Os dados do presente estudo, tratando ratos SHR por 60

dias com Kefir, confirmam este beneficio anti-hipertensivo deste probidtico.

O resultado mais marcante foi a confirmacido da nossa hipotese de que o
Kefir também seria capaz de melhorar o ganho do barorreflexo neste modelo de
hipertensdao experimental. Estes dados na presente dissertacdo fazem parte do
conjunto de dados recentemente por nds publicados (Klippelet al. 2016, anexo a
esta dissertacdo), o primeiro trabalho a descrever estes efeitos do Kefir. Como
consta no artigo em anexo, estes animais SHR quando tratados com Kefir por 60
dias, mas nao durante menos tempo, apresentam uma melhora no balanceamento
do tono vagal versus tono simpatico de controle da fungao cardiaca. Isto é, o tono
vagal diminuido e simpatico aumentado do animal SHR € significativamente
atenuado. Isto atesta os varios efeitos benéficos desta terapia nutricional a base de
leite fermentado na pratica médica de diversas condi¢gdes cardiovasculares. Tais
efeitos benéficos poderiam ser explicados pela presenca de bactérias e leveduras
que partilham uma relagao simbidtica nos graos de Kefir (Lu et al., 2014) e resultam

na producao de elementos biogénicos (Hametet al., 2013).

Na populacdo em geral, a atividade autondmica mostra um ritmo

circadiano com a prevaléncia do ténus simpatico durante o dia e nas primeiras horas
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ao acordar e um aumento relativo do ténus simpatico durante a noite (Bernardi et al.,
1992). A disfungdo autondémica cardiaca ocorre em diversas doengas que
diretamente ou indiretamente afetam o coragdo, aumentando o risco e o grau de
morbidade e mortalidade. E definida como um desequilibrio entre a atividade
simpatica e vagal associada com disfungdo do barorreflexo e aumento da
variabilidade da presséo arterial (Blanco et al., 2015; Massonet al., 2015; Abboud,
2010).

Entre os sistemas neurais que controlam a funcdo cardiovascular, o
barorreflexo € um mecanismo neural conhecido por ter um papel importante na
regulagdo da fungdo cardiovascular, diminuindo as flutuagdes agudas na pressao
arterial através de variacdes na frequéncia cardiaca e na resisténcia vascular. E bem
conhecido que a elevacao da pressao arterial persistente altera a sensibilidade dos
barorreceptores, contribuindo para o aumento da variabilidade da PA, e induz danos
em orgaos (PeottaV A.et al., 2007; Moreira, 2013). O barorreflexo € o principal
mecanismo neural de ajustes rapidos da pressao arterial, e pode estar alterado
diante de algumas fisiopatologias como, por exemplo, a hipertensdo arterial e a
aterosclerose (Moysés et al., 1994b; Peottaet al., 2007; Vasquez et al., 2012). Varios
estudos tém sugerido que a diminuicdo da atividade do barorreflexo é um forte
preditor para varias doengas e mortalidade cardiaca (La Rovereet al., 2013; Vasquez
et al., 2012).

Na publicagdo em anexo a esta dissertagdo esta demonstrada por nosso
laboratério a avaliagdo da sensibilidade do barorreflexo no animal SHR por
abordagem farmacoldgica em animais acordados. O nosso objetivo naquele estudo
foi avaliar o barorreflexo, por aumento e diminuigdo da pressao arterial e plotando a
consequente bradicardia e taquicardia reflexas no pico de 25 mnmHg de alteragao
pressorica, através da fenilefrina e do nitroprussiato de sodio. Para tanto, a analise
foi realizada com uma simples regressao linear, determinando o ganho exatamente
no pico de 25 mmHg. No presente estudo, fizemos uma abordagem mais ampla
sobre a funcado barorreflexa neste modelo de hipertensdo e avaliamos a acao

benéfica do Kefir sobre a mesma.

A importancia da metodologia adotada no presente protocolo de avaliacao

do barorreflexo é de que as curvas sigmoidais ajustadas e associadas com o calculo
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da primeira derivada da fungao logistica tém varios parametros que podem ser
avaliados, os quais sao utilizados para construcéo das barocurvas. A atenuacao do
platdé superior e inferior observado nas curvas sigmoidais dos SHR representam um
prejuizo tanto na resposta taquicardica reflexa como na resposta bradicardica
reflexa. Estes dados corroboram dados anteriores de nosso grupo neste
(Schenberget al., 1995) e noutros modelos de hipertensdo experimental (Moyseset
al., 1994a,1994b, Peottaet al., 2007). No trabalho publicado (Anexo), ficou claro que
o prejuizo do barorreflexo esta centrado principalmente no prejuizo do componente
vagal cardiaco, embora o componente simpatico também apresente menor poder de
acao frente a quedas na pressao arterial. Tem sido visto que um desequilibrio no
balango entre tdénus vagal e simpatico podem conduzir a um prejuizo na
sensibilidade dos barorreceptores, como tem sido demonstrado em varios modelos
de hipertensao arterial (Campagnaro et al., 2012; Moysés et al., 1994a), incluindo o
SHR (Monteiro et al, 2012; Dias da Silva Valdo et al., 2002). Portanto, o presente
estudo corrobora achados anteriores de nosso laboratério (Campagnaro et al., 2012,
Moysés et al., 1994a) e de outros (Braga et al., 2008) em diferentes modelos de

hipertensido experimental.
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6 CONCLUSAO

No presente protocolo experimental ficou claro que o Kefir administrado
por 60 dias proporcionou uma atenuagdo no prejuizo da sensibilidade do
barorreflexo em ratos SHR. Somos os primeiros a demonstrar, pelo método de
barocurva, que o tratamento com Kefir por 60 dias melhora o prejuizo da
sensibilidade do barorreflexo observado em animais SHR. Como a taquicardia
reflexa & consequéncia da ativacdo do componente simpatico cardiaco com
simultdnea retirada da atividade parassimpatica e como o Kefir melhora o balanco
simpatico/vagal, os animais SHR tratados com Kefir mostraram barocurvas
significativamente melhoradas na magnitude das respostas cronotropicas reflexas

frente a aumentos e quedas da pressao arterial.

