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RESUMO

INTRODUCAO. A ingestio aguda de 500 ml de d4gua pode elevar a pressio arterial de forma
expressiva em individuos com disfun¢do autondmica, mas parece ndo afetar os niveis
pressoricos de individuos jovens sauddveis. Na hipertensdo arterial sist€mica podem ocorrer
alteracdes na modulag@o autondmica e, em ratos hipertensos, hd evidéncias de que a ingestao
de dgua seja capaz de promover aumento da pressdo arterial. Entretanto, em seres humanos
hipertensos, os efeitos da ingestdo aguda de dgua ainda nao sdo conhecidos.

OBJETIVOS. Avaliar os efeitos hemodinamicos e autondmicos da ingestdo aguda de dgua
em individuos portadores de hipertensdo arterial sistémica, bem como investigar os
mecanismos fisioldgicos envolvidos na resposta pressora.

METODOS. Participaram do estudo 8 individuos portadores de hipertensdo arterial
sistémica leve (idade = 42,5+7,8 anos; indice de massa corporal= 27,1+3,4 kg/cmz) e 10
individuos normotensos (idade = 37,3+7,5 anos; indice de massa corporal = 25,8+3,2 kg/cm2),
os quais foram submetidos a ingestao de 500 ml de dgua apds repouso na posicao supina por
30 minutos. Foram avaliadas a pressdo arterial (Finapress, Ohmeda), a freqii€ncia cardiaca, o
fluxo sangiiineo do antebrago, a resisténcia vascular do antebraco e a atividade nervosa
simpdtica muscular no basal e aos 10, 20 e 30 minutos apds a ingestdo de dgua. Amostras
sangiiineas venosas foram coletadas no basal e aos 10 e 30 minutos apds a ingestido de dgua,
para calcular as mudangas no volume plasmadtico. A variabilidade da pressdo arterial sist6lica
e da freqiiéncia cardiaca foi avaliada por andlise espectral, utilizando-se a Transformacio
Raépida de Fourier.

RESULTADOS. A ingestao de 4gua resultou em significativo aumento maximo das pressoes
arteriais sistolica (Hipertensos = 19+7 mmHg; Normotensos = 177 mmHg, p = 0,001) e
diastolica (Hipertensos = 14+4 mmHg; Normotensos = 14+5 mmHg, p = 0,001) nos
individuos hipertensos e normotensos. Ambos os grupos também apresentaram significativa
elevacdo maxima da resisténcia vascular no antebraco (Hipertensos = 19+11 unidades;
Normotensos = 20+13 unidades, p = 0,001) e da atividade nervosa simpdtica muscular
(Hipertensos = 8+2 disparos/min; Normotensos = 8+4 disparos/min, p = 0,001). Apds a
ingestdo de dgua, houve reducdo da freqii€ncia cardiaca (Hipertensos = - 5,6+2,1 bat/min;
Normotensos = - 5,4+7,3 bat/min, p = 0,002), do fluxo sangiiineo no antebraco (Hipertensos =
- 0,5£0,4 ml/min/100 ml tecidual; Normotensos = - 0,7+0,6 ml/min/100 ml tecidual, p =
0,001) e do volume plasmdtico (Hipertensos = - 0,8+0,8 %; Normotensos = - 1,0+0,9%, p =



0,002) nos individuos hipertensos e normotensos. A variabilidade da freqiiéncia cardiaca e da
pressao arterial sistélica ndo foi alterada pela ingestdo de dgua.

CONCLUSAO. A ingestio aguda de dgua eleva similarmente as pressdes arteriais sistélica e

diastdlica de individuos hipertensos leves e normotensos, provavelmente por aumento da
resisténcia vascular periférica, secunddrio a ativagdo simpatica.

Palavras chave: ingestdo de dgua, sistema nervoso auténomo, hipertensdo arterial sist€émica
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ABSTRACT

Introduction. An acute water ingestion of 500 ml may significantly increase blood pressure
in individuals with autonomic dysfunction. However, it doesn’t seem to influence the pressure
levels of young, healthy subjects. When a systemic arterial hypertension is present, alterations
can occur in the autonomic modulation mechanism, and there is scientific evidence that acute
water drinking is responsible for increases in the arterial blood pressure of laboratory rats with
hypertension. However, in human subjects with hypertension, the effects of an acute water
ingestion are not yet well known.

Objectives. The current study aims to evaluate haemodynamics and autonomic response to
acute water ingestion in human subjects that have systemic arterial hypertension, as well as to
study the physiological mechanisms underlying in the pressure elevation phenomena.

Method. The human subjects that participated were divided up into two study groups. The
first group of eight subjects, had been diagnosed with stage I systemic hypertension (ages =
42.5+7.8 years; with a body mass index = 27.1+3.4 kg/cm?), and the second group consisted
of 10 subjects that had normal pressure readings (ages = 37.317.5 years; with a body mass
index equivalent to 25.8+3.2 kg/cm?). All participants had drunk 500ml of water, after resting
for 30 minutes in the supine position. The following parameters were studied: arterial blood
pressure (Finapress, Ohmeda), heart rate, forearm blood flow, forearm vascular resistance and
basal muscle sympathetic nerve activity after 10, 20, and 30 minutes, immediately following
the acute water ingestion. Venous blood samples were collected during the basal period of 10
and 30 minutes after water drinking, in order to calculate plasmatic volume changes. Systolic
pressure and heart rate variability were evaluated by spectral analysis, utilizing the Fast
Fourier Transform.

Results. There was a significant maximum increase in systolic and diastolic arterial pressure,
in both, hypertensive and normotensive human subjects, as a direct consequence of acute
water ingestion. Systolic pressure increase was of 19+7 mmHg, in hypertensive subjects;
while the same pressure increase was of 17+7 mmHg, for normotensive subjects, (p = 0.001).
Similarly, the diastolic pressure increase in hypertensive subjects had an equivalent to 14+4
mmHg, and in normotensive subjects showed an increase equivalent to 14+5 mmHg, (p =
0.001). Also, both groups presented a significant maximum increase in forearm vascular
resistance (Hypertensive = 19411 units; normotensive = 20+13 units, p = 0.001) and in
muscle sympathetic nerve activity (Hypertensive = 8+2 bursts/min, normotensive = 8+4
bursts/min, p = 0.001). After acute water ingestion, both, hypertensive and normotensive
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human subjects showed a decreased heart rate, forearm blood flow, and plasmatic volume.
The heart rate decrease in hypertensive subjects was equal to - 5.6+2.1 beats/min; and for
normotensive subjects was = - 5.4+7.3 beats/min, (p = 0.002), the forearm blood flow
decrease in hypertensive subjects was = - 0.5+0.4 ml/min/100 ml tissue, and in normotensive
subjects was = - 0.7+0.6 ml/min/100 ml tissue, (p = 0.001), and the plasmatic volume drop in
hypertensive subjects was = - 0.8+0.8 %; and for normotensive subjects was = - 1.0+£0.9%, (p
= (0.002). Heart rate and systolic arterial pressure variability were not altered by acute water
ingestion.

CONCLUSION. An acute water ingestion equally increases systolic and diastolic arterial
pressure in human subjects with stage I hypertension, as well as those normotensive ones,
probably by increasing peripheral vascular resistance, which is secondary to sympathetic
activity.

Key words: water ingestion, autonomic nervous system, systemic arterial hypertersion
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1 INTRODUCAO

A ingestdo aguda de 500 ml de 4dgua eleva a pressdo arterial sistdlica de 13 a 37

1,234 TR .
" Em individuos idosos

mmHg em individuos que apresentam disfuncdo autondmica.
saudéveis, a ingestdo aguda de dgua pode elevar a pressdo arterial em até 11 mmHg,' no
entanto, estudos prévios ndo demonstraram efeito pressor em individuos jovens.>”

A hipertenso arterial sistémica pode acompanhar-se de disfun¢do autonomica,
havendo prejuizo no controle barorreflexo,’ aumento progressivo da atividade simpdtica para

6789 o = o c 10
%7 assim como reducdo da atividade parassimpdtica. Os

o coragdo e circulagdo periférica,
efeitos da ingestdo de 4agua em estudos com modelos animais de hipertensdo arterial
demonstraram achados conflitantes. O estudo de Zhang & Rockhold"" mostrou que a ingestao
de 4gua elevava a pressdo arterial de forma semelhante em ratos espontaneamente hipertensos
e normotensos. Por outro lado, no estudo de Hoffman e col,'” ratos espontaneamente
hipertensos apresentaram maior aumento da pressdo arterial do que ratos normotensos apos a
ingestdo de dgua. Os efeitos da ingestdo aguda de 4gua em humanos hipertensos ainda ndo sio
conhecidos, mas os experimentos em animais sugerem a hipdtese de que individuos
hipertensos apresentem elevacdo da pressdo arterial apds a ingestdo aguda de dgua. Portanto,
0s objetivos deste estudo foram avaliar os efeitos hemodinamicos e autondomicos da ingestao

aguda de dgua em individuos portadores de hipertensdo arterial sist€mica, bem como

investigar os  mecanismos  fisiologicos  envolvidos na  resposta  pressora.



2 MATERIAIS E METODOS

2.1 Selecao da Amostra

Participaram do estudo 8 individuos hipertensos, sendo 4 do sexo masculino, e
10 individuos normotensos, sendo 7 do sexo masculino. A idade e o indice de massa corporal
médios da amostra encontram-se na Tabela 1. Nenhum dos individuos era fumante,
dislipidémico, portador de diabetes mellitus ou apresentava comprometimento cardiovascular,
renal ou pulmonar. Nenhum dos participantes do estudo praticava atividade fisica regular nos
ultimos seis meses.

Os individuos hipertensos foram diagnosticados através da realizagcdo de trés
medidas da pressdo arterial em dias diferentes, conforme os critérios do The Seventh Report
of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure.”> Os valores médios destas trés medidas da pressdo arterial encontram-se na
Tabela 1. Ao ingressar no estudo, 5 individuos hipertensos encontravam-se sob, o uso de
hidroclorotiazida 25 mg, o qual foi suspenso por quatro meia-vida antes do estudo.

Todos os individuos participaram do estudo de livre vontade e assinaram um

termo de consentimento (ANEXO I). O protocolo do estudo foi aprovado pelo Comité de
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Protecdo de Individuos Humanos do Instituto do Coracdo e Hospital das Clinicas da

Faculdade de Medicina da Universidade de Sao Paulo.

