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RESUMO

O exercicio aerdbico tem demonstrado beneficios em pacientes com Hipertensao
Arterial Pulmonar (HAP), melhorando a dispneia e o aumento da forgca muscular
ventilatéria. Portanto, o objetivo do estudo foi avaliar o efeito de diferentes
intensidades de exercicio aerdbico sobre a mecanica respiratéria e a funcao
hemodindmica em ratos com HAP. Ratos Wistar foram induzidos a HAP através de
dose unica de monocrotalina (50mg/kg), divididos em trés grupos: HAP-sedentarios
(HAP-S; n=5); HAP-treinamento intensidade baixa (HAP-B; 40% da velocidade
maxima teste de esfor¢co; n=6); HAP-treinamento intensidade moderada (HAP-M;
60% da velocidade maxima teste de esforgo; n=8). O protocolo de exercicio aerdbico
consistiu em caminhada em esteira por trés semanas (5x/semana/50min). Apds trés
semanas, foram traqueostomizados, para a andlise da mecanica respiratéria
(FlexiVent) e cateterizados para avaliagcao hemodindmica. Os dados foram
comparados por ANOVA de uma via seguida pelo teste Student-Newman-Keuls
(P<0,05). Os grupos submetidos ao treinamento aerdbico tiveram uma pressao
ventricular sistélica direita significativamente (P<0,05) menor quando comparados
aos animais sedentarios (HAP-S=4049,6; PAH-L=25%2,6; PAH-M=2915,1; mmHg). A
elastancia estatica foi menor no grupo HAP-B quando comparado ao HAP-M (HAP-
B=0,71+0,05 vs. HAP-M=0,98+0,16; cmH,0/mL) e a elastancia dindmica foi menor
no HAP-B quando comparado ao HAP-S (HAP-B=1,47+0,14 vs. HAP-S=1,91+0,31;
cmH20/mL). Complacéncia estatica foi maior no grupo HAP-B (HAP-B=1,40+0,10 vs.
HAP-S=1,17+0,14; mL/cmH;0) e menor no HAP-M (HAP-M=1,05%0,16 vs.HAP-
B=1,47+0,14; mL/cmH,0), complacéncia dinamica foi maior no grupo HAP-B (HAP-
B=0,68+0,06 vs. HAP-S=0,53+0,09; mL/cmH,0O) em relacdo ao HAP-M (HAP-
B=0,68+0,06 vs. HAP-M=0,57+0,05; mL/cmH,0). O resultado mais relevante desse
estudo foi que o treinamento aerdbico diminuiu significativamente a pressao
ventricular direita nos ratos com HAP, no entanto, apenas o exercicio de baixa
intensidade melhorou a mecanica respiratéria. Coletivamente, esses resultados
indicam que o exercicio de baixa intensidade é eficaz para reduzir a pressao no

ventriculo direito e melhorar a condigao cardiorrespiratéria na HAP.

Palavras-chave: Hipertensdo Pulmonar. Monocrotalina. Exercicio. Mecanica

respiratoria.



ABSTRACT

Aerobic exercise has been beneficial in patients with Pulmonary Arterial
Hypertension (PAH), improving dyspnea and increasing ventilatory muscle strength.
On the other hand, it is not very well known which intensity of exercise has better
effects on respiratory mechanics and hemodynamic function and less risk to PAH
patients. PAH was induced in Wistar rats by a single dose of monocrotaline
(50mg/kg; s.c.) in three different groups: PAH-sedentary rats (PAH-S; n=5) and
exercised rats in a treadmill for three weeks (5x/week/50min) at low intensity (PAH-
L, 40% of maximum speed in incremental test; n=6) and moderate intensity of
exercise-training (PAH-M, 60% of the maximum speed in incremental test; n=8). After
3 weeks, rats were tracheostomized to study the respiratory mechanics (FlexiVent)
and catheterized for hemodynamic evaluation. Data were compared by one-way
ANOVA test followed by Student-Newman-Keuls test (P<0.05). Exercise in both
intensities  significantly decreased (P<0.05) right ventricular systolic pressure
elevation induced by monocrotaline (RVSP) (PAH-S=4019.6; PAH-L=25+2.6; PAH-
M=2945.1; mmHg) compared to PAH-S. The quasi-static elastance was significantly
lower in PAH-L versus PAH-M group (0.71£0.05 vs. 0.98+0.16; cmH,0O/mL), whereas
the respiratory elastance was lower in the PAH-L versus PAH-S group (1.47+0.14 vs.
1.91+0.31; cmH,O/mL). Quasi-static compliance was significantly higher in PAH-L
versus PAH-S (1.4040.10 vs. 1.171£0.14; mL/cmH,0) and lower in PAH-M versus
PAH-L (1.05£0.16 vs. 1.47+0.14; mL/cmH20). The respiratory system compliance
was higher in PAH-L either when compared to the sedentary and moderate groups
(PAH-L=0.68+£0.06 vs. PAH-S=0.531£0.09, and vs. PAH-M=0.57+0.05; mL/cmH.0,
P<0.05). Collectively, these results indicate that low intensity of an aerobic exercise
is effective to decrease the RVSP, which results in a better cardiorespiratory

condition during PAH.

Keywords: Pulmonary hypertension. Monocrotaline. Exercise. Respiratory

mechanics.
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1 INTRODUGCAO

A Hipertensao arterial pulmonar (HAP) ocorre como um fenémeno isolado ou
associado a varias alteragbes cardiopulmonares, sendo consequéncia de uma série
de patologias, como a insuficiéncia cardiaca (IC), a doenga pulmonar obstrutiva
crénica (DPOC), a fibrose cistica, a fibrose pulmonar idiopatica, entre outras (1). E
caracterizada pelo aumento progressivo da resisténcia dos vasos pulmonares,
levando a faléncia do ventriculo direito (VD) e morte subita, tendo uma elevada
mortalidade apds o diagndstico (2).

O seu diagnéstico geralmente ocorre em fases avangadas das doengas que
sao associadas a HAP, responsaveis pela maioria dos sinais e sintomas, tais como a
intolerancia ao exercicio, a dispneia e a fadiga, decorrentes do baixo débito cardiaco
de carater progressivo e da ineficiéncia na oferta de oxigénio (3-5). Em conjunto,
esses achados levam o paciente a limitar as suas atividades diarias com
consequente reducdo da qualidade de vida (6).

Dessa forma, a pratica de exercicio fisico supervisionado pode ser benéfica
nesses individuos, possivelmente por melhorar a demanda e a utilizag&o de oxigénio
pelos musculos em atividade, além de reduzir a dispneia e a fadiga, gerando
melhora do desempenho na realizagao de suas atividades diarias.

Estudos com ratos, utilizando a monocrotalina (MCT) para induzir a HAP, tém
contribuido muito para maior compreensdo dessa doenca (7, 8). A MCT & um
alcaloide, extraido da planta Crotalaria sp., que produz dano endotelial, edema e
remodelamento pulmonar, além de hipertrofia do VD (9, 10), resultando na HAP.

Uma das principais vantagens da utilizagdo do modelo com MCT, é que os
resultados apresentados por animais tratados com esta droga mimetizam varias
alteracdes fisiopatoldgicas apresentadas por humanos portadores de HAP primaria.
Deste modo, é considerado um dos modelos apropriados para estudar em maiores
detalhes a fisiopatologia do desenvolvimento da HAP, com a finalidade de identificar
novas estratégias terapéuticas em humanos (7, 11).

Considerando a elevada mortalidade na HAP, e que o tratamento para essa
doenga permanece elusivo, o desenvolvimento de tratamentos alternativos para
controla-la representa um grande desafio. Um estudo realizado em pacientes com

HAP, classes Ill e IV, em um centro de referéncia, verificou que o uso isolado de



12

estratégias terapéuticas farmacoldgicas avangadas obteve uma taxa de sobrevida
de 93% e 83,1% no primeiro e segundo ano, respectivamente (12)

No entanto, estudos que avaliaram o efeito do uso de medicagao associada
ao exercicio fisico demonstraram melhores resultados do que o uso da medicacao
isoladamente. Esse fato fica claramente demonstrado no estudo de Grinig e
colaboradores (2011) que observaram, em pacientes que realizaram treinamento
fisico associado ao tratamento medicamentoso, uma taxa de sobrevida de 100% no
primeiro ano e de 95% no segundo ano (13). Dessa forma, fica claro o impacto do
exercicio na sobrevida dos pacientes, a qual no segundo ano aumentou em 12% nos
pacientes com HAP que praticaram exercicio fisico.

Acreditamos que o exercicio fisico de baixa intensidade possa promover
efeitos benéficos nesse modelo de HAP, melhorando a fungdo respiratéria e o
sistema cardiovascular. No entanto, ndo esta claro na literatura qual a melhor
intensidade de treinamento aerdbico que podera contribuir para aumentar a taxa de
sobrevida, com baixo risco, aos pacientes com HAP.

De fato, evidéncias atuais tém demonstrado que o exercicio pode ser benéfico
ao paciente com HAP, pois melhora a qualidade de vida e o aporte de oxigénio aos
tecidos (13-16). Sendo assim, o objetivo desse estudo é avaliar, na HAP induzida
por MCT, os efeitos de duas intensidades de exercicio fisico aerdbico, o de baixa e o
de moderada intensidade, sobre a mecanica respiratoria e a hemodinamica
cardiaca. Ao longo dessa revisdo da literatura, serdo abordadas a definigao,
fisiopatologia, sobrevida e mortalidade em consequencia da HAP. Da mesma forma
abordaremos o modelo de indugdo de HAP em animais, mecanica respiratoria,
atuagao do exercicio sobre a circulagdo pulmonar, efeito de diferentes protocolos de

exercicio e o impacto do exercicio sobre a mecanica respiratéria na HAP.
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2 HIPERTENSAO ARTERIAL PULMONAR

A HAP é uma sindrome resultante da circulagéo restrita na artéria pulmonar, o
que leva ao aumento da pressao nessa artéria, sendo caracterizada pela presenca
de pressdao média maior do que 25 mmHg em repouso e maior do que 30 mmHg
com o exercicio (17-19). O seu diagndstico geralmente ocorre na fase avangada da
doenca com sintomas como a intolerancia ao exercicio, dispneia e fadiga
decorrentes do baixo débito cardiaco, que tem carater progressivo, levando a
ineficiéncia na oferta de oxigénio aos tecidos (3, 5, 20). Em conjunto, esses achados
levam o paciente a limitar as suas atividades de vida diaria com consequente
reducao da qualidade de vida (6).