Portanto, em adi¢cdo a outras terapias ndo farmacoldgicas, tais como o
exercicio fisico (Ceroniet al., 2009), a administragéo crénica do probidético nutricional
Kefir parece ter acbes benéficas por meio da restauracdo do principal sistema de

controle neural da presséao arterial.
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Aims: It has been previously shown that the probiotic kefir (a symbiotic matrix containing
acid bacteria and yeasts) attenuated the hypertension and the endothelial dysfunction
in spontaneously hypertensive rats (SHR). In the present study, the effect of chronic
administration of kefir on the cardiac autonomic control of heart rate (HR) and baroreflex
sensitivity (BRS) in SHR was evaluated.

Methods: SHR were treated with kefir (0.3 mL/100 g body weight) for 60 days and
compared with non-treated SHR and with normotensive Wistar-Kyoto rats. Cardiac
autonomic vagal (VT) and sympathetic (ST) tones were estimated through the blockade of
the cardiac muscarinic receptors (methylatropine) and the blockade of f1_adrenoceptor
(atenolol). The BRS was evaluated by the tachycardia and bradycardia responses
to vasoactive drug-induced decreases and increases in arterial blood pressure (BP),
respectively. Additionally, spontaneous BRS was estimated by autoregressive spectral
analysis.

Results: Kefir-treated SHR exhibited significant attenuation of basal BP, HR, and cardiac
hypertrophy compared to non-treated SHR (12, 13, and 21%, respectively). Cardiac VT
and ST were significantly altered in the SHR (~40 and ~90 bpm) compared with Wistar
rats (~120 and ~30 bpm) and were partially recovered in SHR-kefir (~90 and ~25 bpm).
SHR exhibited an impaired bradycardic BRS (~50%) compared with Wistar rats, which
was reduced to ~40% in the kefir-treated SHR and abolished by methylatropine in all
groups. SHR also exhibited a significant impairment of the tachycardic BRS (~23%)
compared with Wistar rats and this difference was reduced to 8% in the SHR-kefir. Under
the action of atenolol the residual reflex tachycardia was smaller in SHR than in Wistar rats
and kefir attenuated this abnormality. Spectral analysis revealed increased low frequency
components of BP (~3.5-fold) and pulse interval (~2-fold) compared with Wistar
rats and these differences were reduced by kefir-treatment to ~1.6- and ~1.5-fold,
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respectively. Spectral analysis also showed an impairment of spontaneous BRS in SHR,
but kefir-treatment caused only a tendency to reverse this result.

Conclusions: The novelty of this study is that daily chronic consumption of a low dose of
kefir reduced the impairment of the cardiac autonomic control of HR and of the impaired

BRS in SHR.

Keywords: probiotic, hypertension, sympathetic tone, vagal tone, tachycardia, bradycardia

INTRODUCTION

In recent years, the fermented milks containing lactic acid
bacteria, the so-called probiotics, including kefir, emerged as
an alternative therapy due to the growing interest for well-
being and healthy lifestyle. Experimental and clinical studies
have demonstrated the beneficial effects of functional foods in
cardiovascular diseases (Jakala et al., 2009; Turpeinen et al., 2011;
Monteiro et al., 2012; Astrup, 2014; Friques et al., 2015).

The spontaneously hypertensive rat (SHR) have been used as
an important tool to understanding cardiovascular dysfunctions,
such as high blood pressure (BP), endothelial injury and
abnormal neural control of the cardiovascular system (Vasquez
et al., 1997; Abreu et al., 1998; Blanco et al., 2015; Friques et al.,
2015). In recent years, this hypertensive animal emerged as a
promising model to identify alternative or non-pharmacological
agents for prevention/treatment of cardiovascular disease
because it develops essential hypertension (Ceroni et al., 2009;
Monteiro et al., 2012; Barbosa Neto et al., 2013; Friques et al.,
2015). In this regard, our group has recently demonstrated the
beneficial effects of kefir on BP and endothelial dysfunction
in chronically treated SHR rats (Friques et al, 2015). The
mechanisms of those actions included a partial correction of the
reactive oxygen species/nitric oxide imbalance and the partial
restoring of the endothelial architecture due to endothelial
progenitor cells attraction.

Another relevant characteristic of the SHR is an abnormal
autonomic nervous control of cardiac activity (Ceroni et al., 2009;
Monteiro et al., 2012; Barbosa Neto et al., 2013), which is closely
correlated with end-organ damage (Su and Miao, 2005; Abboud,
2010; Abboud et al., 2012). The influence of the autonomic
nervous system on the heart rate (HR) and blood pressure (BP)
in SHR has clearly been demonstrated (Schenberg et al., 1995;
Vasquez et al., 1997; Abreu et al., 1998; Dias da Silva et al., 2002;
Silva et al., 2009; Abboud, 2010) and appears to be frequency-
dependent (Dias da Silva et al., 2002; Ceroni et al., 2009; Silva
et al., 2009). Despite some discrepancies, multiple studies have
demonstrated a decreased cardiac parasympathetic (vagal) tone
and an increased cardiac and vessel sympathetic tone in SHR
when compared with normotensive Wistar rats (Ceroni et al.,
2009; Silva et al., 2009; Hayward et al., 2012; Barbosa Neto et al.,
2013). However, a possible beneficial action of the probiotic kefir
on the cardiac dysautonomia in hypertensive rats has not yet been
evaluated.

