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RESUMO

Esta tese tem por objetivos avaliar, em ratos Wistar, os efeitos das
inibicbes aguda e cronica da sintese de oxido nitrico {NO) sobre a morfologia e
a funglo cardiacas. Estudamos ainda os efettos da inibicho da enzima
conversora de angiotensina pelo maleato de enalapril sobre as alteragtes

cardiacas induzidas pela inibigdo cronica da sintese de NO.

inibicéo cronica da sintese de NO: Foram estudados 5 grupos experimentais-

CONTROLE: 2K-1C, ratos submstidos a estenose de artéria renal; L-NAME,

ratos tratados com 65 mg/kg/dia via oral de N@-nitro-L-arginina metil ester (L-
NAME), inibidor da sintese de NO; 2K-1C+L-NAME: ratos submetidos &

estenose de artéria renal e recebendo 65 mglkgidia de L-NAME via oral; D-

NAME: ratos tratados com 65 mgikg/dia de N@-nitro-D-arginina metil éster (D-
NAME), enantibmero inative do L-NAME, por via oral. Acompanhamos
semanalmente o peso corporal (PCorp) e a pressao arterial de cauda (PAC). A
massa cardiaca foi determinada em subgrupos de animais sacrificados apts 2,
4 e 8 semanas de estudo. Na oitava semana, animais dos grupos CONTROLE e
L -NAME tiveram seus coracBes isolados e, utilizando-se a preparagdo de

Langendorff, avaliamos a capacidade de desenvolvimento de pressao
intraventricular e o fluxa coronariano (§Cor). Os coragbes dos animais dos 5

grupos foram também submetidos a avaliagao histolégica com microscopia
Gtica. Resuitados: L-NAME induziu hipertenséoe que alcangou resposta maxima
nz 5° semana de estudo. Somente apés a 6° semana, a PAC dos ratos 2K-1C foi
significantemente  maior que nos  animais recebendo L-NAME. O
desenvolvimento de pressdo intraventricular foi significativamente menor no
grupo L-NAME que no grupo CONTROLE, sugerindo menor capacidade
contratit no primeiro grupo. O grupo L-NAME apresentou fluxo coronariano
diminuido em relacdo ao grupo CONTROLE. Nao observamos diferencas
guanto & pressdo diastdlica final do VE e a freqléncia cardiaca entre os dois

grupos estudados. O PCRelat e o PVERelat foram maiores nos grupos 2K-1C e



ZK-10+L-NAME que nos grupos CONTROLE e { -NAME nas avaliagbes de 2 e 4
semanas. Na 8° semana, o PCRelat e o PVERelat no grupo L-NAME foram
maiores que nos animais CONTROLE e semelhantes aos dos grupos 2K-1C e
2K-1C+L-NAME A avaliagdo histologica, nos grupos CONTROLE e D-NAME
nenhum coragac foi classificado como alterade. No grupo 2K-1C houve uma
baixa incidéncia de alteracdes miocardicas. Entretanto, 0s animais tratados com
L -NAME desenvolveram alteragdes no mio ardio cuja severidade foi tanto maior
quarto mais prolongado o tratamento. Embora a pressdo arterial tenha
aumentado de forma semethante nos 3 grupos de animais hipertensos, os ratos
tratados com L-NAME mostraram lesGes cardiacas mais severas e exiensas,
indicandc que n&c apenas 0s niveis de pressio arferial elevados devem ser
responsaveis pelas mesmas. Areas de necrose miocérdica foram encontradas
precocemente (2° semana) no grupo L-NAME, periodo em que a hipertrofia
ventricular esquerda (HVE) ndo havia ainda se desenvolvido neste grupo.
Assim, estes achados e o fluxo coronariano diminuido ao final de 8 semanas de
tratamento com L-NAME, apontam a isquemia como causa das aiteragbes
supra-citadas nos animais tratados com L-NAME. Concluimos que a inibigéo
cronica da sintese de NO causa isquemia miocardica por redugao de fluxo
coronariano com necrose de miofibrilas e fibrose intersticial que podem
representar o substrato morfoldgico para a contratilidade miocardica diminuida
neste modelo experimental de HA.

Efeitos do enalapril sobre as alteracfes induzidas pela inibicdo crénica da

sintese de NO:. Foram estudados 4 grupos experimentais- CONTROLE; L-
NAME. ratos tratados com 65 mgfkg/dia via oral de L-NAME; L-NAME+ENAL:
ratos recebendo simultaneamente 65 mg/kg/dia de L-NAME e 25 mi/kg/dia de
maleato de enalapril, por via oral; ENAL: ratos fratados com 25 mg/kg/dia de

maleato por via oral. Acompanhamos o pese corporal (PCorp) e a pressao
arterial de cauda (PAC) por 8 semanas, além de avaliarmos 0 peso cardiaco
{PCRelat) e do ventriculo esquerdo (PVEReiat) ao final da 8® semana.

Realizamos ainda o estudo funcional com o coragdo isolado e a avaliagao
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tusiologica, como descritos antenormente. Resultados: Enalapri evitou a
hipertensdc arterial apdés a 2° semana, bem como o desenvolvimento de
hipertrofia ventricular esquerda. N5o impediu o comprometimento do fluxo
coronariano, nem o aparecimento de lesdes isquémicas no miocardio.
Entretanto, impediu a instalagdo da disfuncdo contratl causada por L-NAME.
Concluimos que, neste modelo, dois mecanismos fisiopatologicos distintos sdo
responsaveis pelos achadcs: 1- a atividade aumentada do sistema renina
angiotensina efou a menor produgdo de cininas relacionada(s) com os niveis de
presséo arterial elevados e a HVE; 2- a inibigéo da sintese de NO relacionada
com alteragbes a nivel de circulago coronariana e provavelmente com as
lestes miocardicas encontradas.

inibicBo aguda da sintese de NO: Visando esciarecer a origem (reparativa ou

proliferativa) da intensa fibrose miocérdica observada na administragéo cronica
da sintese de NO, realizamos experimentos agudos com 0s seguintes grupos de
ratos: 1- Animais submetidos ao tratamento com L-NAME 65 mg/kg/dia por via
oral por 2 dias, com avaliagio histologica dos coraghes apos esse periodo; 2-
Animais submetidos a infusdo endovenosa in bolus de diferentes doses de L-
NAME: 05 - 15 - 50 - 150 e 450 mg/kg. Apbs 2 dias, 08 animais eram
sacrificados € os coragfes submetidos a estudo histologico. Outros dois grupos
de animais foram avaliados funcionalmente: 3- Ratos em que se avaliou o
comporiamento da pressac arterial (PAM) apos a administragdo endovenosa in
bolus de L-NAME nas mesmas doses crescentes utilizadas para estudo
histoldgico e de D-NAME 45,0 mg/kg: 4- Ratos cujos coragdes foram estudados
funcionalmente (preparacdc de Langendorff) para avaliagdo dos efeitos da
administracéo de L-NAME e de D-NAME 45,0 mg/kg sobre o fluxo coronariano.
Nossos resultados permitiram concluir  ser a fibrose induzida pela inibigao
cronica da sintese de NO um fendmeno reparativo, tendo por causa primaria a
necrose miocardica, provavelmente de origem isquémica e secundaria ao
comprometimento do fluxo coronariano.

Descritores: Enataprilo - Endotélio - Hipertensao - Hipertrofia - Isquemia .
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Endotélio

O conjunic das células endoteliais pode ser encarado como um
org@o endocnino & metabolico altamente ativo com varias atividades bioldgicas.
Interface entre © sangue e 0 meio extravascular, alem da fungdo de barreira
seletivamente permeavel, 0 endotélic desempenha varias fungdes regulatorias,
entre as quais incluem-se a regulag@o da trombogénese e o controle Jo tonus
vasomotor. Alguns dos fatores ligados & regulagdo da trombogénese estdo
também relacionados com a regulagdo vasomotora e vice-versa (BATLOUNI &
RAMIRES, 1994). Neste sentido, a produgac e a inativacio, pelo endotelio, de
substéncias vasoativas serve para ressaltar a importdncia da integrnidade
funcional deste sistema (ALMEIDA PJ ef a/, 1980, VANE JR et al, 1890,
RENJAMIN N & VALLANCE P, 1991; HENDERSON AH et a/., 1991). A sintese &
a liberaco de fatores de relaxamento derivados do endotélio (EDRFs), em
resposta a aumentos de fluxo e de pressao pulsatil, assim como estimulos pela
acetilcolina (Ach), bradicinina {BK), histamina, difosfato de adenosina (ADP), e
outros, evidenciam que o endotélioc pode ser apresentado como um 6rgéo
transdutor de variagbes de estimulos mecénicos € quimicos da corrente
sanglinea (FURCHGOTT RF, 1884, GRYLEWSK! R, 1988 HENDERSON AH
et al., 1991).

0 oxido nitrico {NO) como fator de relaxamento vascular

Ha pouco mais de uma década, FURCHGOTT e ZAWADZKI
(1980a), trabalhando com anéis e tiras de aoria isolados, descobriram
acidentalmente que a presenca do endotélio & o requisito indispensavel para o
relaxamento da musculatura lisa arterial produzido pela Ach. Nestes trabalhos
pioneiros efetuados em coelhos, em que anéis e tiras foram isolados de aorta
toracica descendente e pré-contraidos com noradrenalina (NORA), a perda da

capacidade de relaxamento em resposta a Ach foi relacionada com a remogéo
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da camada de ceélulas endoteliais devido a fricgdo da superficie intimal durante
o procedimento experimental de preparacdo do tecido, ¢ que foi demonstrado
anatomicamente (FURCHGOTT & ZAWADZK! 1980b). inversamente, na
presenca do endotélio, a Ach produzia um relaxamento dose-dependente que
ndo se verificava quando a superficie intimal ndo estava integra. A descoberta
de Furchgott e Zawadzki contribuiu para a resolucdo de um antigo paradoxo
acerca das aghes da Ach, a qual, evocando um potente efeito vasodilatador in
vivo, ndo produzia relaxamento em algumas preparagbes vasculares isoladas,
ou mesmo produzia contragdo. Pelo fato do endotélio vascular ser a principal
fonte de produgdo de prostaciclina no organismo, as primeiras investigagbes
foram dirigidas no sentido de averiguar a participagdo desse eicosanbide nos
relaxamentos vasculares dependentes do endotelio. A observagdo de que
intbidores da ciclooxigenase néo blogueavam esses relaxamentos levou a
exclusdo da prostaciclinga como mediador dos relaxamentos vasculares
dependentes do endotélio (FURCHGOTT & ZAWADZK!, 1880a; FURCHGOTTY
& ZAWADZKI, 1980b). Através de ensaios bioldgicos “em cascata” em vasos
isplados, onde o efluente de uma preparacéo endotélizada perfundia uma
artéria pré-contraida, foi demonsirada a producdo endotelial de um EDRF
(GRIFFITH TM et al, 1885, RUBANY! GM ef al,, 1985) caracterizadc como uma
substancia instéve!, com meia vida da ordem de segundos (HENDERSON AH et
al. 1991). A elevacfio dos niveis de guanosina monofosfato ciclico (GMPc) nas
células da musculatura lisa vascular que ocorre durante os relaxamentos
vasculares produzidos pela Ach, levou a hipdtese de que ¢ EDRF fosse o oxido
nitrico (NO), um metabdlito final dos nitrovasodilatadores com potente agao
estimulante sobre a guanilato-ciclase soluve! (GCs) (DIAMOND J & BLISARD
KS, 1976), que apresentava semelhanca com o EDRF quanto acs seus efeitos
bioldgicos. O achado de que ambas as substancias ativam diretamente a GCs
levou & hipotese de que o EDRF poderia ser o NO, ou uma substéncia
precursora labil, da qual o NO seria imediatamente liberado. Usando ensaios

quimicos e bioldgicos simultdneos, PALMER e col., em 1987, demonstraram
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gue o NO iibérado pelas céluias endoteliais, sob estimuio pela BK responde
pelas agbes do EDRF, ¢ que for imediatamente confirmado por outros
(IGNARRO LJ et a/, 1987). Permanece ainda a suspeita de que o EDRF possa
ndo ser o NO, mas uma molécula precursora intimamente relacionada ao
mesma. Para fins praticos, nesta tese consideraremos o proprio NO como sendo
o EDRF.

Mecanismo de Agao

O NO causa dilatacdo da musculatura lisa vascular, estimulando a
guanilato ciclase solivel, com o consequente aumento dos niveis intracelulares
do monofosfato de guanosina ciclico (GMPc) e ativagdo da proteina quinase
dependente do GMPc (RAPAPORT RM ef al, 1983, FORSTERMANN V ef a/,
1986). A elevacdo do GMPc reduz o influxo de Ca** através do sarcolema, bem
como a liberagdo de Ca® de seus depésitos intracelulares, aumentando o
sequestro do fon. £ provave! ainda gque o GMPc iniba a produglo de inositol
trifosfato (IPs) € a concentracdo de Ca” citosdlico e, simultaneamente, a
produgéo de diacilglicerol (DAG), importante intermediario na ativagdo da
proteina quinase (BENJAMIN N & VALLANCE P, 1991). |

As acbes do NO sio inibidas pela hemoglobina, através de interagio
direta (sequestro} (PALMER RMJ ef a/, 1987), peic azul de metileno, que
bloqueia a estimulacdo da guanilato ciclase e ¢ consequente aumento do
GMPc: e por geradores de radicais supertxido (GRYLEWSKI RJ et af, 1986),
Por outro lado, sd0 potencializadas pela superdxido dismutase, um removedor
de radicais superdxido (GRYLEWSKI RJ et al., 1986). |

As acbes do NQ assemelham-se &s da prostaciclina, sendo que ambos
sdo potentes vasodilatadores e inibidores da agregacao plaquetaria (MOLHO-
SABATIER P, 1987; THULESIUS 0, 1988, DYNERMAN JL & MEHTA JL, 1890,
VRINTS G & HERMAN AG, 1991). Entretanto, a meia-vida do NO e muito curta,

da ordem de segundos, enquanto a da prostaciclina & da ordem de minutos; as
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agbes do NO sdo mediadas pelo GMPc e as da prostacicling pelo AMPc
(BATLOUNI & RAMIRES, 1994).

Sintese

O NO & sintetizado a partir da oxidac&o da L-arginina, reacdo mediada
pela NO sintetase Ca® dependente, com formacgao simultanea de L-citrulina
(PALMER RMJ ef a/,1988a). A importancia da L-arginina como precursor
imediato do NO & comprovada pelo bloqueio da produgdo desse fator por

analogos da arginina, como a N®-monometil-L-arginina (L-NMMA), a L-NAME (N

@-nitro-L-arginina metil éster) e a N%-nitro-L-arginina (L-NOCARG) que s&o
bloqueadores da NO sintetase (PALMER RMJ ef a/, 1988b). Ademais, como
essa inibicdo ocorre por competicdo, a adigdo de grande quantidade de L-
arginina reverte o bloqueio da enzima (REES DD et a/,, 1988).

Em vasos normais, parece haver quantidade suficiente do
substrato para conversac maxima em RO, uma vez que L-arginina € regenerada
endogeﬁamen'te a partir de outros aminoacidos e a adicdo de L-arginina
exbgena nao aumenta o relaxamento dependente do endotélio nessa
circunstancia (PALMER RMJ ef af, 1988; REES DD ef al,, 1888). Entretanto, em
determinadas condigbes experimentais, a administrago de L-arginina pode ser
critica para a restauracéo da resposta endotelial. Células endoteliais em meio
de cultura deficiente em arginina liberam apehas peguena quantidade de NO,
até que o substrato seja adicionado (PALMER RMJ ef &/, 1988). Analogos
estruturais da L-arginina inibem o relaxamento dependente do endotélio e essa
inibicdo & revertida pela L-arginina exdgena (PALMER RMJ ef a/,, 1988; REES
DD et al, 1988). Recentemente, demonstrou-se gue a administragio
endovenosa de L-arginina (0,1 & 3mM) normaliza agudamente o relaxamento
dependente do endotélio na aorta tordcica de cobaias hipercolesterolémicas,
sugerindc que & hipercolesterolemia induz & redugo reversivel da
disponibilidade ou metabolismo da L-arginina (COOKE ef a/, 1991). Estudo
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mais recente ainda demonstrou que a administragdo intracoronana de L-
arginina, em pacientes com aterosclerose difusa ndo-obstrutiva da artéria
descendente anterior, alivia a acdo vasoconstritora da Ach, sugerinde melhora
do relaxamento dependente do endotélio em artérias coronarias humanas
(DUBOQIS-RANDE et al., 1992).

Secrecdo e | iberagédo

QO NO é fliberado em condiches basais pelas células endoteliais,
mantendo a vasculatura em estado de dilatag@o, e através de estimulaggo, Uma
grande variedade de estimulos fisiolégicos e substancias vasoativas pode
provocar a liberaggo de NO. Entre 0s primeiros incluem-se as alteragbes do
fluxo sanglineo, do sfress parietal e da tens&o de oxigénio.

Quando o fluxo sanglineo aumenta nas grandes artérias, ocorre
dilatacd@o induzida por estimulagéo dos receptores de tenséo da membrana das
células endoteliais e aumento da liberagdo de NO fluxo-dependente
(BASSENGE E & HEUSCH G, 1990). Essa vasodilatacgo fluxo-dependente é
provavelmente de crucial importéncia na circulagdo coronaria, para perfusac
sanglinea miocérdica étima durante o exercicio, quando o fluxo coronario pode
aumentar até 4 a 6 vezes, para suprir as demandas miocérdicas de oxigénio. A
prostacictina contribui para a regulagao do tonus arterial coronario, porém néc
parece desempenhar papel significativo no controle da vasodilatagdo fluxo-
dependente (VRINTS G & HERMAN AG, 1981). Mecanismos adicionais, como
estimulagdo p-adrenérgica, metabdlitos vasodilatadores ¢ aumento da pressao
de perfusdo participam provaveimente da vasodilatag@o das artérias normais
com o exercicio (CHESEBRO JH ef al, 1989).

O aumento do sfress parietal arterial (shear stress) -relagao
forca/unidade de 4rea que atua na superficie endotelial ou luminal do vaso,
como resultado do fluxo sanglineo- estimula a liberagdc de NO e ativa os

canais de potassio, iniciando a hiperpolarizagdo (OHESEN SP et &/, 1988).
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Esse efefto pode ter importancia no mecanismo sensor do fluxo pelas células
endotehais (VRINTS G & HERMAN AG, 1991), as quats funcionam também
como sensores de dxigénio & contribuem, dentro das variagtes fisiologicas da
tensdo de oxigénio, para a regulagdo local do fluxoe sanglineo, pela liberagdo
concomitante de NO, prostaciclina e PGE, (BASSENGE E & BUSSE R, 1988
VRINTS G & HERMAN AG, 1991)

Entre as diversas substancias que induzem a liberagdc de NO
incluem-se neurotransmissores e hormédims - acetilcolina, noradrenalina e
vasopressing - mediadores jocais - bradicinina, histamina e substancia P - e
cdmpostos liberados ou gerados durante a agregac¢do plaquetaria e formagao
do trombo - ADP, serotonina e trombina (BASSENGE E & BUSSE R, 1888;
VANE JR ef af,, 1990}

A resposta induzida pela Ach é o exemplo mais classico do
relaxamento dependente do endotélic em artérias isoladas (FURCHGOTT RF
and ZAWADZK! JV, 1980a; FURCHGOTT RF, 1983) Quando a fungdo
endotelial estd preservada, a Ach, atuando em recepiores muscarinicos da
membrana endotelial, estimula a liberacdc de NO pelas células endoteliais e
provoca relaxamento das células musculares lisas vasculares. Em presenga de
disfuncdo endotelial, a Ach ndo induz a vasodilatacdo e pode desencadear
vasoconsiricio devido & falta de liberagdo de NO (NABEL EG et af, 1990:
McLENACHAN JM et al, 1991). Assim, a Ach exerce duas agbes, distintas e
opostas, nos vasos sanguineos: constriglo direta da musculatura lisa vascular e

vasodilataco indireta mediada pelo endotélio.
Modulaco do Toénus Arteriolar Coronario

Experimentos com preparagbes isoladas de coragd0 € em ca@es naoc
anestesiados, demonstraram que a administragdo de andlogos de arginina
biologicamente inertes, como L-NOARG e L-NMMA, causa aumento imediato do

torus arteriolar, com reducdo da perfusdo miocardica (AMEZCUA JL et al,
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1989} Nesses experimenios, ha liberagdo aumentada de lactato dos coracbes
parcialmente isquémicos, indicando que a estimulacdo metabolica e a liberagdo
de metabdlitos vasodilatadores ndo foi  suficiente para compensar
adequadamente a supressdo da atividade dilatadora continua dependente do
endotelio. Esses achados sugerem que © controle do tdnus arleriolar
dependente do endotélioc possa ser f8o importante quanto a regulagdo
metabdlica local e que a disfungdo endotelial seja respeasavel por inadequada
regulagdo da perfusdo miocérdica (BASSENGE E & HUCKSTORF CH, 1991,
EVORA PRB, 1993)

implicacdes fisioldgicas e fisiopatolégicas do éxido nitrico no controle do

tébnus vascular

Em varias situagbes experimentais, avaliando-se leitos vasculares
distintos, de animais diferentes, tem-se constatado que os inibidores da NO
sintetase, causam aumento na resisiéncia vascular arterial, que é dose-
dependente e atenuam parcialmente a agéo hipotensora da Ach (REES DD et
al., 1989). Tais efeitos desaparecem lentamente, a nao ser que doses elevadas
de L-arginina sejam administradas, reforcando a idéia de que sejam inibidores
competitivos da sintese de NQ. Vérios inibidores ja foram descritos, alguns com
poténcia muito maior que o L-NAME e L-NMMA (MONCADA S ef al. 1891).
Estes, porém, sdo efetivos oraimente, induzindo hipertensao arterial em ratos
geneticamente deficientes em vasopressina, os rafos Brattleboro {GARDINER
SM ef al, 1890).