2.2 Protocolo do Estudo

Antes da realizacdo do estudo, os individuos consumiram 6 g de cloreto de
sodio por dia durante trés dias. No terceiro dia, foi coletada a urina de 24 horas, utilizada para
dosar o sédio urindrio. Os individuos também foram orientados a evitar o consumo de cafeina
e alcool, a ndo realizar exercicios fisicos por 24 horas e a permanecer em jejum por 10 horas.
A ingestdo de dgua foi permitida até 1,5 hora antes do estudo. A coleta dos dados foi realizada
entre 08:00 e 12:00 horas da manha,"* apos os individuos terem esvaziado completamente a
bexiga.15

A veia antecubital direita foi canalizada, sendo administrada heparina (1 ml de
heparina dissolvida em 250 ml de soro fisioldgico) no escalpe do Butterfly. Os individuos
foram mantidos em repouso na posi¢@o supina por 30 minutos. Em seguida, descartou-se 1 ml
de sangue do butterfly, coletou-se 4 ml de sangue em um tubo contendo EDTA, sendo
administrado 0,8 ml de heparina (dissolvida em soro fisiolégico) depois de cada coleta
sangiiinea, as quais foram realizadas aos 10 e 30 minutos apds a ingestdo de dgua. A amostra
sangiiinea foi utilizada para dosar o hematdcrito e a hemoglobina (Sysmex, Kob, Japdo).

A pressdo arterial, a freqii€ncia cardiaca, o fluxo sangiiineo no antebraco e a
atividade nervosa simpdtica muscular foram mensuradas durante 5 minutos imediatamente

antes e aos 10, 20 e 30 minutos ap0s a ingestdo de 500 ml de 4gua mineral (Crystal Fonte Dell



22

Rey), a qual encontrava-se a temperatura ambiente (22°C), sendo ingerida em menos de 5

minutos.

2.3 Medidas Hemodinamicas

A pressdo arterial foi mensurada batimento a batimento, de forma néao-invasiva,
através de um manguito colocado em torno do dedo médio da méo direita e conectado a um
monitor de pressdo arterial (Finapress, Ohmeda, Englewood, USA). Foram registrados
periodos de 5 minutos; em seguida, o Finapress foi desligado durante 2 minutos para evitar a
ocorréncia de baixo fluxo sangiiineo para o dedo, assegurando a qualidade do sinal.'® Esses
procedimentos foram realizados durante todos os periodos de registro. A freqiiéncia cardiaca
foi registrada continuamente através do eletrocardiograma. O fluxo sangiiineo no antebraco
foi avaliado através da técnica de pletismografia de oclusdo venosa.' Inicialmente, o brago do
individuo foi posicionado acima do nivel do cora¢do para garantir uma adequada drenagem
venosa. Um tubo silastico preenchido com mercirio foi colocado ao redor do antebrago, a 5
cm de distincia da articula¢do timero-radial, sendo conectado a um pletismégrafo (Hokanson,
Bellevue, USA). Um manguito foi colocado ao redor do punho e outro na parte média do
braco. O manguito do punho foi inflado a 220 mmHg, 30 segundos antes de iniciar as
medidas. Em intervalos de 10 segundos, o manguito do brago foi inflado a 60 mmHg por um
periodo de 10 segundos. O aumento em tensdo no tubo siléstico refletiu o aumento do volume
de sangue no antebrago. A reprodutibilidade do fluxo sangiiineo no antebraco, mensurado em
diferentes intervalos de tempo e no mesmo individuo, foi de r = 0,93, no laboratdrio onde os

dados foram coletados.'® A resisténcia vascular no antebrago foi calculada pela razdo entre a
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pressdo arterial média (mmHg) e o fluxo sangiiineo no antebraco (ml/min/100 ml tecidual).
As mudancas do volume plasmatico foram determinadas em unidades percentuais a partir dos

valores do hematdcrito e da hemoglobina.19

2.4 Medidas Autonomicas

A atividade nervosa simpdtica muscular foi determinada através da técnica
direta de registro de multiunidade da via pds-ganglidnica eferente do fasciculo nervoso
muscular, na parte posterior do nervo peroneiro, imediatamente inferior a cabega fibular.”* Os
registros foram obtidos com a implanta¢do de um microeletrodo no nervo peroneiro e de um
microeletrodo referéncia a aproximadamente 1 cm de distancia do primeiro. O sinal do nervo
foi amplificado por um fator de 50.000 a 100.000 e alimentado através de um filtro passa-
banda (200 a 2000 Hz) e, em seguida, dirigido a um discriminador de amplitude para
armazenagem em osciloscopio e em caixa de som. Para fins de registro e andlise, o
neurograma filtrado foi alimentado através de um integrador de capacitancia-resisténcia
(tempo constante 0,1 s) para a obtencdo da voltagem média da atividade neural, que foi
registrada no papel. Os disparos do nervo simpatico muscular foram identificados pela
inspecdo visual e expressos em disparos por minuto. A variabilidade da freqiiéncia cardiaca e
da pressdo arterial sistolica foi determinada por andlise espectral, utilizando-se a
Transformacdo Répida de Fourier.”! Foram analisados os componentes de baixa freqiiéncia
(0.04-0.15 Hz), de alta freqiiéncia (0.15-0.5 Hz) e a razdo entre os componentes de baixa e

alta freqiiéncia, em segmentos de 5 minutos. A densidade da poténcia espectral foi expressa
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em unidades normalizadas.”"~ A freqii€ncia respiratoria foi controlada por metronomo em 12

. . 23
movimentos por minuto.

2. 5 Aquisicao e Analise de Dados

Os sinais foram adquiridos com uma taxa de amostragem de 500 Hz através do
sistema de aquisi¢do de dados Windaq (tm/ex software for windows by dataq, Ohio, USA) e,
em seguida, analisados no programa AT/CODAS. A Figura 1 mostra um exemplo

representativo dos sinais obtidos em um individuo.

2. 6 Analise Estatistica

Os dados descritivos sdo apresentados como média e desvio padrio. As
caracteristicas dos grupos foram comparadas pelos testes t de Student’s ou Wilcoxon. A
andlise de variancia de dupla entrada foi utilizada para avaliar as respostas hemodinamicas aos
10, 20 e 30 minutos apods a ingestdo de dgua, bem como para comparar as varidveis basais e
seu aumento maximo. Em caso de F significativo, foram realizadas compara¢des Post-Hoc de
Tukey, com nivel de significincia aceito de p < 0,05. Os efeitos da ingestdo de dgua foram
comparados entre os grupos através da area sob a curva, calculada subtraindo-se os valores
basais dos obtidos entre 10 e 35 minutos apds a ingestdo de e’lgua.24 Para todas as andlises,

utilizou-se o pacote estatistico SPSS versdo 10.0.
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Figura 1- Exemplo representativo dos sinais coletados durante a realiza¢do do experimento. * Corresponde aos
disparos do nervo.



3 RESULTADOS

3.1 Caracteristicas Basais

As caracteristicas basais dos individuos estudados encontram-se na Tabela 1.
Os individuos nao diferiram quanto a idade, indice de massa corporal, s6dio urindrio em mEq
e em mEq/24 horas. Os individuos também ndo apresentaram diferencas na freqiiéncia
cardiaca, no fluxo sangiiineo e na resisténcia vascular do antebraco, nos componentes de baixa
e alta freqiiéncia da pressao arterial sistdlica e da freqiiéncia cardiaca, assim como nao houve
diferengas na razdo entre o componente de baixa e alta freqiiéncia da freqii€ncia cardiaca.

Os individuos hipertensos apresentaram maiores niveis de pressdo arterial

sistolica e diastdlica e maior atividade nervosa simpdtica muscular em repouso.



Tabelal. Caracteristicas Basais

27

Variaveis Hipertensos Normotensos p
n=238) (n=10)

Idade (anos) 4248 3747 0,17
IMC (kg/cm?) 2743 2643 0,43
PAS (mmHg) 132+12* 1137 0,001
PAD (mmHg) 92+7% 7019 0,001
Sédio (mEq) 7448 87£10 0,37
Sédio (mEq/24horas) 95+10 12715 0,10
FC (bat/min) 64+12 62+7 0,8
FSA (ml/min/100 ml tecidual) 2,440,8 2,3+0,9 0,71
RVA (unidades) 49+17 49431 0,97
ANSM (disparos/min) 28+11% 2243 0,002
BF-PAS (nu) 56x10 51£10 0,31
AF-PAS (nu) 36+7 4249 0,14
BF-FC (nu) 48+10 44+11 0,47
AF-FC (nu) 42+6 4610 0,38
BF/AF-FC (nu) 1,2+0,4 1,0£0,5 0,56

Tabela 1. Idade, IMC (indice de massa corporal) e valores basais de PAS (pressdo arterial sistélica), PAD
(pressdo arterial diastdlica), FC (freqiiéncia cardiaca), FSA (fluxo sangiiineo no antebraco), RVA (resisténcia
vascular no antebrago), ANSM (atividade nervosa simpatica muscular), BF-PAS (componente de baixa
freqiiéncia da pressdo arterial sistélica), AF-PAS (componente de alta freqiiéncia da pressdo arterial sistdlica),
BF-FC (componente de baixa freqiiéncia da freqiiéncia cardiaca), AF-FC (componente de alta freqiiéncia da
freqiiéncia cardiaca) e BF/AF-FC (razdo entre os componentes de baixa e alta freqiiéncia da freqiiéncia cardfaca).
Valores expressos como média e desvio padrdo. ANSM avaliada pelo teste de Wilcoxon; demais varidveis, teste t
de Student’s; * =p < 0,05.

3.2 Efeitos da Ingestao de Agua sobre o Comportamento Hemodinimico

Os efeitos da ingestdo de dgua na pressdo arterial encontram-se na Figura 2.
Houve elevagdo da pressdo arterial depois que os individuos ingeriram 500 ml de dgua. A
pressdo arterial basal nos individuos hipertensos foi de 139+17/91£10 mmHg e nos

normotensos de 124+13/74+11 mmHg. As pressdes arteriais sistélica e diastélica elevaram-se
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Figura 2. Efeitos hemodinamicos da ingestdo de 4gua, correspondentes a pressdo arterial sist6lica, pressdo
arterial diastélica, freqiiéncia cardiaca, fluxo sangiiineo e resisténcia vascular no antebraco. H = individuos
hipertensos, N = individuos normotensos. * = p <0,05 diferente do basal.
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apds 10 minutos da ingestdo de dgua, persistindo este efeito aos 20 e 30 minutos. Aos 10
mimutos, as pressdes arteriais sistlica (Anova: Grupo = 0,03, Tempo = 0,028, Interacio =
0,86, p = 0,01) e diastdlica (Anova: Grupo = 0,006, Tempo = 0,001, Interacdo = 0,90, p =
0,001) nos individuos hipertensos eram de 146+16/97+16 mmHg e nos normotensos de
134+11/83+9 mmHg. Aos 20 minutos, as pressdes arteriais sistélica (p = 0,019) e distdlica (p
= 0,001) mantiveram-se elevadas, com valores correspondentes a 148+16/99+11 mmHg nos
individuos hipertensos e a 130+14/83+11 mmHg nos normotensos. Aos 30 minutos, as
elevagdes das pressdes arteriais sistdlica (p = 0,03) e diastdlica (p = 0,001) mantiveram-se
significativas, correspondendo a 146+16/97+16 mmHg nos individuos hipertensos e a
131£18/83+9 mmHg nos normotensos (Figura 2).