The baroreflex sensitivity, which is a marker of the capability
of reflexes to increase vagal activity and to decrease sympathetic
activity in response to a sudden increase in BP, is diminished
in experimental models of essential (Barbosa Neto et al., 2013)

and secondary (Moyses et al., 1994; Campagnaro et al., 2012)
hypertension, as well as in cardiovascular related diseases,
such as atherosclerosis (Vasquez et al., 2012). This reflex has
classically been evaluated through invasive approaches using
vasoconstrictor and vasodilator agents (Moyses et al,, 1994;
Campagnaro et al,, 2012) and later through procedures using
spectral analysis (Dias da Silva et al., 2002; Chapleau and
Sabharwal, 2011).

The concept that the BP is affected by baroreflex-mediated
changes in autonomic nerve activity in the heart and systemic
vasculature, highlights the importance of studying the effects
of alternative functional foods therapies on the autonomic
and reflex control of the cardiovascular system. Therefore, the
present study was designed to test the hypothesis that chronic
administration of kefir can ameliorate the abnormal autonomic
control of HR and the impaired baroreflex sensitivity in SHR rats.

MATERIAL AND METHODS

Animals

The present study was performed in male 4-month-old SHR and
in age-matched Wistar-Kyoto rats obtained from the Vila Velha
University animal care and that were maintained in the animal
care facility of the Federal University of Espirito Santo, Brazil.
The rats were housed in individual acclimatized plastic cages with
a controlled temperature (22-23°C), light-dark cycle (12:12-h),
and were fed with a standard rat chow and water ad libitum. The
study protocols were previously approved by the Institutional
Committee on Animal Care (CEUA-UFES, Protocol #040/2014).
All experimental procedures were performed in accordance with
the guidelines for the care and use of laboratory animals as
recommended by the National Institutes of Health (NTH).

Kefir Preparation, Identification, and

Administration

The identification, preparation and administration of kefir were
performed as previously described (Friques et al., 2015). Briefly,
kefir was obtained from the fermentation of the grains in whole
milk. The kefir beverage was prepared by adding kefir grain to
pasteurized whole milk in a ratio of 4% (w/v).

The treatment of the animals was started at the age of
4-month-old and lasted 60 days. One group of animals was
treated with kefir (0.3 mL/100 g body weight, by gavage, SHR-
kefir) for 60 days. Another group of SHR was administered whole
milk (0.3mL, pH adjusted to 4.5, SHR) for 60 days for use as
the hypertensive controls. The rationale for using 0.3 mL/100
g body weight was based on the dose translation from human
to animal studies by a simple method using the body surface
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area normalization and that dose is compatible with that used
in human beings. The Wistar rats were administered whole milk
for 60 days and were used as normotensive control groups.
The reason for treating the animals with kefir for 60 days was
based on a previous study from our group (Friques et al., 2015),
demonstrating that the treatment for less than 60 days had no
effect on cardiovascular parameters in SHR.

Instrumentation for Hemodynamic

Measurements

After 60 days of kefir administration, the animals were
intraperitoneally anesthetized with a mixture of ketamine and
xylazine (91 + 9.1mg/kg) and a polyethylene catheter (PE
50) was positioned into the femoral vein for injection of
drugs and another into the inferior aorta for measurement of
pulsatile pressure, mean BP and HR 48h later using a data-
acquisition system (Biopac Systems, Santa Barbara, CA, USA) in
unrestrained animals.

At the end of the evaluation of hemodynamic parameters,
the animals were euthanized by an over-dose of thiopental
(100 mg/kg) and the hearts were excised. The right and the
left ventricles, including the interventricular septum, were
dissected from the remaining cardiac tissues. The tibia bone
was also dissected and its length was measured. To evaluate the
extent of cardiac hypertrophy for each animal the left ventricle
weight was normalized by the animal’s body weight and tibia
length.

Evaluation of the Cardiac Autonomic Tones
Cardiac autonomic tones were estimated through selective
pharmacological ~blockers of the muscarinic receptors
(methylatropine) and the B;_adrenergic receptors (atenolol) in
conscious animals, based on previous studies from our laboratory
and from others (Chapleau and Sabharwal, 2011; Campagnaro
et al,, 2012). As shown in the scheme in Figure3 (top), the
cardiac parasympathetic tone was estimated by the change
in basal HR 15min after a single injection of methylatropine
(1 mg/kg, i.v.), which reaches a plateau effect at approximately
this time and lasts for ~30 min. Immediately afterwards, they
were injected with atenolol (1 mg/kg, i.v.), which also reached
a maximum effect 15min later, and this value was considered
the intrinsic (pacemaker) HR. the next day, the sequence of
the injections was the opposite, and the cardiac sympathetic
tone was estimated by the change in the basal HR 15 min after
atenolol, and the intrinsic HR was estimated 15 min under the
double blockade.

Pharmacological Baroreflex Sensitivity

The baroreflex control of arterial pressure was evaluated in
conscious animals by measuring the tachycardia and bradycardia
in response to an equivalent increase in arterial BP in each of
the three groups of conscious animals. Based on previous studies
from our laboratory demonstrating that the major sensitivity of
the baroreflex is at changes in arterial BP close to the resting
values and that changes in BP higher than 40 mmHg could
elicit complex humoral mechanisms, we decided to challenge
the baroreflex with sudden increase and decrease in BP of
~25mmHg (Schenberg et al., 1995; Gava et al., 2004). These

changes in BP were elicited by a single bolus injection of
phenylephrine (1 pg/kg) and sodium nitroprusside (1 pg/kg),
respectively.

The relative contribution of the cardiac parasympathetic
and sympathetic nerves was assessed by increase or decrease
in HR in response to a sudden decrease or increase in
BP, under the blockade of cardiac muscarinic receptors with
methylatropine (1 mg/kg, i.v.) on day one and the blockade of
the cardiac $;-adrenoceptors with atenolol (1 mg/kg, i.v.) on the
following day.