Esses fatos sugerem que existe uma utilizagdo continua de L-
arginina para a formagdo enzimdtica de NO pelos vasos de resisténcia
(MONCADA §, 1990). O registro de que a pressao arterial ndo se altera ou se

altera modestamente quando a NO sintetase n&o esta inibida, mostra que em
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condighes normais, deve existir suficiente L-argininag endégena para saturar a
enzima Ca’* dependente geradora de NO (AISAKA et al, 1989).

A importancia maior, atribuida 2 geragdo de NO pelas estruturas
vasculares, aparece com a demonstragio de que uma unica injegéo de L-NMMA
induz resposta vasoconstritora e vasopressora intensa e prolongada (REES DD
et al, 1989, VALLANCE P ef af, 1989, VALLANCE et a/, 1980). Pelo fato da
substancia ndo ser, ela propria, um agenrle vascéenstritor, mas sim um inibidor
da sintese de um vasodilatador endogeno, o significado do fendmeno biolagico
transcende muito ao que dele inicialmente se esperava. Passou-se & admitir que
o NO seria gerado constantemente na parede do vaso, afirmando que o sistema
vascular em repouso refletiria em estado de vasodilatacéo ativa (MONCADA §,
1990). Essa nova viséo passou a contradizer inteiramente o conceito prévio e
classico de que o leito vascular seria uma estrutura rigida, composta por vasos
de resisténcia ou um sistema que equilibraria forgas constritoras e dilatadoras
para manter o fluxo. Em verdade, o que caracterizaria o sistema vascular seria a

sua vasodilatacio ativa e basal contra a qual influéncias constritoras agiriam.

Endotélio e hipertenséao arterial

Quando submetidas a estimulos mecanicos, tais como estiramento,
aumenios de fluxo e de pressdo intraluminais e outras forgas geradas
hemodinamicamente, as células endoteliais adaptam-se, alterando a produgao
de mediadores vasoativos. A importancia da modulagdo da resposta vascular
aos estimulos endogenos pelo endotélio tem sido verificada, tanto em animais
normotensos quanto em animais hipertensos, Na hipertensdo arterial, o
aumento da reatividade de vasos isolados aos estimulos vasoconstritores tem
sido explicado por alteragbes na integridade funcional do endotelio (VAN DER
VOORDE J & LEUSEN {, 1988, VANHOUTTE PM & LUSCHER TF, 1987, REES
et al, 1989. PEARSON PJ ef al, 1990). A diminuigdo do relaxamento
dependente do endotélio por agéo da Ach nos modelos de hipertensao arterial
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genético, renovascular € DOCA-sal, reforca a idéia de que a reducao (ou
inibicao) da liberagBo continua de NO possa contribuir para a hipertenséo
arterial (DOHI Y et al, 1990; VANE JR et al., 1990) O aumento da reatividade
vascular em varios modelos de hipertensao experimental tem sido atribuido, nao
$6 & redugdo da producéo de fatores de relaxamento, comoe também aoc aumento
da produgao de, pelo menos, um fator de contragéo derivado do endotélio. Sob
estimulo do ADP, foi demonsirado recentemente que a inibigdo da produgéo
endotelial de NO suprime totalmente o relaxamento endotélio-dependente
induzido pelo nucleotideo em vasos de resisténcia de ratos com hipertenséo
renovascular, o gue nao ocorre em ratos normotensos (ALMEIDA PJ, 1881). Isto
indica que os vasos de resisténcia dos animais hipertensos, além de terem a
produgdo de NO reduzida, praticamente ndo produzem um outro fator de
relaxamenio - possivelmente o fator hiperpolarizante derivado do endotélio
{(EDHF) - existente nos vasos dos animais normotensos (DOHI Y et al,, 1990,
ALMEIDA PJ, 1991). Por outro lado, a produgdo de um fator de contracdo
derivado do endotélio (EDCF) identificado como um produto da via da
ciclooxigenase tem sido evidenciada em diversos setores do organismo,
incluindo 0% vésas de resisténeia. Esse fator certamente contribui para o
aumento da resisténcia periférica, com a conseqlente manutencéo da

hipertenséo arterial.
Hipertensdo e sistema renina angiotensina

Em diferentes tipos de hipertensao experimental foram demonstradas,
além da hiperrofia da meédia, alteragbes morfologicas do endotelio, como
irregularidades da superficie celular, associadas a aumento da permeabilidade
aos componentes sangiineos e a redugéo do relaxamento dependente do
endotélio (CHOBANIAN AV, 1986, LUSCHER TF ef al, 1991). De outra parte,
em pacienies hipertensos, a dilatagéo vascular induzida pela Ach € menor do

gue a observada em individuos normotensos, sugerindo gue na hipertensdo
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deva haver alguma disfungdo endotelial que possa ser causa ou ainda,
consegiéncia da hipertensao.

A atividade aumentada do sistema renina angiotensina tem participagéo
importante nas alteragbes vasculares encontradas na HA A angiotensina i,
além de potente vasoconstritor, €@ também fator mitogénico. Estudos indicam o
envolvimento da angiotensina i na hipertrofia vascular associada & hipertenséo
g na hiperplesia mio-intimat (POWELL JS et a/, 1988; PRATT RE & DZAU VJ,
1993). Esta substancia tem a propriedade de ativar fatores protooncogénicos e
de estimular a produgao de fatores de crescimento diversos, inclusive fatores
autocrinos das ceiulas musculares lisas (LUSCHER TF ef af, 1981; PRATT RE
& DZAU V., 1993) |

A ativacdo dos receptores da angiotensina i das células musculares lisas
vasculares resulta em aumento da atividade da fosfolipase C, a qual gera
trifosfato de inositol e diacilglicerol (RAPAPORT RM et al, 1983). Esses
metabgolitos iniciam uma série de eventos celulares, tais como aumento do
calcio intracelular e alivagdo da proteina quinase, a qual induz a contragio de
miofibrilas. Esses eventos medeiam também os efeitos tardios da angiotensina
i, como regulacdo da expressao de genes, aumento de proteinas, sintese de
DNA e RNA e o resultante aumento do crescimento celular e da estrutura
vascular (PRATT RE and DZAU VJ, 1983).

O pape! do endotélio nas a¢oes de inibidores de enzima de conversio

Qs efeitos hipotensores dos inibidores da enzima de convers&o (ECA)
dependem, além de sua intervengéo direta sobre a geragio de angiotensina |i
(GAVRAS et al., 1974, McAREAVEY ef af, 1990), da nao degradagao de cininas
vasodilatadoras a peptidios inativos (ERDUS EG, 1990). Contudo, tais efeitos
s&o muito mais complexos e relacionam-se a mecanismos dos guais participa o

endotélio.
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A administracao de L-NMMA a ratos espontaneamente hipertensos
atenua o efeito hipotensor agude induzido pelo captopril ou ramipril, o que
indica a contribuicdo do NO na redugdo da pressao arterial mediada por
inibidores da ECA (CACHOFEIRO V et a/, 1892). Por outro lado, ¢ captopril
mostrou-se capaz nao apenas de impedir 0 desenvolvimento de hipertensao
orénica produzido pelo L-NAME como, também, de reverter 0s niveis elevados
de pressdo arterial induzidos por este tratamento (LEAO MC, 1893).

Ainda gque ndo se tenha esclarecido completamente como o NO
contribui para a agdo hipotensora dos inibidores da ECA admite-se que &
reducdo da presséo arterial e 0 aumento do fluxo sanglineo, resultantes do
bloqueio da formac8o da angictensina Il e da ndo degradagao da bradicinina,
promovam um aumento do shear stress sobre o endotélio estimulando a
producdo deNO e aumentando o efeito hipotensor (CACHOFEIRO V, 1891).

A contribuicao do NO aos efeitos hipatensores dos inibidores da
ECA observa-se, também, quando se utiliza um antagonista de receptores AT,
da angiotensina )], o losartam. Ressalte-se, porém, que esse papel do NO ndo é
um fendmeno geral, inespecifico, comum a todos os anti-hipertensivos.
CACHOFEIRD (1991) demonsfrou que a administracdo, por exemplo, de L-
NMMA a ratos espontaneamente hipertensos n&o modificou a redugdo da
pressao induzida pelo nitroprussiato de so6dio ou pelo prazosin. A elevagdo dos
niveis endbgenos de cininas, secunddria & presenga de inibidores da ECA,
mediaria a biossintese de NO, j& que o peptidio estimula in vitro e in vivo a
geracéo de NO. Além disso, antagonistas de cininas abolem, in vitro, os efeitos
do ramipril sobre a produgdo de NO (WIEMER G et al,, 1991).

Nem todos os inibidores da ECA porém, intervém igualmente
sobre a sintese de NO (FRANCISCHETT! et al., 1995). O captopril € capaz de
relaxar anéis de aorta de coelhos pré-contraidas com norepinefring,
desaparecendd, contudo, esse efeito quando se desnuda o vaso. Por sua vez, o
enalapril ndo induz relaxamento vascular na presenga ou auséncia de endotélio
(GOLDSCHIMIT & TALLARIDA, 1991). Ja o cilazaprii potencializa o
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relaxamento dependente de endotélic na presenca de bradicining, em artérias
femural e coronaria de cdes, mas ndo modifica o relaxamento provocado pela
Ach ou trombina (MOMBOULI JV et al., 1991).

A presenca na molecula de um inibidor da ECA de um grupo
sulfidrifo, como é o caso do captopril, parece explicar as diferengas entre os
efeitos dos inibidores da ECA sobre o relaxamento induzido por agentes
vasodiiatadores. Sugere-se que apenas o grupo suliidrilo potencializaria a
sintese de um S-nitrosotiol, precursor labil do NO derivado do endotélio
(IGNARRO LJ, 1980, RUBANY! GM et a/,, 1881). Outra possibilidade aventada
& de que o grupo sulfidrilo impediria a degradacfo do NO, gragas a sua
capacidade em eliminar o anion superdxido (0" (PALMER RMJ et al, 1987;
GOLDSCHIMIT & TALLARIDA, 1991)
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2.1. INTRODUGAQ

A inibigdo cronica da sintese de dxido nitrico {(NO) por admimistragéo

diaria de inibidores da NO-sintase, como o NO-nitro-L-arginina-metil éster (L-
NAME; MOORE ef a/, 1989) leva ao desenvolvimento de hipertensao arterial
(HA; BAYLIS ef al, 1892, RIBEIRO et a/., 1992, ARNAL et a/,, 1993a). Verifica-
se elevacao da pressdo arterial tempo- e dose-dependentes (RIBEIRO ef &/,
1992: ARNAL et al, 1993a)}, concomitantemente a uma diminuigdo do deébito
cardiaco {LOEB & LONGNECKER, 1992; JOVER ef al., 1983} ¢ a um aumento
na resistén‘cia vascular total (RVT; GARDINER ef a/, 1990, WANG ef a/., 1992).
0Os mecanismos que ém sido propostos para explicar o aumento na RVT estao
relacionados a um desequilibrio entre fatores vasoconstrictores endogenos e
diminuicdo do efeito vasodilatador do NO (VANE et al, 1880; ITO et a/, 19913,
ITO et &/, 1991b; TOLINS ef a/., 1991; DE NICOLA ef &/, 1992, LERMAN ef a/,
1992: OHISH! ef af,, 1992, OHYANAGI ef al, 1992; SIGMON et al., 1892), além
da retencéo renal de agua & sédio (LAHERA et al, 1991, SALOM ef a/,, 1992).
Por outro lado, esta condicdo de pés-carga aumentada tem sido descrita como
principal responsével pelo comprometimento do débito cardiaco observadoe
(GARDINER et al, 1990, WIDDOP ef a/, 1992, HERITY et al, 1994)
Curiosamente, estes efeitos cardiovasculares induzidos cronicamente pela L-
NAME sao revertidos apenas de forma parcial pela infuséo de L-arginina
(RIBEIRO ef al., 1992). Este fato sugere que a inibigao crénica da sintese de
NO promova outras alteragfes, funcionais efou estruturais, no sistema
cardiovascular, que também contribuem para guadro hemodinémico descrito
neste modelo. Por exemplo, a nivel de vasos coronarianos, aumento mantido da
resisténcia ou fendmenos espasticos podem estar implicados na queda do
débito cardiaco, causada por disfungdo miocardica de origem isquémica. O
desenvoivimento de hipertrofia ventricular esquerda (HVE) observado em outros
modelos classicos de hipertensao arterial, como o renovascular (GOLDBLATT
It, 2K-1C) e o deoxicorticosterona acetato-sal (DOCA-SAL), pode ser outro fator
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confribuinte para explicar o plor desempenho cardiaco neste novo modelo de
HA Em preparagdo de coragdo isolado de ratos, foi demonstrado o
comprometimento de fluxo coronarianc induzido por inibigdo aguda da sintese
de NGO, o qual foi mais drasticamente reduzido em coragbes hipertrofiados de
ratos espontaneamente hipertensos (AMEZCUA ef al | 1888} No entanto, pouco
se conhece a respeito do comportamento da vasculatura coronariana, e ha
controvérsiag quanto a presenca de HVE neste modelo de mibigdo cronica da
sintese de NO (ARNAL ef al, 1992, JOVER ef al, 1983). Também ndo ha
relatos na literatura sobre possiveis alteragbes na estrutura miocardica,
frequentemente observadas em outras situagbes associadas & insuficiéncia
coronariana cronica ou hipertrofia ventricular esquerda.

Esta tese tem por objetivos avaliar, em ratos Wistar, os efeitos da inibigéo
aguda e cronica da sintese de 6xido nitrico sobre a morfologia e a fungdo

cardiacas.
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2.2. MATERIAL E METODOS

Para o presente estudo foram utilizados ratos machos da cepa Wistar
provenientes do CEMIB da Universidade Estadual de Campinas (UNICAMP),
com 8 a 10 semanas de idade, pesando entre 150 e 200 gramas, quando do
nicio do estudo. Os animais foram mantidos em gaiolas coletivas, em numero
maximo de 6 animais por unidade, no biotérioc do Departamento de
Farmacologia da Faculdade de Ciéncias Médicas da UNICAMP, com 12 horas
de periodo diurno (das 07:00 as 19.00 horas) e com 12 horas de periodo
- noturno (das 19:00 as 07.00 horas) mantidos artificiaimente. Os animais
serviam-se “ad libitum” de agua e de ragdo Purina, contendo 2,3 mg de sbédio

por grama de ragao.
2.2.1. Grupos experimentais

Foram estudados 5 grupos experimentais:

« Grupo CONTROLE: incluiu 68 ratos submetidos & cirurgia simulada
para produgéio de estenose de artéria renal recebendo somente agua tépidé;

s Grupo 2K-1C: incluiu 46 ratos submetidos & estenose de artéria renal;

« Grupo L-NAME: incluiu 78 ratos que receberam 65 mg/kg/dia de 1.-

NAME (NO-nitro-L-arginina metil éster) acrescentados a agua ingerida pelos
animais {BAYLIS et al, 1992; RIBEIRO et al., 1892),

» Grupo K-1C+L-NAME: incluiu 42 ratos submetidos a estenose de artéria
renal e que receberam 65 mglkg/dia de L-NAME acrescentados & agua ingerida.

o D-NAME: incluiu 12 ratos que também foram submetidos & cirurgia

ficticia e receberam 65 mg/kg/dia de D-NAME (&m-nitro—[}-arginina metil éster)
acrescentados & agua ingerida pelos animais (RIBEIRO et al., 1992},



38

Um balango hidrico diario permitia a adequacéo do volume de agua a ser
ingendo pelos animais, visando & ingestéo total das drogas pelos grupos
tratados com L-NAME e D-NAME. O mesmo procedimento era realizado em
relac@o aos grupos gue nao recebiam drogas. |

Subgrupos destes animais foram sacrificados apos duas semanas
(CONTROLE, n=18;, L-NAME, n=19; 2K-1C, n=13; 2K-1C+L-NAME, n=12),
quatro semanas (CONTROLE, n=29; L-NAME, n=35, ZK-1C, n=18; 2K-1C+L-
NAME, n=19) e oito semanas (CONTROLE, n=21; L-NAME, n=18; D-NAME,
n=12; 2K-1C, n=15; 2K-1C+L-NAME, n=11).

2.2.2. Hipertensio arterial - Técnica de Goldbiatt

Os animais foram anestesiados por inalacdo de éter sulfurico e
submetidos & uma incisdo latero-dorsal esquerda através da qual o rim
esquerdo era exposto. Com auxilio de cotonetes, o pediculo renal era isolado e
um clipe de prata (0,2 mm de didmetro interno) era colocado em torno da artéria
renal, como descrito por Goldblatt et al.(1934) Em seguida o rim era
recolocado cuidadosamente no abdome do animal, apos o gue a incisao era
fechada com fio de algoddo nimero 8. Nos animais gue serviram COmo
controles, uma cirurgia ficticia era realizada, na qual o clipe era removido
imediatamente apés sua colocagdo em torno do vase e o rim recolocado na
cavidade abdominal. Os animais se recuperavam em gaiolas aquecidas e com

livre acesso & agua e & comida.
2.2.3. Avaliagéo do peso corporal e da pressac arterial de cauda

Previamente ao estudo, e durante 8 semanas apos o inicio do mesmo, os
animais eram pesados duas vezes por semana, utilizando-se balanca Ohaus
(Union N.J_ USA). Nos mesmos dias, a pressao arterial de cauda era avaliada,

utilizando-se um manguito colocado em torno da cauda do animal o qual era
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conectado a um microfone usado como sensor. O manguito era inicialmente
insuflado a um valor superior a pressao artenal do animal, para em seguida ser
desinsufiado até que as pulsagbes arteriais detectadas por método |
pletismografico fossem visiveis ao osciloscopio. Os valores obtidos atraves
deste método correlacionam-se melhor com a pressao média do que com a
pressdo sistdlica medidas por cateterizacdo intra-arterial (ZATZ, 1980). A
medida da pressao arterial de cauda era cbtida estando o animal em estado de
vigitia, apos aquecimento em gaiola especial, para que se produzisse
vasodilatacio da artéria. Os valores médios das duas medidas semanais do
peso corporal e da pressdo arerial de cauda foram utilizados como

representativos de cada semana.
2.2.4. Coragédo isolado

Ao término da 8® semana, um pequeno contingente de animais dos
grupos CONTROLE (n=8) e L-NAME (n=7), com peso corporal entre 410 e 440
g, foi anestesiado com pentobarbital sodico (30 mg/kg) por via intra-peritoneal e
submetidos a uma toracotomia bilateral. O corag@c era entdo rapidamente
retiradb do torax e merguthado em solugdo fisioldgica mantida a 0°C. Em
seguida, introduzia-se a extremidade de uma canula cardiaca na porgac da
soria ascendente que fora retirada com 0 coragao, sendo esta amarrada a
canula (Figura 1). Era realizada uma incisdo no atrio esquerdo e atraves dela
um baldo de latex era introduzido no interior do ventriculo esquerdoe (Figura 1).
Este baléic era preenchido com volume constante de salina (0,1 ml) para todos
os animais e conectado por cateter de polietileno (Intramedic Polyethylene Tube
PE 160, Clay Adams, Inc., New York, N.Y., USA) a um transdutor de pressao
(7016, Ugo Basile, Varese, ltdlia) acoplado a um registrador de dois canais
{Gemini 7070, Ugo Basile, Varese, ltalia), previamente calibrado. Por estarmos
avaliando funcionalmente coragbes de animais normotensos e hipertensos e

modelos diferentes de hipertenséo arterial, portanto com complacéncias ventricu
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Figura 1. Coragao isolado. Baldo de latex introduzido no ventriculo
esquerdo através do atrio esquerdo e aorta canulada para perfusdo.
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lares provavelmente distintas, fixamos o volume de salina no interior do batao

intraventricudar em 0.1 mi (BING ef &/, 1985).

» Sistema de perfusdo do coragdo isolado

O coragdo era perfundido pela técnica de Langendorfi com solugéo de
Krebs-Henseleit (composigdo abaixo'). Esta solugdo, mantida em frasco de
Mariotte, era borbulhada continuamente com mistura gasosa de oxigénio 95% e
gas carbdnico (5%). A pressdo no interior do frasco, que condicionava a
pressdo de perfuséo do coragdo, era mantida constante, em aproximadamente
65 mmHg (pressdo de perfusdo). Antes de perfundir as coronarias do coragéo
isolado, a solucao era aquecida em um sistema permutador de calor. A canula
de perfusio (cdnula cardiaca) era construida de modo a permitir: &) a colocacdo
da aorta remanescente do coragao isolado na sua extremidade distal, b) a
entrada continua da solugdo de Krebs-Henseleit': ¢) o acoplamento a um
termdmetro para afericdo da temperatura da solugdo, mantida a 35° C; d) a
conexdo a um mandmetro de mercurio, para monitorizacdo da pressdo de
perfuséo; e) conexdo a um dispositivo que permitisse a retirada de bolhas de |

gue porventura surgissem no sistema (“cata-bolhas’).