O efeito pressor maximo da ingestdo de 4dgua foi significativo e semelhante
entre individuos hipertensos e normotensos, ocorrendo aos 23 minutos apds a ingestdo. A
pressdo arterial sistolica apresentou um aumento méaximo de 1947 mmHg (de 139+15 mmHg
para 158+15 mmHg) nos individuos hipertensos e de 17 7 mmHg (de 12513 mmHg para
142+14 mmHg, Anova: Grupo = 0,03, Tempo = 0,001, Interacdo = 0,59, p = 0,001) nos
normotensos. A pressao arterial diastélica foi elevada em 144 mmHg (de 91+10 mmHg para
105£12 mmHg, p = 0,001) nos individuos hipertensos e em 14+5 mmHg (de 74+11mmHg
para 88+10 mmHg, Anova: Grupo = 0,006, Tempo = 0,001, Interagdo = 0,92, p = 0,001) nos
normotensos. As mudancas nas pressdes arteriais sistolica e diastolica também foram
semelhantes entre individuos hipertensos e normotensos quando quantificadas pela medida da
area sob a curva. A drea média das mudancas da pressdo arterial sistdlica foi de 223+212
mmHg/min nos individuos hipertensos e de 211£190 mmHg/min nos normotensos (p = 0,90).

Quanto a pressao arterial diastdlica, o valor médio da drea sob a curva foi de 216127

mmHg/min nos individuos hipertensos e de 262+137 mmHg/min nos normotensos (p = 0,47).
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O aumento maximo da pressdo arterial sistolica ndo se correlacionou com o
sodio urindrio de 24 horas (Hipertensos = r = 0,19; p = 0,64; Normotensos = r = -0,37; p =
0,32) e com a idade dos individuos (Hipertensos = r = - 0,24; p = 0,55; Normotensos =1 = -
0,34; p = 0,32). Da mesma forma, ndo houve correlacdo entre a pressao arterial sistdlica basal
e o aumento méaximo da pressdo arterial sistdlica apds a ingestdo de dgua (Hipertensos = =
0,17; p = 0,64; Normotensos =r = (0,28; p = 0,42).

A freqiiéncia cardiaca basal nos individuos hipertensos foi de 64+12 bat/min e
nos normotensos, de 62+7 bat/min. A Figura 2 mostra que nao houve diferengas na freqii€éncia
cardiaca aos 10 (Hipertensos = 6249 bat/min; Normotensos = 6147 bat/min, Anova: Grupo =
0,56, Tempo = 0,04, Interacdo = 0,67, p = 0,93) e 20 minutos apds a ingestdo de dgua
(Hipertensos = 6249 bat/min; Normotensos = 60+7 bat/min, p = 0,55). Porém, houve uma
reducdo significativa da freqii€ncia cardiaca apés 30 minutos da ingestdo de dgua tanto em
individuos hipertensos (6249 bat/min) quanto nos normotensos (5947 bat/min, p = 0,008).

A maior redugdo da freqii€ncia cardiaca ocorreu apdés 29 minutos da ingestdao
de 4gua nos individuos hipertensos e apds 22 minutos nos normotensos. A freqii€ncia cardiaca
foi reduzida em - 5+2 bat/min (de 64+12 bat/min para 59+6 bat/min) nos individuos
hipertensos e em - 57 bat/min (de 62+7 bat/min para 57+7 bat/min, Anova: Grupo = 0,64,
Tempo = 0,001, Interacdo = 0,94, p = 0,001) nos normotensos. Ndo houve diferencas na drea
sob a curva da variagdo da freqiiéncia cardiaca apds a ingestdo de dgua entre individuos
hipertensos (- 55+180 batimentos/min2) e normotensos (- 8557 batimentos/min?, p=0,66).

Os efeitos da ingestdo de &dgua sobre o fluxo sangiiineo do antebrago
encontram-se na Figura 2. O fluxo sangiiineo do antebraco basal nos hipertensos foi de
2,44+0,8 ml/min/100 ml tecidual e nos normotensos, de 2,3+0,9 ml/min/100 ml tecidual. A
ingestdo de 4dgua ndo alterou o fluxo sangiiineo do antebraco depois de 10 (Hipertensos =

2,3+1,3 ml/min/100 ml tecidual; Normotensos = 2,0+0,8 ml/min/100 ml tecidual, Anova:
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Grupo = 0,43, Tempo = 0,17, Interacdo = 0,74), 20 (Hipertensos = 2,5+0,9 ml/min/100 ml
tecidual; Normotensos = 2,00+0,4 ml/min/100 ml tecidual) e 30 minutos (Hipertensos =
2,7x1,1 ml/min/100 ml tecidual; Normotensos = 2,3+0,7 ml/min/100 ml tecidual).

A maior redugdo do fluxo sangiiineo do antebraco ocorreu a aproximadamente
17 minutos apds a ingestdo de dgua, correspondendo a - 0,5+0,4 ml/min/100 ml tecidual (de
2,4+0,8 ml/min/100 ml tecidual para 1,96£0,8 ml/min/100 ml tecidual) nos individuos
hipertensos e a - 0,7+0,6 ml/min/100 ml tecidual (de 2,3+0,8 ml/min/100 ml tecidual para
1,6+0,5, Anova: Grupo = 0,56, Tempo = 0,001, Interacdo = 0,54, p = 0,001) nos normotensos.
Nao houve diferencas na drea sob a curva da variacdo do fluxo sangiiineo no antebraco apds a
ingestdo de agua entre individuos hipertensos (2,2+18,6 ml/min/100 ml tecidual/min) e
normotensos (- 6,6£16,3 ml/min/100 ml tecidual/min, p = 0,31).

A resisténcia vascular do antebraco basal nos individuos hipertensos foi de
49+17 unidades e nos normotensos, de 49+31 unidades. A Figura 2 mostra que a resisténcia
vascular do antebraco foi elevada apds 10 minutos da ingestdo de dgua (Hipertensos = 61+22
unidades; Normotensos = 58+29 unidades, Anova: Grupo = 0,94, Tempo = 0,023, Interacio =
0,95, p = 0,002), retornando aos valores proximos do basal aos 20 (Hipertensos = 53+26
unidades; Normotensos = 52+15 unidades, p = 0,36) e 30 minutos (Hipertensos = 49+19
unidades; Normotensos = 49+27 unidades, p = 0,94).

O aumento méximo da resisténcia vascular do antebraco ocorreu apds 23
minutos da ingestdo de dgua nos individuos hipertensos e apds 18 minutos nos normotensos.
A resisténcia vascular do antebrago apresentou um aumento de 19+11 unidades nos
individuos hipertensos (de 49+15 para 68+24 unidades) e de 20£13 unidades nos normotensos
(de 49429 unidades para 69+33 unidades, Anova: Grupo = 0,94, Tempo = 0,001, Interagcdo =

0,87, p=0,001). Nao houve diferencas na drea sob a curva da variag¢@o da resisténcia vascular
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do antebraco apds a ingestdo de dgua entre individuos hipertensos (171£337 unidades/min) e
normotensos (161£306 unidades/min, p = 0,95).

O volume plasmaético foi reduzido apds 10 minutos da ingestdo de dgua nos
individuos hipertensos (n = 7) em - 0,8+0,8 % e nos normotensos (n = 7) em - 1,0+0,9%
(Anova: Grupo = 0,46, Tempo = 0,046, Interacdo= 0,54, p = 0,002). Nao houve mudancas
significativas do volume plasmatico aos 30 minutos apds a ingestdo de dgua em individuos
hipertensos e normotensos (p = 0,17), correspondendo a - 0,3t1,8 % e a - 1£1,4 %,

respectivamente.

3.3 Efeitos da Ingestao de Agua sobre o Controle Autonéomico

A ingestdo aguda de dgua ndo alterou os valores médios da atividade nervosa
simpética muscular depois de 10, 20 e 30 minutos (Tabela 2). Porém, os valores mdximos da
atividade nervosa simpdtica muscular, ocorridos a aproximadamente 23 minutos apds a
ingestdo de dgua, revelam um aumento da atividade nervosa simpdtica muscular que foi
semelhante entre individuos hipertensos e normotensos, correspondendo a 8+2 disparos/min
(de 28+10 disparos/min para 36+12 disparos/min) e a 844 disparos/min (de 2243
disparos/min para 30+4 disparos/min, Anova: Grupo = 0,25, Tempo = 0,001, Interacdo =
0,70, p = 0,001), respectivamente (Figura 3). Ndo houve diferengas na drea sob a curva da
variagdo da atividade nervosa simpética muscular apdés a ingestdo de dgua entre individuos

hipertensos (63101 disparos/min2) e normotensos (86114 disparos/minz, p=0,72).
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Variaveis Grupos Basal 10 min 20 min 30 min
Hipertensos 28+11 31+13 30«10 29+11
ANSM (n=15)
(disparos/min) Normotensos 2243 26+4 25+6 2446
(n="7)
BF-PAS Hipertensos 56+10 5112 5149 50£10
(un) (n=7)
Normotensos 5111 51+7 51+£13 51«13
(n=23)
AF-PAS Hipertensos 36+7 4111 4247 464
(un) (n="7)
Normotensos 4248 41+6 41+12 41+10
(n=23)
BF-FC Hipertensos 48+10 4348 43+4 4248
(un) (n="7)
Normotensos 44+11 47+10 45+14 48+13
(n=23)
AF-FC Hipertensos 42+6 43+7 464 47+7
(un) (n="7)
Normotensos 46+10 4348 45+11 41+10
(n=38)
BF/HF-FC Hipertensos 1,2+0,4 1,0+£0,4 10,2 0,9+0,3
(un) (n=7)
Normotensos 1,0+0,5 1,2+0,5 1,1+0,6 1,3+0,7
(n=23)

Tabela 2. Atividade nervosa simpdtica muscular e variabilidade da pressdo arterial sistdlica e da freqiiéncia
cardiaca. ANSM (atividade nervosa simpdtica muscular, Anova: Grupo = 0,25, Tempo = 0,098, Interagdo =
0,93), BF-PAS (componente de baixa freqiiéncia da pressdo arterial sistélica, Anova: Grupo = 0,83, Tempo =
0,47, Interacdo = 0,39), AF-PAS (componente de alta freqiiéncia da pressdo arterial sistlica, Anova: Grupo =
0,95, Tempo = 0,15, Interacdo = 0,04), BF-FC (componente de baixa freqiiéncia da freqiiéncia cardiaca, Anova:
Grupo = 0,68, Tempo = 0,87, Interagdo = 0,04), AF-FC (componente de alta freqiiéncia da freqiiéncia cardiaca,
Anova: Grupo = 0,83, Tempo = 0,67, Interacdo = 0,08) e BF/AF-FC (razado entre os componentes de baixa e alta
freqiiéncia da freqiiéncia cardiaca, Anova: Grupo = 0,51, Tempo = 0,82, Interacdo = 0,04).
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Figura 3. Atividade nervosa simpdtica muscular maxima apés a ingestdo de dgua. H = individuos hipertensos e N

= individuos normotensos. * p < 0,05 diferente do basal

O controle autondmico cardiovascular foi avaliado através da andlise espectral

da pressdo arterial sistdlica e da freqiiéncia cardiaca. Foram excluidos um individuo

hipertenso e dois individuos normotensos, devido a2 mad qualidade do sinal secundario a

artefatos ou a arritmias freqiientes.