Spectral Analysis

An aim of this protocol was to characterize patterns of autonomic
control in SHR and normotensive Wistar rats by power spectral
analysis of pulse interval (PI) variability and BP variability as
previously described (Dantas et al., 2012), Power spectra analysis
was performed using a Matlab-customized software validated
against the software developed by A. Porta in Italy (Linear
Analysis version 8.3, University of Milan, Italy). Pulse intervals
from systolic arterial pressure were obtained from 30 min of
continuous BP records in conscious animals. A parametric
method based on autoregressive model of spectral estimation was
performed for systolic arterial BP and PI analysis. The oscillatory
components in the rat were quantified as low frequency (LF:
0.2-0.8 Hz) mainly corresponding to sympathetic activity and
high frequency (HF: 0.8-2.8 Hz) corresponding to vagal activity
(influenced by respiration; Silva et al., 2009; Dantas et al., 2013;
Quagliotto et al., 2015).

The estimation of spontaneous baroreflex sensitivity was
obtained by measuring oscillations in BP and PI in the LF range
using spectral analysis. The baroreceptor sensitivity value was
provided by o-LF index, which was calculated as the square
root of the ratio between the absolute power of PI-LF/BP-LE
expressed in ms/mmHg. The oscillations in BP and PI needed to
be coherent (coherence?), with a coherence higher than 0.5, and a
negative phase difference was required between the two variables,
as recently reviewed (Chapleau and Sabharwal, 2011).

Statistical Analysis

The values are expressed as means =SEM. First, a D’Agostino-
Pearson omnibus normality test was performed to verify if that
the values came from a Gaussian distribution. All data Statistical
comparisons between the different groups were performed by a
randomized one-way analysis of variance (ANOVA), followed by
Bonferroni’s post hoc test. A value of p < 0.05 was considered
statistically significant. Statistical analysis was performed using
GraphPad Prism software version 6.07 (GraphPad, Inc., San
Diego, CA, USA).

RESULTS
Microbiological Analysis of Kefir

The microbiological analysis of random samples of grains used
in the present study, showed a dominant microflora of kefir,
which included various bacteria that are known to have beneficial
effect (Acetobacter aceti, Acetobacter sp., Lactobacillus delbrueckii
delbrueckii, Lactobacillus fermentum, Lactobacillus fructivorans,
Enterococcus faecium, Leuconostoc spp.), as well as Lactobacillus
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kefiranofaciens, and yeasts (Candida famata, Candida krusei,
and Candida kefir). The global counting of microorganisms in
the samples of milk fermented with kefir grains was 7.6 x 10’
units forming colonies (UFC)/mL. Fermenter microorganisms
averaged 6.6 x 107 UFC/mL. Lactobacillus sp and Lactococcus sp
represent the largest and most commonly identified lactic acid
bacteria isolates. The average number of acetic and fermenter
bacterias was 2.0 x 10° and 6.6 x 10”7 UFC/mL, respectively and
the average number of yeasts was ~4.1 x 10° UFC/mL.

Basal BP and HR in Conscious Animals

As expected, the conscious SHR exhibited significant high levels
of systolic, diastolic and mean BP (204 & 8, 144 £ 4, and 167 +
4mmHg, respectively, p < 0.05) and resting HR (355 £ 9
bpm, p < 0.05) compared with the Wistar rats (140 =+ 8,
88 + 2, and 104 £+ 2 mmHg, respectively, and 328 £ 12 bpm;
Figure 1). Administration of kefir for 60 days caused a significant
attenuation of systolic, diastolic and mean BP which was reduced
to 169 & 8, 116 & 6, and 134 £+ 6 mmHg, respectively, and on HR,
which was reduced to 322 & 11 bpm.

Body Weight and Cardiac Hypertrophy
Administration of kefir did not cause effect on the consumption
of water and food. At the moment of the evaluation of the
outcomes (i.e., 60 days after kefir administration), body weight
was significantly diminished (~32%, p < 0.05) in non-treated
and kefir-treated SHR than in the age-matched Wistar rats (328 £
3 vs. 480 £ 8 g, p < 0.05). Left and right ventricular cardiac
mass were significantly (p < 0.05) greater in non-treated SHR
(893 £ 30mg or 13% and 386 + 24mg or 40%, respectively)
than in normotensive Wistar rats (787 = 29 and 274 £ 20 mg,
respectively). Kefir administration for 60 days caused a significant
and complete normalization in the left ventricle mass (785 £
25 mg or -13%) and a significant attenuation of the right ventricle
mass (352 = 37mg or —10%). The normalization of the left
ventricle weight by the body weight and tibia length revealed left
ventricular hypertrophy in the non-treated SHR group (2.7 &
0.3 mg/g and 22 £+ 1.4 mg/mm, respectively, p < 0.05)
compared with the values observed in the Wistar group (1.6 £+
0.4 mg/g and 17 £ 1.4 mg/mm, respectively; Figure 2). The
treatment of SHR with kefir for 60 days had no significant effect
on the left ventricle hypertrophy when the ventricle chamber
weight was normalized by the body weight (2.4 & 0.2 mg/g
and 19 £ 1.2 mg/mm, respectively, p < 0.05). However, kefir
administration reduced the left ventricle hypertrophy, when the
ventricle chamber weight was normalized by the tibia length,
which was 41 £ 0.3 mm in both SHR and SHR-kefir vs. 46 +
0.3 mm in Wistar rats, p < 0.05).