'SOLUCAD DE KREBS-HENSELEIT: NaCi- 115 mM; KCL- §4 mM; CaCl,- 1,25 mM;
NaH PO 1,18 mM, MgS0,-1,2 mM; NaHCQ;- 25 mM; d-Glicose- 11 mM; Manitol- 2mM;

Insulina- 10 Ui para um total de 1000 mi da solugéo (pH~ 7,2-7.4).
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« Determinago do desenvolvimento de pressao intra-ventricular

Com este sistema foi possivel determinar as pressdes sistdlica e
diastolica do ventriculo esquerdo (PSVE e PDFVE, respectivamente, mmHg). O
registro também permitiu a determinagBo da pressfo desenvolvida pelo
ventriculo esquerdo (PD, mmHg), assim calculada:

PD = PSVE - PDFVE

Alem dos valores absolutos da PD, calculamos seus valores
normalizados para o peso ventricular esquerdo, ou seja, pela relacio PD/PVE,
expressa em mmHg/g. Estes paradmetros foram utilizados para avaliar a
capacidade contratil do ventriculo esquerdo, ja que nesta preparacio o mesmo
efetua contragbes isovolumétricas, estando com a pré-carga e a pos-carga fixas.
A relacdo PD/PVE é mais sensivel para avaliar a capacidade contratil intrinseca
do miocardio, pois esfa depende da massa miocérdica participante da
contracdo, refletindo melhor a tensao parietal desenvolvida durante a sistole
ventricular (SASAYAMA et al., 1976} . Os mesmos registros permitiram também

a obtengdo da freqliéncia de batimentos cardiacos {FC, bpm).

» Determinagaoc do fluxo coronariano
O fluxo coronariano ($Cor, ml/min} foi medido manualmente, coletando-se

o efluente drenado espontaneamente para o seio coronario e atrio direito, em
periodos previamente estabelecidos. O fluxo coronariano for avaliado antes e

imediatamente apds a administragdo de noradrenaling 0,1ug (NORA 0,1 ug) em
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forma de bolus, através da exiremidade da canula cardiaca conectada & aorta.
Os valores de ¢Cor foram normalizados para o pesc do VE, sendo esta relacdo

mais sensivel para avaliar o fluxo coronariano por massa de tecido cardiaco.

« Avaliacdo da resposta do coragdo isolado a adminisiragio de

noradrenalina.
Simultaneamente a determinacdo do ¢Cor, obtivemos o regisiro da

pressao intraventricular antes e apds administragdo de noradrenalina como
descrita anteriormente. Como valores de PSVE & PDFVE apos noradrenaling,
utilizamos os maximos atingidos entre 30 e 45 segundos apds a administragio
da droga (resposta méxima). Calculamos, entdo, a variagao da presséo
desenvolvida (APD) da seguinte forma:
APD = {(PSVE-PDFVE)uenora - (PSVE-PDFVE)penora

Calculamos, ainda, a vanagdo de pressdo desenvolvida (APD)
normalizada para 0 peso ventricular esquerdo {PVE), obtendo assim, a relagao
APD / PVE (mmHg/g).

Fstes parametros {(APD e APD/PVE) e a determinagdo simultdnea da
freqiéncia de batimentos cardiacos (FC, bpm) foram utiizados,
respeetivamente, para avaliar as respostas contrati e cronotrdpica a

estimulacgao beta agonista, promovidas pela noradrenalina.
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2.2.5. Determinacido da massa miocardica

Foram sacrificados, sob anestesia com éter, subgrupos de animais apos
2, 4 e 8 semanas de estudo. O coragdo era removido do i6rax, lavado em salina
& dissecado, sendo os afrios removidos e o0s ventriculos pesados em uma
balanga analitica Mettier (instrument Corp Highstone N.J., USA) obtendo-se,
assim, 0 peso cardiaco total (PCTotal, g). Em seguida, o peso ventricular
asquerdo (PVE, g) era determinado extirpando-se a parede livre do ventriculo
direito e pesando-se o tecido restante (ventriculo esquerdo e septo
irterventricular). O peso do coragdo e do veniriculc esquerdo foram
normalizados para o peso corporal de cada animal ao final do estude, obtendo-
se assim, respectivamente, o peso cardiaco relativo (PCRelat, mg/g) & o peso

ventricular esquérdo relativo (PVERelat, mg/g).

2.2.6. Avaliagdo histologica

Apds a determinacgdc dos pesos cardiacos, os ventriculos esquerdo e
direito eram imersos em solucdo de formatina a 10% por 24 horas, sendo apoés
. incluidos em pafaﬁna, cortados perpendicularmente ao seu maior ¢ixo em 5
niveis equidistantes em secgles de 5 um, as quais eram coradas com
hematoxilina-eosina para estudo sob microscopia otica. Os cortes histologicos

agram considerados positivos guando uma pequena ou extensa drea de necrose
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elou fibrose miocardica era encontrada. Os resultados positivos eram, entao,
classificados de acordo com 0s seguintes critérios (FACTOR et al, 1981): {+)
fracamente .positivo: um ou dois pequenos focos de necrose efou fibrose, com
didmetro menor que 500 pm em uma dimens&o; {++) moderadamente positivo:
Mais que dois focos de necrose e/ou fibrose, com didgmetro menor que 500 um
em uma dimens8c, sem confluéncia, (+++) fortemente positivo: focos
conflugntes de necrose efou fibrose, com didmetro maior que 500 um em uma

dimens&o ou infartos extensos.

2.2.7. Andlise esiatistica

Os resultados sdo mostrados sob a forma de média + erro-padrdo da
media. Para a analise dos resultados foram utilizados testes paramétricos e n&o
parametricos, levando-se em consideracdo a natureza das distribuicbes dos
valores ou a variabilidade das medidas efetuadas. Foram aplicados os
seguintes testes:

1. Andlise de vanéncia para medidas repetidas foi aplicada para
comparar as medias de peso corporal e de pressdo arterial de cauda nos varios
periodos em cada grupo experimental. Esta analise intra-grupo foi aplicada, em
separado, para cada um dos grupos e, guando significante, o teste de Duncan
foi utilizado para definir as superposi¢des e contrastes nos valores confrontados

{Software True Epistat, Epistat Services, 1991).



46

2. Andlise de variéncia para amostras independentes foi ép!icada para
comparar as medias de peso corporal e de pressio arterial de cauda dos grupos
experimentais ao final de 2, 4 e 8 semanas. O mesmo teste foi utilizado para
comparar as médias de PCTotal e de PVE entre 0s grupos experimentais ao
final de 2, 4 e 8 semanas. Quando esta analise inter-grupos resuitava
significante, o teste de Duncan era aplicado para definir as superposicles e
contrastes nos valores confrontados (Software True Epistat, Epistat Services,
1991).

3. Testes "t° de Student foram utilizados para comparar as medias da
pressdo sistélica e da pressdo diastdlica final do ventricuio esquerdo, ©

desenvolvimento de pressdo intraventricular, a variagéo do desanvolvimento da
pressdo intraventricular e o ¢Cor, entre os grupos CONTROLE e L-NAME (n&o

pareado), bem como antes e apds a administragéo de noradreanalina 0.1 ug
(pareado) (Software True Epistat, Epistat Services, 1991).
4. Analise de variancia por postos (leste H de Kruskall-Wallis'} e a prova

prova U de Mann-Whitney’ foram aplicadas para comparar as médias das
seguintes razées. PCRelat’, PVERelat', PD/PVE?, APD/PVE® e ¢Cor/PVE’. O

Teste H de Kruskall-Wallis também foi aplicado para comparar as areas de
necrose efou fibrose nos 4 grupos experimentais, avaliadas de forma
semiquantitativa ao final de 2, 4 e 8 semanas. Quando o teste H de Kruskall-

Wallis resultava significante, o teste de Dunn era aplicado para definir as
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superposicbes e contrastes nos valores confrontados (Software Stanton Glanz,
Primer of Statistics, 1990)

Em todos os testes fixou-se em 5% {erro « < 0,05) o nivel para a rejeicho
da hipdtese de nulidade, assinglando-se com os seguintes simbolos (*, * * %

08§ valores significantes,
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2.3. RESULTADOS

2.3.1. Peso corporal {PCorp)

Os pesos corporais dos animais dos grupos CONTROLE, L-NAME, D-
NAME, 2K-1C, 2K-1C+L-NAME ndo diferiram significantemente entre si em todo
g curso do estudo (Tabela 1).

2.3.2. Pressdo arterial de cauda (PAC)

A administragao cronica de L-NAME induziu nos ratos hipertenséo tempo-
dependente que alcangou resposta maxima na 5 semana de estudo. O
inantidmero inativo D-NAME ndo apresentou efeito sobre a PAC quando
comparada a dos animais do grupo CONTROLE. Os animais 2K-1C
desenvolveram uma hipertensac tempo-dependente atingindo aumento maximo
na 6° semana. Apds a & semana, a PAC dos ratos 2K-1C foi significantemente
maior que nos animais recebendo L-NAME. Os ratos 2K-1C que receberam L-
NAME (grupo 2K-1C+L-NAME) desenvolveram hipertensdo semethante a
observada nos animais tratados com L-NAME (Figura 3).

2.3.3. Avaliac3o funcional do coragdo isolado

» Pressao desenvolvida pelo ventriculo esquerdo

Os valores médios de presséo sistolica (PSVE, mmHg) e diastélica do
ventriculo  esquerdo (PDFVE, mmHg), antes e apés administragéo de
noradrenatina 0.1ug, estdo expostos na tabela 2. Os valores basais, cu seja,
prévios 4 administracdo de noradrenalina 0,1 ng, da presséo sistdlica do
ventriculo esguerdo {(PSVE) foram maicres no grupo L-NAME (11148 mmHg) do
que no grupo CONTROLE (86+5 mmHg) (p<0,00001). A PDFVE ndo foi
estatisticamente diferante nos dois grupos experimentais.

Em valores absolutos, o grupo L-NAME mostrou maior capacidade de

desenvolvimento de pressdo intra-ventricular em relagéo ao grupo CONTROLE
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Tabhela 1. Valores médios + desvios-padrio do peso corporal, expresso em

gramas, dos gquatro grupos experimentais durante o periodo de estudo.

Grupos Basal 2# 4* 8° 8
semana | semana | semana | semana
CONTROLE 162416 | 216+10 | 288425 | 312418 | 354422
2K-1C 159+10 202+14 252+18 295+22 353+26
L-NAME 173+28 210412 271413 302+27 330+31
K-1C+L-NAME | 165+13 192+12 | 242+16 292+18 340+24
D-NAME - - - - 320+25

Analise de varidncia para medidas repetidas {(intra-grupo)

Grupo Controle: p<0,05; Duncan: Basal <« 2°semana < 4°semana < 8° semana;
Grupo 2K-1C: p<0,05; Duncan: Basal < 22 semana < 4® semana < 8 semang;
Grupo L-NAME: p<0,05: Duncan: Basal < 2° semana < 4° semana < 8® semana;
Grupo 2K-1C+L-NAME: p<0,05; Duncan: Basal < 2 semana < 4 semana < 8

semana.

Analise de variancia para amostras independentes (inter-grupos)

Basal: p>0,05; CONTROLE = 2K-1C = L-NAME = 2K1C+L-NAME;

2* semana: p>0,05; CONTROLE = 2K-1C = L-NAME = 2K1C+-NAME;

4* semana: p>0,05; CONTROLE = 2K-1C = L-NAME = 2K1C+L-NAME;

6* semana: p>0,05, CONTROLE = 2K-1C = L-NAME = 2K1C+L-NAME;

8% semana: p>0,05, CONTROLE = 2K-1C = L-NAME = 2K1C+L-NAME =
D-NAME.
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Figura 3. Curva dos valores médios + desvios-padrio da pressido arterial
de cauda, expressa em milimetros de mercario {(mmHg), dos 5§ grupos

experimentais durante as 8 semanas de estudo.
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Analise de variancia para medidas independentes (inter-grupos)

* p<0.05 vs. CONTROLE; CONTROLE = D-NAME < 2K-1C = L-NAME = 2K-
1C+L-NAME, até a 5" semana,

= 0<0.05; 2K-1C > L-NAME = 2K-1C+L-NAME, da 6* semana até ¢ final do

estudo.
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Tabela 2. Valores médios + desvios-padrdo da pressdo sistélica do
ventriculo esquerdo (PSVE, mmHg)} e da pressdo diastolica final do
ventriculo esquerde (PDFVE, mmHg), antes e apds a administragio de
noradrenalina 0.1 ug (NORA 0.1), nos grupos CONTROLE e L-NAME ao

final da 8° semana de estudo (Preparagdo de Langendorff para coracgéo
isolado).

CONTROLE (n=8) L-NAME (n=7)
pré-NORA 0.1 | p6s-NORA 0.1 | pré-NORA 0.1 | pés NORA 0.1
PSVE
{mmHg) 896+5 112£5* 11116° 1245+
PDFVE
(mmHg) 52+2,0 6,5+1,7 3,542,7 4,7+1.4

Teste “t” de Student pareado

*0< 0.00001; CONTROLE, pré- vs p6s-NORA 0,1
1 =14,0678; graus de liberdade=7

*=n< 0,0001; L-NAME, pré- vs pds-NORA G, 1
t =8,3269: graus de liberdade=6

Teste “t” de Student n&o pareado
#p< 0,0001; CONTROLE vs L-NAME, pré-NORA
t = 6,1103; graus de liberdade= 13

$5< 0,0001; CONTROLE vs L-NAME, pds-NORA
t = 53739, graus de liberdade= 13
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{108+6 e 91+5 mmHg, respectivamente; p<0,00001) (Tabela 3). Entretanio, a
analise destes valores, quando normalizados para o PVE, mostrou resuitado
inverso, isto é, o grupo L-NAME apresentou relaggdo PD/PVE menor que a do
grupo CONTROLE (151410 e 162+8 mmHg/g, respectivamente; p<0,001)
{Tabela 3). Tal resuliado, deveu-se ao maior PVE apresentado no grupo L-
NAME guando comparado ao grupo CONTROLE {0,705+0,015 e 0,565+0,036 g,
raspactivamente; p<0,00001) (Tabela 3).

» Resposta da presséo intra~-ventricular 2 administracdo de noradrenalina

0,1ug

Apds a administracdo de noradrenalina 0,1ug, as pressdes sistdlicas dos
grupos CONTROLE e L-NAME elevaram-se significativamente para 112+5
(16%) e 124+5 {11%) mmHq, respectivamente {p<0,00001) (Tabela 2).

A variagdo da pressdo desenvolvida (APD) com a administracéo de
noradrenalina 0,1 ug, foi significantemente menor no grupo L-NAME que no
grupo CONTROLE, tanto em valores absolutos (12+4 e 16+3 mmHg,
respectivamente; p<0,05) quanto normalizados para © peso  ventricular
ssquerdo (28+7 e 17+6 mmHg/g, respectivamente; p<0,001) (Tabela 4)

N&c observamos diferencas significantes na PDFVE apds a
administrac@o de noradrenalina 0,1y entre os grupos CONTROLE e L-NAME
{Tabela 2).

» Frequéncia cardiaca

Ambos os grupos CONTROLE e L-NAME apresentaram resposta
cronotropica positiva a estimulacéo pela noradrenalina 0,1ug (de 382+14 para
417+12 e 398419 para 430+10, respectivamente} (Tabela 5). Nao houve
diferenca estatisticamente significante quando comparados os valores pre e
p0s-NORA 0,1 entre os grupos CONTROLE e L-NAME (Tabeia 5).
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Tabela 3. Valores médios + desvios-padrido da pressao desenvoivida (PD=
PSVE-PDFVE, - mmHg) pelo ventriculo esquerdo e seus valores
normalizados para o peso ventricular esquerdo {PD/PVE, mmHg/g) nos
grupos CONTROLE e L-NAME ao final da 8* semana de estudo

{Preparacdo de Langendorif para coragdo isolado).

CONTROLE (n=8) L-NAME (n=T7)
PD
(mmHg) | 9115 108:+6*
PVE
(9) 0,565+ 0,038 0,705+ 0,019"
PD/ PVE
(mmHg/g) 162+9 15145~

Teste “t” de Student ndo pareado
*n< 0,0001; CONTROLE vs L-NAME
{ =6,4156; graus de liberdade= 13

*5<0,0001; CONTROLE vs L-NAME
t= 8 8891, graus de liberdade= 13

Prova de Mann-Whitney
*n< 0,001 CONTROLE vs L-NAME
U =50,5000; graus de liberdade= 13
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Tabela 4. Valores médios + desvios-padrio da variagcdo da pressio
desenvolvida peio ventriculo esquerdo {APD, mmHg) e seus valores
normalizados para o peso ventricular esquerdo (APD/ PVE, mmHg/g) nos
grupos CONTROLE e L-NAME ao final da 8 semana de estudo

{Preparacgéo de Langendorff para coragdo isolado).

CONTROLE (n=8) L-NAME {n=7)
po6s-NORA 0,1 pos-NORA 0,1
APD
{mmHg) 16,3£3,0 12,3+4,0%
PVE
(9) 0,565+ 0,038 0,705+0,019
APD! PVE
{mmHg/g) 28,8+5,9 17,3557+

Teste “t” de Student para amostras independentes
“p< 0,05, CONTROLE vs L-NAME, pds-NORA 0,1
t =2,2025; graus de liberdade= 13

#5<0,0001; CONTROLE vs L-NAME
t= 8,8891; graus de liberdade= 13

Prova de Mann-Whitney
**p< (,001; CONTROLE vs L-NAME, p6s-NORA 0,1
U=50,5000; graus de liberdade= 13
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Tabela 5. Valores médios + desvios-padrio do fluxo coronariano {¢Cor,
mi/min) e da freqliéncia de batimentos cardiacos (FC, bpm), antes e apds a
administragdo de noradrenalina 0,1 ug (NORA 0,1), nos grupos CONTROLE
e L-NAME ao final da 8% semana de estudo {Preparagdo de Langendorff

para coragao isolado).

FC $Cor
(bpm) {mi/min}
nré-NORA 0,1 } pos-NORA 0,1 pré-NORA 0,1§ pos-NORA 0,1

382 417 14,0 118

CONTROLE * . * *
(n=8) 14 12+ 1,4 0,9
398 430 12,2 85

L-NAME t * * +

(n=7) 19 10™ 1,2° 1,4%°

Frequéncia cardiaca {FC}

1} Testes “t” de Student pareado
“p<0,0001; CONTROLE, pré vs pos-NORA, t =8,6338; graus de liberdade= 7
*n<0,001; L-NAME, pré vs pés-NORA, t =3,9720; graus de liberdade=6

Fluxo coronariano {$Cor)

1) Testes “t” de Student pareado
* 5<0,001; CONTROLE, pré vs pos-NORA; t =5,6448; graus de liberdade= 7
## 5<0,0001; '-NAME, pré vs pos-NORA, t =7,7914; graus de liberdade= 6

2) Testes “t “ para amostras independentes
<005, CONTROLE vs L-NAME, pré-NORA; t =2 5879; graus de liberdade= 13
’pca,O‘t; CONTROLE vs L-NAME, pds-NORA; t =3 3023, graus de liberdade=13
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o Fluxo corenariano

O grupo L-NAME apresentou fluxo coronariano {¢Cor) diminuido em
relacdo ao grupo CONTROLE em condicbes basais {122+12 ¢ 14,0415
mifmin, respectivamente) (Tabela 5). Os valores de ¢$Cor quando normalizados

para 0 peso do VE (PVE) tormam mais clara esta diferenca
(CONTROLE=248+19 e L-NAME=172+17 mimin/g; p<0,0001). A
administracdo de noradrenalina 0,1 pg reduziu o fluxo coronarianc tanto no
grupo CONTROLE (14,0+1,5 para 11,6409 mi/min; 17%) quanto no grupo L-
NAME (12,2412 para 9,5+1 4 mifmin, 21%), nfo sendo observada uma redugéo
significantemente maior no fluxo coronarianc dos animais tratados com L-NAME
{Tabela 5).

2.3.4. Pesos cardiacos

Ndo houve diferencas estatisticamente significantes entre os 4 grupos
experimentais, sacrificados apds 2 semanas, 4 semanas & 8 semanas, quando
avaliados o peso cardiaco total (PCTotal) e o peso ventricular esquerdo (PVE), |
embora houvesse uma nitida tendéncia dos grupos 2K-1C, L-NAME e 2K-1C+L-
NAME a apresentarem valores de PCT e PVE maiores que os demais grupos na
avaliacio de 8 semanas (Tabela 6). Entretanto, o peso cardiaco relativo
(PCRelat) (Figura 4) e o peso ventricular esquerdo relativo (PVERelat) (Figura
5} foram significantemente maiores nos grupos 2K-1C e 2K-1C+L-NAME que
nos grupos CONTROLE e L-NAME nas avaliagdes de 2 e 4 semanas. Ao final
da 8% semana, o PCRelat e o PVERelat no grupo L-NAME forarn maiores que
nos animais CONTROLE, ndo sendo diferentes estatisticamente dos valores
observados nos grupos 2K-1C e 2K-1C+H.-NAME (Figuras 4 e 5). Apos 8
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semanas, 0s animais tratados com D-NAME apresentaram PCRelat e PVERelat

semelhantes aos animais CONTROLE (Figuras 4 e 5).
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Figura 4. Efeito da inibig4o crinica da sintese de oxido nitrico por L-NAME
sobre o peso cardiaco relativo {PCRelat, mg/q) apéds 2, 4 e 8 semanas de

estudo. As barras representam os valores médios+SEM.

aal 12K 106+ L-NAME

’ CI2K,1C
5 MLNAME
= - ZAD-NAME
g 2.7+ CJCONTROLE
ol
5
O
o
g 22}

2a. seman

Teste de Kruskall-Wallis
2 semanas: H=9,1422;

4 semanas. H=15,2438;

8 semanas: H=12,1563.