E caracterizada pelo aumento progressivo da resisténcia dos vasos
pulmonares, levando a hipertrofia patolégica do VD, faléncia do VD e em ultimo
estagio a morte subita (1, 20).

A causa predominante de aumento da pressao é a diminuicdo da secgao
transversal do lumen da artéria pulmonar, devido ao remodelamento vascular. Além
disso, a vasoconstricdo desempenha um papel significativo em aproximadamente
20% dos pacientes (21, 22).

De fato, na HAP ocorre uma disfungcao do VD, através do remodelamento
patolégico, gerando hipertrofia e aumento da pressao no ventriculo. Essa disfungao
ja foi descrita em varios estudos, como estando relacionada com o progndstico e
gravidade da HAP (23-25). van Wolferen e colaboradores (2007) demonstraram que
um baixo volume sistélico no VD e, consequentemente, uma baixa pressao sistdlica,
sao fatores preditores para sobrevida dos pacientes com HAP (25). Esse fato possui
uma relevancia clinica, pois fornece um parametro direto de predicdo de uma
insuficiéncia do VD, que permite uma avaliagcdo dos efeitos do tratamento, seja ele
farmacoldgico ou nao.

Dessa forma avaliar a fungdo ventricular direita € de real importancia, uma
vez que a redugdo da pressdo demonstra um melhor progndstico para esses
pacientes. Além disso, considerando que a pratica de exercicio fisico supervisionado
pode ser benéfica nesses individuos, acreditamos que o exercicio pode representar
uma alternativa bastante eficaz no sentido de melhorar a qualidade de vida, funcao

do VD e a sobrevida dos pacientes com HAP.
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3 CLASSIFICAGAO DA HIPERTENSAO ARTERIAL PULMONAR SEGUNDO A
OMS E SUA PREVALENCIA

A HAP é uma doencga considerada rara, com uma prevaléncia de 15 casos em
um milh&o (19). A HAP pode ter diversas causas e origens, ela também pode nao ter
causa conhecida, sendo assim caracterizada como HAP idiopatica. Pode ser
também de origem familiar, genética, associada a doenca cardiaca congénita,
doencas no tecido conectivo, ou por ingestdo de drogas e toxinas que levam a
doenga (17).

A HAP idiopética possui uma prevaléncia de seis casos por milhdo (26). Um
estudo longitudinal recente, no Reino Unido, demonstrou uma incidéncia da HAP
idiopatica e genética de 6,6 casos por milhdo em 2009, sendo 92,9% dos casos HAP
idiopatica e 5,4% dos casos genéticos, com uma taxa de sobrevida no primeiro,
segundo e terceiro ano apés diagnostico, de 92,9%, 84% e 73,3%, respectivamente
(27). No Brasil, um estudo realizado em dois centros de referéncia em Séo Paulo
observou que aproximadamente 62% dos individuos se encontravam em classe
funcional Ill e 1V, sendo 50% diagnosticados com HAP idiopatica, 30% associada a
esquistossomose, e 10% associada a doengas do tecido conectivo (28).

Todas as etiologias da HAP estado classificadas em cinco grupos, de acordo
com a Organizagdo Mundial de Saude (OMS), onde, no Grupo I, a HAP ocorre por
um conjunto de sindromes que refletem na doenca da artéria pulmonar, no entanto
nesse grupo incluem-se sindromes distintas como a HAP idiopatica, associada a
esquistossomose, e por doenga cardiaca congénita. No Grupo I, a HAP ¢é
secundaria a elevagdo da pressdao no atrio esquerdo relacionada com doenca
cardiaca esquerda. No grupo lll, resulta de doengas pulmonares e/ou hipoxemia
cronica. No grupo IV, doenga embdlica e/ou tromboembolismo crénico. E no grupo
V, diversas outras etiologias de HAP, como a sarcoidose e obstrugdo da artéria
pulmonar (1).

A HAP do Grupo |, segundo a OMS, ocorre de forma rara, sendo classificada
como familiar em 10% dos casos e esporadica em 90%, e de uma forma mais
comum associada ao virus HIV, doencas do tecido conectivo, doenca cardiaca
congénita (29). Apesar de recentes avangos nas terapias e dos sintomas

melhorados dos pacientes, a HAP ainda tem uma sobrevida de apenas 60% em
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cinco anos (30). A incidéncia estimada da HAP é de 2,4 a 7,6 casos por milhdo ao
ano (26, 31). A incidéncia do grupo Il é indefinida, embora esse grupo seja,
certamente, mais numeroso. A prevaléncia do grupo Il é estimada em 1-3/10000
(32). Ja a do grupo IV, apés um ano com émbolo pulmonar agudo, é cerca de 3%,
com a maioria dos tromboémbolos evoluindo para a HAP crénica (33).

De maneira geral, a HAP possui um mau prognostico, com uma mortalidade
no primeiro ano apds o diagnostico de aproximadamente 15%, mesmo com
tratamento medicamentoso moderno (34). Os preditores de prognéstico sdo: a
capacidade ao exercicio, medida através da distdncia percorrida no teste de
caminhada de seis minutos ou através do teste cardiopulmonar; elevada pressao
atrial direita, que demonstra o grau de disfungado ventricular direita; evidéncia de
faléncia do VD e baixo débito cardiaco.

Tendo em vista a alta taxa de mortalidade apds o diagnéstico de HAP, e que
um dos principais preditores para o pior prognéstico é a incapacidade ao exercicio,
uma das alternativas promissoras para amenizar esse prognostico reservado dos
individuos com HAP é a implementagao da pratica de exercicio fisico aerébico como
coadjuvante da terapia medicamentosa (17, 35), para melhorar a capacidade
aerobica e consequentemente aumentar a tolerancia ao exercicio, e indiretamente

melhorar o progndstico.
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4 INDUGAO DE HIPERTENSAO ARTERIAL PULMONAR POR MONOCROTALINA

Modelos animais sdo importantes, pois permitem o estudo de alguns dos
diversos grupos de HAP. Um dos modelos, bem conhecido e utilizado, é a inducéo
da HAP através da MCT. A MCT é um alcaloide extraido da semente da planta
Crotalaria sp., primeiramente descrito por Bras e colaboradores em 1954. Esses
pesquisadores, estudando jamaicanos que usavam ervas medicinais contendo a
planta Crotalaria sp., demonstraram a implicagado do uso desse alcaloide na doenca
vaso-oclusiva pulmonar (36, 37).

A MCT sofre oxidacdo no figado para formar o pirrol da monocrotalina.
Através de um mecanismo desconhecido, induz rapidamente doenga vascular
pulmonar grave que, durante um periodo de uma a duas semanas, é seguido pelo
remodelamento vascular pulmonar e elevacdo da pressao na artéria pulmonar,
induzindo dano endotelial, edema e hipertrofia do VD (9, 10, 37).

Uma unica dose de MCT em ratos, variando entre 60 e 100 mg/kg por via
subcutanea ou intraperitoneal resulta em HAP em trés semanas e leva a morte
dentro de seis a oito semanas (38). De acordo com a literatura, uma dose de 60
mg/kg leva a hipertrofia ventricular direita em torno de 8 semanas, em 6 semanas ja
se observa fibrose ventricular direita, e de 4 a 8 semanas ja é possivel observar
reducéo do peso corporal e aumento da massa pulmonar. A progressao da doenga é
tempo-dependente e varia de forma significativa de acordo com a sensibilidade de
cada animal (39).

Esta bem descrito que a utilizagcdo de 50 mg/kg gera HAP em modelos
animais, sem no entanto, apresentar alta mortalidade ainda nas primeiras semanas.
E capaz ainda de elevar a pressao sistolica do VD, aumentar a espessura da parede
dos vasos pulmonares, gerar fibrose intersticial € menor mortalidade decorrente da
progressdao da doenga nas primeiras semanas (40, 41), razdo pela qual nesse
estudo optamos por essa dosagem.

As doses de MCT devem respeitar a sensibilidade de cada cepa de rato, de
maneira que € possivel encontrar na literatura diversas doses desse farmaco
provocando HAP. Além disso, segundo a literatura, a HAP pode ser caracterizada
como estavel ou progressiva. Dependendo da dose de MCT administrada e do
tempo de progressdao da doenga (42) é possivel estudar tanto o estagio estavel

como o progressivo da doenga.



17

De fato, estudos com ratos tém contribuido muito para uma maior
compreensao dessa doencga (7, 8). Uma das principais vantagens da utilizagdo do
modelo de HAP com MCT é que os resultados apresentados por animais tratados
com essa droga mimetizam varias alteragdes fisiopatoldgicas apresentadas por
humanos portadores de HAP primaria. Desse modo, é considerado um dos modelos
apropriados para estudar em maiores detalhes a fisiopatologia da HAP (37) na
tentativa de identificar novas estratégias terapéuticas para seres humanos, sejam

elas farmacoldgicas ou néo.
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5 CIRCULAGAO PULMONAR DURANTE O EXERCICIO

Normalmente, a circulagdo pulmonar é caracterizada por baixas pressdes e
alto fluxo. A baixa presséo evita que o fluido saia dos vasos pulmonares para o
espaco intersticial e permite que o VD bombeie sangue eficientemente com um
baixo gasto de energia.

Durante o repouso, o débito cardiaco varia de 4 a 6 litros/min, ja durante o
exercicio fisico, ocorre um aumento da demanda na oferta de oxigénio para os
tecidos, que é suprida através do aumento do débito cardiaco, em torno de 3 a 4
vezes dos volumes de repouso. Para suportar esse aumento de fluxo sanguineo, o
leito vascular pulmonar possui a capacidade de se dilatar de forma significativa.
Essa capacidade se deve a baixa resisténcia e a alta complacéncia desse leito,
garantindo uma adaptacao profundamente necesséria as variagdes hemodindmicas
que as atividades diarias impdem a circulagdo cardiopulmonar (43). Dessa forma,
qualquer alteragado dessa capacidade adaptativa pode ter consequéncias sérias na
qualidade de vida dos pacientes com HAP.