Cardiac Autonomic Tone

The protocol used to assess the cardiac parasympathetic (vagal)
and sympathetic tones is schematically shown in Figure 3B.
Figure 3A shows representative recordings of arterial BP and
HR and Tablel and Figure 3C show the average data. In
the normotensive Wistar group, the blockade of muscarinic
receptors with methylatropine resulted in a significant increase
in basal HR, from 336 + 15 to 455 + 11 bpm, indicating a

vagal tone of +120 bpm (Figure 3C). In the non-treated SHR
group, the change in basal HR was from 365 & 12 to 406 £ 17
bpm (approx. +40 bpm), i.e., a significant decreased vagal tone
compared with Wistar rats (Table 1 and Figure 3C). In the SHR
group treated with kefir for 60 days, methylatropine caused a
significant change from 319 £ 15 to 410 £ 12 bpm (Table 1
and Figure 3C), indicating a partial recovery of the vagal tone
(approximately 490 bmp, p < 0.05; Figure 3C).

The effects of the blockade of §;-adrenoceptors with atenolol,
which was used to evaluate the cardiac sympathetic tone, is
illustrated in Figure 3A and the average data are shown in
Table 1 and Figure 3C. The basal HR was reduced to 306 £
14 bpm (approximately —30 bpm) in the Wistar group. In the
non-treated SHR the magnitude of reduction in basal HR was
significantly higher (277 & 16 bpm, approximately —90 bpm, p <
0.05), but the treatment of SHR with kefir for 60 days abolished
this difference between strains; the basal HR was reduced to
294 £ 15 bpm (approximately —25 bpm).

The intrinsic HR, which was considered as the resting
HR under the double blockade with methylatropine and
atenolol (Table 1), was similar in the three groups of animals
(Figure 3C).

Classical Pharmacological Analysis of the

Baroreflex Function

The effect of kefir adminsitration on the baroreflex sensitivity
as well as the relative contribution of the cardiac vagal and
sympathetic components in conscious SHR are shown in
Figures 4, 5. As expected and illustrated in Figure 4, when the
baroreflex was challenged by moderate phenylephrine-induced
increases in arterial BP (approx. 25 mmHg), the SHR group
showed a significantly decrese in the reflex bradycadia (~50%,
p < 0.05), when compared with the Wistar group and,
consequently, a significant reduction in the baroreflex gain
(~50%, p < 0.05) was observed (Figure 4B). When SHRs were
treated with kefir for 60 days, phenylephrine-induced matched-
increases in BP resulted in mild, but significant, improvement of
the reflex bradycardia (~40%, p < 0.05) and consequently also
the baroreflex gain (~35%, p < 0.05), respectively. The blockade
of cardiac muscarinic receptors with methylatropine basically
abolished the reflex bradycardia and the baroreflex gain in a
similar way in the three groups. The disappearence of intergroup

TABLE 1 | Effects of methylatropine and atenolol on resting heart rate in
conscious Wistar, non-treated SHR and SHR treated for 60 days with kefir.

Heart Rate (bpm) Measurement Groups

Wistar (12) SHR (12) SHR kefir (11)

Basal 336+ 15 365+ 12° 319+ 15%*
Methylatropine effect (muscarinic 455 £ 11 406 £ 17* 410+ 12*
blockade)

Atenolol effect (B-adrenoceptor blockade) 306 + 14 277 + 16" 294 + 15
Double blockade effect 360+11 330+16 340+ 14

Values are means + SEM. *p < 0.05 vs. Wistar group; *p < 0.05 vs. SHR group.
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FIGURE 1 | Effects of chronic administration of kefir on the pulsatile (PAP) and mean (MAP) arterial pressure and heart rate (HR) in conscious
spontaneously hypertensive rats (SHR). Top panels (A) show representative recordings of PAP, MAP, and HR. Bar graphs (B) values are means + SEM (n = 12
per group). *p < 0.5 compared to Wistar group, #p < 0.05 compared to non-treated SHR (one-way ANOVA).
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differences in the reflex bradycardia after methylatropine indicate
that they were due to the vagal component of the baroreflex.
Figures 5A,B show representative recordings and average
data of the baroreflex when it was challenged by a moderate
dose of sodium nitroprusside. This vasodilator induced falls in
arterial BP of approximatly 25 mmHg in all groups of animals.
The SHR group showed a significantly lower reflex tachycadia
(23%, p < 0.05), when compared with the Wistar group
and, consequently, a significant reduction in the baroreflex
gain (23%, p < 0.05) was observed (Figure5B). When
SHRs were treated with kefir for 60 days, these differences
were reduced to ~8% and ~12%, despite the same size of

nitroprusside-induced reductions of BP. The blockade of cardiac
B1-adrenoceptors with atenolol reduced (but not abolished)
the reflex tachycardia in Wistar, SHR and SHR-kefir. The
values reached were significantly lower in SHR and significantly
recovered in the SHR treated with kefir for 60 days (14 +
24,7 £ 2.8, and 12 & 2.4 bpm, respectively). A similar effect
was observed in the baroreflex gain (0.53 & 0.11, 0.26 £ 0.10,
and 0.46 £ 0.12 bpm/mmHg, respectively; Figure 5). The lower
reflex tachycardia and baroreflex gain in SHR under the atenolol
effect indicate that part of the reflex tachycardia may be due
to a withdrawall of the vagal activity, which was reduced in
the SHR.
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FIGURE 2 | Effects of chronic administration of kefir on the cardiac hypertrophy in SHR based on the left ventricular weight normalized by the body
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FIGURE 3 | Effects of chronic administration of kefir on the cardiac autonomic tones in SHR. (A): typical recordings of pulsatile blood pressure before and
respective chronotropic changes after the blockade of muscarinic receptors with methylatropine (15t day) and after the blockade of B-adrenoceptors (2"9 day). (B):
scheme showing the estimation of the vagal tone through methylatropine and the sympathetic tone through atenolol and the pacemaker or intrinsic heart rate (IHR),
which was determined by the double blockade of vagal and sympathetic activity. (C): mean values = SEM (n = 11 to 12 per group) used for determination of each

parameter. *p < 0.05 vs. Wistar group; #p < 0.05 vs. non-treated SHR. (B): upper panel was redrawn from Chapleau and Sabharwal (2011).
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Spectral Analysis