*p<0,05 vs, CONTROLE: T. de Dunn: 2 e 4 semanas: 2K-1C = ZK-1C+L-NAME

> CONTROLE = L-NAME: 8 semanas. 2K-1C = 2K-1C+L-NAME = L-NAME >
CONTROLE.
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Figura 5. Efeito da inibigdo cronica da sintese de 6xido nitrico por L-NAME
sobre o peso ventricular esquerdo relative {PVERelat, mgig) apés 2, 4 e 8

semanas de estude. As barras representam os valores médios+SEM.

25 * ICONTROLE
ESD-NAME M -NAME
EA2KIC+L-NAME £32K10
o
o a2F L
E
5 .t
[ 2
W 15
-
4.
T
0 2a. semana 8a, semana

Teste de Kruskall-Wallis
2 semanas; H=11,1437;
4 semanas.; H=16,8416;
8 semanas: H=151213.

1";:)%’»0,(}5 vs. CONTROLE: T. de Dunn: 2 e 4 semanas: 2K-1C = 2K-1C+L-NAME

> CONTROLE = L-NAME; 8 semanas. 2K-1C = ZK-1C+L-NAME = L-NAME >
CONTROLE.



62

2.3.5. AlteracGes miocardicas

Nos animais CONTROLE (Figura 6a) sacrificados ao final da 2° (n=18), 42
(n=29) e 8 semanas (n=21), assim como no grupo D-NAME (8 semanas, n=12),
nenhum coracdo foi classificade como positivo. No grupo 2K-1C houve uma
baixa incidéncia de alteracfes miocardicas (Tabela 7). Entretanto os animais
tratados com L-NAME desenvolveram alteracSes no miocardio cuja severidade
foi tanto maior quanto mais prolongado o tratamento (Tabela 7).

As lesGes observadas foram, principalmente, densas areas de fibrose
ntersticial (Figura 8b). Areas de necrose miocardica recente foram menos
frequientemente encontradas. Algum grau de perda da organizag@o do miocardio
foi observado precocemente (22 semana), mas as lesbes foram mais freqiientes
e extensas na 8 semana. Houve maior acometimento das regides
subendocardicas, onde infartos, algumas vezes, comprometiam até 80% da
circunferéncia do ventriculo esquerdo. Metaplasia osteocartilaginosa foi
raramente observada em areas de necrose subendocardica apds 8 semanas de
tratarmento com L-NAME.

Nos animais tratados com L-NAME, foram encontradas espessamento da
parede de artérias intramiocardicas com fibrose perivascular (Figura 7a e 7b). A
fibrose substitutiva na camada média dessas arterias é indicativa da presenga
prévia de necrose de células musculares lisas. Nos animais 2K-1C, a ocorréncia
de necrose fibrindide de artérias intramiocardicas foi infreglente.

Nao encontramos lesGes miocardicas em ventriculo direito em nenhum

dos grupos estudados.



Figura 6a. Corte histologico do ventriculo esquerdo de animal do grupo
CONTROLE apés 8 semanas de estudo. Aspectos normais das fibras
miocardicas e de duas artérias de pequeno calibre. Coloragdo HE, 10x.

Figura 6b. Corte histolégico do ventriculo esquerdo de animal do grupo L-NAME
apos 8 semanas de estudo Area de fibrose subendocardica intensa e
alteragbes vasculares caracteristicas. Coloragao HE, 10x.




Figura 7a. Corte histolégico do ventriculo esquerdo de animal do grupo tratado
com L-NAME por 8 semanas. Hipertrofia discreta da tunica média de uma
artéria. Coloragao HE, 10x.

Figura 7b. Corte histologico do ventriculo esquerdo de animal do grupo tratado
com L-NAME por 8 semanas. Fibrose perivascular intensa e espessamento da
parede de arteriolas. Coloragao HE, 20x.
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24. DISCUSSAQ

Os resultados apresentados demonstram que a inibicdo cronica da
biosintese de NO induzida por L-NAME causa alteragBes miocardicas tais como
fibrose intersticial e necrose subendocardica semelhantes aquelas encontradas
em pacientes portadores de hipertensao arterial. Em humanos, estas alteracbes
s&o, provavelmente, resultantes de aumento de consumo de oxigénio pelo
miocardio com ou sem hipertrofia de fibras. £ interessante notar que, embora a
pressao arterial tenha aumentado de forma semelhante nos 3 grupos de animais
hipertensos, 08 ratos tratados com L-NAME mostraram lesdes cardiacas mais
severas ¢ extensas, indicando que ndo apenas 0s niveis de pressdo arerial
devem ser responsaveis pelas mesmas. Estas alteracdes parecem estar
relacionadas com a inibicdo da sintese de NO, posto que os ratos tratados com
¢ enantidmero inativo D-NAME ndo apresentaram alteracles histologicas
semelhantes. Por outro lado, tem sido descrita necrose focal na camada meédia
de vasos intramiocardicos em ratos hipertensos, ap0s a administracéo de
drogas vasoativas {CARLTON & ENGELHARDT, 1991, KERNS et af, 1991).
Embora lesfes vasculares semelhantes tenham side  enconiradas
ocasionalmente, tanto nos grupos que receberam L-NAME gquanto nos ratos
2K1C, as mesmas nao poderiam explicar 0 dano miocardico severo observado.
Assim, nossos dados apontam a diminuigdo critica do fluxe coronariano,
especiaimente nas regides subendocardicas, como causa das alteragbes supra-
citadas nos animais tratados com L-NAME. A auséncia de hiperirofia cardiaca
nos ratos com inibicdo da sintese de NO apés duas e quatro semanas, apesar
de confirmar > achado de outros autores (ARNAL et al, 1892), ndo pode ser
utilizada como argumento para reforgar a importancia do NO na génese das
lesbes. Qs estudos até o momento realizados neste modelo de hiperiensao
arterial (ARNAL ef 3/, 1992: ARNAL et &/, 1993, JOVER &t al, 1893), inclusive
o presente, utilizam apenas a pesagem do coragdo e do VE para avaliaglo da

hipertrofia cardiaca, ndo sendo correta portanto, a afirmacio de auséncia de
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HVE, pois ocorre concomitantemente perda de massa resultante de Isquemia e
necrose miocdrdicas. Estudos com histometria das fibras miocardicas poderao
melhor esclarecer a participacfo da hipertrofia cardiaca na génese das lesdes
isquémicas no coracio.

Em humanos, conjuntamente com a idade, a hipertrofia ventricular
esquerda (HVE) representa o mais importante fator de risco para morbidade e
mortalidade cardiovasculares (KOREN ef 2/, 1991), fato atribuido a reducdo da
reserva coronariana associada a HVE (HULTGREN & BOYE, 1978; GASCHO &t
al, 1982). Alem da participaco de fatores responsaveis pelo crescimento
dos midcitos, o fendmeno de hipertrofia cardiaca envolve o remodelamento do
compartimento nao-miocitico, este inclusive com mecanismo reguiatdrio distinto
(SEN and BUPUS, 1979; RUSKOAHO & SAVOLAINEN, 1985; WEBER et al,
1887, WEBER, 1889). Por exemplo, no modelo experimental de hiperienséo
arterial Goldblatt il (2K1C), fatores hemodindmicos do ventriculo determinam a
hipertrofia miocardica, engquanto a elevagdo de angiotensina Il circulante é
responsavel pelo remodelamento do compartimento ndo-miocitico (WEBER ef
&, 1990). No modelo de hipertensdo arterial DOCA (acetato de
desoxicorticosterona) -SAL, os niveis de renina plasmatica estidc muito baixos,
indicando que o sistema renina angiotensina nao tem participagao importante no
desenvolvimento de HVE (GAVRAS et al, 1975). No modelo de inibicdo crénica
da sintese de NO, tém sido relatados niveis normais ou baixos de atividade de
rening plasmatica nas primeiras semanas de administracdo de L-NAME (ARNAL
et al, 1992; RIBEIRO et al, 1992), enguanto observagbes feitas apos 4
semanas de ftratamento revelam niveis elevados de atividade de renina
plasmatica (RIBEIRO et a., 1992, MORTON et al, 1993, FUJIHARA et al,
1994} Em contraste, o modelo 2K1(C ¢é caracterizado pelo precoce
desenvolvimento de hiperremnemia e HVE (CARRETERQ & GULATI, 1978). Em
conjunto, estes resultados sugerem a existéncia de correlagdo entre a atividade
do sistema renina angiotensina e o desenvolvimento de hipertrofia cardiaca,

tanto na hipertensao arterial induzida por inibigdo da sintese de NO como nos
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outros modelos citados. Deve-se ressaltar a presenga de HVE no grupo L-
NAME apos oito semanas de estudo quando a atividade de renina plasmatica
neste modelo de hipertensao é elevada (RIBEIRO ef al, 1992; SIGMON and
BEIERWALTES, 1993). Estes achados sugerem uma correlacio entre a
atividade do sistema renina angiotensina e o desenvolvimento de HVE na
hipertensao induzida pela inibico crénica da sintese de NO.

N&o houve diferengas significantes nos niveis de pressdo arterial entre
0s irés grupos de animais hipertensos até a sexta semana do estudo quando o
grupo 2K1C passou a apresentar medidas de PAC significantemente maiores
que os grupos L-NAME e 2ZK1C+L-NAME. A ndo elevacéo tardia da PAC nestes
Oitimos grupos pode refletir o desenvolvimento de disfuncdo ventricular
esquerda com diminuicdo do débito cardiaco (Jbver et al, 1993). Nossos
achados reforcam esta hipdtese, pois observamos uma menor capacidade de
desenvolvimento de pressao intraventricular, ou seja, contratilidade prejudicada,
dos coragdesisclados dos animais tratados com L-NAME, quando comparados
com os dos animais CONTROLE. Sem duvida esta condicdo de desempenho
cardiaco prejudicade deva ser agravada in vivo, Com pos-carga € Consumo
miocardico de oxigénio aumentados. A menoar resposta da variagdo da pressio
desenvolvida a estimulacéo por noradrenalina do grupoe L-NAME também pode
ndiretamente sugerir esse déficit contratil, embora outros fatores ligados a
expressao do receptor e a transdugdo do sinal para o interior da céluia possam
ser responsaveis por este achado, inclusive na auséncia de disfuncéo contratil.
Estudos agudos em ratos, com infuses de L-NAME mostram deterioracdo do
débito cardiaco relacionada com aumento da pods-carga (GARDINER et al,
1990) e com reducdo da perfusdo coror.dariana com consequente prejuizo da
funcdo contratil do ventriculo esquerdo (AMRANI et al, 1992). Também a
administracgdo oral de L-NAME por 25 dias causa uma queda de 25 % no débito
cardiaco devida a uma diminuicdo no volume sistdlico (JOVER et al, 1993).
Nossos dados s&o indicativos de uma reducdo de fluxo coronariano no grupo L-

NAME causande a disfuncde contratil do VE, conclus8o semethante a descrita
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por outros autores, com método de avaliagdo semellhante ao por nds utitizado
(AMRANI et al, 1992). Assim, a superposicdo de dois mecanismos de isquemia
miocardica, o consumo de oxigénio aumentado pelo miocardio hipertrofiado e a
diminuigdo do fluxo coronariano associada & vasoconstricdo por L-NAME, pode
ter sido o fator determinante do grau de comprometimento do débito cardiaco
nas ultimas semanas do estudo. Tal disfungdo pode ter como substrato
anatomo-patolégico principal as extensas areas de fibrose intersticial e as
lesbes miocardicas encontradas nos coragdes dos grupos que receberam L-
NAME. A redugdo do fluxo coronariano & estimulacio pela NORA observada
nos coragbes do grupo L-NAME, paradoxal acs aumentos de cronotropismo e
inotropismo cardiacos, poderia sugerir um distirbio da auto-regulagdo da
circulagdo coronariana. Apesar de bastante atraente esta hipdtese, nossos

dados ndo permitem aceitd-la como verdadeira, postoc que 0s coragBes dos
animais do grupo CONTROLE apresentaram comportamento da FC, do ¢Cor e

da APD similar aos dos animais L-NAME. Talvez a dose de NORA (0.1 mM)
administrada nos experimentos, embora farmacologicamente correta, seja do
ponto de vista fisioldgico elevada, causando assim efeitos inespecificos sobre o
coragao.

Qutro aspecto a ser abordado € a possibilidade de toxicidade direta de
inibidores da sintese de NO sobre as fibras miocardicas como causa para o pior
desempenho contratit dos coragdes dos animais tratados com L-NAME. A

hipotese ndo encontra respaldo em estudo de outros autores (AMRANI ef af.,

1892) no qual a L-N@-monometilarginina (L-NMMA) ndo causou alteragao na
contratilidade de cardiomidcitos isolados. -

A fibrose pode ocorrer tanto em ventriculos hipertrofiados por aumento
do trabalho cardiaco quanto em ventriculos nao-hipertrofiadas com frabaiho
normal, indicando que a regulagdo da sintese do tecido fibroso & distinta
daquela que modula o crescimento miccardico (WEBER et al, 1990). Neste

modelo de hipertensdo arterial, observamos fibrose em ventriculos nao-



69

hipertrofiados associada a uma redugdo do débito cardiaco, como descrito por
outros autores (JOVER et al., 1993), como resultado de isquemia miocardica. As
lesGes isquémicas s&0 semelhantes aquelas encontradas nos rins neste mesmo
modelo (RIBEIRQ ef al, 1992). Este modelo pode representar a situagéo clinica
na qual cardiomiopatias sdo classificadas como idiopaticas {(sem diagnéstico de
hipertensdo ou outras causas de comprometimento miocardico), quando, na
realidade, refletiiam o comprometimento cardiaco secundario a disfuncéo
endotelial cronica de eticlogia nao aparente. Nossas observacgles podem
também explicar melhor o comprometimento cardiaco em doencas como ©
diabetes meliitus e a hipertenso arterial (FEIN ef al, 1989, VANHOUTTE &
SHIMOKAWA, 1989), nas quais a disfunc@o endotelial pode ser causa do
mesmo, independentemente da presenca de deoenga  coronariana

aterosclerstica.
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2.5. CONCLUSOES

A inibig&o crénica da sintese de NO causa reducio do fluxo coronariano,
levando a isquemia miocardica com necrose de miofibrilas e fibrose intersticial.
Estas lesGes podem representar o substrato morfolégico para a contratilidade
miocérdica diminuida neste modelo experimental de hipertensao arterial.

Este modelo consiste em importante ferramenta para o aprofundamento
na methor compreensao do comprometimento cardiaco em condigfes nas quais
supbe-se haver uma disfungdo endotelial associada (diabetes mellitus,
hiperiensdo, tabagismo, efc) ou outras, tidas como idiopaticas (cardiomiopatias,

sindrome X, efc).



71

3.
INIBICAO DA ENZIMA CONVERSORA DE
ANGIOTENSINA E SEUS EFEITOS
SOBRE AS ALTERACOES CARDIACAS
INDUZIDAS PELA INIBICAO CRONICA

DE OXIDO NITRICO



72

3.1. INTRODUCAO

A inibigdo cronica da sintese de Oxido nitrico, em ratos, causa
hipertens&o arterial acompanhada de alteracbes funcionais e lesdes estruturais
nos rins (BAYLIS ef al., 1992; RIBEIRO ef a/, 1992). Estas alteragdes renais e
os niveis de pressdo arterial elevados sdo parciaimente prevenidos pela
administracéo do antagonista de angiotensina i, losartan potassico (RIBEIRO ef
al., 1992; FUJHARA ef al, 1994). Nossos resuitados expostos anteriormente
mostram que a hipertrofia ventricular esquerda neste modelo & detectavel
apenas a parlir de 8 semanas de inibigdo da sintese de NO. Isto sugere uma
associacdo com uma elevacao da atividade da renina plasmatica também tardia
na hipertensao induzida por L-NAME, observada por outros autores (RIBEIRO
et al, 1992). Aiém disso, as observacBes de que a angiotensina || causa
necrose em miocitos e de que caplopril, inibidor da enzima conversora de
angiotensina, previne 0 surgimento dessas iesées no modelo renovascular (TAN
ef al, 1991), reforcam a hipdtese da participagdo do sistema renina
angiotensina na génese das aiteragbes morfolégicas e funcionais cardiacas
induzidas pela inibicdo cranica de dxido nitrico.

O objetive deste estudo & avaliar o impacto da inibigdo do sistema renina
~ angiotensina pelo maleato de enalapril schre a hipertrofia ventricular esquerda,
as alterages funcionais cardiacas e as lesfes isquémicas no miocardio de

ratos fratados cronicamente com L-NAME.
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3.2. MATERIAL E METODOS
3.2.1. Grupos experimentais

Ratos Wistar machos provenientes do CEMIB da Universidade Estadual
de Campinas (UNICAMP), com 8 a 10 semanas de idade, pesando entre 150 e
200 gramas, gquando do inicio do estudo foram divididos nos seguintes grupos:

(1) CONTROLE {n=10): ratos que receberam somente agua tépida; (2} L-NAME

(n=8). ratos que receberam Nminitra-bafginina metil éster, 85 mg/kg/dia;
BAYLIS et al., 1992; RIBEIRO af af, 1992); (3) L-NAME+ENAL (n=12): ratos que
receberam L-NAME e maleato de enalaprii (65 and 25 mg/kgidia,
respectivamente); (4) ENAL (n=12): ratos que receberam maleato de enalapril
(25 mg/kg/dia, CHILDS ef al, 1990). L-NAME e maleato de énalaprii foram
dissolvidos na agua ingerida pelos animais. As condigdes do biotério e cuidados
com os animais (balango hidrico, alimentagdo, disposigéo nas gaiolas etc) foram
as mesmas ja descritas anteriormente. Os animais foram sacrificados apds 8

semanas de tratamento.

3.2.2. Peso corporal {PCorp) e pressio arterial de cauda {PAC)

Previamente ao estudcﬁ? g durante 8 semanas apds ¢ inicio do mesmo, 0s
animais eram pesados duas vezes por semana, utilizando-se balanca Ohaus
(Union N.J. USA). Nos mesmos dias, a pressao arterial de cauda era avaliada

utilizando-se ¢ métcdo ja dascrito anteriormente.
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3.2.3. Avaliagdo funcional (coragao isolado, preparagdo de Langendorff)

Ao término da 8% semana, animais dos grupos CONTROLE (n=9) e L-
NAME (n=8), ENALAP (n=5) e L-NAME+ENALAP (n=6) tiveram seus coracdes
isolados e avaliados pela preparacdo de Langendorff, conforme procedimento
descrito as paginas 39 a 41 .

Paradmetros avaliados

Avaliamos os mesmos parametros, descritos detalhadamente as paginas
42 a 43 e listados a sequir;

* PSVE e PDFVE, mmHg.

+ Pressao desenvolvida pelo ventriculo esquerdo (PD, mmHg):

PD = PSVE - PDFVE

» Relacdo pressdo desenvolvidal/peso veniricular esquerdo (PD/PVE,
mmkg/g).

» Frequiéncia de batimentos cardiacos (FC, bpm).

« Fluxo coronariano {¢Cor, mi/min).

sVariacdo da pressdo desenvolvida (APD, mmHg) & estimulacio com
noradrenaiina 0,1 ug:

APD = (PSVE-PDFVE)nssnora - (PSVE-PDFVE }penora
» Relacao variagdo de pressdo desenvolvida / peso ventricular esquerdo

(APD / PVE, mmHg/g).
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3.2.4. Determinagdo da massa miocérdica

Us animais eram sacrificados sob anestesia com éter. Os procedimentos
de remocgao do coragdo do t6rax e de determinac@o do peso cardiaco total
{(PCTotal, g) e do peso ventricular esquerdo (PVE, g), bem como destes valores

normalizados para o peso corporal (PCReiat, mgfg e PVERelat, mg/g) ia foram -

descritos a pagina 44,

3.2.5. Avaliagéo histoldgica

Apés a determinagio dos pesos cardiacos, o ventriculos esquerdo era
imerso em solugdo de formaling a 10% por 24 horas, sendo apés incluido em
parafina, cortado perpendicularmente ao seu maior eixo em 5 npiveis
gquidistantes em seccbes de 5 um, as quais eram coradas com hematoxilina-
gosina para estudo sob microscopia dtica. Os ventriculos eram considerados
positivos quando uma pequena ou extensa area de necrose efou fibrose
mipcardica era encontrada. Os resultados positivos eram, entdo, classificados
de acordo com os critérios (FACTOR et al., 1881) j& expostos anteriormente: (+)
fracamente positivo: um ou dois pequenos focos de necrose efou fibrose, com
didmetro menor que 500 um em uma dimensao; (++) moderadamente positivo:
Mais que dois focos de necrose efou fibrose, com didmetro menor que 500 um
am | uma dimensao, sem confiuénci_a; (+++) fortemente positivo. focos
confluentes de necrose efou fibrose, com didmetro maior que 500 um em uma

dimenséio ou infartos extensos.
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3.2.6. Drogas e procedéncia

N®@-Nitro-L-arginina metil éster {L-NAME) foi adquirido de Sigma (U.S.A)).