A ingestdo de dgua ndo alterou os componentes espectrais de baixa e alta

freqiiéncia da pressdo arterial sistdlica e da freqiiéncia cardiaca, assim como ndo houve

diferengas na razdo entre a baixa e alta freqiiéncia da freqiiéncia cardiaca (Tabela 2).



4 DISCUSSAO

Neste estudo, demonstramos que a ingestdo aguda de dgua elevou as pressdes
arteriais sistolica e diast6lica similarmente tanto em individuos hipertensos quanto em
normotensos. O efeito pressor observado foi acompanhado por aumento da resisténcia
vascular do antebraco, da atividade nervosa simpdtica muscular e reducdo da freqii€ncia
cardiaca. A ingestdo aguda de dgua promoveu um aumento maximo das pressdes arteriais
sistdlica e diastdlica de 19/14 mmHg nos individuos hipertensos e de 17/13 mmHg nos
normotensos. Até o presente momento, o efeito pressor da ingestdo de dgua na hipertensio
arterial sistémica somente havia sido demonstrado em ratos.

Estudos prévios que avaliaram os efeitos da ingestdo de dgua em individuos
jovens e sauddveis apresentaram resultados controversos, talvez por terem utilizado protocolo
e faixa etdria distintos. No estudo de Jordan e col,' individuos com idade média de 25 anos
ndo apresentaram aumento da pressdo arterial apds a ingestdo de 480 ml de dgua na posicdo
sentada. Routledge e col’® ndo encontraram alteracdo da pressdo arterial apds a ingestao de 500
ml de dgua em individuos entre 24 e 34 anos avaliados na posi¢do supina, bem como Scott e
col,’ quando estudaram individuos com idade média de 40 anos que ingeriram dgua na

_— . . . 25 -
posicdo semi-supina. Até o momento, apenas o estudo de Schroeder e col™ havia
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demonstrado aumento da pressdo arterial apds ingestdo de dgua em jovens. Nesse estudo,
individuos com idade média de 30 anos apresentaram aumento somente da pressdo arterial
diast6lica. Apds 15 minutos em repouso, os individuos eram inclinados em 30°, para facilitar a
ingestdo de dgua, e retornavam a posi¢cdo supina por mais 15 minutos. A avaliacdo do efeito
da ingestao de 4gua sobre a pressdo arterial por apenas 15 minutos pode ter impossibilitado a
observagdo do efeito maximo, que ocorre em geral até os primeiros 30 minutos."? Avaliando
uma amostra com idade média de 57 anos, Jordan e col' demonstraram elevagdo da pressdo
arterial sistdlica de 11 mmHg. Em nosso estudo, a ingestdo de dgua elevou tanto a pressdo
arterial sistélica quanto a diast6lica de individuos normotensos com idade média de 37 anos;
contudo, ndo houve correlagéo entre a idade e a resposta pressora maxima.

Os nossos resultados diferem dos demais estudos, possivelmente, por razdes
metodoldgicas. Nos diversos estudos, o periodo de observacdo dos efeitos da ingestdo de dgua
variou de 15 a 120 minutos.">>*>2>26 Neste estudo, tomamos o cuidado de analisar somente
os primeiros 35 minutos apds a ingestdo de agua, para evitar os efeitos autondmicos e
hemodinamicos provocados pela distensdo da bexiga.15 A coleta dos dados foi realizada sob
controle da temperatura ambiente e da dgua ingerida. O consumo de sédio foi controlado
durante os trés dias que antecederam a coleta dos dados, ndo havendo diferenca entre os
grupos quanto ao sédio urindrio expresso em mEq e em mEq/24 horas. Para garantir a
qualidade do sinal da onda de pressao arterial, a aferi¢do foi interrompida a cada 8 minutos.”’
Em nosso estudo, da mesma forma que Endo e col,”® a ingestdo de dgua promoveu uma
pequena reducdo do volume plasmadtico depois de 10 minutos. Aparentemente, a resposta
pressora obtida com a ingestdo de 4dgua parece ndo ser mediada pelo aumento do volume
plasmatico. Quando 480 ml de soro glicosado a 5% foram infundidos por via endovenosa em

individuos com disfun¢do autondmica pura, o volume plasmatico aumentou em 5,3% e a
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pressdo arterial sist6lica elevou-se em 18 mmHg. A ingestdo de 480 ml de 4gua ndo modificou
” = . 1
o volume plasmatico, mas elevou a pressdo arterial em 52 mmHg.
Em nosso estudo os individuos hipertensos apresentaram maior atividade
nervosa simpdtica muscular basal que os normotensos, confirmando achados plrévios.7’8’29’30 A
ingestdo de 4gua promoveu aumento da atividade nervosa simpdtica muscular que foi
semelhante em individuos hipertensos e normotensos. Em estudos prévios, individuos
, . L ~ P . s, 5
sauddveis também apresentavam elevacdo da atividade nervosa simpdtica muscular’ e dos

niveis de noradrenalina apds a ingestdo de aigua.l’s’31

Em individuos com atrofia de multiplos
sistemas o aumento da pressao arterial foi abolido por bloqueio autondémico com trimetafano.’
O efeito pressor da ingestdo de dgua também foi abolido, em ratos, através do bloqueio
ganglionar com mecamilamina.”* Como j descrito por outros autores, em nosso estudo a
resisténcia vascular do antebraco elevou-se em ambos os grupos, apds a ingestio de
dgua 2452
Apesar dos componentes espectrais da freqiiéncia cardiaca e da pressao arterial
sistélica ndo terem sido afetados pela ingestdo de dgua, a reducdo observada na freqii€ncia
cardiaca sugere um possivel aumento da modulag@o vagal, ja descrito por outros autores,”* em
resposta ao aumento da atividade simpe’ltica.l’5
E possivel que uma resposta reflexa, manifestada pela ativacio simpitica,
esteja envolvida no efeito pressor da ingestdo de aigua.l’4 Porém, os estimulos que promovem
a informagdo aferente ainda ndo sdo conhecidos, mas poderiam ser influenciados por

13,26 pela estimulagdo da regido orofaringea,33 e pela distensdo do

alteragdes da osmolaridade,
estomago’® e da bexiga.'> As alteracdes da osmolaridade® poderiam talvez influenciar a
resposta pressora. No entanto, parece ndo haver diferencas entre a pressao arterial de ratos que

ingeriram dgua em relacdo a de ratos que ingeriram solugdo salina (0,9%), sugerindo que os

~ . . 32 . L3 3 .
osmorreceptores nao estariram envolvidos na resposta pressora. Em individuos saudaveis a
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infusdo gastrica de 500 ml de 4gua ndo alterou a pressdo arterial, o que foi demonstrado
durante a ingestdo oral de é.gua,33 sugerindo que o efeito pressérico seja provavelmente
dependente do estimulo orofaringeo, mas ndo da distensdo da parede do estdmago. No
entanto, em estudo com seres humanos,3 * a distensdo gastrica elevou a pressao arterial e a
atividade nervosa simpdtica muscular. Em estudo com modelo animal™ a seccdo do nervo
vago e o bloqueio alfa-adrenérgico aboliram o efeito pressor da distensdo gastrica, sugerindo
que aferentes do nervo vago e eferentes simpdticos sejam responsdveis pelo aumento da
pressdo arterial. A distensdo da bexiga também eleva a pressdo arterial e a atividade nervosa
simpética muscular.”” Mesmo assim, a participacdo da distensdo do estdmago e da bexiga no
efeito pressor da ingestdo de dgua permanece incerta. Ha fortes evidéncias de que a ingestio
de dgua promove ativagdo simpdtica e vasoconstricdo periférica, confirmadas neste estudo;

porém, os mecanismos envolvidos na resposta pressora merecem maiores investigacdes.

4.1 Implicacao Clinica

Em nosso estudo, mostramos que a ingestdo de dgua eleva a pressdo arterial de
individuos hipertensos e normotensos. Dessa forma, os nossos dados sugerem que a ingestao
de 4gua por até 35 minutos antes da verificacdo da pressdo arterial poderia alterar os valores

da pressdo arterial basal.
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4.2 Limitacoes do Estudo

Os achados deste estudo ndo podem ser generalizados para individuos
hipertensos em estdgios mais avancados de hipertensdo arterial, pois avaliamos apenas
individuos com diagnéstico de hipertensdo arterial sistémica leve. Alguns individuos
hipertensos faziam uso de diurético (n = 5), apresentando pressdo arterial controlada, mas
tiveram a medicacdo suspensa por 4 meia-vida antes do estudo.

A mensuracdo ndo-invasiva da pressdo arterial sistolica (Finapress) reproduz os
valores médios obtidos pelo método intra-arterial, com algumas limitacdes ja conhecidas.”” A
andlise espectral da pressdo arterial sistdlica ndo-invasiva poderia ser superestimada em
comparagdo 2 andlise espectral da pressdo arterial sistélica invasiva.'® Mesmo assim, neste
estudo somente os componentes espectrais da pressdo arterial sistlica foram analisados, por

apresentarem qualidade do sinal superior ao da pressdo arterial diastdlica.