Spectral analysis was applied to study the effect of kefir on the
PI and BP variability in SHR-kefir compared to non-treated SHR
and normotensive Wistar rats. The data showed a significantly
higher PI variance in non-treated SHR (730 + 150ms?, p <
0.05) when compared with SHR-kefir (478 £ 80 ms?) and with
normotensive Wistar rats (247 & 46 ms?). The power spectral
analysis of each component of the PI variabilities showed a
remarkable difference in that the PI-LF component, which is
widely accepted as an index of sympathetic modulation. SHR

showed a significant increase (2-folf, p < 0.01) in PI-LF when
compared with the Wistar group (39 & 9 ms?), suggesting a high
sympathetic activity in the hypertensive group. The treatment of
SHR with kefir for 60 days caused a significant attenuation of the
PI-LF component (~1.4-fold, p < 0.05; Figure 6, left bar graph).
However, when comparison was made using the normalized
values of PI-LF, no significant differences were observed among
the three groups of animals, suggesting that this result is
consistent with there being no difference between SHR and WKY
in sympathetic control of the heart. The comparison of values of
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Contribution of the Parasympathetic Component to the Reflex Bradycardia
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FIGURE 4 | Effects of chronic kefir administration on the reflex bradycardia in SHR compared with non-treated SHR and normotensive Wistar rats. In
the three groups of conscious animals, similar phenylephrine-induced increases (~25 mmHg) in arterial blood pressure (AP) were used (A): representative recordings
of AP and the calculated heart rate (HR) before and after the blockade of the muscarinic receptors with methylatropine. (B): bar graphs sowing means values + SEM
(n = 10 to 12 per group) of changes in AP, HR and baroreflex gain. Arrows indicate the moment that the vasoconstrictor was injected. “p < 0.05 vs. Wistar group;
#p < 0.05 vs. non-treated SHR.

PI-HE which is widely associated with vagal modulation, did not  in SHR rats, since most of the available studies have focused on
show significant differences comparing the row data (Figure 6,  isolated bacteria providing limited information on the functional

right bar graph). role of the widely consumed beverage obtained by fermentation
The spectral analysis of the BP variability showed  of milk with kefir grains.
a significantly higher variance in the non-treated SHR As previously demonstrated by us through microbiological

(73 +£ 9mmHg?, p < 0.05) when compared with Wistar  analysis and scanning electron microscopy, the Brazilian kefir
rats (22 £+ 3 mmHg?) and it was reduced, but not normalized, in  grains used in the present study are a complex and a sharing
the SHR-kefir group (65 + 8 mmHg?). The BP-LF value, which  symbiotic mixture of beneficial bacteria and yeasts, including
is linked to vasosympathetic tone, was greater in the non-treated  the Lactobacillus kefiranofaciens, Lactobacillus kefir, and Candida
SHR group (13 £ 2mmHg?, p < 0.05) when compared with the  kefir (Friques et al., 2015). It has been demonstrated that the
normotensive Wistar rats (3.7 £ 0.4 mmHg?; Figure 6, right bar  chronic consumption of kefir has protective effect against the
graph), providing an evidence of a relationship between the high ~ development of high BP, endothelial dysfunction and endothelial
BP, high vascular sympathetic activity and power spectra BP-LF  surface damage in the SHR model of essential hypertension
in the SHR. Kefir treatment of SHR for 60 days significantly ~ (Friques et al., 2015).
reduced that value to 8 4 2 mmHg? (Figure 6, right bar graph). Despite a large body of evidence supporting the anti-
The analysis of the spontaneous baroreflex sensitivity through ~ hypertensive effects of kefir, it should be take into account
the LF a-index in the conditions of a coherence higher than  that these effects may vary depending on the bacterial strain
0.5 and a negative phase, showed that the non-treated SHR  (Million et al., 2012). Most studies have been conducted using
exhibited significantly lower sensitivity values than the Wistar  different isolated bacterial strains. For instance, it has been
group (1.36 £ 0.09 vs. 1.75 £ 0.11 ms/mmHg, p < 0.05). Kefir ~ demonstrated that the antihypertensive effects of probiotics
treatment of SHR for 60 days resulted in a tendency (1.48 &=  Lactobacillus strains in SHR could be through a decrease in
0.09 ms/mmHg, p > 0.05) to attenuation of that dysfunction  pro-oxidative status (Gomez-Guzmdn et al., 2015). One of
(Figure 6). the pro-oxidative contributors could be the activation of the
renin-angiotensin system, but in the present study, we did not
evaluate the effects of kefir on the angiotensin II in the SHR
DISCUSSION model. However, the widely consumed kefir beverage presents
different microorganisms genera and, in this regard, the probiotic
The present study investigated the effects of multi-strain kefir ~ treatment protocol applied in the present work are more like the
on cardiovascular autonomic control and baroreflex sensitivity =~ way humans use kefir.
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There is emerging evidence of beneficial effects of probiotics
in cardiovascular system. However, it is unclear if the promising
positive effects evidenced could be due the regulation of
cardiovascular autonomic control. We hypothesized that chronic
kefir consumption for 60 days may be beneficial in management
of autonomic control, based on our previous study showing
that administration for shorter periods did not have significant
effects on HR, BP and endothelial function (Friques et al.,
2015). Similarly, the present study showed that the chronic
administration of kefir for 60 days attenuated high BP and
consequently the cardiac hypertrophy. Although the reduction
in cardiac hypertrophy could be due to a reduction in
afterload and/or in cardiac sympathetic tone, additional studies
are necessary to elucidate the mechanism by which kefir
administration attenuates the cardiac hypertrophy in this model
of hypertension.