O aumento do débito cardiaco durante o exercicio é necessario para suprir as
crescentes demandas de transporte dos gases para os musculos em atividade. O
exercicio pode ser considerado um estresse consideravel sobre a circulacao
pulmonar que deve manter a fungdo do VD compensada e os pulmdes secos. A
pressao na artéria pulmonar aumenta durante o exercicio e, consequentemente a
pressdo no VD deve se adaptar para garantir a adequada oxigenagao dos tecidos
(44). Por essa razdo, por muito tempo a pratica de exercicio fisico foi considerada
muito arriscada nos individuos com HAP, que ja possuem uma pressao na artéria
pulmonar elevada.

O fluxo através do sistema cardiopulmonar é o resultado das diferengas na
pressao ou gradientes entre as duas extremidades do sistema, a artéria pulmonar
(20 mmHg) e o atrio esquerdo (12 mmHg). Para o VD existem varias possiveis
formas de estimar a pré-carga, entre as quais a pressao diastdlica final (PDFVD) ou
o volume diastdlico final representam as medidas mais importantes. A PDFVD pode
ser avaliada clinicamente através da medigao direta da pressdo no VD usando um

cateter na artéria pulmonar (45).
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Uma das primeiras descricdes da resposta do leito vascular pulmonar ao
exercicio foi feita por Hickam e Cargill (1948), que mostraram que durante um
exercicio de baixa intensidade, quando o débito cardiaco esta aumentado de uma
forma limitada, ha pequenos aumentos na pressao média da artéria pulmonar (46).

Em individuos saudaveis, o débito cardiaco pode aumentar mais de quatro
vezes com O exercicio, enquanto a pressdo da artéria pulmonar normalmente
aumenta cerca de duas vezes (47).

Em um estudo com mais de 600 atletas treinados para resisténcia e forga, o
limite superior da pressao sistdlica da artéria pulmonar foi de 40 mmHg. Esse
resultado foi considerado uma resposta fisiolégica do exercicio fisico intenso em
longo prazo (48). Em estudo posterior, foram avaliados 124 voluntarios saudaveis,
sendo 62 mulheres e 62 homens jovens, em repouso e durante exercicio. Nesse
estudo foi observado que durante o pico de exercicio houve um aumento de cerca
de quatro vezes no débito cardiaco, enquanto a pressdo média da artéria pulmonar
dobrou (49). Esse achado claramente demonstra que, sob condi¢des fisioldgicas, a
vasculatura pulmonar tem a capacidade de “amenizar” grandes variagcdes de volume
nessa circulagao, um indicativo da complacéncia dessa vasculatura.

Outro estudo avaliou a pressao na artéria pulmonar através de
ecocardiografia, em atletas condicionados e em individuos com doenga pulmonar
obstrutiva moderada, em repouso e durante ciclo de exercicio. A presséo sistolica da
artéria pulmonar foi 10 mmHg superior em individuos com doenga pulmonar em
comparagao ao grupo de atletas em repouso (50), o que confirma a elevada
complacéncia do sistema em individuos saudaveis.

Pacientes com HAP tém um padrao semelhante de resposta ao exercicio
como os pacientes com IC e HAP secundaria a doencga cardiaca do lado esquerdo.
Com o aumento da resisténcia vascular pulmonar e a progressado da doencga, ocorre
uma diminuicdo no débito cardiaco e na distribuicdo de oxigénio para o musculo
esquelético. A proliferacdo da intima e a remodelacdo patoldgica progridem
resultando em redugdo na complacéncia e aumento da elastancia da vasculatura
pulmonar (44, 51). Em conjunto, o aumento da elastancia e diminuicdo da
complacéncia contribuem para a redugcdo do fluxo sanguineo para a regiao

pulmonar, e consequentemente da oxigenagao tecidual e da qualidade de vida.
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6 MECANICA RESPIRATORIA

A ventilagdo normal € uma atividade ciclica que ocorre devido aos gradientes
de pressao, criados pela expansdo do térax e possui duas fases: inspiracdo e
expiragao. Entre os conceitos fundamentais para a compreensdo da mecéanica
respiratoria esta a complacéncia pulmonar (CP). A CP representa a capacidade de
variar o volume pulmonar para cada variagdo de pressdo, medindo a distensibilidade
pulmonar. J& a elastancia € a propriedade de resistir a deformagado, ou seja, o
inverso da complacéncia (52).

As variagoes de volume sdo maiores do que as variagdes de pressao, entdo a
complacéncia é basicamente volume-dependente (53). Em outras palavras, a
complacéncia € a relagdo do volume de gas inspirado pela quantidade de esforgo
respiratorio. O esforco € medido como a quantidade de pressao criada no pulméao,
ou no espaco pleural, quando os musculos inspiratérios estao contraidos. Existe
uma relagao direta entre a complacéncia e o volume, e uma relacéo inversa com a
pressdo. Em ultima instancia, uma redugdo da complacéncia significa uma reducgao
na capacidade inspiratéria, ou um maior gasto de energia para executar o mesmo
trabalho.

A resisténcia dos pulmdes e do térax constituem a carga contra a qual os
musculos respiratérios devem trabalhar para ventilar os pulmdes. Em pulmdes
saudaveis, esse trabalho € minimo e executado durante a inspiragéo, pois a
expiragdo € uma manobra passiva no repouso.

O desequilibrio da ventilagdo e perfusdo, que geralmente ocorre na HAP,
pode resultar em hipoxemia, limitando severamente a capacidade do individuo para
exercer suas atividades diarias. Na HAP, a complacéncia pulmonar normalmente
esta reduzida em consequéncia da presenca de inflamagao alveolar, fibrose ou
mesmo neoplasias nos alvéolos (52).

Pacientes com HAP podem apresentar fluxos expiratérios reduzidos com
baixos volumes pulmonares durante a espirometria (54-56). Além disso, a fraqueza
muscular inspiratéria € um importante determinante da dispneia, um sintoma que
afeta a maioria dos pacientes com HAP (57, 58).

De fato, a HAP esta associada a certo niumero de alteragdes relacionadas a

desordens pulmonares, incluindo as restritivas, as alteragbes obstrutivas, reduzida
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capacidade de difusdo do monéxido de carbono (59, 60), alteracdo da relagao
ventilagao/perfusao (61, 62) e redugao da forga muscular respiratoria, principalmente
inspiratéria (58, 63-65). Essas desordens estdo associadas com a congestado
pulmonar, edema (66) e correlacionam-se com a capacidade ao exercicio reduzida e
a uma pior classe funcional na HAP (67). Ainda, essas desordens pulmonares
podem contribuir para uma baixa complacéncia pulmonar e uma elevada elastancia
pulmonar.

Além disso, a dispneia grave e a fadiga aumentam o trabalho do VD, que
excedem a sua capacidade de bombear sangue e contribuem para o edema
pulmonar e para a insuficiéncia ventricular direita de maneira progressiva,
demonstrando dessa forma a interacdo entre os dois sistemas: o sistema
cardiovascular e o respiratoério (68-70).

De acordo com a literatura, em modelo animal de IC motivada pelo infarto
agudo do miocardio, ocorre um aumento da elastancia do sistema respiratério. O
estudo também demonstra que o treinamento muscular inspiratério é capaz de
restaurar a elastancia, demonstrando que o treinamento foi benéfico nesse modelo
de IC, uma vez que restabelece pelo menos parcialmente a capacidade inspiratoria
(71).

No entanto, até o momento ndo encontramos nenhum estudo avaliando a
mecanica respiratoria na HAP, especialmente associada ao efeito do exercicio sobre
este importante parametro de funcionamento do sistema respiratorio.

Estudos anteriores demonstraram que existe uma reducdo da complacéncia
pulmonar em diversas patologias, como por exemplo, na alveolite fibrosante, devido
a reducdo do numero de alvéolos funcionais e na IC (72-75). Sendo assim, a
reducdo na complacéncia pulmonar esta associada a patologias, e, acreditamos que
0 exercicio, por aumentar o volume de ar e melhorar a relagao ventilagao/perfuséo,
possa melhorar a mecanica respiratéria no modelo animal de HAP.

O nosso trabalho € o primeiro que tem como objetivo avaliar a mecéanica
respiratoria no modelo animal de HAP, e verificar se o exercicio de baixa e/ou

moderada intensidade serdo capazes de melhorar a mecanica respiratéria na HAP.
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7 JUSTIFICATIVA E OBJETIVOS

O exercicio pode modular as respostas hemodindmicas, gerando estimulo
para o remodelamento estrutural da vasculatura, onde ocorre um aumento na
velocidade de fluxo através do vaso, aumentando a tensdo de cisalhamento. Isso é
um estimulo importante para o alargamento de vasos condutores, que gera uma
resposta endotélio-dependente, onde o alargamento é dependente de oxido nitrico.
Além disso, o exercicio leva ao processo de angiogénese, que requer a proliferacao
de células endoteliais. O fator de crescimento vascular endotelial (VEGF) parece ser
um elemento importante na formagdo de novos vasos (76). Sabendo disso, e
considerando a interagdo entre o sistema respiratério e cardiovascular, pretendemos
estudar o efeito de dois protocolos de exercicio sobre a pressdo no VD e sobre a
mecanica respiratéria. Pretendemos ndo sé contribuir com o conhecimento dessa
patologia, mas também identificar formas alternativas para trata-la.

Embora a concepg¢éo de que a pratica de exercicio ndo seja benéfica na HAP
esteja sendo contestada nos ultimos tempos, ndo ha duvidas de que deve ser
adotada somente mediante uma avaliagdo criteriosa, considerando suas vantagens
e desvantagens, além de avaliar quais os individuos que respondem melhor a
adaptacao ao exercicio.

De fato, mesmo em doencas graves como a HAP (16, 77), e naquelas com
faléncia cardiaca esquerda (78), o exercicio fisico pode melhorar a fungdo endotelial
e a qualidade de vida dos pacientes. Dessa forma, dependendo do protocolo
utilizado, os riscos podem ser minimizados, e sua recomendagao permitida, mesmo
em casos mais graves. Sendo assim, o estabelecimento de um protocolo de
exercicio que estimule os efeitos desejaveis e promotores de bem estar, pode
melhorar a qualidade de vida e a sobrevida dos pacientes com HAP. Segundo Galie
e colaboradores (2009), o exercicio fisico € considerado um complemento promissor
para o tratamento medicamentoso, mas seu papel exato no manejo da HAP
permanece obscuro (19).