5 CONCLUSAO

A ingestdo aguda de 500 ml de 4gua eleva similarmente as pressdes arteriais
sistolica e diastolica de individuos hipertensos leves e normotensos, provavelmente por aumento

da resisténcia vascular periférica, secunddrio a ativagao simpatica.
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HOSPITAL DAS CLINICAS
DA
FACULDADE DE MEDICINA DA UNIVERSIDADE DE SAO PAULO

TERMO DE CONSENTIMENTO POS -INFORMACAO

(Instrugdes para preenchimento no verso)

| - DADOS DE IDENTIFICAGAO DO SUJEITO DA PESQUISA OU RESPONSAVEL LEGAL

1. NOME DO PACIENTE ...ttt ettt 2 eat et eteeesateeesae et e saeseesaeeseseeeeseneneseesneareas
DOCUMENTO DE IDENTIDADE N2 ..ooooviiieeeeeeeeeeeeeeeeeeees SEXO: M F
DATA NASCIMENTO:. ........ [everrnnn [everne
ENDEREGCO ...ttt N APTO: ..o
BAIRRO : ..o CIDADE ...
CEP e TELEFONE: DDD (............ )PP
2. RESPONSAVEL LEGAL ...ttt ettt ettt et et et et e e e e et e e s e e s en e et et e s s e e n e
NATUREZA (grau de parentesco, tutor, CUrador €1C.) ... e
DOCUMENTO DE IDENTIDADE :.......oooeeeeeeeeeeeeeeee SEXO: M F
DATA NASCIMENTO.: ...... [oi. A
N = =7 LR N2 e, APTO: oo
BAIRRO : ..ottt (0115721 5 ] TR
CEP: s TELEFONE: DDD (............ )ttt ettt e e e e teeeeeeeeehaeeeeeeaaaeeeaeeeaaeeeeeaeaanreeeeeaannreeean

Il - DADOS SOBRE A PESQUISA CIENTIFICA

1. TITULO DO PROTOCOLO DE PESQUISA . Efeitos hemodinamicos da ingestao de agua em individuos

1T oT=T i C=Y T~ L= PRSPPI
2. PESQUISADOR: Prof. Dr. Carlos EdUardo NEeGra0.........cccuieiriiiiiiieiie et

CARGO/FUNCAO: Diretor da Unidade de Reabilitagdo Cardiovascular e Fisiologia do Exercicio - InCor -
L (O L SRR

INSCRICAO CONSELHO REGIONAL N2 ........cocvvrrecrnnne
UNIDADE DO HCFMUSP: INSEItULO O COFAGAD. ... uteeeutieiiiee ettt ettt sttt ettt et e et e e sasee e s nae e s embe e s saeeesnnnee s

3. AVALIACAO DO RISCO DA PESQUISA:

SEM RISCO risco minivo X1 RISCO MEDIO

RISCO BAIXO RISCO MAIOR

(probabilidade de que o individuo sofra algum dano como consequéncia imediata ou tardia do estudo)

4. DURAGAQ DA PESQUISA : 12 MESES......eeeeeceeeeeeeeesceeteeeeeetetetesessssssssssessssssesasesessesesesssssssassssssssssasasansssssassssssssesessanes
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Il - REGISTRO DAS EXPLICAGOES DO PESQUISADOR AO PACIENTE OU SEU
REPRESENTANTE LEGAL SOBRE A PESQUISA, CONSIGNANDO:

1. justificativa e os objetivos da pesquisa ; 2. procedimentos que serao utilizados e propositos, incluindo a
identificacdo dos procedimentos que sdo experimentais; 3. desconfortos e riscos esperados; 4. beneficios
que poderao ser obtidos; 5. procedimentos alternativos que possam ser vantajosos para o individuo.

1. Justificativa e os objetivos da pesquisa: Alguns individuos podem apresentar uma elevacdo da
pressao arterial apos tomar agua. Caso a ingestao de agua eleve a pressao arterial de pessoas com pressao
alta (hipertenséo), isso poderia confundir o diagndstico e o tratamento da presséo alta. Devido a isso, nds
estamos estudando se tomar agua eleva a pressao arterial de pessoas com pressao alta.

2. Procedimentos que serao utilizados e propdsitos, incluindo a identificacdao dos procedimentos que
sao experimentais:

Microneurografia: serdo colocadas duas agulhas bem finas na sua perna para sabermos a quantidade de
atividade do seu nervo da perna.

Pletismografia: serdo colocados dois manguitos, semelhantes ao aparelho de pressdo, um no bragco e um
no punho, para medi¢do da quantidade de sangue que vai passar pelo brago durante o exame.
Eletrocardiografia: serdo colocados eletrodos no peito para controlar os batimentos do coracéo.

Finapress: sera colocado um medidor de pressdo no dedo médio da méo para se medir continuamente a
pressao arterial.

Ingestao de agua: serédo ingeridos 500 ml de agua mineral, o que poderad promover um aumento da pressao
arterial.

Coleta de sangue: em quatro momentos diferentes, serdo coletados 5-6 ml de sangue de uma veia braquial
que estard, por meio de uma agulhinha, sendo mantida com solugéo fisiolégica durante o procedimento.

3. Desconfortos e riscos esperados:

Microneurografia: Durante a colocagdo das agulhinhas na sua perna, vocé podera ter a sensacgao de
“choquinho” no peito do pé e dedos do pé, ou leve dor no local da agulha. Ap6s o exame, vocé podera sentir
leve dor ou um leve choque ao tocar o local onde foi colocada a agulha ou até um pouco de fraqueza
muscular na perna durante as duas primeiras semanas apds o exame. Raramente (1 a cada 600 casos),
estas sensacdes podem durar por um periodo de até 2-3 meses.

Pletismografia: ndo ha riscos.

Eletrocardiografia: ndo ha riscos.

Finapress: ndo hé riscos.

Ingestdo de agua: Tomar agua é uma atividade fundamental para a vida humana e que nao acarreta
nenhum risco. Mesmo assim, caso haja aumento da presséo arterial ap6s a ingestao de agua, esse serd
continuamente controlado.

Coleta de sangue: eventualmente pode ser observado pequeno hematoma no brago, no local em que sera
colocado a agulha para a coleta do sangue.

4. Beneficios que poderao ser obtidos:
Para vocé: A ingestdo de agua néo trara nenhum beneficio direto. A realizagdo dos exames, possibilitara a

avaliagdo cardiovascular.
Para os pesquisadores: Melhor compreensdo dos efeitos cardiovasculares promovidos pela ingestdo de

agua.

5. Procedimentos alternativos que possam ser vantajosos para o individuo: Nenhum.
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IV - ESCLARECIMENTOS DADOS PELO PESQUISADOR SOBRE GARANTIAS DO SUJEITO DA
PESQUISA:

Todos os participantes do estudo terdo acesso, a qualquer tempo as informagdes sobre os procedimentos,
riscos e beneficios relacionados a pesquisa, inclusive para dirimir eventuais duvidas.

Os participantes teréo a liberdade de retirar seu consentimento a qualquer momento e de deixar de participar
do estudo, sem que isto traga prejuizo a continuidade da assisténcia.

Todos os resultados dos exames seréo informados aos participantes da pesquisa, sendo que a
identificacdo dos participantes permanecera preservada.

Estard garantida a disponibilidade de assisténcia no HCFMUSP, por eventuais danos a saude,
decorrentes da pesquisa. Existindo a viabilidade de indenizagéo por eventuais danos a salde
decorrentes da pesquisa.

V. INFORMAGCOES DE NOMES, ENDERECOS E TELEFONES DOS RESPONSAAVEIS PELO
ACOMPANHAMENTO DA PESQUISA, PARA CONTATO EM CASO DE INTERCORRENCIAS CLINICAS
E REACOES ADVERSAS.

Prof. Dr. Carlos Eduardo Negrdo  Av.Dr. Enéas de Carvalho Aguiar, 44 Tel: 3069-5699

VI. OBSERVAGOES COMPLEMENTARES:

VIl - CONSENTIMENTO POS-ESCLARECIDO

Declaro que, apds convenientemente esclarecido pelo pesquisador e ter entendido o que me foi explicado,
consinto em participar do presente Protocolo de Pesquisa

Sao Paulo, de de 2003.

assinatura do sujeito da pesquisa ou responsavel legal assinatura do pesquisador
(carimbo ou nome Legivel)

INSTRUCOES PARA PREENCHIMENTO
(Resoluciao Conselho Nacional de Satide 196, de 10 outubro 1996)

1. Este termo conterd o registro das informagdes que o pesquisador forneceré ao sujeito
da pesquisa, em linguagem clara e accessivel, evitando-se vocdbulos técnicos ndao
compativeis com o grau de conhecimento do interlocutor.

2. A avaliacdo do grau de risco deve ser minuciosa, levando em conta qualquer
possibilidade de interven¢do e de dano a integridade fisica do sujeito da pesquisa.

3. O formulério podera ser preenchido em letra de forma legivel, datilografia ou meios
eletronicos.

4. Este termo deverd ser elaborado em duas vias, ficando uma via em poder do paciente
ou seu representante legal e outra devera ser juntada ao prontudrio do paciente.

5. A via do Termo de Consentimento Pés-Informacao submetida a andlise da Comissao
de Etica para Andlise de Projetos de Pesquisa -CAPPesq devera ser idéntica aquela
que sera fornecida ao sujeito da pesquisa.
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ABSTRACT

Introduction. An acute water ingestion of 500 ml may significantly increase blood pressure
in individuals with autonomic dysfunction. However, it doesn’t seem to influence the pressure
levels of young, healthy subjects. When a systemic arterial hypertension is present, alterations
can occur in the autonomic modulation mechanism, and there is scientific evidence that acute
water drinking is responsible for increases in the arterial blood pressure of laboratory rats with
hypertension. However, in human subjects with hypertension, the effects of an acute water
ingestion are not yet well known.

Objectives. The current study aims to evaluate haemodynamics and autonomic response to
acute water ingestion in human subjects that have systemic arterial hypertension, as well as to
study the physiological mechanisms underlying in the pressure elevation phenomena.

Method. The human subjects that participated were divided up into two study groups. The
first group of eight subjects, had been diagnosed with stage I systemic hypertension (ages =
42.5+7.8 years; with a body mass index = 27.1£3.4 kg/cmz), and the second group consisted
of 10 subjects that had normal pressure readings (ages = 37.3+7.5 years; with a body mass
index equivalent to 25.8+3.2 kg/cmz). All participants had drunk 500ml of water, after resting
for 30 minutes in the supine position. The following parameters were studied: arterial blood
pressure (Finapress, Ohmeda), heart rate, forearm blood flow, forearm vascular resistance,
and basal muscle sympathetic nerve activity after 10, 20, and 30 minutes, immediately
following the acute water ingestion. Venous blood samples were collected during the basal
period of 10 and 30 minutes after water drinking, in order to calculate plasmatic volume
changes. Systolic pressure and heart rate variability were evaluated by spectral analysis,
utilizing the Fast Fourier Transform.