Considering that, the imbalance of autonomic nervous system
markedly influences the HR and BP and that it has been
associated with targeted-organ damage and increased risk of
morbi-mortality (Abboud, 2010; Abboud et al, 2012), we
assessed the effects of kefir on the cardiac parasympathetic
(vagal) tone and cardiac and vascular sympathetic tones in
SHR by using two different experimental approaches. First, the
parasympathetic cardiovagal and the cardio-vaso-sympathetic
tones were evaluated through the classic invasive method
illustrated in Figure 3. The increase in HR after administering
methylatropine, a muscarinic cholinergic receptor blocker,
reflects the cardiovagal tone present under baseline resting
conditions, and the decrease in HR after atenolol administration,

a cardiac B;-blocker, reflects cardiac sympathetic tone; a double
blockade enables the determination of the intrinsic HR. The
imbalance between the cardiac vagal activity (decreased) and
sympathetic activity (augmented) in SHR is in agreement with
other studies (Barbosa Neto et al, 2013). The novelty of the
present study is the finding that chronic administration of
kefir caused a significant attenuation of the cardiac autonomic
imbalance of a similar magnitude to that obtained by physical
exercise (Barbosa Neto et al., 2013), phototherapy (Monteiro
etal., 2012), and pharmacological medication (Dias da Silva et al.,
2002).

It has been shown that a disruption in the balance between
vagal and sympathetic tones can lead to an impairment in
baroreflex sensitivity, as has been demonstrated in different
models of arterial hypertension (Moyses et al., 1994; Campagnaro
et al., 2012), including the SHR (Dias da Silva et al., 2002;
Monteiro et al., 2012). Therefore, the effect of kefir on the
impaired baroreflex that characterizes SHR was tested in
a separated set of experiments using the classical invasive
pharmacological maneuvers by which reflex bradycardia during
phenylephrine-induced increases in BP and reflex tachycardia
during sodium nitroprusside-induced decreases an in BP are
analyzed (Moyses et al., 1994; Campagnaro et al., 2012).

The present study is the first to demonstrate that Kefir
treatment for 60 days ameliorated the impaired baroreflex
sensitivity observed in SHR. When the procedure was repeated
under the blockade action of methylatropine the reflex
bradycardia and baroreflex gain was abolished in the three
groups of animals, indicating that the impaired baroreflex during
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FIGURE 6 | Effects of chronic kefir administration on the spectral analysis of heart rate and blood pressure in SHR compared with non-treated SHR
and normotensive Wistar rats. Values are means + SEM (1 = 10 to 12 per group). *p < 0.05 vs. Wistar group; #p < 0.05 vs. non-treated SHR.

increases in BP was solely due to the vagal component. On
the other hand, when the BP was lowered under the action
of the blocker atenolol, the reflex tachycardia was markedly
reduced, but this reduction was to a much lesser extent in
the Wistar group. Therefore, our data demonstrate that reflex
tachycardia is a consequence of both the activation of the cardiac
sympathetic component and the simultaneous withdrawn of
the parasympathetic activity, which is in agreement with others
(Moyses et al., 1994; Campagnaro et al., 2012), and favors the
notion that physiological interventions always elicits reciprocal
changes in sympathetic and parasympathetic nerve activities.
Thus, the tachycardia in response to falls in BP observed could,
at least in part, be due to a concurrent vagal activity withdrawal
in the Wistar group and possibly in the SHR because the
vagal tone was impaired and consequently less effective. In
agreement with the review of Head (1994), we observed that the
diminished sensitivity of the baroreflex in SHR (characterized by
hypertension and cardiac hypertrophy) is mainly due to reduced
capacity of the cardiac vagal component rather than a change
of the sympathetic (our data: —35 and —23%, respectively). Our
data show that kefir treatment of SHR was able to attenuate the
impaired baroreflex sensitivity by restoring part of the cardiac
autonomic activity. A possible mechanism for the beneficial effect
of kefir on the vagal-mediated baroreflex sensitivity in this model
of hypertension could be through the reduction of the cardiac
hypertrophy as observed by using different probiotics (Lin et al.,
2012; Gan et al., 2014; Gomez-Guzmdn et al., 2015). Therefore,
in addition to other non-pharmacological therapies, such as
physical exercise (Ceroni et al., 2009), the chronic administration
of the nutritional probiotic kefir appears to have beneficial actions
targeting the restoration of the balance between the vagal and
sympathetic activities and improving the baroreflex function in
hypertensive subjects.

The influence of the autonomic nervous system on the BP
and PI is frequency-dependent and the power spectral analysis

of beat-to-beat BP recordings has been increasingly used as a
valuable non-invasive tool to evaluate the autonomic nervous
system modulation on HR and BP in both experimental animals
(Murphy et al, 1991; Ceroni et al., 2009; Silva et al., 2009;
Hayward et al., 2012; Barbosa Neto et al., 2013) and humans
(Silva et al., 2009). We used, in a separated set of experiments,
spectral analysis to additionally assess the relative contribution
of the sympathetic and vagal tones and their contribution in the
reflex activities on conscious SHR chronically treated with kefir
when compared with non-treated SHR and normotensive Wistar
rats.