Tendo em vista a importancia do bom funcionamento respiratério e da
reducao da pressdo no VD verificada ao longo dessa reviséo da literatura, e ainda as
altas taxas de mortalidade na HAP e a associacdo do exercicio na funcao

hemodindmica e na mecanica respiratéria, a busca de alternativas nao
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farmacologicas para complementar o tratamento convencional se torna um
importante desafio. Na tentativa da busca de tratamentos complementares, a
literatura demonstra que o exercicio possiu um grande potencial em contribuir para a
melhora da qualidade de vida e sobrevida na HAP, no entanto ainda se fazem
necessarios mais estudos que tenham como objetivo, elucidar os efeitos benéficos
do exercicio aerdbico, a seguranca do mesmo, e tentar identificar as intensidades e
qual classificagdo da doencga teriam maior beneficio.

Dessa forma, o objetivo desse estudo €& avaliar os efeitos de duas
intensidades de exercicio fisico aerdbico sobre o sistema cardiovascular e
respiratorio, e contribuir para o desenvolvimento de abordagem terapéutica nao
farmacologica para o tratamento da HAP. Esse estudo pode se somar a outros, e
apontar possiveis beneficios do exercicio fisico também para a mecéanica
respiratoria e para a reducao da pressao no VD. A confirmacao da nossa hipotese
pode contribuir para a melhor qualidade de vida e maior sobrevida para aqueles
pacientes que aderirem a pratica orientada de exercicio fisico regular.

Sendo assim, os objetivos especificos desse trabalho sao:

1. Avaliar o efeito de duas intensidades de treinamento aerdbico no modelo
animal de HAP por MCT sobre o funcionamento respiratério, através da
mecanica respiratéria,e sobre o sistema cardiovascular, através da
mensuragéo da pressao sistolica e diastolica no ventriculo direito.

2. ldentificar qual intensidade de treinamento aerdbico que promova melhor
beneficio sobre as medidas dos dois sistemas e que, no futuro, melhore a
qualidade de vida e sobrevida com o menor risco a saude dos pacientes com
HAP.
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ABSTRACT

Aerobic exercise has been beneficial in patients with Pulmonary Arterial
Hypertension (PAH), improving dyspnea and increasing ventilatory muscle strength.
On the other hand, it is not very well known which intensity of exercise has better
effects on respiratory mechanics and hemodynamic function and less risk to PAH
patients. PAH was induced in Wistar rats by a single dose of monocrotaline
(50mg/kg; s.c.) in three different groups: PAH-sedentary rats (PAH-S; n=5) and
exercised rats in a treadmill for three weeks (5x/week/50min) at low intensity (PAH-
L, 40% of maximum speed in incremental test; n=6) and moderate intensity of
exercise-training (PAH-M, 60% of the maximum speed in incremental test; n=8). After
3 weeks, rats were tracheostomized to study the respiratory mechanics (FlexiVent)
and catheterized for hemodynamic evaluation. Data were compared by one-way
ANOVA test followed by Student-Newman-Keuls test (P<0.05). Exercise in both
intensities significantly decreased (P<0.05) right ventricular systolic pressure
elevation induced by monocrotaline (RVSP) (PAH-S=40+9.6; PAH-L=25+2.6; PAH-
M=29+5.1; mmHg) compared to PAH-S. The quasi-static elastance was significantly
lower in PAH-L versus PAH-M group (0.71£0.05 vs. 0.98+0.16; cmH0/mL), whereas
the respiratory elastance was lower in the PAH-L versus PAH-S group (1.47+0.14 vs.
1.91+0.31; cmH,O/mL). Quasi-static compliance was significantly higher in PAH-L
versus PAH-S (1.40+0.10 vs. 1.17+£0.14; mL/cmH20) and lower in PAH-M versus
PAH-L (1.05£0.16 vs. 1.47+0.14; mL/cmH20). The respiratory system compliance
was higher in PAH-L either when compared to the sedentary and moderate groups
(PAH-L=0.68+0.06 vs. PAH-S=0.53+0.09, and vs. PAH-M=0.57+0.05; mL/cmH0,

P<0.05). Collectively, these results indicate that low intensity of an aerobic exercise
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is effective to decrease the RVSP, which results in a better cardiorespiratory
condition during PAH.

Keywords: pulmonary hypertension, monocrotaline, exercise, respiratory mechanics.
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INTRODUCTION

Pulmonary arterial hypertension (PAH) is a rare disease with high mortality. The
PAH is described by a progressive pulmonary vascular remodeling, which importantly
increases right ventricular (RV). It is characterized by a mean pulmonary arterial
pressure greater than 25 mmHg at rest and greater than 30 mmHg under exercise (1,
2). Generally, its prevalence is 15 cases per million, being the idiopathic PAH around
six cases per million (3). It is characterized by progressive increase in pulmonary
vascular resistance, leading to pathological right ventricle (RV) hypertrophy, failure
and sudden death (4, 5).

Traditionally, PAH patients are advised to limit physical activity because of the risk
of fatal cardiovascular events. On the other hand, regarding to exercise, several
studies have been finding the beneficial effects of exercise-training in PAH patients,
not only changing the conception that exercise is not safe, but mainly increasing the
evidence that exercise could be beneficial.

Mereles et al. (2009) showed great performance, in subjects with PAH, after an
exercise-training program. Their findings demonstrated a quality of life improvement
after a low intensity-training program (6). Moreover, Man and colleagues (2009)
demonstrated that a supervised moderate training program induced a modest
improvement in physical performance (7). Souza-Rabbo et al. (2008), working with
rats treated with (MCT), showed that a moderate aerobic training reduces RV
hypertrophy, mortality and oxidative stress (8).

However, in the progressive PAH, the exercise-training can increase mortality and
pulmonary vascular remodeling. These findings indicate that the disease progression

and adaptation may be important to show the individual response to exercise-training
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in PAH. Indeed, the exercise can be indicated only after a careful evaluation that
considers the advantages and disadvantages of an exercise training program for
each patient.

Although , it is also important to take into account that, even in severe diseases
such as PAH (6, 10), and those associated to left heart failure (11), exercise
improves quality of life. Thus, depending on the protocol, the risks can be minimized
and an exercise program could be recommended in PAH.

This evidence is clearly demonstrated in the study of Grunig and colleagues
(2011). They found that in patients submitted to a low intensity exercise-training
associated with drug therapy, there was an increase in survival rate when compared
with the advanced pharmacological therapeutic strategies alone (12, 13). These
results show the impact of exercise in survival of patients with PAH, and the benefits
of adopting pharmacologic and non-pharmacological approaches in this disease.

Currently, exercise-training is being considered a promising complement to
pharmacological therapy, but its exact role in the management of PAH remains
unclear (14). It is still a challenge to understand which type of exercise could promote
better response on cardiac hemodynamic and on respiratory mechanics.

Thus, the objective of this study was to assess the effects of two different
intensities of aerobic exercise on the cardiovascular and respiratory systems. Our
goal was to contribute for the development of a non-pharmacological therapeutic
approach for the treatment of PAH. This study, combined with others, can
demonstrate not only the benefits of exercise-training, but also to contribute to
establish a less risky exercise protocol that promotes better quality of life and longer

survival to patients with PAH.
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METHODS

Animals

Eight-week old male Wistar rats were housed in a temperature-controlled room
(23+1°C), 12:12-hour light/dark cycle with free access to water and food. All
procedures were approved by the Universidade Federal de Ciéncias da Saude de
Porto Alegre (UFCSPA) Ethics and Research Committee (protocol number 069/11)
and complied with National Institutes of Health guidelines (NIH publication no. 85-23,

revised in 1996).

Experimental Pulmonary Hypertension
PAH was induced by a single subcutaneous injection of MCT (50 mg/kg; Sigma-

Aldrich®) dissolved in sterile saline.

Study Design and Training Program

The exercise program was based on the protocol described by Fenning et al,
(2003) (15). In the first week, all rats were adapted to the treadmill and submitted to
the incremental test, described by Pilis et al. (1993) (16), to determine the intensity of
exercise-training protocol. In the second week, rats received the single MCT injection
and they were assigned to any of the 3 experimental groups: 1- PAH-induced
sedentary rats (PAH-S); 2- PAH-induced low intensity exercise-training (PAH-L); 3-
PAH-induced moderate intensity exercise-training (PAH-M). During the next three
weeks, the trained rats were placed on the treadmill for 50 minutes a day (5 times a

week); the moderate (=60% VO,max) intensity group ran with a constant speed of
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approximately 13.3 m/min (9, 17), and the low (=40% VO,max) intensity group 10
m/min. The sedentary group was placed for five minutes inside the treadmill, with no
velocity or slope, and kept close to the treadmill until the end of the training period.

At the end of the exercise-training protocol, a second incremental test for
functional and capacity evaluation was performed. Two days after the end of exercise

training, the cardiovascular and the respiratory mechanic were evaluated.

Assessment of Respiratory Mechanics

The rats were anesthetized with a cocktail, comprising ketamine (80 mg/kg),
xylazine (10 mg/kg) and diazepam (0.5 mg/kg). All procedures for respiratory
mechanics assessment were according to Jaenisch et al. (2011) (18). Rats were
tracheostomized using a rigid-type cannula (2-mm ID) connected to a small animal
ventilator (Flexi Vent, SCIREQ®, Montreal, PQ, Canada), for mechanic ventilation.
The constant-phase model was fitted as follows: Zrs (f)j= Raw + i2mf law + [Gti — iHi]
/ (2m.f)a, where Zrs, Raw, law, Gti, Hti, is and f are the respiratory system
impedance, airway resistance, inertance, tissue resistance, lung elastance, the
imaginary unit and frequency, respectively. a= (2/m)arctan(Hti/Gti) (19). Quasi-static
elastance (Est) reflects the static elastic recoil pressure of the lungs at a given lung
volume, and was measured by applying the Pressure-Volume curve technique (the

Salazar-Knowles equation) as described by the flexi Vent manufacturer.