Maleato de Enalapril foi fornecido por Biosintética Laboratérios (Brasil)

3.2.7. Analise estatistica

Os resultados s&o mostrados sob a forma de média + desvio-padréo da
média. Para a andlise dos resultados foram utilizados iestes paramétricos e néo
paramétricos, levando-se em consideragéc a natureza das distribuicdes dos
valores ou a variabilidade das medidas efetuadas. A escolha dos testes
utilizados neste estudo seguiu os mesmos critérios descritos na secgio anterior
(paginas 46 a 48). |

Em todos os testes fixou-se em 5% {erro « < 0,05) o nivel para a rejeigao

da hipttese de nulidade, assinalando-se com os seguintes simbolos {*, ™, Yy

0s valores significantes.
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3.3. RESULTADOS
3.3.1. Peso corporal e pressdo arterial de cauda

N&o houve diferencas estatisticamente significantes entre os valores de
peso corporal dos grupos CONTROLE, L-NAME, ENAL and L-NAME+ENAL ac
final do estudo (Tabela 8). O grupo L-NAME apresentou aumento progressivo
da PAC até a 6° semana, ap6s 0 gue 0S niveis de pressdo mantiveram-se
estéveis (Figura 8). O tratamento com Enalapril preveniu a hipertenséo arterial
no grupo L-NAME+ENAL apos a 2° semana de estudo (Figura 8). Enalapril
administrado isoladamente reduziu significantemente a PAC apos a segunda
semana de tratamento (Figura 8).

Tabela 8. Valores médios + desvios-padrdo do peso corporal, expressos

em gramas, dos quatro grupos experimentais durante o periodo de estudo.

Grupos Basal 2* 4* 6* 8
semana | semana | semana | semana
CONTROLE 197+10 260+10 280+8 31548 335+14
L~-NAME 196+10 262+21 279+19 300+38 339+32
ENAL 200+16 243+12 270415 284+17 318+19
L-NAME+ENAL 190;‘!3 223;12 256;16 26?;18 31 9;19

Analise de varidncia para medidas repetidas (intra-grupo)

CONTROLE: p<0,05: Duncan: Basal < 2*semana = 4*semana < 8° semana,

L-NAME: p<0,05; Duncan: Basal < 2% semana = 4* semana < 8* semang;

ENAL: p<0,05; Duncan: Basal < 2* semana < 4* semana < 8° semana;

L-NAME+ENAL: p<0,05; Duncan: Basal < 2? semana < 4* semana < 8" semana.

Analise de varincia para amostras independentes {inter-grupos)

Basal p>0.05 CONTROLE = L-NAME = ENAL = L-NAME+ENAL;

8% semana: p>0 05 CONTROLE = L-NAME = ENAL = L NAME+ENAL.
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Figura 8. Curva dos valores médios + desvios-padrio da pressio arterial
de c_auda, expressa em milimetros de mercario {mmHg), dos 4 grupos

experimentais durante as 8 semanas de estudo.
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Analise de varidncia para amostras independentes {(inter-grupos)
* p<0,05; L-NAME > CONTROLE = L-NAME+ENAL > ENAL,;
*0<0,05; L-NAME = L-NAME+ENAL > CONTROLE = ENAL.

Analise de varidncia para medidas repetidas (intra-grupos)

CONTROLE: p>0,05;

L-NAME: p<0,000001, F=12 5484; Duncan: Basal < 2* semana < 4® semana < 6*
semana = 6 semana;

ENAL. p<0,00001, F=13.3241 Duncan: Basal = 2* semana > 4® semana > 6*
semana = 8% semana,

L-NAME+ENAL: p<0,0001, F=5,1423; Duncan: 1* semana = 2* semana > Basal

= 3% semana = 42 semana = 5% semana = 62 semana = 7? semana = 8 semana.
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3.3.2. Avaliagédo funcional do coragdo isolado

Presséo desenvolvida pelo ventriculo esquerdo

Os valores médios de pressdo sistdlica (PSVE, mmHg)} e diastdlica do
ventriculo  esquerdo (PDFVE, mmHg), antes e apds administracdo de
noradrenalina 0.1ug, estdo expostos na tabela 9. A pressdoc sistdlica do
ventriculo esquerdo (PSVE) foi maior no grupo L-NAME (11146 mmHg) do que
nos demais grupos experimentais, entre 0s quais a2 mesma nac diferiu
(CONTROLE= 96+5, ENAL= 9144, L-NAME+ENAL= 100+4 mmHg). Nao houve
diferencas estatisticamente significantes na PDFVE dos 4 grupos experimentais.

Em valores absolutos, os grupos que receberam L-NAME (L-NAME e L-
NAME+ENAL) mostraram maior capacidade de desenvolvimento de pressdo
intra-ventricular em relagéo aos grupos CONTROLE e ENAL (Tabela 10).
Entretanto, a andlise destes valores, guando normalizados para o PVE, mostrou
que o grupo L-NAME apresentou capacidade de desenvolvimento de pressao
menor que a do grupo CONTROLE (151410 e 16246 mmHg/g, respectivamente;
p<0.001), sendo a mesma no grupo L-NAME+ENAL semeihante a observada no
CONTROLE (18548 e 162+8 mmHg/g, respectivamente) (Tabela 10). O grupo
ENAL (151213 mmHg/g) também apresentou desenvolvimento de pressio
menor que 0 CONTROLE, com valor semeihante ao grupo L-NAME. Apenas o
grupo L-NAME teve PVE significativamente maior que o grupo CONTROLE
(O,?OS;[-_C,MS e D,565+0,036, respectivamente; p<0,00001}) (Tabela 10).

Resposta da pressdo intra-ventricular & administracio de noradrenalina
0,1 ug

Apds a administrac3o de noradrenalina 0,1 ug, as pressbes sistdlicas dos
4 grupos experimentais elevaram-se significativamente (CONTROLE, de 96+5
para 112+5 mmHg, L-NAME, de 11146 para 124+5 mmHg; ENAL, de 91+4 para
105+3 mmHg; L-NAME+ENAL, de 100+4 para 113+5 mmHg) (Tabela 9).



&0

Tabela 9. Valores médios + desvios-padrio da pressdo sistdlica do
ventriculo esquerdo (PSVE, mmHg) e da pressdo diastélica final do
ventriculo esquerdo (PDFVE, mmHg), antes e ap6s a administragdo de
noradrenalina 0,1 ug (NORA), nos 4 grupos experimentais ao final da 8°

semana de estudo {Preparagdo de Langendorif para coragio isolado).

CONTROLE L-NAME ENAL L.-NAME+ENAL
{n=8) {n=7) : {n=5} - {n=6)

pré- pos- pré- | pos- | pré- | pés- | pré- pos-
NORA | NORA § NORA | NORA | NORA | NORA | NORA | NORA

PSVE 96 112 111 124 91 105 100 113
*

5 6~ 5 4 3 4 5

i+
i+
I+

{mmHg) * * *

T

poEvE | 52 | 85 | 35 | 47 | 38 | 44 | 33 | 43
{mmHg) + + +
20 1 17 ) 27 1 14 | 12 | 16 | 18 | 14

4
H+
"
H+
i+

Presséo sistélica do ventriculo esquerdo (PSVE}

1) Analise de varidncia paré amostras independentes (inter-grupos)
* p < 0,000001; pré-NORA: L-NAME > CONTROLE = ENAL = L-NAME+ENAL,
F= 25 4698, graus de liberdade= 3. '

2} Teste “t” de Student pareado

CONTROLE: pré vs pos- NORA: p< 0,0001; t=7,4592; graus de liberdade=7,
L-NAME: pré vs pés- NORA: p<0,001; t= 5,2350; graus de liberdade=6;

ENAL: pré vs p6s- NORA: p<0,001,; t= 4,9697, graus de liberdade=4,
L-NAME+ENAL: pré vs pos- NORA: p<0,001; t= 50627, graus de liberdade=5
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A variagdo da pressdo desenvolvida {APD) apés a administrag@o de
noradrenalina 0,1 ng, foi significantemente menor no grupo L-NAME que nos
demais grupos, somente guandc 0s valores absolutos foram para o peso
ventricutar  esquerdo (L-NAME= 17 3+57, CONTROLE= 288+5G ENAL=
23,6450 e L-NAME+ENAL= 22 0+4 6 mmHg/g; p<0,05) (Tabela 10).

Nao observamos diferengas significantes na PDFVE apds a

administracao de noradrenalina 0,1y entre 0s 4 grupos experimentais {Tabela
9)

Frequéncia cardiaca

Todos os grupos apresentaram resposta cronotropica positiva 3
estimulacdo pela noradrenalina 0,1ug (CONTROLE, de 382+14 para 417+12
mmHg, L-NAME, de 398+19 para 430+10 mmHg, ENAL, de 383+10 para
418+13 mmHg; L-NAME+ENAL, de 403+15 para 425+10 mmHg) (Tabela 12).
Nao houve diferenca estatisticamente significante quando comparados 0$
valores pré- e p6s-NORA 0,1 entre os 4 grupos experimentais (Tabela 12},

Fluxo coronariano

Os animais que receberam L-NAME (L-NAME, 12,2+1.2; L-NAME+ENAL,
11,7413 mi/min) apresentaram fluxo coronariano (¢Cor) diminuido em relacao
ao grupo CONTROLE (14,0+1,4 mi/min} e ao grupo ENAL (14,7+1,0ml/min) em

condictes basais (Tabela 12). A normalizagdo dos valores de ¢Cor para 0 peso

do VE (PVE) confirmou, tornando até mais evidentes, as diferengas do $Cor
entre os grupos estudados (CONTROLE=248+19, L-NAME=172+17
ENAL=254+30 e L-NAME+ENAL=201+27 mimin/g, p<0,001). A
administragdc de noradrenalina 0,1 png reduziu o fluxo coronariano
proporcionalmente nos 4 grupos sxperimentais (CONTROLE, de 14,0+1.4 para
11,6+0.9 miimin; L-NAME, de 12,2+1 2 para 9,5+1,4 mi/min, ENAL, de 14,7410
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para 12,2+0,8 miimin, L-NAME+ENAL, de 11,7+1.3 para 9,0+1.0 miimin)
{Tabela 12).

3.3.3. Pesos cardiacos

O grupo L-NAME apresentou PCTotal e PVE maiores que o demais
grupos experimentais (Tabela 13). O tratamento crénico com L-NAME também
aumentou significantemente o PCRelat em relacdo ao CONTROLE (2,12+0,19 e
1,89+0,04 mg/g, respectivamente; p<0,000001) e aos demais grupos (L-
NAME+ENAL=1,84+0 06 e ENAL=1,89+0,08 mg/g; p<C,000001) (Tabela 13). Da
mesma forma, o PVERelat foi significantemente maior no grupo L-NAME
(1,6010,18 mgig) que nos grupos CONTROLE (1,36+0,05 mglg), L-
NAME+ENAL (1,48+0,06 mg/g) e ENAL (1,50+0,08 mg/g) (Tabe'la 13). Estes
dados demonstram & presenca de hipertrofia ventricular esquerda apenas no
grupo L-NAME, isto &, a administragdo de maleato .de enalapril impediu ©
desenvolvimento de HVE no grupo L-NAME+ENAL (Figura 9).

3.3.4- Alteragdes miocardicas

Nos grupos CONTROLE e ENAL, nenhum corag&o foi classificado como
positivo {Tabela 14). Os animais tratados com L-NAME desenvolveram
alteragdes miocardicas as quais ndo foram prevenidas pelo tratamento
simuitaneo com maleato de enalapril (Tabela 14). As lesdes néo diferiram das
lesdes induzidas por L-NAME, descritas anteriormente. Consistiam,
principalmente, de fibrose intersticial reparativa com focos de necrose fresca no
miocardio, com acometimento preferencial das regides subendocardicas do VE.
As alteracdes vasculares (espessamento da parede com fibrose peri-vascular e
focos de necrose fibrindide da camada média) foram encontradas tanto no
grupo L-NAME quanto no grupo L-NAME+ENAL.
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Tabela 10. Valores médios + desvios-padrado da pressdo desenvolvida (PD=
PSVE-PDFVE, mmHg) pelo ventriculo esquerdo e seus valores
normalizados para o peso ventricular esquerdo (PD/PVE, mmHg/g) nos 4

grupos 'experimentais ao final da 8* semana de estude (Preparagdo de
Langendorff para coragdo isolado).

CONTROLE | L-NAME ENAL L-NAME+ENAL.
(n=8) (n=T) {n=5) (n=6)
PD
{mmHg} 91£5 108:+6 8714 96+5*
PVE | |
{9) 0,565+ 0,705+ 0,579+0,032 | 0,583+0,023
0,038 0,019
PD/ PVE
{mmHg/g) 16249 15145% 151113 16548

Analise de varidncia para amostras independentes {inter-grupos)
1- Pressdo desenvolvida {PD)

* p < 0,000001; L-NAME > L-NAME+ENAL > CONTROLE = ENAL;
F= 29 7085; graus de hiberdade= 3.

2- Peso ventricular esquerdo (PVE)
* b < 0,000001; L-NAME > CONTROLE = ENAL = L-NAME+ENAL;
F= 34,3883 graus de liberdade= 3.

Teste de Kruskall-Wallis

1- Pressdo desenvolvida / peso ventricular esquerdo (PD/PVE)
** n<(),05, CONTROLE = LNAME+ENAL > L-NAME = ENAL]

H= 11 0664 graus de liberdade= 3.
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Tabela 11. Valores médios + desvios-padrio da variagdo da pressao
desenvolvida pelo ventriculo esquerdo (APD, mmHg) e seus valores
normalizados para o peso ventricular esquerdo {APD/ PVE, mmHg/q), apos
a administragdo de noradrenalina 0,1 ug, ao final da 8* semana de estudo

(Preparacdo de Langendorff para coragdo isolado).

CONTROLE | L-NAME ENAL | L-NAME+ENAL
(n=8) (n=T) (n=5) (n=6)
APD
(mmHg) | 16,330 123+40 | 13843 12,843
PVE
(q) 0,565+ 0,705+ | 05790032 | 0,583£0,023
0,038 0,019*
APDI PVE |
(mmHgig) | 288t59 | 173157+ | 236%50 22,0+4,6

Variacdo da pressdo desenvolvida (APD)

1} Anélise de varidncia para amostras independentes (inter-grupos)
CONTROLE vs L-NAME vs ENAL vs L-NAME+ENAL: p > 0,05
F=2,1633; graus de liberdade= 3.

Peso ventricular esquerdo {PVE)

1) Andlise de varidncia para amostras independentes (inter-grupos)
* p < 0,000001; L-NAME > CONTROLE = ENAL = L-NAME+ENAL,

F= 34,3883; graus de liberdade= 3.

Pressdo desenvolvida / peso ventricular esquerdo (PD/PVE)
1) Teste de Kruskall-Wailis

“* p<0,05; CONTROLE = LNAME+ENAL = ENAL > L -NAME;

H= 8 4205; graus de liberdade= 3. '
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Tabela 12. Valores médios + desvios-padrdo da freqgliéncia de batimentos
cardiacos (FC, bpm) e do fluxo coronariano {¢Cor, mlimin), antes e ap6s a

administracdo de noradrenalina 0,1 ug (NORA 0,1), nos 4 grupos
experimentais ao final da 8 semana de estudo (Preparaciio de

Langendorff para coragdo isolado).

FC - $Cor
(bpm) {mlimin)
pré-NCORA 0,1 | pds-NORA 0,1 pré-NORA 0,11 pos-NORA 0,1

CONTROLE 382+ 417+ 14,0+ 11,6+
' 14 12* 1.4 0.9

L-NAME 398+ 430+ 12,2+ 9,5+
19 10* 1.2™ 1.4

ENAL 383+ 418+ 14,7+ 12,2+
10 13* 1,0 0.8

L-NAME+ENAL 403+ 425+ 11,7+ 9,0+
15 10* 1.3 1.0

Fregliéncia cardiaca (FC)

1) Andlise de variancia para amostras independentes (inter-grupos)
CONTROLE vs L-NAME vs ENAL vs L-NAME+ENAL: p > 0,05 {pré-NORA 0,1
ug); F=3,0914; graus de liberdade= 3.

2} Teste “t”de Student pareado

*0<0,01, pré vs pds-NORA, para CONTROLE (1= 8,6338; gl.=7), L-NAME (t=
3,9720; g.1.=6), ENAL (t= 56,5202, g.L.=4} e L-NAME+ENAL (i= 55351, g.1. =5}

Fluxo coranariano {¢Cor)

1) Andlise de variincia para amostras independentes (inter-grupos}

=6 < 0,01, CONTROLE = ENAL > L-NAME = L-NAME + ENAL;

F= 7,4049; graus de liberdade= 3.

2) Teste “t"de Student pareado

“0<(3,01, pré vs pos-NORA, para CONTROLE (t= 56448; g.1=7), L-NAME (t=
7.7914; g1 =B), ENAL (t= 6,7055; g1 =4) e L-NAME+ENAL (1= 5 9464 ¢.i =5)



Tabela 13. Valores médios + desvios-padrdo do peso corporal {Pcorp), do
peso cardiaco total {PCT), do peso cardiaco relativo {PCRelat), do peso
ventricular esquerdo {PVE) ¢ do peso ventricular esquerdo relativo

{PVERelat), expressos em gramas, dos quatro grupos experimentais na 8°

semanas de estudo,
PCorp PCT PCRelat PVE PVERelat
)] {mg) (mglg) {mg) (mg/g)
CONTROLE 335413163118 {1,802004] 458419 {136 £0,05
L-NAME 339+ 321715+46 |212+£0,191 538437 1 1,60+0,18
L-NAME+ENAL [319+19]1586+29 [1,84+006] 47537 | 1481006
ENAL 318+ 131599+191189£008] 479%19 | 1,50 +0,08

Andlise de varidncia para amostras independentes dos valores de Pcorp,
PCT ¢ PVE ao final do estudo.

PCorp: p>0,05, CONTROLE = L-NAME = L-NAME+ENAL= ENAL; F=31087,
gl=3

PCT: p<0,000001;, L-NAME > CONTROLE > L-NAME=ENAL = ENAL
F=37,5691; g.l.=3;

PVE: p<0,000001; L-NAME > CONTROLE
12.8790; g.1.=3;

L-NAME+ENAL = ENAL; F=

Teste de Kruskal-Wallis

PCRelat: p<0,005; L-NAME > CONTROLE
16,9151, g.1. =3,

PVERelat p<0,001; L-NAME > CONTROLE = L-NAME+ENAL = ENAL, H=
17,0209: g.1.=3. |

1t

L-NAME+ENAL = ENAL; H=
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Figura 9. Efeitos da administragdo de maleato de enalapril sobre o peso
cardiaco relativo {PCRelat, mg/g) @ o peso ventricular esquerdo relativo
{PVERelat, mg/g) ao final de 8 semanas de inibicdo da sintese de oxido

nitrico por L-NAME. As barras representam os valores médios+SD.
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* p< 0,001 vs CONTROLE;

Teste de Kruskal-Wallis

PCRelat; p<0,005; L-NAME > CONTROLE = L-NAME+ENAL = ENAL
H= 16 9151, g.1.=3,

PVERelat: p<0,001; L-NAME > CONTROLE = L-NAME+ENAL = ENAL
H= 17,0209; g.1.=3.
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Tabela 14, Classificagdo histoldgica das alteragdes miocardicas nos 4

grupos experimentais apdés 8 semanas de tratamento com N®-pitro-L-

arginina metil éster {L-NAME).

Alteragdes miocardicas

GRUPOS {-) {+) {++) {+++)
CONTROLE (n=11) 11 0 0 0
L-NAME (n=8) 4 2 0 2
L-NAME+ENALAP {n=9) 5 2 0 2
ENAL (n=12) 9 0 0 0

Critérios para classificagdo: (-}, ausentes; (+), fracamente positivo; ++,

moderadamente positivo; +++, fortemente positivo.

1} Teste exato de Fisher
p>0,05, L-NAME = L-NAME+ENALAP.
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34 DISCUSSAQ

Nossos resultados demonstram claramente que, embora a administragdo
de enalapril tenha prevenido o desenvolvimento tanto de hipertens3o arterial
{HA} quanto de hipertrofia ventricular esquerda (HVE), ndo evitou o
aparecimento de lesGes  miocardicas  induzidas por  L-NAME.
Concomitantemente, enalapril também ndo normalizou o fluxo coronario ($Cor)
diminuido por L-NAME, o que reforca a hipdtese de gue as lesGes isquémicas
observadas no miocardio tenham origem vascular, ¢ ndo sejam apenas
decorrentes de niveis de pressdo arterial elevada {pés-carga) efou da HVE
associada. No entanto, mesmo sem preservar o fluxo coronariano normai 2 nao
evitando as lesGes isquémicas, se considerado o desenvolvimento de presséo
normalizado para ¢ peso cardiaco como 0O parametro mais fidedigno para
avaliar-se capacidade contratil do coracéo (SASAYAMA ot al, 1976), enalapril
impediu a instalagdo da disfungdo contratil induzida por L-NAME. A resposta a
estimulagdo por agonista adrengrgico (NORA 0,1 ug) foi normalizada pelo
inibidor da enzima conversora de angiotensina, o que pode estar refletindo
também um efeito positiva do enalapril sobre a funcdo cardiaca deteriorada pela
inibic&o cronica da sintese de NO. A interpretacao deste ultimo pardmetro esta
sujeita as mesmas criticas discutidas no capitulo anterior.