Results. There was a significant maximum increase in systolic and diastolic arterial pressure,
in both, hypertensive and normotensive human subjects, as a direct consequence of acute
water ingestion. Systolic pressure increase was of 19+7 mmHg, in hypertensive subjects;
while the same pressure increase was of 17+7 mmHg, for normotensive subjects, (p = 0.001).
Similarly, the diastolic pressure increase in hypertensive subjects had an equivalent to 14+4
mmHg, and in normotensive subjects showed an increase equivalent to 14+5 mmHg, (p =
0.001). Also, both groups presented a significant maximum increase in forearm vascular
resistance (Hypertensive = 19£11 units; normotensive = 20+13 units, p = 0.001) and in
muscle sympathetic nerve activity (Hypertensive = 8+2 bursts/min, normotensive = 8+4
bursts/min, p = 0.001). After acute water ingestion, both, hypertensive and normotensive
human subjects showed a decreased heart rate, forearm blood flow, and plasmatic volume.
The heart rate decrease in hypertensive subjects was equal to - 5.6+2.1 beats/min; and for
normotensive subjects was = - 5.447.3 beats/min, (p = 0.002), the forearm blood flow
decrease in hypertensive subjects was = - 0.5£0.4 ml/min/100 ml tissue, and in normotensive
subjects was = - 0.7+0.6 ml/min/100 ml tissue, (p = 0.001), and the plasmatic volume drop in
hypertensive subjects was = - 0.8+0.8 %; and for normotensive subjects was = - 1.0+£0.9%, (p
= (0.002). Heart rate and systolic arterial pressure variability were not altered by acute water
ingestion.

CONCLUSION. An acute water ingestion equally increases systolic and diastolic arterial
pressure in human subjects with stage I hypertension, as well as those normotensive ones,
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probably by increasing peripheral vascular resistance, which is secondary to sympathetic
activity.

Key words: water ingestion, autonomic nervous system, hypertension
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INTRODUCTION

An acute water ingestion of 500 ml may significantly increase for as much as 13 to
37 mmHg, the systolic arterial blood pressure in individuals with autonomic dysfunction.l’z’3 4
In healthy aging human subjects, an acute ingestion of water may increase blood pressure for
as much as 11 mmHg.1 However, previous studies do not demonstrate the pressor effect on

T 3,5

young individuals.

Systemic arterial hypertension may accompany autonomic dysfunction with losses
or lower baroreflex control,’ progressive increase of sympathetic activity over the heart and

6789 as well as reduction of parasympathetic activity ' The effects of

peripheral circulation,
water ingestion in studies of animal models with arterial hypertension , demonstrated
conflicting results. The study of Zhang & Rockhold"' showed that acute water drinking,
elevated arterial blood pressure, in a similar way in spontaneously hypertensive and
normotensive rats. Conversely, Hoffman et all," found out that spontaneously hypertensive
rats had a larger increase in arterial blood pressure than its normotensive counterparts, after
acute water ingestion. The effects of an acute water ingestion in hypertensive humans are not
yet well known, but animal experiments suggest the hypothesis that hypertensive individuals
would equally reciprocate the increase in arterial pressure, after an acute ingestion of water.
Therefore, the objective of the present study is to evaluate the haemodynamics and autonomic
effects resulting from acute water drinking in human subjects diagnosed with systemic arterial

hypertension, and to investigate the physiological mechanisms involved in such pressor

response.
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METHODS

Study patients

The study participants had the following gender and characteristics: 8 hypertensive
individuals of which 4 were males; 10 normotensive subjects, of which 7 were males. The
sample average age and mean body mass index can be found in Table 1. None of the
individuals tested were smokers; dyslipidemic, had diabetes mellitus, stroke, coronary artery
disease, or any cardiovascular, pulmonary or renal deficiencies. None of the participants
practiced any sports or regular physical activities in the last six months prior to the study.

Hypertensive subjects were diagnosed through a screening of three separate arterial
pressure measurements in different days (Table 1), in accordance to criteria from “The
Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure.”® At the time of entering the study, 5 hypertensive
subjects were using hydrochlorothiazide 25 mg, which was suspended for four times its half-
life before this study.

All subjects participated in the study of free will and signed a term of agreement.
The study protocol was approved by the Human Subjects Protection Committee of the Heart
Institute, and Hospital for Clinical Practice of the University of Sdo Paulo School of

Medicine.

Study Protocol

Before study performance, the participants consumed a daily dose of 6 g of sodium
chlorate during 3 days, on the third day a urine sample was collected after 24 hours, which

was used to calculate the sodium contained in urine. Participants were also oriented to avoid
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consumption of alcohol and caffeine; not to perform any physical exercises for the period of
24 hours, and to remain fasting for 10 hours. Drinking water was allowed up to 1 and a half
hour prior to the study. Data collection was done between 08:00 and 12:00 AM," once
subjects had completely emptied their bladders."

The “butterfly” needle was inserted into a forearm vein, and then injecting heparing
afterwards (1 ml of heparin intravenous solution dissolved in 250 ml normal saline). Subjects
were maintained in the supine position and resting for 30 minutes, immediately, it was taken
out 1 ml of blood from the butterfly, then a 4 ml vial of blood containing EDTA was
collected, while an administration of 0.8 ml of heparin (dissolved in saline solution) was
being made after each blood sample collected. Such blood samples were taken after 10 and 30
minutes following water ingestion. The blood samples were then centrifuged to separate the
hemoglobin and calculate the hematocrit (Sysmex, Kobe, Japan).

The arterial pressure; heart rate, forearm blood flow, and muscle sympathetic nerve
activity were measured for 5 minutes immediately before, and at 10, 20 and 30 minute
intervals after the acute 500 ml acute mineral water drinking (Crystal Fonte Del Rey Mineral
Water Brand), which was left at room temperature (22°C), and had to be consumed in less

than 5 minutes.

Hemodynamic Measurements

The arterial pressure was continuously measured by non-invasive means utilizing a
small pressure cuff set around the middle right hand finger and then connected to an arterial
pressure monitor (Finapress, Ohmeda, Englewood, USA). During the pressure monitoring
stage, the medical equipment was turned on to record the blood pressure for 5 minutes at a

time, and immediately was turned off for a resting period of 2 minutes, in order to avoid
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signal losses when low blood flow to the finger was present, thus, maintaining good signal
quality.16 These procedures were performed during all recording periods. The heart rate was
continuously monitored through an electrocardiograph recording machine. Dynamic forearm
blood flow was evaluated through venous occlusion plethysmography.'” Initially, the
subject’s arm was positioned above heart level to ensure an adequate venous drainage. A
silastic tube filled with Mercury and connected to a low pressure transducer, was placed
around the forearm section, 5 cm apart from the radial-humeral joint and then hooked to a
plethysmograph monitor (Hokanson, Bellevue, U.S.A.). An air cuff was placed around the
wrist and another in the middle part of the arm. The wrist air cuff was inflated to 220 mmHg,
30 seconds before starting measurement procedure. The arm cuff was inflated to 60 mmHg
during time intervals of 10 seconds for a period of 10 seconds as well. The pressure elevation
in the silastic tube reflected the increase in blood volume within the forearm. The
reproductibility of the forearm blood flow of the same individual, measured in different time
intervals was equivalent to r = 0.93, at the laboratory setting were data was gathered. 18
Forearm vascular resistance was calculated by obtaining the ratio between the mean arterial
pressure (expressed in mmHg), and the forearm blood flow (ml/min/100 ml tissue). Plasmatic
volume changes were determined and expressed in percentage units, from hematocrit and

hemoglobin values previously taken. 1

Autonomic Measurements

Muscle sympathetic nerve activity was determined through the direct multi-unit
recording technique, using the efferent pathway of the post-ganglia muscle nerve bundle,
located on the posterior part of the peroneal nerve, immediately below the fibula (fibular

head).” Signal recordings were obtained through an implanted microelectrode into the
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peroneal nerve and another reference microelectrode at approximately 1 cm apart from the
first. Nerve signals were amplified by a gain factor of 50,000 to 100,000 and were electrically
fed through a bandwidth filter (frequency: 200 to 2.0 KHz), then the signals were carried to a
wave amplitude discriminator to be stored on a persistence display digital storage
oscilloscope, and a sound box (sound amplifier and loudspeaker). For analysis and recording
purposes, the filtered microneurography was fed through a Resistance-Capacitance Integrator
(RC Integrator-with a time constant of 0.1 secs.), to obtain the average voltage of neural
activity presented in the paper. The bursts of muscle sympathetic nerve activity were visually
identified and expressed as bursts per minute. The heart rate and systolic arterial pressure
variability was determined by spectral analysis, using the Fast Fourier Transform.”' Analysis
was made of low frequency (0.04-0.15 Hz), and high frequency components (0.15-0.5 Hz),
and the relationship between them, every 5 minute segments. The density of spectral power
was expressed in normalized units.** The respiratory frequency rate was controlled by a

metronome and recorded as 12 movements per minute.”

Analysis and Data Acquisition

Signals were obtained with a sample rate of 500 Hz through the WINDAQ Data
Acquisition System (Windaq tm/ex software for windows by dataq, Ohio, USA), and quickly
analyzed in the AT/CODAS program. Figure 1 shows a sample of the typical signals obtained

in a subject.

Statistical Analysis

The descriptive data is presented as a Mean Standard Deviation. Group

characteristics were compared by the Student’s t test and the Wilcoxon test. The double entry
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variance analysis was utilized to evaluate haemodynamics to 10, 20, and 30 minutes of time
response to water drinking, as well as to compare basal changes and its highest increase. In
case of a significant F, the Post-Hoc comparisons of Tukey were performed, with an
acceptable significance level of p < 0.05. The water ingestion effect was compared among
groups, calculating the area under the curve then subtracting basal values from those obtained
between 10 and 35 minutes after water intake.”* For all analyses it was used the SPSS

Statistical package version 10.0.

(Finapress)
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Figure 1- Random samples of typical signals obtained during experiment performance. * corresponds to peroneal
nerve bursts.
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RESULTS

Basal Characteristics

The basal characteristics of individuals studied are shown in Fig. 1. They didn’t
differ in ages, body mass index, urinary sodium in mEq and in mEq/24 hours. Also,
individuals studied didn’t show differences in heart rate frequency, forearm blood flow,
forearm vascular resistance, high and low frequency component of the systolic arterial
pressure, just as there were no differences in the high and low frequency components of the
heart rate, and the high/low frequency component ratio of the heart rate.