Cardiovascular evaluation
After evaluating the respiratory mechanics, still under anesthesia, the right
ventricular (RV) pressure was measured using a polyethylene catheter inserted into

the right descending jugular vein to reach the RV.
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To record the data (2000 Hz/sample rate/channel), a polyethylene catheter was
connected to a strain-gauge pressure transducer (Strain-Gauge-NarcoBiosystem
Miniature Pulse Transducer RP-155, Houston, Texas, USA), coupled to a pressure
amplifier (Stemtec®). After tracing stabilization, the RV pressure signal was recorded
over 5-min period (CODAS, 1-kHz sampling frequency, Datag® Instruments, Inc.,
Akron, OH, USA). The data were analyzed on a beat-to-beat basis to determine, right
ventricular systolic pressure (RVSP) and right ventricular diastolic pressure (RVDP).
Still under anesthesia, rats were killed by decapitation to collect heart, lungs and liver

for posterior evaluations.

Heart Hypertrophy and Pulmonary Congestion

The right ventricle (RV) and left ventricle (LV) were dissected and weighed. The
heart (HW/BW), LV (LV/BW) and RV (RV/BW) to body weight ratio were determined.
Lungs were dehydrated (80°C/48h) and weighed again to determine the water

percentage.

Statistical analysis

First, the data were tested for normal distribution by the Kolmogorov-Smirnov
test and analyzed by one way ANOVA, followed by the Student Newman-Keuls post
hoc test. Pearson’s correlation analysis was performed for testing associations. To
achieve those purposes, the GraphPad Prism 5 program (GraphPad® Software, San
Diego, CA) and Sigma Plot® (Systat Software Inc., San Jose, USA) for Windows
were used in the data analysis. Data are presented as mean+SD and a P<0.05 was

considered statistically significant.
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RESULTS

Morphometric data, Pulmonary and Hepatic Congestion, and Heart
Hypertrophy

Before exercise training, there was no change in body weight and incremental
test. The exercise-training did not change body weight, heart hypertrophy, pulmonary
and hepatic congestion. On the other hand, the exercise-training significantly
increased the speed in the incremental test in both trained groups, compared to

sedentary rats (Table 1).

Hemodynamic variables
The low and moderate intensity exercise did induce a significant decreased in
RVSP (33%, PAH-L and 26%, PAH-M) and RVDP (45%, PAH-L and 46%, PAH-M),

compared to PAH-S group. The heart rate was similar among groups (Table 2).

Respiratory Mechanics

Regarding to respiratory system resistance, there was no significant difference
among groups [PAH-S=0.11+£0.07; PAH-L= 0.11+0.03 and PAH-M=0.12+0.04;
F(2,17) = 0.077, P=0.93], tissue resistance [PAH-S=0.49+ 0.02; PAH-L=0.43+0.06
and PAH-M=0.46+0.03; F(2,17)= 2.5, P=0.13] and tissue elastance [PAH-
S$=1.8910.36; PAH-L=1.5110.25 and PAH-M=1.68+0.19; F(2,17)= 2.32; P=0.14]. In
addition, in the PAH-L group, exercise induced a decrease [23%; F(2,17)=5.0,
P=0.03] in the respiratory system elastance (Figure 1.A), and a significant (P<0.05)
increase [26%; F(2,17)= 5.3, P=0.02] in the compliance (Figure 1.B) and in the quasi-

static compliance [20%; F(2,17)=5.0, P=0.03], (Figure 1.C) when compared to PAH-S
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group. However, the PAH-M group presented a significant (P<0.05) increase in the
quasi-static elastance [29%; F(2,17)=3.9, P=0.04], (Figure 1.D) and a decrease in the
compliance (15%, Figure 1.B) and in the quasi-static compliance (21 %, Figure 1.C)

compared to PAH-L group.

Correlations

There were a significant and negative correlation between the “Incremental
Test” and RVSP (r=-0.502, P=0.02) and RVDP (r=-0.769, P<0.01) after the exercise
training. There were also a significant and positive correlation between RVSP and
quasi-static elastance (r=0.572, P=0.03) and a negative with the quasi-static

compliance(r=-0.587, P=0.02).

DISCUSSION

In the present study we demonstrated, for the first time, the effects of low and
moderate aerobic exercise intensities over the RV pressure and respiratory
mechanics in MCT-PAH. We show that aerobic exercise was well tolerated and
induced a significant decreased in RVSP and RVDP. However, only the low intensity
group showed an increase in the respiratory compliance and a decrease in the
respiratory system elastance. The low intensity exercise showed a better respiratory
mechanics response than the moderate exercise.

Handoko et al. (2009) conducted an experimental study to assess the effects of
exercise-training in two phenotypes of PAH. They demonstrated that exercise-
training increased wet lung weights in the progressive (60 mg/kg of MCT) PAH group,

whereas it had no effect on lung weights in the stable PAH group (40 mg/kg of MCT).
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They suggest that exercise-training modulates the pulmonary vascular remodeling
and that the differences were not likely to be attributed to pulmonary edema (9). In
addition Souza-Rabbo et al. (2008), also working with 60mg/kg of MCT,
demonstrated that exercise did not prevent the MCT induced lung congestion (8).
Collectively, these results underscore the importance of the exercise intensity and
the stage of PAH to conclude about the effects of exercise on PAH.

Regarding to the RV hypertrophy, Handoko et al. (2009) (9) did not find differences
after four weeks of PAH comparing stable (40 mg/kg of MCT) and progressive (60
mg/kg) MCT-PAH groups. In accordance to Handoko et al., Souza-Rabbo et al.
(2008), who had used 60mg/kg of MCT, also showed that four weeks of exercise did
not reduce RV hypertrophy (8). On the other hand, similarly to our results, Souza-
Rabbo et al. (2008) (8) found a RV hypertrophy attenuation after three weeks of
exercise-training.

Considering that MCT treatment is a time and dose-dependent model and that
the time of each exercise protocol probably induces different hemodynamic
responses, it is reasonable to find those differences among results.

Few studies in animal models showed the effects of exercise-training in PAH.
Handoko et al. (2009) was the first group to describe that a moderate intensity of
exercise-training did not decrease the RVSP and RVDP. On the other hand, they did
show that exercise-training improved capillarization, whereas a trend for the opposite
effects was seen in the progressive PAH (9). We did find a reduction in both RVSP
and RVDP in PAH-M group. The differences between our and their results could be
attributed to the combination of MCT dose and the time of exercise-training.

Another interesting data of our study was the negative correlation found

between RVSP and RVDP with the incremental test after exercise. These results
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demonstrate that in trained rats, which probably have better aerobic capacity, there
was an improvement also in the hemodynamic variables. Indeed, there are data in

the literature showing that aerobic exercise modulates the hemodynamic responses
by improving the morphology of the arterial vessels and inducing angiogenesis (20).

Normally, during PAH occurs a RV dysfunction, with a pathological remodeling,
hypertrophy and with an increase in RVSP. These characteristics have been
described in several studies as being related to the severity and prognosis of PAH
(21-23) and also that a low stroke volume in the RV, and hence a low RVSP, is a
predictor of survival in PAH patients (23) having clinical and social relevance. Thus,
any approach that can reduce RVSP could be a promising complement to provide
better patients quality of life and decrease the PAH mortality.

Severe dyspnea and fatigue reflect high levels of RV work, contributing to RV
ischemia, inflammation, pulmonary edema and progressive failure. These findings
demonstrate the interaction of the cardiovascular and respiratory system (21-23). In
fact, our results demonstrated a negative correlation between RVSP and the quasi-
static complacence, and a positive correlation with quasi-static elastance indicating
the close association between the respiratory mechanics and the cardiovascular
system. It is also very well established in the literature that compliance is the change
in the volume versus a pressure, and the elastance represents an inverse
association. The higher the elastance higher the stiffer of the small pulmonary
arteries wall (24).

Regarding to this specific focus, we have demonstrated, for the first time that
the PAH-L group has improved the respiratory mechanics function. Comparing to the
sedentary group, the low intensity exercise-training increases the compliance and a

decrease the elastance. On the other hand, the PAH-M group showed no difference
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in the compliance and also in the elastance versus sedentary group. This result
suggests that the low intensity of aerobic exercise improves the respiratory
mechanics during PAH and that the intensity is crucial to obtain beneficial effects with
exercise.

In addition, it was reported in the literature that with the progression of PAH
there is an increase in the intimal proliferation and a pathological remodeling (24),
contribute for the progression of PAH.

Our data showing the decrease in the elastance after exercise agree with the
literature that, in an animal model of heart failure, there was an increase in
respiratory system elastance, and that the respiratory muscle training restores this
parameter (18).

In addition, Goncalves et al. (2012) also demonstrated the beneficial effects of
exercise-training in a model of acute lung injury. Their results showed that a low
intensity of aerobic exercise decreases the pulmonary resistance and elastance (25).

However, as far as we research, there was no studies evaluating the effects of
two different intensities of exercise-training in the respiratory mechanics in a PAH
model. Our work is the first to conclude that, different exercise-training intensities
may result in an improvement of RVSP and RVDP. Nevertheless, only the low
intensity of exercise improves the respiratory system mechanics, resulting in a better
cardiopulmonary interaction in a model of PAH. The hypothesis, which we try to
explain why the moderate aerobic exercise did not improved the respiratory
mechanics, is that during a higher level of exercise the pressure at the pulmonary
arteries increases, and it contributes to a worse pulmonary and cardiovascular
remodeling.

Our findings clearly indicate that exercise, at low intensity, is a promising non-
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pharmacological approach for treating PAH and, which could contribute to others

studies and provide better patient’s quality of life and a reduction in PAH mortality.
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FIGURE LEGENDS

Figure 1.