In the present study, we observed that kefir significantly
reduced the increased cardiac sympathetic tone, which was
evaluated through pharmacological blockade and that it reduced
the HR variability (or the LF spectra power of PI) in the
SHR. It has been demonstrated that LF spectral power of HR
is modulated by the autonomic nervous system (Parati et al.,
1995; Stauss, 2007; Silva et al., 2009; Chapleau and Sabharwal,
2011). Therefore, a plausible mechanism by which this probiotic
partly restores the normal cardiac sympathetic tone and the
PI variability may include a direct or indirect inhibition of
the sympathetic nerve transmission at its origin in the central
nervous system or at the innervation site in the heart. This
speculation is corroborated by the finding that the ganglionic
blockade (Diedrich et al., 2002) and cardiac muscarinic blockade
reduce HR variability (Médigue et al., 2001). Specifically, an
important mechanism of action of kefir at the autonomic nervous
system could include a decrease in the production of reactive
oxygen species and increase of nitric oxide availability, linking the
present results to the hypotensive effects of kefir in this genetic
model of hypertension, recently reported by Friques et al. (2015).

The PI-LF and BP-LF components, which have been
considered markers of cardiac and vascular sympathetic neural
activity (Parati et al., 1995; Task Force, 1996), were significantly
augmented in SHR when compared with Wistar rats. This
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finding is consistent with other results (Ceroni et al., 2009; Silva
et al, 2009; Hayward et al., 2012; Barbosa Neto et al., 2013).
However, the use of LF as an estimative of pure sympathetic
activity to the heart has been challenged (Reyes del Paso
et al, 2013) and considered a reflection of sympathetic and
parasympathetic nerve activities. Increased BP variability is
closely correlated to end-organ damage in normotensive and
hypertensive animals, and the pharmacologic reduction of BP
variability attenuates hypertension outcomes to target-organs
(Su and Miao, 2001, 2005). Additionally, our data showed that
kefir administered for 60 days to SHR partially corrected the
abnormal LF component, suggesting that it could become a non-
pharmacological alternative for prevention/treatment of organ-
damages associated with increased BP and PI variabilities.

The PI-HF component, which has often been considered a
marker of cardiac vagal activity (Dantas et al., 2010), was similar
in the Wistar and SHR, consistent with other findings (Ceroni
et al., 2009; Barbosa Neto et al., 2013). However, this component
does not seem to be solely attributed to cardiac vagal activity,
it is also influenced by respiration (Chapleau and Sabharwal,
2011; Reyes del Paso et al., 2013). Additionally, no significant
differences were observed among the three groups when we
used the LF-to-HF ratio to estimate the sympathovagal balance
(Kuwahara et al., 1994; Parati et al., 1995; Task Force, 1996). Kefir
treatment did not altered the above parameters. However, the
use of the LF/HF ratio as a measure of sympathovagal balance
can be misleading (Chapleau and Sabharwal, 2011). The very
low frequency (VLF) component was not analyzed in the present
study because its physiological correlates are still not clear.

The ratio between the absolute powers of PI-LF and BP-LE,
the LF a-index, which has shown to express the spontaneous
baroreflex sensitivity (Silva et al., 2009; Dantas et al., 2010, 2012),
was diminished in the SHR, which was consistent with other
studies (Silva et al., 2009) and the treatment with kefir restored
the normal values. As described by Fazan et al. (2005), baroreflex
modulation of HR contributes to LE, but not HF variability and
is mediated by both sympathetic and parasympathetic drives.
Therefore, increased BP variability, which is closely correlated
with end-organ damage in hypertensive conditions (Su and Miao,
2001, 2005), can be ameliorated with pharmacological treatment
(Su and Miao, 2001; Dias da Silva et al., 2002) and with non-
pharmacological interventions, such as with physical exercise
(Ceroni et al., 2009) and treatment with flavonoids (Monteiro
et al, 2012). Additionally, we demonstrated for the first time
that increased BP variability could also account (alternatively
or additionally) for beneficial effects of the probiotic kefir,
reducing BP variability attenuates end-organ damage. However,
we may take into account that, different from the classical
pharmacologic approach, the use of variabilities give us only an
indirect estimation of the cardiac sympathetic and vagal tone.

The effects of hypertension in target organs could be
associated with impaired autonomic function due to increased
cerebrovascular oxidative stress and inflammation (Toth et al.,
2013). Although our data do not allow us to state precise
mechanisms, we speculate that the imbalance between pro- and
anti-inflammatory cytokines and between pro- and anti-oxidant

molecules could also occur in central areas of neural control
of the cardiovascular system, as based on an extrapolation of
data from others showing that the hypothalamic paraventricular
nucleus (PVN) contributes to sympathoexcitation, hypertension
and cardiac hypertrophy in the SHR (Jia et al., 2014). Because
kefir is a probiotic beverage with anti-inflammatory (Carasi
et al., 2015) and anti-oxidant (Friques et al., 2015) properties,
we suggest that the findings of the present study may possible be
due to a decreased production of cytokines and reactive oxygen
species in the hypothalamic PVN which attenuates hypertension
and end-organ damage by up-regulating anti-inflammatory and
anti-oxidant molecules, restoring the normal balance (Tan et al.,
2015).

In conclusion, the contribution of the cardiac sympathetic
and parasympathetic tones and their relative contribution
to the baroreflex activities were assessed through classical
pharmacologic approaches and spectral analysis. The novelty of
this study is that daily administration of kefir for 60 days partly
corrects the alterations in cardiac function (including autonomic
tone, baroreflex sensitivity) and PI and BP variability in SHR.
Therefore, increased BP variability, which is closely correlated
with end-organ damage in hypertensive conditions, now could
be ameliorate with the beneficial effects of the probiotic kefir, in
addition to pharmacological and non-pharmacological therapies.

LIMITATIONS AND FUTURE DIRECTIONS

A limitation of the present study is that measurement of changes
in HR and BP in the protocols we have designed are not sufficient
to identify the mechanism of action by which kefir attenuates
the abnormalities in the autonomic control of the heart and
vessels. Therefore, the present data provide new insights in the
prevention/treatment of abnormal vagal and sympathetic control
of heart and vessels and opens new avenues for searching the
mechanisms involved in the beneficial effects of kefir of the heart
and vessels.
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