Hypertensive individuals presented increased systolic and diastolic arterial pressure

levels, and more muscle sympathetic nerve activity at resting.

Effects of acute water ingestion on haemodynamics behavior

The effects of acute water drinking over arterial pressure may be found in Fig. 2.
There was an elevation of the arterial pressure value after the subjects drank 500 ml of water.
The basal arterial pressure of hypertensive subjects was 139+17/91+10 mmHg, and the same
parameter on the normotensive ones was 124+13/74+11 mmHg. Systolic and diastolic arterial
pressures increased, following a period of 10 minutes after water drinking, with a consistent
and persistent effect lasting 20 and 30 minutes. At 10 minutes, the systolic arterial pressure
(Anova: Group = 0.03, Time = 0.028, Interaction = 0.86, p = 0.01) and diastolic pressure
(Anova: Group = 0.006, Time = 0.001, Interaction = 0.90, p = 0.001) in hypertensive subjects
were of 146+16/97+16 mmHg., and in normotensive subjects were 134+11/83+9 mmHg. At

20 minutes, the systolic arterial pressure (p = 0.019) and diastolic arterial pressure (p =
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0.001), were kept high, with values corresponding to 148+16/99+11 mmHg in hypertensive
subjects, and 130+14/83+11 mmHg in the normotensive ones. At 30 minutes, elevations in
systolic arterial pressure (p = 0.03) and diastolic arterial pressure (p = 0.001), maintained a
significant value corresponding to 146+16/97+16 mmHg in hypertensive subjects, and

131£18/83+9 mmHg in normotensive subjects (Figure 2).

Table 1. Basal Characteristics

Variables Hypertensive Normotensive p
n=8) (n=10)
Age (years) 4248 3747 0.17
BMI (kg/cm?) 2743 26+3 0.43
SAP (mmHg) 132+12%* 11347 0.001
DAP (mmHg) 9247* 7049 0.001
Na (mEq) 7448 87+10 0.37
Na (mEq/24hours) 95+10 127415 0.10
HRF (beats/min) 64+12 62+7 0.8
FBF (ml/min/100 ml tissue) 2.4+0,8 2,3+0,9 0.71
FVR (units) 49417 49431 0.97
MSNA (bursts/min) 28+11%* 2243 0.002
LFC-SAP (nu) 56£10 51£10 0.31
HFC-SAP (nu) 36+7 4249 0.14
LFC-HR (nu) 48+10 44+11 0.47
HFC-HR (nu) 42+6 46£10 0.38
LF/HF-HR (nu) 1.2+0.4 1.0£0.5 0.56

Table 1. Age, BMI (body mass index) and basal values of SAP (systolic arterial pressure), DAP (diastolic
arterial presure), HRF (heart rate frequency), FBF (forearm blood flow), FVR (forearm vascular resistance),
MSNA (muscle sympathetic nerve activity), LFC-SAP (low frequency component of systolic arterial pressure),
HFC-SAP (high frequency component of systolic arterial pressure), LFC-HR (low frequency component of the
heart rate), HFC-HR (high frequency component of the heart rate) LF/HF-HR ratio (Low frequency/high
frequency ratio of the heart rate).

Values expressed as Mean Standard Deviation. MSNA was evaluated by the Wilcoxon test; remaining variables
were evaluated by the Student’s t test; * = p < 0.05.
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The maximum pressure effects from acute water drinking were significant and
similar in hypertensive and normotensive subjects, in that responses developed 23 minutes
after water ingestion. Systolic pressure showed a maximum increase of 1947 mmHg (from
139415 mmHg to 158+15 mmHg) in hypertensive subjects, and of 177 mmHg (from
125+13 mmHg to 142+14 mmHg, Anova: Group = 0.03; Time = 0.001, Interaction = 0.59, p
= 0.001) in normotensive subjects. Diastolic pressure was increased by 14+4 mmHg (from
9110 mmHg to 105+12 mmHg, p = 0.001) in hypertensive subjects, and 14+5 mmHg (from
74+11mmHg to 88+10 mmHg, Anova: Group = 0.006; Time = 0.001, Interaction = 0.92, p =
0.001) in normotensive subjects. Changes in systolic and diastolic pressures were also similar
between hypertensive and normotensive subjects, when the area under the curve was
calculated. The mean area under the curve corresponding to systolic pressure change was
equivalent to 223+212 mmHg/min in hypertensive subjects, while the same parameter was of
211£190 mmHg/min in normotensive ones (p = 0.90). Regarding the average value of the
area under the curve, it was of 216127 mmHg/min in hypertensive subjects and of 262+137
mmHg/min for normotensive subjects (p = 0.47).

The highest value of systolic pressure increase did not correlate to urinary sodium
excretion within 24 hours (Hypertensives =r = 0.19; p = 0.64; normotensives=r1 = -0.37; p =
0.32) and with the age of individuals (Hypertensives = r = - 0.24; p = 0.55; normotensives = r
=-0.34; p = 0.32). Likewise, there wasn’t any correlation between basal systolic pressure and
maximum systolic pressure elevation after water drinking (Hypertensives =1 =0.17; p = 0.64;
normotensives =1 = (0.28; p = 0.42).

Basal heart rate in hypertensive subjects was of 64+12 beats/min and in the
normotensive ones was of 64+7 beats/min. Fig. 2 shows that there weren’t any changes in
heart rate at 10 minutes (Hypertensives = 62+9 beats/min; normotensives = 61+7 beats/min,

Anova: Group = 0.56, Time = 0.04, Interaction = 0.67, p = 0.93) and at 20 minutes after water
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ingestion (Hypertensives = 6249 beats/min; normotensives = 60+7 beats/min, p = 0.55).
However, there was a significant heart rate reduction after 30 minutes of acute water ingestion
in both hypertensive subjects (corresponding to 62+9 beats/min) and normotensive ones
(corresponding to 5947 beats/min, p = 0.008).

The largest heart rate reduction occured after 29 minutes following the water
drinking event, and it belonged to the hypertensive subjects. After 22 minutes following an
acute water ingestion, the same parameter reductions were obtained from the normotensive
subjects. The heart rate was reduced down to - 5+2 beats/min (from 64+12 beats/min to 59+6
beats/min) in hypertensive subjects, and in - 5+7 beats/min (from 6247 beats/min to 57+7
beats/min, Anova: Group = 0.64, Time = 0.001, Interaction = 0.94, p = 0.001) in the
normotensive subjects. There was no significant difference between hypertensive and
normotensive subjects when the corresponding areas under the curve were calculated for heart
rate changes after acute water drinking (- 55180 beats/min’) and (- 85+57 beats/minz,_p =
0.66), which were the readings respectively figured out from hypertensive and normotensive
subjects.

The effects of acute water ingestion on the forearm blood flow are depicted in Fig. 2.
The basal values for forearm blood flow were of 2.4+0.8 ml/min/100 ml tissue, in
hypertensive subjects, and of 2.3#0.9 ml/min/100 ml tissue in normotensive ones. Water
drinking didn’t change forearm blood flow after 10 minutes (Hypertensives = 2.3%1.3
ml/min/100 ml tissue; normotensives = 2.0£0.8 ml/min/100 ml tissue, Anova: Group = 0.43,
Time = 0.17, Interaction = 0.74); after 20 minutes (Hypertensives = 2.5£0.9 ml/min/100 ml
tissue; normotensives = 2.00£0.4 ml/min/100 ml tissue), and after 30 minutes (Hypertensives
= 2.7%1.1 ml/min/100 ml tissue; normotensives = 2.3+0.7 ml/min/100 ml tissue).

The largest reduction in forearm blood flow occured at approximately 17 minutes

after water ingestion, corresponding to - 0.5#0.4 ml/min/100 ml tissue (from 2.4+0.8
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ml/min/100 ml tissue, to 1.96+0.8 ml/min/100 ml tissue) in hypertensive subjects, and a
reduction of — 0.7£0.6 ml/min/100 ml tissue (from 2.3+0.8 ml/min/100 ml tissue, to 1.620.5,
Anova: Group = 0.56, Time = 0.001, Interaction = 0.54, p = 0.001) in normotensive subjects.
There weren’t any differences in the area under the curve corresponding to forearm blood
flow changes after acute water ingestion, between hypertensive subjects (2.2+18.6
ml/min/100 ml tissue/min), and normotensive ones (- 6.6£16.3 ml/min/100 ml tissue/min, p =
0.31).

The basal value corresponding to forearm vascular resistance in hypertensive
subjects was of 49+17 units and that of normotensive subjects was of 49431 units. Forearm
vascular resistance was increased after 10 minutes of water drinking (Hypertensives = 61+22
units; normotensives = 58+29 units, Anova: Group = 0.94, Time = 0.023, Interaction = 0.95, p
= 0.002), with values closer to the basal state, settling down after 20 minutes (Hypertensives =
53426 units; normotensives = 52+15 units, p = 0.36); and after 30 minutes (Hypertensives =
49+19 units; normotensives = 49427 units, p = 0.94).

Maximum reading of forearm vascular resistance in hypertensive subjectls was
obtained after 23 minutes of water ingestion, and after 18 minutes following acute water
ingestion in normotensive subjects. Forearm vascular resistance showed an increase of 19+11
units in hypertensive subjects (from 49+15 to 68+24 units) and of 20£13 units in the
normotensive ones (from 49429 units to 69433 units, Anova: Group = 0.94, Time = 0.001,
Interaction = 0.87, p = 0.001). There weren’t any differences in the area under the curve that
represents forearm vascular resistance variation after water drinking, between hypertensive
subjects (171£337 units/min) and the normotensive ones (161+£306 units/min, p = 0.95).

Plasmatic volume in hypertensive subjects was reduced by (n = 7) - 0.8+0.8 % after
10 minutes of their acute water ingestion, and in normotensive individuals was of (n = 7) -

1.0+£0.9% (Anova: Group = 0.46, Time = 0.046, Interaction= 0.54, p = 0.002). There weren’t
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any significant changes in plasmatic volume of hypertensive and normotensive individuals at
30 minutes following water ingestion, corresponding to - 0.3%x1.8 % and - 1+1.4 %, (p =

0.17), respectively.