Respiratory Mechanics. Values are means + standard deviation; One way ANOVA
and Student Newman-Keuls post hoc test. PAH-S (n=5) = pulmonary arterial
hypertension sedentary rats; PAH-L (n=6)= pulmonary arterial hypertension low
intensity; PAH-M (n=8)= pulmonary arterial hypertension moderate intensity. Panel
A: Ers= Respiratory system elastance; *P<0.05 vs. PAH-L; Panel B: C = Respiratory
system compliance; *P<0.05 vs. PAH-L; Panel C: Cst= Quasi-static compliance;
*P<0.05 vs. PAH-L; Panel D: Est= Quasi-static elastance; #P<0.05 PAH-L vs. PAH-

M.
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Table 1. Morphometric data, Pulmonary, Hepatic Congestion and Heart hypertrophy

index in all experimental groups

Data PAH-S (n=5) PAH-L (n=6) PAH-M (n=8)
Body Weight Before (g) 145421 128116 138114
Body Weight After (g) 331123 320+29 302+29

IT Before (km/h) 1.50+0.21 1.40+0.15 1.42+0.14
IT After (km/h) 1.14+0.39 1.85+0.22* 1.83+0.19*
Pulmonary Congestion (%) 8215.1 8312.4 81+£1.9
Hepatic Congestion (%) 7311.4 731+1.8 72+1.3
H/BW (mg/g) 2.54+0.11 2.4040.09 2.57+0.22
H/T (mg/mm) 23+2.5 21+2.3 21+1.7
LV/BW (mg/g) 2.00+0.07 1.96+0.10 2.06+0.17
LV/T (mg/mm) 18+2.0 17+1.8 17+1.4
RV/BW (mg/g) 0.56+0.09 0.53+0.05 0.54+0.11
RV/T (mg/mm) 5.04+0.71 4.45+0.67 4.35+0.84

PAH-S= pulmonary arterial hypertension sedentary rats; PAH-L= pulmonary arterial

hypertension low intensity; PAH-M= pulmonary arterial hypertension moderate

intensity. IT= Incremental test; H/BW= Heart weight to body weight; H/T= Heart

weight to tibia measure; LV/BW= Left ventricle weight to body weight; LV/T= left
ventricle weight to tibia measure; RV/BW=Right ventricle to body weight; RV/T=Right

ventricle to tibia measure. *P<0.05 vs. PAH-S
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Table 2. Hemodynamic variables in all experimental groups

Variables PAH-S (n=5) PAH-L (n=6) PAH-M (n=8)
RVSP (mmHg) 4018.6 25+2.6* 29+5.1*
RVDP (mmHg) 7.41+15 3.5+0.2* 3.9+0.8*
HR (bpm) 227450 188435 248+64

PAH-S = pulmonary arterial hypertension sedentary rats; PAH-L = pulmonary arterial
hypertension low intensity; PAH-M = pulmonary arterial hypertension moderate intensity.
RVSP = Right Ventricular Systolic Pressure; RVDP = Right Ventricular Diastolic Pressure;
HR = heart rate in beats per minute; *P<0.05 vs. PAH-S. Values represent means + standard
deviation.
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to APSCentral (hitp:/fwww.apscentral.org). Separate files must be submitted for
all discrete el of the ipt, e.g. files for each figure and
table, and a separate file for the complete text of the ipt. The ipt
file should include the abstract, all main text, bibliography, figure legends and
table legends, etc.

The APSCentral system will concatenate the various files into a single
document for review. If the paper is accepted. the separate files will be
moved forward into the final print production process.

Organlzation of the Manuscript

APS accepts manuscripts in one of two formats: double-spaced in
wide, one-column traditional manuscript format, or single-spaced in
two-column journal format. If you choose two-column format and wish to
embed copies of the figures into the text for review purposes, you may,
but you must also include separate figure files for production. Addition-
ally, if you do choose to embed figures. any revisions to figures during
review will require you to load the newly revised individual figure files
to APSCentral, and the copies embedded into the text must also be
updated to reflect the revised figures (see sections on Figures, below).

Arrange as follows (each of these bulleted items should begin on a
new pagel:

title page

abstract and keywords on the same page

main text {introduction: Materials and/or Methods. or Experimental
Procedures: Results; Discussion, with conclusions)

text footnotes

acknowledgments

references

figure legends

tables

Be sure the text is clear and concise, conforming to accepted standards of
American English style and usage. Avoid jargon, clichés, and laboratory slang.
Authors for whom English is not their native language are strongly encour-
aged to seek the aid of a professional English language editorial service.

See Manuscript Sections, below, for further description.

Abbrevlations, Symbols, and Terminology

All abbreviations should be explicitly defined at first usage. However.
internationally accepted abbreviations do not need to be defined. Please
consult the list of accepted abbreviations for our journals (http:/fwww.the-
aps.org/publications/journals/abbrv.pdf). For word usage. symbols, etc.. au-
thars are referred to Scientific Style and Formaiz The CBE Manual for
Authors, Editors, and Publishers (6th ed.. 1994). For chemical and biochem-
ical terms and abbreviations. consult the recommendations of the TUPAC-
IUB Combined Cr ission on Biochemical Nomenclature. Online re-
sources can be found at hitp:fwww.iupac.org. Isotope specification must
conform to the TUPAC system. Authors are referred to the following articles
for style in specialized fields: “Glossary on respiration and gas exchange” (J
Appl Physiol 34: 549-558. 1973); and “Glossary of terms for thermal
physiology™ (J Appl Physiol 35: 941-961. 1973).

Speclal Symbols

For special characters not available on the standand 104-key keyboard (e.g..
Greck characters. mathematical symbols, figure symbols). use the “Insent
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Symbo!" function in Microsoft Word: do not use math font or image files (eg..
GIF}y within the text for special characters or text constructions.

Spelling and Editorial Style

Authors should follow Webster's Third New International Dictionary or
Merriam-Webster's Collegiate Dictionary, 11th edition. for spelling and
compounding. The APS Joumnals use American English nules for spelling.

All manuscripts will be edited by highly trained professional copy
editors, according to the APS house style and guidelines.

Citing Unpublished Observations, Personal
Communications and In Press Manuscripts

Submitted papers still in preparation or in peer review andior any other
unpublished materials, chservations, or personal communications cannot be
included in the reference list, which may only list published work. However,
such material can be cited in the text, but at submission, authors will be required
to confirm that all individuals acknowledged in the manuscript are aware that
they are being acknowledgzed and approve of the manner and the context of the
acknowledgement. This includes, but is not limited to the following circumstances:

+ 1o publish information disclosed in a personal communication or unpublished
ohservation

* o recognize additional individuals who helped in preparation of the manu-
script

« for permission from a copyright holder to discuss information that is “in
press” and not yet available, online or otherwisle.

Trade Names

Proprietary (trademarked) names should be capitalized, with the spell-
ing carefully checked. The generic name or generic descriptor should
accompany the trade name the first time it appears.

Genes and Protelns

When reporting studies on genes and proteins. be sare to follow the
estahlished style conventions of the genetics community for properly ex-
pressing gene vs. protein symbols and names.

Cell Lines and Reagents

The source of cells utilized (species, sex, strain, race, age of donor. whether
primary or established) shouold be clearly indicated. The source of reagents
should be stated (name. city. and state within parentheses) when first cited. If
tests to rule out the presence of mycoplasmal contamination were not performed,
this fact should be clearly stated. Other data relating to unique biological,
biochemical. and/or immunological markers should also be included if available,
with their source identified. Publication of results is based on the principle that
results must be independently verifiable. Authors are expected to make unigue

ilable to qualified & igators either directly or through a recog-
nized distributor, See also Unigue Materials Banks (above) and Ethical Policies
(appearing @t the end of this document) for other requirements.

Manuscript Sections
Title Page

All submissions must contain a title page, however brief the article may
be. The title page must contain the full title of the article; author(s) name(s):
all departments and institutions in which the work was done: an abbreviated
title for the running head; and the corresponding author’s name, e-mail
address, and physical address for correspondence. Only one author may be
designated as the corresponding author.

Title

Mike the title informative. A void unnecessary words like “Stodiesin . ...
The titke must not exceed 160 characters, including spaces between words.

Authors

List all authors’ names and their first names or initials exactly as they
should be known. in the order of importance of their contribution to the
study. Do not include any specific titles (e.g.. PhD, M), and Prof. are not
needed). “Group authorship™ is allowed. with the name of a group (such as
a consortiom or program) to be listed as an author, with members of the
group listed in the Acknowledgments section; however, the Program Direc-
tor of the named group must be the one who signs for the group when the
group's “author” signature is needed, i.e.. on a Mandatory Submission Form
or a Change of Authorship Form.
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Authors who publish in APS Journals may now present their names
in non-Latin characters (in their native writing system) alongside the
standard English transliteration of their name in the main author line of
the published article; for example, “Ta-Ming Wang (EA8)". We will
accept any non-Latin languages that have standard Unicode characters
(http:/fwww.unicode.org) designated for the native characters. For au-
thors that choose this option, please only provide the native expression
for the original written form of the transliterated name: that is. do not
include any associated degree. rank, or title information in the native
format. This feature is meant for the person’s name only, not for ancillary
information regarding academic achievement or institutional affiliation.
To take advantage of this new feature. please insert the native expression
of your name along side the English transliteration in the main title page
of yoor manuscript submission.

Afffilintion

List all departments and institutions in which the work was done, with city
and state or country. Identify each avthor's affiliation by superscript numbers
matched to the appropriate institution. Affiliation must refect the organization(s)
supporting the author(s) while the work was done. This may differ from the
current affiliations of the author(s), which will be listed in such cases in the
Acknowledgments section as the present addresses of the authors.

Running head

The running head is an abbreviated version of the title. which will
appear at the top of every page subsequent to the first page. Running heads
must not exceed 60 characters including spaces between words.

Contact information

A full address for corespondence will be published and must be
included. with a current, valid e-mail address for the corresponding author.
The address of the sole comesponding author (there must be only one
comresponding author) will appear on the first page of the article, if the article
is accepted for publication. Please note that a valid e-mail address is essential
to participate in the APS electronic proofing service. Also, provide phone
and fax numbers for use while your article is in production. If the contact
information to be used during production differs from that to be included in
the final article, indicate this explicitly. To contact APS during the submis-
sion and peer review andf/or during production after acceptance, go to the
APS website (hitp:/fwww. the-aps.org) and choose the appropriate journal’s
web page.

Abstract

An informative one-paragraph abstract of not more than 250 words
must accompany each manuscript. It must state concisely what was done and
why (including species and state of anesthesia), what was found (in terms of
data, if space allows), and what was concluded.

Keywords

Include three to five words or short phrases, relevant to the article, that
do not appear in the title or running head.