Os inibidores da enzima conversora de angiotensina (ECA) reduzem os
niveis de pressao arterial e a massa cardiaca quando utilizados em terapéutica
clinica @ em modelos de HA experimental {DUNN et a/, 1984), No modelo de
hipertens3o induzida por inibicho da sintese de NO, tem se demonstrado que o
enaiapril previne a hipertensdo e a hipertrofia ventricular esquerda (NEMOTO et
al, 1894; UEK! ef al, 1994) Também o bloqueador de receptores de
angiotensina losartan evita a HA e o desenvolvimento de HVE (JOVER et af,

1993), 0o que demonstra um importante papel da angtotensina i na génese
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destas alteracdes neste modelo experimental. Estudos farmacoldgicos e clinicos
possibilitaram o conhecimento de que os inibidores da ECA possuem agles
adicionais jocais, as guais ndo estdo relacionadas a alteragbes hemodindmicas
& que também néo podem ser explicadas simplesmente pela interferéncia com o
sistemna renina angiotensina (SRA) e subsequente de inibigdo da formagéo' de
angiotensina ti. Como a ECA é idéntica a cininase i, a qual inativa a bradicinina
(BK), o acumulo desta ultima pode ser responsévelt por esses efeitos adicionais
dos inibidores da ECA. De fato, recentemente, foi observado em ratos com HA
induzida por bandagem da aorta, que os inibidores da enzima conversora de
angiotensina, ou cininase Hl, previnem e revertem a HVE mesmo em dose
insuficientes para controle da hipertensao, efeitos estes que sdo abolidos pelo
administracao de HOE 140, um antagonista de receptores de bradicinina {LINZ
et al, 1994). Os autores concluiram ser o acimulo de cininas derivadas do
andotélio com subsequente liberacdo de NO e prostaciclina o responsavel pelos
efeitos benéficos do inibidor da ECA utilizado {ramipril) sobre o coracdo. Por
outro lado, outros autores (RHALEB ef a/, 1994) demonstraram nesse mesmo
modelo de HA que somente doses antihipertensivas de ramipril tem efeito sobre
a hipertrofia cardiaca, ndo sendo as cininas as responsaveis pelos efeitos
antihipertensivos e antihipertroficos dos inibidores da ECA. Nossos resultados
demonstram que 0 enalapril impede o desenvolvimento de niveis elevados de
pressio arterial e de HVE no modelo de HA por iniDigdo cronica de NO, o gue a
principic sugere uma hiperatividade do sistema renina angiotensina na
instalacdo dessas alteracbes, porém a importancia relativa da redugdo de
angiotensina e do aumento de cininas pelo inibidor da ECA ndo pode ser
avatiada com base em nossos dados.

Estudos anteriores (LUND & TOMANEK, 1978; BUTTRICK et a/., 1986)
demonstraram que a hiperirofia ventricular esquerda devida a hipertensao
arterial esta associada a limitagdo da reserva coronariana vasodilatadora e que
gsta situacdo predispbe ao desénvclvimento de isguemia miocardica.

Curiosamenta, a atividade do sistema renina angiotensina aumentada leva ao
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desenvolvimento de HVE (WEBER ef al., 1991) e a angiotensina i causa lesdes
agudas em mibcitos de ratos {TAN et al, 1981). Embora estes achados
indiquem uma estreita relaclo entre a atividade aumentada do SRA e isquemia
miocardica, a nfo prevencac de lesfes isquémicas pela administragdo de
enalapril por nbs observada indica uma dissociagdo entre a inibigdo da ECA ou
cininase 1 e o fendmeno isquémico neste modelo de inibigdo cronica da sintese
de NO. Além disso, resultados apresentados no capitulo anterior desta tese
mostram que, a0 final de 8 semanas, ratos com hipertenséo renovascutar (2K-
1C) e induzida por inibigdo crénica da sintese de NO desenvolveram hipertrofia
cardiaca de grau semelhante, porém as lesbes isquémicas miocardicas
constituiram achado infreqiente nos primeiros animais ao contrario do
observado nos animais tratados com L-NAME. isto valida para este modelo,
conceito prévio de que na hipertensdo arterial o processo isquémico miocardico
nac deve estar associado ac desenvolvimento da hipertrofia cardiaca (BRUSH
ef al. 1988). Por outro lado, a ndo prevencdo de isquemia miocardica pelo
enalapril de forma alguma opde-se a hipdtese de que as cininas, promovendo
maior liberacdo de NO e prostaciclina ou mesmo por agéo direta propria, teriam
participagdo fundamental na. reguiacdo do fluxo coronariano. Apenas reforga a
importancia fundamental do NO na regulagéo do fluxo coronariano, pois neste
modelo em que a producdo do mesmo encontra-se severamente comprometida,
tornam-se ineficazes o aumento dos niveis de cininas efou a reducdo da
producdo de angiotensina 1l induzidos pelo inibidor da ECA visando a
preservagao do fluxo coronariano adequado,

Finalmente, além de ratificar a importancia do NO na manutencdo do
tdnus vasodilatador a nivel de cii culagdo coronariana, nossos achados sugerem
a possibilidade da participagédo do NO no mecanismo de autoreguiagfo do fluxo
coronariano, independentemente de outros mecanismos Sistémicos, nervosos

ou humorais.
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3.5. CONCLUSOES

Pelo exposto acima, concluimos que dois mecanismos fisiopatoiogicos
distintos podem ser responsaveis pelos achados cardiovasculares descritos
neste modelo {capitulo anterior):
1- a atividade aumentada do sistema renina angiotensina efou a menor
producdo de cininas relacionada(s) com os niveis de pressdo arterial elevados e
aHVE;
2- a inibicdo da sintese de NO relacionada com as alteragles na circulagao

coronariana e provavelmente com as lesfes miocardicas encontradas.
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4.
Efeitos da inibicao aguda da sintese de
Oxido nitrico sobre a histologia do

miocardio e o fluxo coronariano



84

41. INTRODUGAQ

Nossos resuitados descritos nos capitulos anteriores desta tese apontam
O processo isquémico como maior responsavel pela disfungdo contratil no
modelo de HA induzida pela inibicdo cronica da sintese de NO. A avaliagdo
histologica do miocardio mostrou, associadas a alteragbes cronicas {(densas
areas de fibrose intersticial e alteragGes vasculares), adreas de necrose
miocardica recentes {escassas), ndo relacionadas com a presenca de HVE, mas
associadas a um fluxo coronariano reduzido. Ainda assim, a presenca da fibrose
macica poderia refletir um processo proliferativo associado & HA induzida por
fatores de crescimento descritos nesta condicdo, como a angiotensina i (DZAU
VJ, 1986; DZAU VJ & GIBBONS GH, 1987) e a aldosterona (CAMPBELL SE ef
al. 1993), mais que um quadro reparativo & necrose miocardica. Também o
achado de escassas areas de necrose poderia ser interpretado como

secundario a HVE tardiamente instalada.

O objetivo deste estudo & avaliar se a inibigdo aguda e de curta duragao
da sintese de NO causam ou ndo lesbes isquémicas miocardicas (necrose) que

possam sugerir origem reparativa para a fibrose observada no modelo cronico.
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4.2. MATERIAL E METODOS

4.2.1. Grupos experimentais

» Efeitos de doses crescentes endovenosas de L-NAME sobre a pressao
arterial e a freqléncia cardiaca |

Ratos Wistar, pesando entre 300 e 350 gramas, foram anestesiados com
pentobarbital sddico (30 mg/kg) por via intra-peritoneal e submetidos a
disseccdo e cateterizacdo da artéria cardtida direita, atraveés da qual introduzia-
se um cateter de polietileno {Intramedic Polyethylene Tube PE 50, Clay Adams,
Inc., New York, N.Y., USA). Este era entdo conectado a um transdutor de
presséo (7016, Uge Basile, Varese, itélia) acoplado a um registrador de dois
canais (Gemini 7070, Ugo Basile, Varese, ltalia), previamente calibrado. Em
seguida, realizdvamos uma incisdo na regifo fémorai direita dos animais,
ex;icnda assim a veia femoral, a qual era puncionada com uma agulha 25x7
conectada a oulro cateter de polietileno (Intramedic Polyethylene Tube PE 10,
Clay Adams, Inc., New York, N.Y., USA), possibilitando assim a administragéo
intravenosa de salina, D-NAME ou de L-NAME. Ambos os cateleres de
polietileno eram mantidos com solugdo de salina heparinizada (5 U/ml) em seu
interior, visando evitar a obstrugdo da via. Aguardava-se o periodo necessario
para a estabilizacéo da pressdo arterial, e a seguir procedia-se & administragac
de salina, D-NAME 45,0 mg/kg ou de L-NAME in bolus nas seguintes doses,
constituindo-se assim 0s seguintes grupos experimentais:
{1) CONTROLE (n=8): salina 0,1 mi;
{2) L-NAME 0,5 {n=6). N®-nitro-l.-arginina metil éster, 0,5 mg/kg em 0,1mi de
solucac salina,
(3) L-NAME 1,5 (n=8). N®-nitro-L-arginina metil éster, 1,5 mglkg em 0,1mi de
solucao saling,
(4) L-NAME 5.0 (n=7) N@-nitro-L-arginina metil éster, 50 mg/kg em 0.1ml de

saiucado salina;
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{8y L-NAME 15,0 (n=7): N®-nitro-L-arginina metit éster, 15,0 mg/kg em 0,1ml de
solucdo saling;

{8) L-NAME 45,0 (n=8). N®-nitro-L-arginina metil éster, 450 mg/kg em 0,1ml de
solucdo salina.
(7} D-NAME 45,0 (n=86). N9-nitro-D-arginina metit éster, 45,0 mg/kg em 0,1ml de
30lucao salina,

Registrdvamos a curva de pressdo arterial na condigdo basal em
velocidades de registro de 10 e 600 mm/min, e em seguida administravamos
salina ou a dose de L-NAME ou D-NAME 45,0 mg/kg, conforme o grupo ao qual
pertencesse ¢ animal. Imediatamente apds a infusdo, registravamos a curva
pressorica na velocidade de 800 mm/min para avaliarmos possiveis efeitos
sobre a frequéncia cardiaca, para em seguida mantermos o registro a
velocidade de 10 mm/min até atingir-se a resposta maxima de presséo arterial.
Apds o experimento, os animais eram sacrificados. Os coragbes dos animais

deste grupo nio foram submetidos & avaliagdo histologica.

» Administracdo de L-NAME 450 mg/kg e efeitos sobre o fluxo
coronariang em coracéo isolado

Conforme ¢ procedimento descrito nos capitulos anteriores, estudamos
pelo método de Langendorff o efeito da dose de 45,0 mglkg de L-NAME (n=7)
administrada in bolus ao coracdo isolado de outro grupo de ratos Wistar, com
peso entre 290 e 310 gramas. D-NAME 45,0 mg/kg foi administrado da mesma
forma a coracdes de outro grupo de animais (n=4), como controle para o grupo

que recebeu L-NAME. O efluente da preparacéo do coragao isolado, ou seja o
fluxo coronarianc {cor, mifmin) era coletado na situacdo basal e apos 15, 30,
45, 80, 75 e 90 segundos, 2, 5, 10, 30 minutos. Os valores de ¢cor ndo foram

normalizados para o peso cardiaco devido a pequena variagao no peso corporal

a do coracdo dos animais ulilizados.
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4.2.2. Avaliagao histologica

s Efeitos da administrag@o oral de L-NAME por 2 dias sobre a histologia
do miocardio

Administramos por via oral, adicionado a agua ingerida, L-NAME na
mesma dose utilizada no estudo crbnico (65 mg/kg/dia) para ratos Wistar
machos {(150-200 g} {n=10). Estes animais, e outros que ndo tiveram qualquer
droga acrescentada & agua ingerida constituindo o grupo controle (n=10), foram
sacrificados apds 2 dias de tratamento e seus coragfes, apds fixaggo em
formalina 10% e preparago histolégica idéntica & descrita nos capitulos
artteriores, foram estudados a microscopia Gtica. Para a avaliacao de lesbes
miocardicas, utilizamos 0s mesmos critérios descritos anteriormente {FACTOR
et al., 1981). As condicBes do biotéric e cuidados com os animais {(alimentacio,
disposicdo nas gaiclas, etc) foram as mesmas j& descritas nas segles
anteriores,

« Efeitos de doses crescentes endovenosas de |-NAME sobre a
histologia do miocardio

Ratos Wistar, pesando enire 300 e 350 gramas quando do inicio do
estudo, foram anestesiados superficialmente com éter, e divididos nos seguintes
grupos, conforme a solugo infundida através da veia caudal, in bolus:
(1) CONTROLE (n=18): salina 0,1 m{
(2) L-NAME 0,5 (n=18). N®-nitro-L-arginina metil ester, 0,5 mg/kg em 0,1ml de
solucdo salina,
{3} L-NAME 1,5 (n=19). Nw-nitro{-arginina metil éster, 1,5 mg/kg em 0,1mi de
solucao saling; |
{4) L-NAME 50 (n=18) Nw—nitr&t.«_arginina metil éster, 50 mg/kg em 0,1ml de

s0lugao salina;
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(5) L-NAME 15,0 (n=18). NO-nitro-L-arginina metil éster, 15,0 mg/kg em 0,1ml de
solucao salina,

{6) L-NAME 45,0 (n=18). N®-nitro-L-arginina metil éster, 45,0 mg/kg em 0,1mi de
solugdo salina,

(7} D-NAME 45,0 (n=11): N@®-nitra-D-arginina metil éster, 45,0 mg/kg em 0,1mi
de solugdo salina.

A recuperar;éd anestésica dos animais se deu em gaiolas sob
aquecimento. As condicdes do biotério e cuidados com 0s animais (alimentacdo,
disposicdo nas gaiolas, efc) foram as mesmas ja descritas nas segbes
anteriores. Os animais foram sacrificados apos 48 horas por inalacdo de éter ¢
os coragbes submetidos & avaliag@o histologica, seguindo a mesma preparagéo

histologica e critérios de avaliagao utilizados anteriormente.

4.2.3. Andlise estatistica

» Andlise de variancia para amostras independentes foi aplicada para
comparar as médias de pressdo arterial média e de freqléncia cardiaca dos 7
grupos experimentais, antes e apés a administragdo intravenosa de salina ou
das diferenteé doses de L-NAME. Quando esta analise inter-grupos resultava
significante, o teste de Duncan era aplicado para definir as superposigbes e
contrastes nos valores confrontados (Software True Epistat, Epistat Services,
1991). |

« Andlise de varidncia para amostras repetidas foi aplicada para
comparar as médias de fluxo coronariano nos grupos L-NAME e D-NAME apés
a administragao intravenosa de uma das drogas. Quando esta anaiise inter-
grupos resuitava significante, o teste de Duncan era aplicado para definir as
superposicdes e contrastes nos valores confrontados (Software True Epistat,
Epistat Services, 1991)
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» Teste “t" de Student pareado foi utilizado para comparar as médias da
pressdo arterial média e da frequéncia cardiaca antes & apds a administragio
venosa de salina ou das diferentes doses de L-NAME em cada um dos 7 grupos
estudados (Software True Epistat, Epistat Services, 1991).

» Teste de Kruskall-Wallis foi aplicado para comparar as areas de

‘necrose nos 7 grupos experimentais, avaliadas de forma semiquantitativa,

Guando esta analise inter-grupos resultava significante, o teste de Dunn era
aplicado para definir as superposigies e contrastes nos valores confrontados
(Software Stanton Glanz, Primer of Statistics, 1980)

Fixou-se em 5% (erro o < 0,05) o nivel para a rejeicdo da hipotese de

O

nulidade, assinalandc-se com 0s seguintes simbolos (* ™ os valores

significantes.
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4.3. RESULTADOS
4.3.1. Pressdo arterial média

Qs sete grupos estudados néo diferiam entre si quanto a presséo arterial
média {PAM) basal {CONTROLE= 97+5 mmHg, L-NAME 0,5= 89+9 mmHg, L-
NAME 1.5= 95+6 mmHg, L-NAME 50= 94+8 mmHg, L-NAME 150= 99+12
mmHg, L-NAME 45,0= 95+8 mmHg, D-NAME 45,0= 92+5 mmHg, p>0,05, F=
0,4276). A Figura 10 mostra o comportamentc da PAM nos 5 grupos que
receberam L-NAME ¢ a Figura 11, 0 mesmo para os grupos L-NAME e D-NAME
45 0. A administracdo de L-NAME 0,5 e 1,5 mg/kg causou aumentos discretos
da PAM (L-NAME 0,5= 102413 e L-NAME 15= 108+13 mmHg,
respectivamente), porém estes ndoc foram estatisticamente diferentes do valor
de PAM atingida pelo grupo CONTROLE (97+5 mmMg) e nem diferentes entre
si {Figura 10). Os animais que receberam L-NAME 50, 150 e 450 mg/kg
elevaram a PAM significativamente (L-NAME 50= 123414, L-NAME 150=
124+16 e L-NAME 450= 121+16 mmHg, respectivamente) em relagao aos
animais que receberam salina ou L-NAME 0,5 e 1,5 mg/kg. A PAM maxima
atingida por estes 3 grupos {L-NAME 5,0, 15,0 e 45,0) nao foi estatisticamente
diferente, mas o grupo L-NAME 45,0 apresentou um comportamento inicial da
PAM diferente dos demais grupos estudados (Figura 10). A PAM sofreu queda
imediata (inicio aos 15 segundos) e acentuada (aproximadamente 35 mmHg)
am 7 dos 9 animais, seguida por abito em 2 deles. No entanto, 30 minutos apds
a administragdo de L-NAME 450 mg/kg, todos os animais sobrevivenies
mostravam-se hipertensos em relagao a sua propria condig@o basal de PAM e
ao grupo CONTROLE. Quando feita a andlise estatistica comparando 0s
valores de PAM basal (pré-L-NAME) e maxima (30 a 60 minutos apés L-NAME)
em cada grupo experimental tratado com L-NAME, apenas a dose de 0,5 mg/kg
nio elevou significantemente a PAM. D-NAME 450 ndo promoveu alteragdes
na PAM.
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Figura 10. Curva dos valores médios + desvios-padrio da pressdo arterial

média (PAM) expressa em milimetros de merctrio {mmHg) nos 5 grupos

experimentais apés a administragio de diferentes doses intravenosas de
L-NAME.
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1) Andlise de varidncia para amostras independentes

“ p< 0.05, F=3.1457;

Duncan: L-NAME 0.5 = L-NAME 1.5 <L-NAME 50 =L-NAME 15.0=L-
NAME.

2) Teste “t” de Student pareado
* p< 0.05, pré- vs pos- L-NAME para cada grupo: L-NAME 1.5, t= 1,9435,
L-NAME 5.0, t= 4.4309; L-NAME 15 .0, t=4.0035; L-NAME 45.0, 1= 46019,



102

Figura 11. Comportamento da pressdo arterial média {PAM, mmHg) e da
freqliéncia cardiaca (FC, bpm) antes e apds a administragdio endovenosa
de D-NAME e L-NAME 45,0 mg/kg.
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# p<0,05; FC: L-NAME vs basal.
*p<0,05; PAM: L-NAME vs basal.

4.3.2. Freqiiéncia cardiaca (FC)

Embora todos os grupos apresentassem tendéncia imediata & redugdo da
FC apbs a administracdo de L-NAME em relagdo aos seus proprios vaiores
iniciais (L-NAME 05, Je 415+40 para 397+39 bpm; L-NAME 1,5, de 439+36
para 416+37 bpm; L-NAME 5,0, de 393+57 para 361+61 bpm; L-NAME 15,0, de
427+37 para 394+51 bpm), isto alcangou significAncia estatistica somente para
a dose de 450 mg/kg (de 415428 para 370+26 bpm) (Figura 12). Tambem
apenas para o grupo L-NAME 450 foi possivel identificar uma redugao

significante de FC ao atingir-se a PAM maxima para cada grupo, 0 que ocorreu
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entre 30 e 80 minutos apés a administragcdo da droga. Os valores de FC
comparados ac atingir-se a PAM maxima entre os 5 grupos tratados com -NAME

nao diferiram estatisticamente entre si.

O comportamento da FC no grupo D-NAME 450 foi semelhante ao
observado no CONTROLE, sendo portanto diferente do grupo L-NAME 450
(Figura 11). |

4.3.3. Fluxo coronariano

O fluxo coronariane {¢eor) foi reduzido por L-NAME 45,0 mg/kg, mas néo
por seu enantidmero D-NAME na mesma dose (Figura 13). Houve uma queda

inicial do ¢cor entre 15 e 60 segundos, com retorno a normalidade apés isso

que perdurou até 2 minutos, quando nova redugdo de deor ocorreu, persistindo

até o término dos experimentos (30 minutos).

4.3.3. Alteragdes miocardicas

» Administracdo oral por 48 horas de L-NAME

Os coragbes dos animais gue receberam L-NAME (65 mg/kg/dia) por via
oral durante 48 horas, apresentaram areas de necrose, principalmente em
regifes subendocardicas, com infiltrado de macréfagos, caracterizando uma
fase precoce de reabsorgdo de miocérdio lesado (Figura 14). A avaliagdo do
grau das lesdes teve a seguinte distribuico: (-) 5 coragbes; (+) 3 coragbes; (++)

2 coragBes e (+++) nenhum coragao.
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Figura 12, Freqiéncia cardiaca {FC), em batimentos por minuto, nos cinco
grupos, antes e apds a administraco intravenosa de diferentes doses de

L-NAME. As barras representam as médias e os desvios-padrio.