Water drinking effects on autonomic control

A high water intake didn’t alter mean values of muscle sympathetic nerve activity,
which is expressed in discharges/min after 10, 20 and 30 minutes (Table 2). However,
maximum values representing muscle sympathetic nerve activity that occured at
approximately 23 minutes after water drinking, revealed an increase in muscle sympathetic
nerve activity, which was similar, between hypertensive and normotensive subjects,
corresponding to 8+2 bursts/min (from 28+10 bursts/min to 36+12 bursts/min) and 8+4
bursts/min (from 2243 bursts/min to 304 bursts/min, Anova: Group = 0.25, Time = 0.001,
Interaction = 0.70, p = 0.001), respectively (Figure 3). No differences were observed in the
area under the curve representing the muscle sympathetic nerve activity variation after water
drinking, between hypertensive (63101 bursts/min®) and normotensive subjects (86114

bursts/minz, p=0.72).
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Table 2. Autonomic variables.

Variables Groups Basal 10 min 20 min 30 min
Hypertensives 28+11 31£13 30£10 29+11
MSNA (n=5)
(bursts/min) Normotensives 2243 264 25+6 2446
(n=7)
LE-SAP Hypertensives 56%10 5112 5149 50£10
(nu) n=17)
Normotensives 5111 517 5113 5113
(n=28)
HF-SAP Hypertensives 36+7 4111 4247 4614
(nu) (n="7)
Normotensives 4248 41+6 41+£12 41+£10
(n=28)
LF-HR Hypertensives 48+10 43+8 43+4 4248
(nu) (n="7)
Normotensives 44+11 47+10 45+14 48+13
(n=28)
HF-HR Hypertensives 42+6 43+7 46+4 47+7
(nu) n=17)
Normotensives 46+10 4348 45+11 41£10
(n=28)
LF/HF-HR Hypertensives 1.2+0.4 1.0+£0.4 1£0.2 0.9+0.3
(nu) n=17)
Normotensives 1.0£0.5 1.240.5 1.1£0.6 1.3+£0.7
(n=238)

Table 2. Muscle sympathetic nerve activity and variability of the systolic presure and heart rate. MSNA (Muscle
sympathetic nerve activity, Anova: Group = 0.25, Time = 0.098, Interaction = 0.93), LF-SAP (low frequency
component of the systolic arterial pressure, Anova: Group = 0.83, Time = 0.47, Interaction = 0.39), HF-SAP
(high frequency component of the systolic arterial pressure, Anova: Group = 0.95, Time = 0.15, Interaction =
0.04), LF-HR (low frequency component of the heart rate, Anova: Group = 0.68, Time = 0.87, Interaction =
0.04), HF-HR (high frequency component of the heart rate), Anova: Group = 0.83, Time = 0.67, Interaction =
0.08) and LF/HF-HR (low frequency/high frequency ratio of the heart rate , Anova: Group = 0.51, Time = 0.82,
Interaction = 0.04).
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Figure 3. Maximum muscle sympathetic nerve activity after water ingestion. H = hypertensive individuals N =

normotensive individuals. * p < 0.05 different from basal state

The autonomic cardiovascular control was evaluated through a spectral analysis of
the systolic pressure and heart rate. One hypertensive and two normotensive subjects were
excluded, due to poor quality signal from artifact, and frequent cardiac arrhythmias.

Acute water ingestion didn’t change the high and low frequency spectral
components of the systolic pressure, just as there were no changes identified in the high and
low frequency spectral analysis of the heart rate, including the ratio between low and high

frequencies of such heart rate (table 2).
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DISCUSSION

In the current study, we have demonstrated that an acute water ingestion equally
increased systolic and diastolic pressures in hypertensive and normotensive subjects. The
pressor effect observed was accompanied by an increase in the forearm vascular resistance of
the muscle sympathetic nerve activity and a reduction in heart rate. Water drinking promoted
in hypertensive subjects, a maximum elevation of the systolic and diastolic pressures, which
was of 19/14 mmHg, respectively. The same is true for normotensive subjects that have
shown an increased of 17/13 mmHg, respectively. Up to the present moment, the pressor
effect of acute water ingestion in systemic arterial hypertension, had only been demonstrated
in rats.

Previous studies that have evaluated the effects of water ingestion in young and
healthy individuals, presented controversial results, perhaps for having used a different
protocol and age range. In the Jordan and et al' study, subjects with an average age of 25
years didn’t show increases in arterial blood pressure after drinking 480 ml of water in the
sitting down position. Routledge et al® didn’t find any alteration in the arterial pressure of
subjects between the ages of 24 and 34 years, after drinking 500 ml of water and having been
evaluated in the supine laying down position, similarly to Scott et al,” when they studied
subjects with an average age of 40 years who had ingested water in the semi-supine position.
Up to the current moment, the only study that had demonstrated arterial pressure increase in
young subjects, following an acute water ingestion was performed by Schroeder et al.* In this
study, subjects with an average age of 30 years showed only an increase in diastolic pressure.
Following a 15 minute resting period, subjects were tilted to a 30° angle position, to ease off
the water drinking process, and then returning to the supine position for another 15 minutes.

Evaluation of the effect over arterial pressure for only 15 minutes, could have hampered
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observation of a maximum effect development, which generally occurs within the first 30
minutes.'” Evaluating a sample with an average age of 57 years, Jordan et al' demonstrated
an elevation of 11 mmHg., in systolic presure. In our study, an acute water ingestion not only
increased the systolic pressure, but the diastolic one as well, in normotensive individuals with
an average age of 37 years. However, there was no correlation between the age and maximum
pressure response.

Our results differ from other studies, possibly for methodologic reasons. In diverse
studies, the observation period for water drinking varied from 15 to 120 minutes.***>*>% In
this study, we took care to only analyze the first 35 minutes following acute water ingestion,
to avoid autonomic and haemodynamic effects caused by bladder distension."” Data collection
was made under room temperature control and ingested water. Sodium consumption was
controlled for three days prior to data collection time, without having any differences between
the tested groups regarding urine excreted sodium expressed in =mEq and mEq/24 hours. To
ensure high quality of the arterial pressure wave, testing was interrupted every 8 minutes.”’ In
our investigation, in the same manner of the Endo et al study,28 water ingestion provoked a
small reduction in plasmatic volume after 10 minutes. Apparently, the pressure response
obtained by acute water ingestion doesn’t seem to be caused by an increase in plasmatic
volume, that is, when a 480 ml, 5% glucose solution was intravenously administered to
individuals with classic autonomic dysfunction, their plasmatic volume increased by 5.3% and
their systolic pressure was elevated by 18 mmHg. The 480ml water ingestion didn’t modify
plasmatic volume, but it increased arterial pressure by 52mmHg." In accordance to what was
already observed by other authors, in our study, hypertensive individuals showed a larger

78,2930 __ .
277 with

basal muscle sympathetic nerve activity, as compared to normotensive subjects,
an increase in both study groups after water drinking.5 The acute water ingestion promoted an

increase in sympathetic nerve activity, with elevations of noradrenalin concentration levels in
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healthy subjects,' !

and, in subjects with atrophy of multiple systems, the arterial pressure
elevation can be eliminated by autonomic blockage with trimethaphane.l The pressor effect of
water ingestion in rats, can be neutralized with mecamylamine ganglionar blockage.32 As
already described by other authors, in our study, the forearm vascular resistance, became
elevated in both groups after water drinking.>**° Despite spectral components of the heart
rate and systolic pressure not having been affected by acute water ingestion, the observed
reduction of heart rate suggests a possible increase in vagal modulation, so described by other
authors,™ in response to increased sympathetic activity.l’5

It is likely that a reflex 1resp0nse,1’4 manifested by activation or firing up of the
sympathetic system be involved around the pressor effect of water drinking. However, the
stimuli that generate afferent information, are not yet known, but they could be influenced by
alterations in osmolarity;l’3 326 by stimulation of the oropharyngeal region,3 3 by stomach
distention,” or temporary prolapse of the urinary bladder."” The changes in osmolarity3 >
could perhaps influence a pressure response. However, it seems that there is no difference
between arterial pressure of rats that ingested water, in relationship to those that took a saline
solution (0,9%), suggesting then, that osmoreceptors wouldn’t be involved in the pressor
1resp0nse.32 In healthy subjects, a gastric infusion of 500 ml of water didn’t change arterial
pressure, which was demonstrated during acute water drinking,33 suggesting that the pressor
effect would probably be dependent on the oropharyngeal stimuli, but not on the distention of
stomach walls. However, in studies with human subjects® gastric distention was responsible
for elevations in arterial pressure and muscle sympathetic nerve activity. In animal modeling
studies™® a section of the vagal nerve and alpha-adrenergic chemical blockage, totally
abolished the pressor effect of gastric distention, suggesting that the afferent limb of the vagal
nerve and sympathetic efferents would then be responsible for arterial pressure elevation. A

stressed or prolapsed bladder may also elevate arterial pressure and muscle sympathetic nerve
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activity.15 It still remains uncertain though, to what extent stomach distention and prolapsed
bladder really influence the pressor effect of water ingestion. There is strong evidence that
water ingestion promotes a reaction or sympathetic response and peripheral vasoconstriction,
both have been confirmed in this study, but we have to be very cautious because the exact

mechanisms involved in the complex pressor response, deserve further investigation.

Clinical Implications

In our study we have demonstrated that an acute water ingestion, increases arterial
pressure of hypertensive and normotensive subjects alike. Furthermore, our data suggests that
acute water drinking may interfere in the evaluation of basal arterial pressure, up to 35

minutes prior to verification of such arterial pressure.

Study Limitations

Since we have only evaluated subjects diagnosed with a stage I systemic arterial
hypertension, the findings of the current study cannot be generalized for hypertensive subjects
that are found in more advanced stages of the arterial hypertension disease. Some
hypertensive subjects in our study, made use of diuretics (n = 5), and therefore, presented a
controlled arterial pressure, but they had such medication suspended for 4 half-life periods,
before conducting the study.

The non-invasive measuring technique, that of course, has some limitations and
drawbacks,” was primarily used for determination of raw systolic pressure, and it was
accomplished with the help of a Finapress pressure apparatus, that predictably reproduced

the mean values obtained from the invasive, intra-arterial true reading method. The spectral
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analysis of the non-invasive mean systolic pressure could be interpreted as overestimated, in
comparison to the spectral analysis of the invasive, true systolic pressure measuring method. "
Rightly so, in this study only the spectral components of the systolic pressure were analyzed,

for revealing a superior signal pick up quality to that of diastolic arterial pressure.
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CONCLUSION

An acute ingestion of water in the order of 500 ml, increases in a similar way,
both systolic and diastolic pressure readings of stage I hypertensive and normotensive
subjects. Probably by increasing peripheral vascular resistance, which would be a secondary

response to the sympathetic feedback signal.
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