Introduction

Provide a brief overview of the scope and relevance of the study,
especially with regard to previous advancements in related fields.

Materlals and Methods

(Sometimes called “Experimental Procedures™). Describe technigues, cell/
animal models used, and lists of reagenis. chemicals, and equipment, as well as the
names of manufactorers and suppliers. including URLs for those supplies obtained
online, 50 that your study can be most easily replicated by others. Also in this section,
deseribe the statistical methods that were used to evaluate the data If clinical trials
were used, 3 statement of registration is required: also, for all investigations involving
humans or animals, a stalement of protocol approval from an IRB or IACUC. or an
equivalent statement, must be included. All animal or human studies must contain
an explicit statement that the protocols were submitted to, and approved by, an
institutional review board or committee or that the protocols were performed
under a license obtained from such a committee, board, or governing office. (see
Lise af Humans and/or Amimals in Experiments above ). See Abbreviations, Svnbols,
and Terminology (above) for style information.

Results

Provide the experimental data and results as well as the particular
statistical significance of the data. APS has published an editorial on the use



of statistics (http://physiolgenomics.physiology.orgfegi/content/full/ 1 8/3/
2449), and authors are encouraged to consuit it

Discussion

(Sometimes combined with the results in a section called “Results and
Discussion™). Explain your interpretation of the data, especially compared
with previously published ial cited in the References.

Acknowledgments

The Acknowledgments section is where you may wish to thank people
indirectly involved with the research (e.g.. technical assistance. gifts of
samples. reagents, or cell lines, loans of equipment or laboratory space,
comments or suggestions during the creation of the manuseript). However, it
is important that anyone listed here know in advance of your acknowledg-
menl of their contribution, as documented during the submission process.

Current addresses of authors (which may differ from those in the
affiliation line) may be included here.

Da not include “promissory notes.” APS Journal policy is against inclusion
of implicit or explicit promises that future work will be published.

Do not include dedications (e.g.. to persons living or deceased). Dedications
of anicles are not permitted.

Grants

List the grants. fellowships. and donations that funded (partially or
completely) the research, However. industry-sponsored grants should be
listed under Disclosures.

Disclosures

Authors are required at the time of submission to disclose to the APS
Publications Office any potential conflict of interest, financial or other-
wise. See the Conflict of Interest description above, or see the complete details
of the APS Ethical Policies at hupu/fwww.the-aps.org/publications/authorinfo,
which also appears at the end of this document. If the article is accepted
for publication, information on the potential conflict of interest, or lack
thereof, must be noted by the author in the manuscript file as a "Disclo-
sures” statement following the Acknowledgments section of the paper.

Reference List

Authors are responsible for accuracy of citations. References must be
limited to directly pertinent published works or papers that have been accepted
for publication. An abstract. properly identified as “Abstract”. may be cited
only when it is the sole source.

References should be arranged alphabetically by author and numbered
serially. The reference number should be placed in parentheses at the
appropriate place in the text.

Note for references in the Journal of Neurophysiology

References for the Journal of Newrophysiology should be arranged
alphabetically by author. The appropriate author name and year for each
reference should be included in parentheses at the proper point in the text
using the following style:

* One author (Brown 1982)

* Two authors (Brown and Smith 1982).

* Three or more authors (Brown et al. 1982),

If more than two references are cited by different authors, separate entries with
a semicolon (Brown 1982; Smith 1983). 1f more than two references are cited by the
same first author (or single author), use “et al.” where appropriate plus the date. even
if the subsequent authors are not the same in all the references (Brown et al. 1982,
1983). Note the use of commas between two consecutive years of nonconsecutive
years and do NOT use dashes for ranges (Brown etal. 1982, 1983, 1986, 1987, 1988,
1989). If more than two references with the same year and suthor(s) are cited, use
lowercase letters after the year (Brown 1982a, 1982b). Lowercase letters should be
inserted in the same-year references in the reference list.

The examples given below are shown with numbers because that is the style for
mast APS Journals.. In all other respects, the reference style used in the example
below is the same across all joumals.

The style of citation should be as follows. with joumal name abbreviated as in
Medline, PubMed, and Index Medicus. For a selection of output styles available for
a variety of citation management software see hitp:fwww.the-aps.org/publications/

Jjoumals/styles him.

Examples
Journal Articles

1. Villalobos AR, Parmelee JT, Renfro JL. Choline uptake across the
ventricular membrane of neonate rat choroid plexus. Am J Physiof Cell
Physiol 276: C1288-C1206, 1999,

Book References

1. Pollock DM. Endothelin receptor subtypes and tissue distribution. In:
Endoihelin Molecular Biology, Physiology, and Pathology, edited by High-
smith RE. Totowa, NJ: Humana, 1998,

APS Handbook of Physiology Series

Large textbooks require very specific citation information. For example,
the APS Handbooks series contains a huge amount of information. and the
inclusion in the citation of the section, volume, pant. and chapter is essential
to aid the reader in finding the information guickly (please note that the APS
chooses not to list editors for the APS Handbooks),

1. Kaufman MP, Forster HV. Reflexes controlling circolatory, ven-
tilatory. and airway responses (o exercise. In: Handbook of Pirysiology.
Exercise: Regulation and Integration of Multiple Systems. Control of
Respiratory and Cardiovascular Sysiems. Bethesdn, MD: Am. Physiol.
Soc.. 1996, sect. 12, pt. 1L, chapt. 10, p. 381-447.

For an exhaustive set of examples for properly citing various types of
publications. including articles published on the web, technical documents,
congress proceedings, articles with errata/corrigenda, translations, and anti-
cles with large groups of authors. go to http:/fwww.the-aps.org/publications/
authorinfo/examplerefs. him.

DOIx and Early Publication in Articles in PresS

Current technology allows publication of an article in several editions.

The APS publishes peer-reviewed articles upon acceptance, as Anicles
im PresS, pending final copyediting and page layout/design. This initial post
to the web gualifies as publication. but eventually the article will reach the
readership in a final. polished form.

These articles may be cited and establish publication’s priority before
they appear in final print and online forms. (Please note the required use of
a “digital object identifier"—DOI—in this citation.)

I. Scarafia LE, Winter A, Swinney DC. Quantitative expression

analysis of the cellular specificity of HECT-domain ubiquitin E3 ligases.

Piysiol Genomics (April 26, 2001). doi:10.1152/physiclgenomics.

00075.2001.

However, once this anicle has reached its final stage of publication, it
will be cited with its new publication data. as follows:

I. Scarafia LE. Winter A, Swinney DC. Quantitative expression

analysis of the cellular specificity of HECT-domain uvbiquitin E3 li-

pases. Physiol Genomicy 4: 147153, 2001, First published April 26,

2001 ; doi: 101 15Yphysiolgenomics. 000752001

Footnotes

Text foomotes should be numbered consecutively throughout. These
should be assembled on a separate page as endnotes.

Types of Articles

The APS Journals publish a variety of article types in addition to the regular
research papers. For descriptions of the types of articles published in a particular
journal, go to that journal’s page at the APS website (hitpuiwww.the-aps.org).

Figures

APS uses digital publishing methods throughout the journal production
process. Your article will be published both in the print journal and online.
‘We have several specific requirements for digital graphics formats to ensure
the best possible reproduction in both media.

Computer screens, laser printers, and offset presses are significantly differ-
ent devices. The ability to print your graphics well on a desktop laser printer does
not mean the image is suitable for composition and production of your article in
final form. A detailed set of guidelines is available from APS to help you prepare
image files that will provide high-quality reproductions in the APS Journals, both
in print and online.
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Authors may be asked to prepare new figures if those submitted are not
suitable for publication; this will most likely delay publication of the paper.

Always prepare original graphics at print publication-quality resolution.
I your manuscript is accepted for publication. APS will require the high-
resolution files for print output.

Use applications capable of creating high-resolution PDIF files.

Figures should be generated at the size they are to appear in the journal
(printed 1:1).

For complete guidelines, go to http:/fwww.the-aps.org/publications/
apthorinfol/figures/index_htm. These guidelines include important de-
scriptions of inappropriate fipure manipulation (and how to aveid
these presentation errors), as well as what constitutes unethical
manipulation of figures. Fabricating a report of research or suppress-
ing or altering data to agree with one’s conclusions is considered
fraud. This includes altering figures in such a way to obscure, move,
remove, or introduce information or features.

Use of Animals or People In Photographs

* Photographs of animals or pecple may be published when scientifi-

cally necessary to illustrate a setup or convey the findings of the

paper. For a photograph of a person, a signed letter of consent is
required from the person or their legal agent or guardian.

When a diagram is preferable to illustrate a setup. if it is not possible

to obtain a drawing, the author should describe the setup in the

methods section of the paper.

* Photographs to convey findings may be published when the data are

conveyed in the image as in developmental biology or gemetic

modifications where such photographs are standard practice.

With respect to other areas. the decision whether to publish a

photograph will be based upon the editor's determination whether the

photograph is scientifically necessary.

# The journals should avoid publishing photographs that might be
perceived as raising animal welfare concerns. For example. it is
preferable to show only the relevant portion of the animal. and
photographs: should not show blood or people handling the animals
except close-ups where only gloved hands are seen.

Tables

Whenever possible, authors are encouraged to submit figures rather than
tables. Statistical summary tables should be submitted when possible, rmther than
tables with many lines of individual values. Lengthy tables of data that cannot be
presented in a suitable manner, according to APS standards for print publication,
may be extracted and set as a supplement 1o the online article. These supple-
ments remain an integral part of the anticle for the reader. as referring text to
these tables will remain in the article. and links directly to the supplements will
be embedded and prominently indicated at all points of entry to the online article
{see Data Supplements, below).

Submitted tables should adhere to the following guidelines:

# Tables must not duplicate material in text or figures.

* Tables should be numbered consecutively with Arabic numerals and
prepared with the size of the journal page in mind: 3.5 in. wide, single
eolumn; 7 in. wide. double column,

* Each table should have a brief title; explanatory notes should be in the

legend. not in the ttle.

Nonsignificant decimal places in tabular data should be omitted.

Short or abbreviated column heads should be used and explained if

necessary in the legend.

Statistical measures of variations, SI3, SE. etc., must be identified.

(Example: “Values are means = SE.")