500
EISALINA MEL-NAME {mg/kg)

450

350

300

FREQUENCIA CARDIACA (bpm)

15.0 45.0
I-NAME mg/kg

Teste “t” de Student pareado
*p< 0,05, t= 46019, pré- vs pds- L-NAME 45.0.

+ Doses crescentes endovenosas de L-NAME

Em doses superiores a 1,5 mg/kg de L-NAME, foram encontradas areas
de necrose semethantes aguelas observadas no tratamento oral por 48 horas. O
comprometimento em alguns casos atingia até 80% da circunferéncia da regiao
subendocardica do ventriculo esquerde (L-NAME 450 mg/kg). L-NAME néo
causou necrose no ventriculo direito dos animais tratados com a droga. Todos
os coragdes do grupo D-NAME foram. negativos. As areas de necrose foram
tanto mais frequentes e extensas quanto maior a dose de L-NAME administrada

(Tabela 15).
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Figura 13. Fluxo coronariano {$cor), em mi/min, nos grupos D-NAME ¢ |-

NAME, antes e apds a administragdo intravenosa de 45 mgikg das drogas

(coragdo isolado, método de Langendorff).
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ANOVA para medidas repetidas
* p<0,05 vs basal (somente para L-NAME); F=3,45638.



106

Tabela 15. Anadlise classificatéria dos achados histologicos nos coragdes

dos animais dos 6 grupos experimentais, 48 horas apds a administragdo

intravenosa de crescentes doses de L-NAME in bolus.

Classificagao L-NAME {mg/kg)
histologica Administragdo intravenosa in bolus
CONTROLE] 0,5 1,5 5,0 15,0 45,0
(n=18) | (n=18)} | (n=19) | (n=18) | (n=19) | (n=18)
0 18 18 19 13 3 0
+ 0 0 0 1 4 3
++ 0 0 0 3 7 5
4+ 0 0 0 1 5 9

Critérios para classificagéo: {-), ausentes; (+), fracamente positivo; ++,

moderadamente positivo; +++, fortemente positivo

Kruskall-Wallis: L-NAME 50 vs L-NAME 150 vs L-NAME 450, p<0,05;

H=7 7310; Dunn: L-NAME 45,0 > L-NAME 15,0 > L-NAME 5,0._




Figura 14. Corte histolégico do ventriculo esquerdo de animal do grupo tratado

com L-NAME 45 mg/kg e.v. Area de necrose com infiltrado de macrofagos.

caracterizando uma fase precoce de reabsor¢do de miocitos lesados Coloracao

HE, 20x.
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4.4. DISCUSSAQ

Nossos resultados mostram que a inibicdo aguda da sintese de NO em
ratos causa necrose miocardica e também gue a maior severidade das lesdes
ndo esté associada a niveis de pressac arterial mais elevados. As lestes mais
extensas foram encontradas em animais que receberam L-NAME 45,0 mg/kg, ou
seja, a mesma dose que, em outro grupo de animais, causou imediatas
hipotens@io e reducdo da FC, com 6bito de 2 animais. As areas de necrose
tambem constituiram o achado principal no coragdo dos animais que foram
submetidos ao tratamentoe com L-NAME por via oral durante 48 horas, embora

COm menor expressao em termos de extensao das dreas de miocardio atingidas.
Quando avaliado o coracéo isolado, observamos uma reducgéo de dcor apds a

administragdo de L-NAME 45,0 mg/kg, mas ndo com D-NAME, © que caracteriza
a agao especifica do enantidmero L sobre a NO-sintase, inibindo a producéo de
NO.

Podemos interpretar a hipotensio observada com L-NAME 450 mg/kg
como decorrente de uma disfunglo cardiaca aguda consequente a redugdo do

fluxo coronariano. Também em estudos realizados com coracdo isolado de

ratos, foi demonstrado que a administracdo de N9-monometil-L-arginina (.-
NMMA), outro inibidor da sintede de NO, induz isquemia miocardica por
reducdo do fluxo coronariano, associada a uma diminuicdo da fungdo mecanica
do Orgéo (ARMANI et al., 1892). Em caes, a infusdo intra-adrtica de L-NMMA
causa queda do débito cardiaco atribuida a isquemia miocardica (KLABUNDE et
al., 1991). Ainda em cdes, a infusfo intracoronaria de L-NAME reduz a perfusdo
miccardica com redugdo do didmetro da artéria e do fluxo sanguineo
(HUCKSTORF ef al, 1994). Em nosso material, na preparacéo de Langendorff,
observamos a ocorréncia de acentuado prejuizo da funglo contratil em aiguris
coragbes isolados imediatamente apds a administragdo de L-NAME 45,0 mg/kg

{dados ndo mostrados). Entretanto, essas disfungfes ndo guardaram correlagao
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temporal com a reduc8o de ¢cor e também foram observadas em 2 coragbes

que receberam D-NAME 45,0 mg/kg, fatos que sugerem um efeito inespecifico
de ambos os isbmeros, ndo relacionado & inibicdo da sintese de NO.
Finaimente, observamos em nosso material necrose miocardica apds a
administragdo endovenosa de L-NAME, principaimente na regifo
subendocardica, mesmo local em que observamos o predominio de fibrose no
modelo de inibicao crinica da sintese de NO. Como também a administragdo
oral do inibidor causou lesfes muitc semelhantes, apenas em menores
proporges, podemos concluir que a fibrose miocardica documentada no
modelo cronico € de resultante de fendmeno reparativo, cicatricial. Nossos
dados sugerem tambem ser a redugio do fluxo coronariano a responsavel pelas
lesBes miocardicas encontradas, porém nao excluem a possibilidade de acéo
direta, toxica do inibidor L-NAME.
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4.5. CONCLUSAO

Nessos resultados sugerem ser a fibrose induzida pela inibigdo crénica
da sintese de NO um fendmeno reparativo, tendo por causa primaria a necrose
miocardica, provaveimente de origem isquémica e secunddria ao
comprometimento do fluxo coronariano.
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- SUMMARY

This thesis examines the effects of acute and chronic inhibition of nitric
oxide (NO) biosynthesis on cardiac function and morphology in Wistar rats. The
contribution of angiotensin If to the cardiac changes observed following chronic
NC inhibition was evaluated by treatihg the animals with enalapril, an

angiotension converting enzyme inhibitor.

Chronic inhibition of NO biosynthesis: The five groups of rats employed in this
first part of the study included a controt group {C), a two kidney-one clip (2K-1C)
group, an L-NAME (N®-nitro-L-arginine methyl ester, 65 mgikg/day, oraily)

group, a 2K-1C+L-NAME {same dose as above) group, and a D-NAME (NO-
nitro-D-arginine methyl ester, 65 mg/kg/day, orally) group. The body weight
{(BW) and caudal arterial blood pressure (CAP) of each rat were measured
weaekly. In selected animals from each of these groups, the cardiac mass was
aiso determined two, four and eight weeks after the start of the study. At the
eighth week, the control and L-NAME-treated animals were sacrificed and their
hearts isolated and perfused by the method of Liangendorff. For each hearnt, the
left ventricular developed pressure (LVDP) and coronary flow (CF) were
determined. The hearts of rals from each group were also examined
histologically by light microscopy.

The oral administration of L-NAME produced hypertension which was
maximal after five weeks. Only after the sixth week was the arterial tail cuff
pressure in the 2K-1C rats significantly greater than in the animals receiving L-
NAME. Both the LVDP and CF of L-NAME-treated rat hearts were significantly
less than those of the control animals. The lower LVDP suggests a decreased
contractile capacity in the former group. There were no significant differences in
the ieft ventricular end-diastolic pressure (LVEDP) or in the heart rate between

the L-NAME -treated and control groups.
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The_ relative body weight (BW,) and the relative left ventricular weight
{(LVW,) were greater in the 2K-1C and 2K-1C+L-NAME groups than in the control
and L-NAME alone groups after two and four weeks. By the eighth week, the
BW, and LVW, of the L-NAME group were higher than in the control animals but
stmilar to those of the two 2K-1C groups.

Histologically, none of the hearts in the control and D-NAME groups was
classified as having necrosis and in the 2K-1C group the incidence of cardiac
alterations was low. In contrast, the rats treated with L-NAME developed
myocardial changes the severity of which increased with the length of treatment.
Although arterial pressure was elevated to a similar extent in the three groups of
hypertensive animals, those receiving L-NAME showed the most severe and
extensive lesions. This observation indicates that an elevated arterial pressure
alone cannot explain the changes encountered. Areas of myocardial necrosis
appeared early in the L-NAME group (by the second week), at which time left
ventricular hypertrophy (LVH) had not yet developed. These findings, together
with the decreased CF, suggest ischemia as the cause for the changes
occurring in L-NAME-treated animals.

Based on the foregoing results, it is concluded that the chronic inhibition
of NO biosynthesis leads to myocardial ischemia with myofibrillar necrosis and
interstitial fibrosis. These alterations may represent the morphological correlate
of the functional deficit in myocardial contractility described above. The principal
factor involved in initiating this ischemia is likely to be the decrease in the
oxygen supply to myocardial tissue as a consequence of a reduced CF. This
suggestion is supportied by the observation that the ischemic lesions preceded
the onset of LVH.

Effect of enalapril (ENAL) on the cardiovascular alterations induced by the

chronic inhibition of NO biosynthesis: The animals used in this part of the study

were divided into four groups as follows: control, L-NAME-treated (same dose
as used above), L-NAME+ENAL-treated (25 mg of enalaprit maleate/kg/day,

orally}), and ENAL-treated (same dose as in the foregoing group). The changes
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in BW and CAP were monitored over a period of eight weeks after which time
the BW, and LVW, were determined. in addition, the functional activity and
histology of the hearts were examined as described above.

Enalapril abolished the L-NAME-induced arterial hypertension after the
second week and prevented both the development of left ventricular hypertrophy
and the loss of myocardial contractility. This drug did not, however, interfere with
either the decrease in CF or the appearance of ischemic myocardial lesions.
These results suggest that two distinct pathophysiclogical mechanisms are
involved in the L-NAME-induced effects, namely, (1) an increased activity of the
renin-angiotensin system associated with the elevated arterial bicod pressure
and LVH, and (2) the appearance of structural and or functional coronary

vascular alterations which lead to the ischemic lesions observed.

Keywords: enalapril, endothelium, hypertension, hypertrophy, ischemia.
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7.

Anexo (Tabelas de valores individuais)
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Anexo 1. Valores individuais de peso corporal, expressos em gramas, do

grupo CONTROLE durante as 8 semanas do estudo

Basal 2 semana | 4" semana | 6° semana | 8° semana

{n=68) {n=68} {n=50) {n=21) - {n=21}
rato 1 112 118 118 118 114
rato 2 116 124 118 124 116
rato 3 114 112 112 112 112
rato 4 112 112 112 112 110
rato 5 114 116 114 116 114
rato 6 118 110 116 116 116
rato 7 114 118 114 118 112
rato 8 114 114 114 114 114
rato 9 112 118 110 118 110
rato 10 120 102 100 100 102
rato 11 104 104 104 104 104
rato 12 120 108 120 100 118
rato 13 120 120 120 120 120
rato 14 104 124 100 124 98 -
rato 15 102 122 100 98 96
rato 18 100 120 100 160 100
rato 17 102 126 104 126 102
rato 18 102 118 102 102 100
rato 19 102 126 102 122 102
rato 20 106 106 102 102 102
rato 21 108 98 100 108 88
rato 22 100 112 100 - -
rato 23 a8 118 98 -
rato 24 100 114 98 - -]
rato 25 100 123 o4 - -
rato 26 120 120 120 - -
rato 27 122 120 124 - -
rato 28 124 122 124 - -
rato 29 120 118 116 - -
rato 30 116 116 116 - -
rato 31 114 120 112 - -
rato 32 116 118 110 - -
rato 33 100 106 100 - -
rato 34 108 108 106 - -
rato 35 108 AL 106 e

| rato3s | 108 | 118 BECCH
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Anexo 1 {continuagdo). Valores individuais de peso corporal, expressos
em gramas, do grupo CONTROLE durante as B semanas do estudo

Basal | 2*semana | 4° semana | 6*semana | 8% semana
{n=68) {n=68} {n=50) {n=21) {n=21)
rato 37 108 120 105 - -
rato 38 113 116 113 - -
rato 39 114 120 114 - ~
rato 40 110 112 106 - -
rato 41 106 114 106 - -
rato 42 112 118 108 - -
raio 43 108 116 108 - -
rato 44 102 . 118 102 - -
rato 45 110 118 102 - -
rato 48 120 122 102 - -
rato 47 104 102 104 - -
rato 48 108 120 108 - -
rato 49 120 120 108 - -
rato 50 106 124 106 - -
rato 51 104 106 - - .
rato 52 106 126 - - -
~ rato 83 120 122 - - -
rato 54 120 118 - - -
rato 55 120 120 - - -
raio 56 124 122 - - -
rato 57 118 124 - - -
rato 58 114 118 - - -
rato 59 120 126 - - -
rato 60 118 120 - - -
rato 61 112 118 - - -
rato 62 116 120 - - -
rato 63 | 112 120 - - -
rato 64 122 118 - - -
rato 65 112 120 - - -
rato 66 112 118 - - -
rato 67 110 126 - - -
rato 68 124 120 - -
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Anexo 2. Valores individuais de peso corporal, expressos em gramas, do
grupo 2K-1C durante as 8 semanas do estudo

‘Basal 2 semana | 4° semana | 67 semana | 8* semana
{n=48) (n=46) {n=33) {n=15) {n=15)
rato 1 158 209 287 250 340
rato 2 165 203 270 306 a75
rato 3 160 206 271 2596 343
rato 4 158 217 272 301 378
rato 5 160 218 267 300 348
rato 8 155 223 276 289 372
rato 7 158 231 265 290 352
rato 8 175 214 254 298 343
rato 9 168 225 2559 295 360
rato 10 166 178 256 300 367
rato 11 150 174 264 302 360
rato 12 172 189 256 - 304 342
rato 13 156 201 260 310 343
rato 14 167 210 260 300 3458
rato 15 150 202 258 314 354
rato 16 180 201 250 - -
rato 17 180 200 266 - -
rato 18 155 197 265 - -
rato 19 186 185 256 - -
rato 20 170 200 231 - -
rato 21 155 200 243 - -
rato 22 152 205 234 - -
rato 23 167 221 243 - -
rato 24 162 176 245 - -
rato 25 162 185 260 - -
rato 26 154 176 254 - -
rato 27 157 174 256 - -
rato 28 156 203 230 - -
rato 29 160 204 234 - -
rato 30 165 210 245 - -
rato 31 160 214 245 ~ -
rato 32 170 187 236 - -
rato 33 168 185 245 - -
rato 34 165 190 - - -
rato 35 158 188 - -
_rato 386 | 164 195
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Anexo 2 (continuagdo). Valores individuais de peso corporal, expressos

em gramas, do grupo 2K-1C durante as 8 semanas do estudo

Basal 2 semana | 4 semana | 62 semana | 8° semana

{n=46} {n=46) {n=33) {n=15) {n=15)
rato 37 158 178 - - -
rato 38 160 187 - - -
rato 39 155 190 - - -
rato 40 160 196 - - -
rato 41 1585 228 - - -
rato 42 156 234 - - -
rato 43 158 234 . - -
rato 44 160 224 ~ - -
rato 45 153 226 - - -
rato 48 155 192 - - -
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Anexo 3. Valores individuais de peso corporal, expressos em gramas, do
grupo L-NAME durante as 8 semanas do gstudo

Basal 2 semana | 4% semana | 6 semana | 8* semana
{(n=73) (n=73) {n=54) (n=19) {n=19)
rato 1 185 219 278 300 314
rato 2 165 215 267 323 329
rato 3 1682 226 287 312 333
rato 4 165 - 217 289 201 332
rato 5 170 222 287 310 340
rato 6 165 223 268 28% 342
rato 7 160 231 276 290 329
rato 8 175 214 269 298 328
rate 8 180 226 287 312 336
rato 10 176 198 278 308 350
rato 11 168 200 270 302 324
rato 12 178 189 278 318 342
rato 13 188 201 284 322 330
rato 14 189 210 278 310 321
rato 15 168 202 254 314 320
rato 16 175 218 267 300 324
rato 17 176 212 268 288 330
rato 18 174 197 289 318 330
rato 19 174 198 278 314 322
rato 20 170 200 276 312 332
rato 21 168 218 287 302 320
rato 22 164 205 278 310 321
rato 23 167 221 278 289 -
rato 24 174 220 278 290 -
rato 25 170 226 278 298 -
rato 26 168 220 278 - 312 -
rato 27 175 218 268 307 -
rato 28 164 243 278 308 -
rato 29 180 232 270 300 .
rato 30 165 229 262 306 -
rato 31 180 228 280 302
rato 32 170 187 254 314 -
rato 33 168 185 260 302 -
rato 34 185 190 245 298 -
rato 35 174 198 276 308
rato36 § 178 RN 235 310 -
| rato37 | 168 | 178 | 245, 304 <
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Anexo 3 {continuagdo). Valores individuais de peso corporai, eXPressos
em gramas, do grupo L-NAME durante as 8 semanas do estudo

Basal 22 semana | 4°semana | 6" semana | 8* semana
{n=73) {n=73) {n=54) {n=19) {n=19)
rato 38 175 187 270 310 -
rato 39 175 200 267 302 -
rato 40 172 206 276 323 -
rato 41 168 228 289 301 -
rato 42 169 234 271 300 - .
rato 43 170 234 284 307 -
rato 44 170 224 261 302 -
rato 45 176 - 226 270 306 -
rato 48 172 218 256 289 -
rato 47 168 218 280 300 .-
rato 48 176 218 270 278 -
yato 49 168 210 275 280 -
rato 50 178 218 280 298 -
rato 51 160 219 - - -
rato 52 169 208 - - -
rato 53 175 238 - - .
rato 54 168 205 - - -
rato 55 180 204 - - -
rato 56 168 210 ' - - -
rato 57 175 214 - - -
rato 58 184 210 - - -
rato 59 180 230 - - -
rato 60 178 210 - - -
rato 61 180 220 - - -
rato 62 1685 224 - - -
rato 63 172 231 - - -
rato 64 186 208 - - -
rato 85 166 218 ~ - -
rato 66 177 - 220 - - -
rato 67 183 210 - - -
rato 68 185 210 - - -
rate 69 175 214 - - -
rato 70 184 210 - - .
rato 71 180 230 - - -
rato 72 178 210 - - -
rato 73 - 180 220 - : - &
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Anexo 4. Valores individuais de peso corporal, expressos em gramas, do
grupo 2K-1C+L-NAME durante as 8 semanas do estudo

Basal 2*semana | 4° semana | 6° semana | 8% sernana
(n=42) {n=42) {(n=30) =11} {n=11)
rato 1 158 192 223 280 326
rato 2 165 192 21 300 345
rato 3 180 206 243 284 - 343
rato 4 159 217 231 301 360
rato 5 160 218 230 300 348
rato 6 155 212 223 280 356
rato 7 175 231 265 280 352
ratc 8 175 214 254 298 334
rato 9 169 200 245 280 350
rato 10 175 188 243 300 350
rato 11 168 174 234 287 346
rato 12 175 1839 230 298 342
rato 13 165 192 230 3106 340
rato 14 167 188 265 300 345
rato 15 150 180 264 300 334
rato 18 160 190 258 300 324
rato 17 160 188 256 278 330
rato 18 175 197 267 280 330
rato 19 166 190 254 304 324
rato 20 170 178 261 278 332
rato 21 170 200 283 302 341
rato 22 175 205 225 285 321
rato 23 167 221 245 289 . -
rato 24 170 178 252 280 -
rato 25 175 185 263 285 -
rato 26 169 176 254 302 -
rato 27 165 174 243 298 -
rato 28 156 182 245 289 -
rato 29 180 178 249 287 -
rato 30 165 188 256 278 -
rato 31 180 186 209 287 -
rato 32 170 187 219 300 -
rato 33 168 185 246 292 -
rato 34 185 190 258 298 -
rato 35 156 180 274 290 -
rato36 | 156 | 230 R LI




136

Anexo 4 {continuagdo). Valores individuais de peso corporal, expressos
em gramas, do grupo 2K-1C+L-NAME durante as 8 semanas do estudo

Basal 2* semana | 4% semana | 6% semana | 8* semana
{n=42) {n=42) {n=30) {n=11} | {(n=11)

rato 37 159 178 246 304 -

rato 38 160 187 187 290 -

rato 39 155 180G 245 287 -

rato 40 160 178 245 289 -

rato 41 155 182 250 301 -

rato 42 188 198 234 280 -
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Anexo 5. Valores individuais de peso corporal, expressos em gramas, do
grupo D-NAME durante as 8 semanas do estudo