Table footnotes should be listed in order of their appearance and

identified by standard symbols: *. ¥, }. § for four or fewer: for five or

more, consecutive superior lowercase letters should be used.

Mathematical Equations and Modeling

Mathematical aspects of articles normally should be addressed to the
many readers of the Journal who are not mathematicians. The presentation
should include the mathematical strategy, the assumptions on which the
mathematics are based. and a summary of the meaning of the final mathe-
matical statement and its limitations.

Equations

Mathematical equations should be simplified as much as possible and
carefully checked.

Use the slant line (/) for simple fractions {(a + BW{x + ¥) in the text
rather than the built-up fraction
a+b

Ty

which should only be used if the equation is offset from the text as in this
example.

Use subscripts or superscripts wherever feasible and appropriate. to
simplify the equations.

Please use notation that is consistent with the standard nomenclature in
applied mathematics. As an aid to the reader, please state the convention that
you are following, especially if it is uncommon.

Symbols should be defined as they first appear in the text. and a
Glossary may be included (and helpful) in articles with many different
symbaols, specifying the units (dimensions) as well as each definition. The
Glossary will usually precede the Methods section.

APS style allows punctuation in displayed equations.

Mathematical Models

Presentation of the model{s) must be sufficiently clear to allow physiolo-
gists with limited experience in modeling to follow the model development.
limitations, and physiological relevance. Assumptions concerning the: impor-
tance of physiclogical processes included in the model should be clearly stated.

If the model equationis) require solution, the method of solution should be
described in sufficient detail to permit readers to duplicate the solution in their
own laboratories. Algonthms from commercial software libraries should be so
identified. Details of the solution strategy may be summarized in an Appendix
(for an example, see httpafjap.physiology. org/cgi/repint/36/1/65.pdf.

For simulations, sources or estimation methods for all parameter values
should be presented and the numerical values given in the text or a table. A
sensitivity analysis must be performed for important parameters (covering
ranges of valwes relevanl to the manuscrpt) to determine how the model
predictions are affected by numerical parameter values.

If the model is used to estimate parameter values, measures of the uncer-
tainties associated with the estimated parameter values should be presented.

For models intended for use in a predictive setting, validation of the mode]
with a data set not used for mode! parameter estimation (Le., cross-validation) is
recommended. Sensitivity analysis or | i ination is an
impontant component of modern modeling practice that allows assessment of the
validity of a model.

Results obtained with the model(s) should be compared with appropriate
physiological data, either from lterature or from new experiments. Simolation results
may be examined for prediction of changes or trends in physiclogical variables
similar to those reported for in vitro or in vive studies. The discussion should include
information on the physiological significance of the model study, limitations of the
model. and suggestions for new modeling andfor experimental studies,

unc deter

Data Supplements

Video files. extensive tables of data. and other supplemental material
that cannot be feasibly published in the printed journal may be submitted for
inclusion in the online journal (without charge to the author). Such material
must be submitted for peer review along with the fimished manuscript and
must meet the approval of the journal Editor.

(Questions regarding data supplements may be directed to the Online
Production Editor (mgentry @the-aps.org). For microarray data deposits. see
above (MIAME Standard for Microarray Data).

Video

Authors are responsible for compiling their own digital video. Files
should be in MPEG or Quicktime format and should be no more than 10
megs in size. Authors may be requested to resubmit their videos with shorter
running time, smaller frame size, or lower resolution in order to conform Lo
the recommended file size. Authors should include a written caption with
each video file, explaining what is happening in the video.

Contact the Online Production Editor (mgentry @the-aps.org) for for-
ther assistance or guestions.

Long Data Tables

Long data tables should be submitted in Microsoft Excel or in Microsoft
Word table format. Each table should include a title explaining what the table
shows. Tables published online may look different from how they were
onginally submitied due to the Bmits of the HTML format.
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Ethical Policies

Aunthorship. The Editors of the journals of the American Phys-
iological Society (APS) expect each author to have made an
important scientific contribution to the study and w be thoroughly
familiar with the original data. The Editors also expect each author
lo have read the complete manuscript and to take responsibility for
the content and completeness of the manuscript and (o understand
that if the paper. or part of the paper, is found to be faulty or
fraudulent, that he/she shares responsibility with his/her coauthors.
The Mandatory Submission Form should be signed by each
author. In cases in which oblaining a signature from each author
would delay publication, the corresponding author’s signature is
sufficient provided that the corresponding author understands that
he or she signs on behalf of the other authors who have not signed
the form. An author’s name can be removed only at hisher
request, but all coauthors must sign a change of authorship
agreement for any change in authorship (additions, removals, or
change of order) to be made.

Author Conflict of Interest. All funding sources supporting the
work and all institutional or corporate affiliations must be dis-
closed in the manuscripl. Authors of research articles are required
at the time of submission to disclose to the APS Publications
Office any potential conflict of interest, financial or otherwise (e.g..
consultancies, stock ownership, equity interests. patent-licensing ar-
rangements, lack of access to data. or lack of control of the decision
to publish, or any other potential conflict). Authors who have com-
mercial associations must assert that they accept full responsibility for
the conduct of the trial. had full access o all the data, and controlled
the decision to publish. Any potential conflict of interest in connection
with the submitted article must be disclosed in the Conflict of Interest
Disclosure section of the Web-based manuscript submission process
(http:/fwww.apscentralorg). Such information. unless afready
disclosed in the submitled article. will be held in confidence
while the paper is under review. If the article is accepted for
publication, information on the potential conflict of interest, or
lack thereof, must be noted by the author in the manuscript file
as a “Disclosures” statement following the Acknowledgments
section of the paper.

Editor and Reviewer Conflict of Interest. Editors and Reviewers
should avoid making decisions on papers for which they may have
a potential conflict of interest. financial or otherwise. Reviewers
who are collaborating with the author, or who are working on very
similar research, should recuse themselves from reviewing a
for which they have a conflict. An Editor in Chief should have a
Consulting Editor or Associate Editor make a decision on a paper
for which he or she has a conflict. When an Editor in Chief
submits a paper 1o his or her journal, the paper is automatically
assipned to a Guest Editor, a Consulting Editor, or an Associate
Editor, who will handle all aspects of the peer review of the paper.
Such reviews are handled in the web-based peer review system in
such a way that the author (i.e.. the Editor) will not have access.

Duplicate Publication, Plagiarism, Falsification. The journals
of the APS accept only papers that are original work, no part of
which has been submilted for publication elsewhere excepl as
brief abstracts. When submitting a paper, the corresponding author
should include copies of related manuscripts submitted or in press
elsewhere. Taking malerial from another's work and submitting it
as one’s own 1s considered plagtarism. Taking matenial (including
lables, figures, and data; or exitended lext passapes) from the
author's own prior publications is considered redundant publica-
tion or sel-plagiarism and is not permitted. Fabricating a repont of
rescarch or suppressing or altering data to agree with one’s
conclusions is considered fraud; this inclodes altering figures in
such a way as to obscure, move. remove, or introduce information
or features.

Prior Publication. Material published by the author before
submission in the following categories is considered prior publi-

and Procedures

cation: 1) articles published in any publication, even online-only,
non-peer reviewed publications, such as Nature Precedings or the
physics arXiv (see exception to this item for the Jowmnal of
Neuraphysiology, at hitpJfwww.the-aps.org/publicationsfjournals/
apsethic. him#jn_submission): 2) articles, book chaplers, and long
abstracts containing original data in Azures and lables, especially
in proceedings publications; 3) widely circulated, copyrighted. or
archival reports, such as the technical reporis of IBM, the prelim-
inary reports of MIT, the institute reports of the US Army. or the
internal reports of NASA.

Doctoral dissertations that are made available by UMLProguest
or institutional repositories are not considered prior publication.
Data portions of submitted papers that have appeared on web site
will be permitted, with the proviso that the author inform the
Editor at the time of the submission that such material exists so
that the Editor can determine the suitability of such material for
publication. Failure to do so will result in an automatic rejection of
the manuscripl. Examples of such work include, bul are not
limited to, immunofluorescence micrographs andfor animated gif/
video files posted on a web site, or NIH-mandated posting of DNA
microarray data. After the article is published in a journal of the
American Physiological Society. the data should be removed from
the avthor’s web site.

Authors with concerns about possible prior publication that
does not fall clearly into one of these categories should contact the
Director of Publications and forward the material for examination.

Experiments Imvolving Animals or Humans, Authors using
humans, animals, fetal tissue, embryos. or embryonic cells in their
experiments should refer to APS's policies on those subjects.
Links to these policies can be found al hitp:/iwww. the-aps.org/
publications/ Authorinfo.

Ethical Procedure. APS reviewers have a responsibility o
report suspected duplicate publication, [raud, plagiarism, or con-
cems about animal or human experimentation to the Editor. A
reviewer may recognize and report that he/she is refereeing. or has
recently refereed, a similar or identical paper for another journal
by the same author(s). Readers may report that they have seen the
same aticle elsewhere, or authors may see their own published
work being plagiarized. In all cases the first action of the journal
Editor is to inform the Publications Committee Chair through the
Director of Publications by supplying copies of 1) the refevant
material and 2) a draft letter to the corresponding author asking for
an explanation in a nonjudgmental manner. The Publications
Committee Chair must approve any comespondence with the
author before it is sent to the author. If the author's explanation is
unacceptable and 1t seems thal serious unethical conduct has taken
place, the matter is referred to the Publications Committee. After
deliberation, a decision is made whether the case is serious enough
1o warranl a ban on future submissions and/or if the offending
author’s institution should be informed. The decision has to be
approved by the Executive Cabinet of the APS Council, and the
author has the right to appeal a sanction, with the opportunity o
present histher position, to the Publications Committee and the full
APS Council.

If the infraction is less severe, the Editor, upon the advice of the
Publications Chair, sends the author a letler of reprimand and
reminds the author of APS publication policies; if the manuscript
has been published, the Editor may require the author to publish an
apology in the journal to comrect the record. If, through the author’s
actions, APS has violated the copyright of another journal, the
Publications Chair writes a letter of apology to the other journal.

In serious cases of fraud that result in retraction of the article. a
retraction notice will be published in the journal and will be linked
1o the article in the online version. The online version will also be
marked “retracted” with the retraction date.

Updated March 2010.
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