Basal 2*semana | 4°semana | 6° semana | 8% semana

{n=12) {n=12} {n=12) {n=12}) {n=12)
rato 1 160 190 280 318 314
rato 2 155 198 278 320 319
rato 3 156 195 268 310 320
rato 4 159 178 278 289 332
rato & 160 187 270 280 320
rato B 160 200 262 298 342
rato 7 155 2086 280 312 329
rato 8 156 228 254 07 317
rato 9 159 234 260 308 320
rato 10 160 234 245 300 341
rato 11 165 224 256 3086 324
rato 12 175 226 245 302 322
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Anexo 8. Valores individuais de pressdo arterial de cauda, expressos em
mmHg, do grupo CONTROLE durante as 8 semanas do estudo

Basal 22semana | 4° semana | 6 semana | 8° semana
{n=68) (n=68) {n=50) {n=21} (n=21)

rato 1 112 118 118 118 114
rato 2 118 124 116 124 116
rato 3 114 112 112 112 112
rato 4 112 112 112 112 110
rato 114 116 114 116 114
rato 6 116 116 118 116 116
rato 7 114 118 114 118 112
rato 8 114 114 114 114 114
rato 9 112 118 110 118 110
rato 10 | 120 102 100 100 1062
rato 11 104 104 104 104 104
rato 12 120 108 120 100 116
rato 13 120 120 120 120 120
rato 14 104 124 100 124 g8
rato 15 102 122 100 a8 86
rato 16 100 120 100 100 100
rato 17 102 126 104 126 102
rato 18 102 118 102 102 100
rato 19 102 126 102 122 102
rato 20 106 106 102 102 102
rato 21 108 98 100 108 a8
rato 22 100 112 100 - -
rato 23 o8 118 88 - -
rato 24 100 114 48 - -
rato 25 100 123 94 - -
rato 26 120 120 120 - -
rato 27 122 120 124 - -

- rato 28 124 122 124 - -
rato 29 120 118 118 - -
rato 30 116 118 118 - -
rato 31 114 120 112 -
rato 32 116 118 110 - -
rato 33 100 106 160 - -
rato 34 106 108 108 - -
rato 35 108 118 106 - -]

rato36 | 108 | w8 | o6 [ - [ -
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Anexo 6 {continuagdo). Valores individuais de pressio arterial de cauda,
expressos em mmHg, do grupo CONTROLE durante as 8 semanas do

gstudo
Basal | 2?semana | 4'semana | 6% semana | 8% semana
{n=68} {n=68) {n=50}) {n=21) {(n=21)
rato 37 108 120 105 - _
rato 38 113 116 113 - -
rato 39 114 120 114 - -
rato 40 110 112 106 - -
rato 414 106 114 106 - -
rato 42 112 118 108 - R
rato 43 108 116 108 - -
rato 44 102 116 102 - -
rato 45 110 116 102 . -
rato 46 120 122 102 - -
rato 47 104 102 104 - -
rato 48 108 120 108 - -
rato 48 120 120 108 - -
rato 50 108 124 106 . -
rato 51 104 106 - - -
rato 52 106 126 - - -
rato 53 120 122 - - -
rato 54 120 118 - - -
rato 55 120 120 . - -
rato 56 124 122 - - .
rato 57 116 124 - - -
rato 58 114 116 - - -
rato 59 120 126 - ~ -
rato 50 118 120 - - -
rato 61 112 118 - - -
rato 62 116 120 - - “
rato 63 112 120 - - -
rato 64 122 118 - - -
rato 65 112 120 - - -
rato 66 112 118 - - -
rato 67 110 126 - - -
rato 68 124 120 - - -
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Anexo 7. Valores individuais de pressdo arterial de cauda, expressos em
mmHg, do grupo 2K-1C durante as 8 semanas do estudo

Basal 2" semana | 4*semana | 6° semana | 8* semana
(n=46) {n=46) (n=33) (n=15) {n=15)
rato 1 114 160 168 184 180
rato 2 114 156 168 190 174
rato 3 112 160 160 186 178
ratc 4 120 143 185 170G 189
rato 5 104 172 162 180 180
rato 6 120 165 165 182 182
rato 7 120 168 170 186 178
rato 8 120 142 168 172 188
rate 9 102 140 164 190 194
rato 10 100 148 165 168 192
rato 11 118 140 172 182 180
rato 12 118 154 165 178 182
rato 13 110 145 168 200 186
rato 14 106 142 148 178 200
rato 15 108 145 152 186 1490
rato 16 116 148 146 186 186
rato 17 118 150 168 180 180
rato 18 100 150 156 174 187
rato 19 116 142 160 172 192
rato 20 120 134 165 180 184
rato 21 122 136 174 192 186
rato 22 124 138 172 182 190
rato 23 120 140 156 184 .
rato 24 116 128 158 176 -
rato 25 114 128 168 182 -
rato 26 1186 128 160 180 -
rato 27 100 124 165 168 -
rato 28 106 120 170 190 -
rato 29 114 138 165 184 -
rato 30 106 140 168 186 -
rato 31 108 142 178 186 -
rato 12 113 150 164 165 -
rato 33 114 128 165 180 -
rato 34 114 1368 172 176 -
rato 35 116 138 165 178 -
rato36 | 114 | 145 [ 168 N
rato 37 114 | 148 142 184
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Anexo 7 (continuagdo). Valores individuais de presséo arterial de cauda,
expressos em mmHg, do grupo 2K-1C durante as 8 semanas do estudo

Basal |2 semana] 4" semana | 6°semana | 8%semana

(n=48) | (n=46) {n=33) {(n=15) (n=15)
rato 38 118 158 148 162 -
rato 39 118 145 152 168 -
rato 40 120 150 154 180 -
rato 41 120 152 156 165 -
rato 42 118 145 154 182 -
rato 43 118 124 145 176 -
rato 44 100 136 148 170 -
rato 45 112 142 170 178 ' -
rato 46 102 142 148 172 -
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Anexo 8. Valores individuais de pressdo arterial de cauda, expressos em
mmHg, do grupol.-NAME durante as B semanas do estudo

Basal 2" semana | 4° semana | 6% semana | 82 semana

(n=73) | (n=73) {n=54) (n=18) (n=19)
rato 1 102 156 152 152 172

rato 2 118 160 148 148 164
rato 3 116 165 156 158 165
rato 4 114 162 180 160 172
rato 5 106 165 165 154 165
rato 6 104 160 162 158 152
rato 7 104 154 165 165 142
rato 8 120 1684 160 160 140
rato 9 118 165 154 154 148
rato 10 120 172 164 164 1582

rato 11 120 165 165 165 142
rato 12 1186 160 172 162 142
rato 13 118 162 165 165 154
rato 14 118 156 160 160 145
rato 15 120 146 162 162 134
rato 16 116 180 156 156 170
rato 17 114 146 146 146 160
rato 18 112 142 160 160 166
rato 19 114 145 146 148 158
rato 20 1186 156 142 142 168
rato 21 112 142 145 145 172
rato 22 114 146 158 156 170
rato 23 110 140 142 142 165
rato 24 102 158 146 146 162
rato 25 104 145 140 140 172
rato 26 118 148 164 152 176
rato 27 120 152 165 156 168
rato 28 98 146 172 160 168
rato 29 96 158 165 155 165
rato 30 100 156 168 155 172
rato 31 102 160 148 148 165
rato 32 100 165 152 152 168
rato 33 102 170 146 - 146 168
rato 34 102 165 1682 160 172
rato 35 a8 160 156 156 . 164

R B B S = i
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Anexo 8 {continuagdo). Valores individuais de pressdo arterial de cauda,
expressos em mmHg, do grupo L-NAME durante as 8 semanas do estudo

Basal 2®semana | 4" semana | 6 semana | 8* semana
{n=73) {n=73) {n=54) {n=19) {n=19)
rato 38 96 172 172 154 -
rato 39 120 165 164 174 .
rato 40 o8 152 162 168 -
rato 41 120 142 180 180 -
rato 42 100 140 168 180 -
rato 43 102 148 168 168 -
rato 44 120 152 168 152 -
rato 45 102 142 174 148 .
rato 48 120 142 166 158 -
rato 47 98 154 150 156 -
rato 48 106 145 160 160 -
rato 49 104 134 158 152 -
rato 50 120 160 - - -
rato 51 106 162 - - -
rato 52 120 158 - - -
rato 53 98 146 - - ~
rato 54 100 150 - - -
rato 55 100 146 - - -
rato 56 106 142 - - -
rato 57 96 145 - - -
rato 58 120 142 - - -
rato 59 98 142 - - -
rato 60 120 146 - - -
rato 61 160 140 - - -
rato 62 112 146 - - -
ratoe 63 120 132 - - -
rato 64 102 130 - - -
rato 65 120 142 - - -
rato 66 a8 142 - - -
rato 67 120 138 - - -
rato 68 98 148 - - -
rato 69 100 150 - - -
rato 70 100 148 A - -
rato 71 106 142 - - -
rato 72 96 145 . -
rato 73 100 140 - -
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Anexo 9. Valores individuais de pressao arterial de cauda, expressos em

mmHg, do grupo 2K-1C+L-NAME durante as 8 semanas do estudo,

Basal 2 semana | 4% semana | 6* semana | 8% semana
{n=42) {n=42} {n=30) {n=11) {n=11)
rato 1 114 128 136 156 168
rato 2 116 139 130 140 168
rato 3 112 112 146 140 160
rato 4 110 128 146 158 165
rato 5 114 114 158 145 162
rato 8 116 130 180 148 185
rato 7 112 134 165 152 170
rato 8 114 134 162 148 168
rato 9 110 138 165 168 164
rato 10 102 140 180 156 165
rato 11 104 140 154 160 172
rato 12 118 132 164 - -
rato 13 120 145 165 - -
rato 14 98 132 172 - -
rato 15 96 134 165 - -
rato 16 100 138 160 - -
rato 17 102 136 162 - .
rato 18 100 128 156 - -
rato 19 102 138 146 - -
rato 20 102 128 180 - -
rato 21 g8 128 146 - -
rato 22 100 130 142 . -
rato 23 a8 138 145 - -
rato 24 98 140 156 - -
rato 25 56 142 142 - .
rato 26 120 150 146 - -
rato 27 98 132 140 - -
rato 28 120 140 146 - -
rato 29 100 146 132 - -
rato 30 102 132 130 - -
rato 31 120 130 - R -
rato 32 102 128 - - .
rato 13 120 142 - - -
rato 34 a8 138 - - -
rato 35 100 142 R -
_rato36 | 98 134 ;
_rato 37 120 -
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Anexo 8 (continuagdo). Valores individuais de pressdo arterial de cauda,
expressos em mmHg, do grupo 2K-1C+L-NAME durante as 8 semanas do

estudo

Basal | 2'semana | 4" semana | §° semana | 8 semana
(n=42) (n=42) (n=30) | (n=11) (n=11)
rato 38 96 130 - - -
rato 39 120 142 - - -
rato 40 126 142 - - -
rato 41 120 154 - - -
rato 42 120 146 - -
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Anexo 10. Valores individuais de pressao arterial de cauda, expressos em
mmHg, do grupo D-NAME durante as 8 semanas do estudo

Basal 2* semana | 4* semana | 6% semana | 8% semana

{n=12) (n=12) (n=12) {(n=12) (n=12)
rato 1. 114 120 114 120 114
rato 2 1186 118 120 102 116
rato 3 112 120 112 108 112
rato 4 114 98 110 122 110
rate b 11¢ a6 118 100 114
rato 8 102 124 116 104 116
rato 7 110 102 112 123 112
rato 8 118 120 114 115 114
rate 9 116 114 111 120 110
rato 10 112 116 108 122 102
rato 11 114 118 104 118 104
rato 12 120 122 120 118 116
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Anexo 11. Valores individuais da pressio sistélica do ventriculo esquerdo

(PSVE, mmHg) e da pressdo diastélica final do ventriculo esquerdo

{PDFVE, mmHg), antes e apés a administragdo de noradrenalina 0,1 ug
{NORA 0,1), nos grupos CONTROLE e L-NAME ao final da 8%semana de

estudo (Preparacao de Langendorff para coragio isolado).

CONTROLE (n=8) L-NAME (n=7)
pré-NORA pos-NORA pré-NORA poés NORA
PSVE | PDFVE | PSVE | PDFVE | PSVE | PDFVE | PSVE | PDFVE .
mmHg
rato? 102 7 114 5 113 6 120 &
rato 2 92 4 110 4 116 3 e 2
rato 3 B4 8 118 8 110 ) 128 5
rato 4 104 3 114 9 110 2 122 7
rato 5 892 5 104 5 118 2 130 3
rato 6 96 2 114 B 100 1 125 5
rato 7 90 8 118 7 108 5 125 5
rato 8 108 5 108 8
Média 96 5,2 112 8,5 111 3,5 - 124 4,7
* ha * * * * * * *
De 5 2,0 5 1.7 8 2,7 5 1,4
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Anexo 12. Valores individuais do fluxo coronariano {$Cor, mi/min) e da
frequéncia de batimentos cardiacos (FC, 'bpm), antes e apods a
administragio de noradrenalina 0,1 ig (NORA 0,1), nos grupos CONTROLE

e L-NAME ao final da 8° semana de estudo (Preparagdo de Langendorff
para coragao isolado).

CONTROLE {n=8) L-NAME [(n=7}

dCor {mi/min) FC (bpm) GpCor {mi/min) FC (bpm)

pré- pos- pré- pos- pré- pas- pré- | pos-
NORA | NORA | NORA | NORA | NORA | NORA | NORA | NORA
ratol 13,8 12,1 370 417 12_,4 9.6 385 425
rato 2] 142 124 385 435 146 12,8 398 436
rate 3| 17,2 12,8 362 404 11.7 8;3 413 4286
rato4; 128 12,0 396 426 114 8.2 410 426
rato 5, 135 11,8 402 418 12,3 8.8 382 420
rato6 ! 139 10,3 387 427 10,4 9.4 428 435
rato7 | 12,4 10,2 390 | 418 12,4 102 1 378 448
rato 8 1472 11.3 370 398

X 14,0 11,8 382 417 12,2 9.5 398 430

* * * * ba * * ¥ *

o.pP 1,4 0.8 14 12 1,2 1,4 19 10
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Anexo 13. Valores individuais da pressdo desenvoivida pelo ventriculo
esquerdo (PD, mmHg) e seus valores normalizados para o peso ventricular
esquerdo (PD/ PVE, mmHg/g) nos grupos CONTROLE e L-NAME ao final da

8* semana de estudo {Preparacdo de Langendorff para coracgfio isolado).

- CONTROLE {n=8} L-NAME (n=7)
PD PVE | PD/PVE PD PVE PDIPVE
(mmHg) | (g) | (mmHg/g) | (mmHg) {9) (mmHg/g)

rato1 95 0,536 177 103 0,678 151
rato2{ 87 0,545 159 110 0,724 151
rato3]| 99 0,641 154 109 0,695 143
rato4] 96 0,548 175 110 0,712 154
rato5] 97 0.596 162 115 0,731 157
rato6] 86 0,569 151 105 0,704 149
rato7}| 89 0,560 158 106 0,693 152
rato 8] 84 0,523 160

X 91 0,565 162 108 0,705 151

* + * * + + *

D.P. 5 0,038 9 8 0,019 5
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Anexo 14. Valores individuais da variagdo da pressdo desenvoivida pelo
ventriculo esquerdo (APD, mmHg) e seus valores normalizados para o
peso ventricular esquerdo (APD/ PVE, mmHg/g) nos grupos CONTROLE e

L-NAME ao final da 8* semana de estudo {Preparagdo de Langendorff para
coragéo isolado).

CONTROLE {n=8) L-NAME (n=7)
APD PVE | APDIPVE | APD PVE APDIPVE
(mmHg) | (g) | (mmHg/g)| (mmHg) {a) {mmHg/g)
rato1 14 0,536 26 19 0,678 28
rato 2 20 0,545 6 8 0,724 11
rato 3 12 0,641 18 13 0,695 18
rato 4 20 0,548 36 8 0,712 1
rato § 14 0,588 23 12 0,731 16
rato 6 14 0,568 24 15 0,704 21
rato 7 20 0,560 35 11 0,693 16
rato 8 17 0,523 32
X 16,3 0,565 28,8 12,3 0,705 17,3
+ + * * * * +
D.P. 3,0 0,038 59 4,0 0,019 57




131

Anexo 15. Valores individuais do peso cardiaco total {PCTotal} e do peso

ventricular esquerdo (PVE), expressos em gramas, dos animais do grupo
CONTROLE avaliados ao final da 22, 4% e 8% semanas.

SEGUNDA SEMANA QUARTA SEMANA OITAVA SEMANA
{n=18) (n=29) {n=21)
PCTotal PVE PCTotal PVE PCTotal PVE
{g) {g) {g) {g) (g) (9)
0,5368 0,3871 00,6828 0,4925 0,7401 0,4935
00,5455 £,3765 05713 3,4328 (0,6948 0.4567
06413 ,4674 0.5404 00,3811 0,6434 {,4935
0,6482 0,4785 0,6433 0,4817 06365 (4468
0,5068 0,4438 0,6383 00,4898 {,6675 0,4636
03,5608 04144 06147 0,4678 ,6483 0,5254
0.5895 0.4487 08125 04039 03,7365 05345
05238 0.3721 0,5835 0,4425 0,86408 0,4678
26733 0,4384 06741 0,5153 0,7055 0.5327
{3,5834 {.4296 07173 (,5468 07142 0.5146
0,7431 05192 0,5642 0,4432 0,8434 04935
0,8054 0 4569 0,5239 0,3667 0,8453 (,4468
0 5685 04785 06381 (.4845 06434 0.4935
10,5436 . 4396 (0.6052 0,4745 {7308 04783
06132 0.4201 00,4912 0,3558 {6823 (,4924
0,8413 0,4487 0.6433 0,4817 00,6642 04763
0,6482 03721 0.7302 00,4789 06575 04778
0, 5868 04107 0,6147 0,4678 0,6756 ,4395
0,8828 0,4925 0,7182 {3,4853
05713 00,4328 06342 00,4872
0.5404 0 3911 00,6388 0,4476
{,6433 0,4817 06214 0,4398
(,6642 ,5143
07173 D, 5468
0,6501 0,4817
0,6383 0,4698
3,6741 0,5052
D.7163 0,5478
05713 0,4202
0,6022 0,4340 0,6261 0,4648 0,6719 0,4812
+ + * * * *
0.0581 0,0408 0,0623 0,0505 00,0373 0,0288




152

Anexo 16. Valores individuais do peso cardiaco total (PCTotal) e do peso
ventricular esquerdo (PVE), expressos em gramas, dos animais do grupo
2K-1C avaliados ao final da 2%, 4° ¢ 82 semanas. Os valores colocados na

parte inferior da tabela representam as médias e o desvios-padrio para

cada variavel analisada.

SEGUNDA SEMANA | QUARTA SEMANA OITAVA SEMANA
{n=13) (n=18) (n=15)
PCTotal PVE PCTotal PVE PCTotal PVE
(9) {9) {g) (g) {g) g
0,5993 0.4682 05916 | 0,4833 0,7132 0,5783
0,4752 0,358 0.5102 0,3782 0,7778 0.6008
0.6225 0,494 00,8326 0,4717 0,6871 0.5019
0.6706 0,822 0.6392 0,5046 0,8314 0.6823
0,6365 0.4727 00,6803 0.5168 0.8147 06235
0.508 0.3942 05754 0.4039 0,7338 0.5577
0,5302 0.4101 0,5573 0,4294 08115 0.6047
0.5784 0.4426 0,5529 0,3903 0,6876 0,5495
06653 0 5463 0,8067 0,4628 | 0,7453 0,5318
0,6843 0,5342 00,6227 0,4759 0,6345 0.5102
- 0,5874 0,4398 00,6385 04811 0,8147 0.6235

0.5761 0.4002 0,6601 0,5275 0,7338 0,5672

0,5087 02928 0,6326 0,4717 0,7352 0.5471
0,6392 0,5046 0.8082 0,6231
0,6753 0.4986 0,7825 0.5983
0,5916 0,4633
0,5501 0,3987
0,5129 03765

0,5878 0,4519 0,68039 0,4566 0,7487 0,5776

+ . + + + + +

0,0675 | 0,0601 | 0,517 | 00487 | 00622 | 0,0523
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Anexo 17. Valores individuais do peso cardiaco total {PCTotal} e do peso
ventricular esquerdo (PVE), expressos em gramas, dos animais do grupo
L-NAME avaliados ao final da 2% 4% ¢ 8 semanas. Os valores abaixo da

tabela representam as médias e o desvios-padrio.

SEGUNDA SEMANA | QUARTA SEMANA OITAVA SEMANA
{n=19) {n=35) . {n=18)

PCTotal PVE PCTotal PVE PCTotal - PVE
{g) {a) {g) {9) (g} g)
0,6895 (0,5361 0 5897 0,4515 (.7238 0,5369
0,5788 04581 0,6071 0,3839 0,6785 0,4802
06213 | 04428 0,5642 0,4518 0,6526 0,4751
0,5288 0,3585 0 5239 03867 | 08817 0 5281
0.5487 0,4105 0,5902 00,4845 0,6022 0,4448
00,5541 0,4231 0,6052 00,4745 {} 6862 5251
0,5811 00,4357 0,4812 0 3559 (0,7328 00,5437
0,5542 04198 05139 00,4165 07234 0 5461
0,5429 0,4372 0,6428 0,4983 (8145 06348
10,5879 04532 05948 0,4683 0.7677 0,6003
0,5427 0,4339 06147 04678 07338 (5577
0,5608 04144 00,6125 0,4039 0,7259 0.,5129
0,5348 00,4487 0,5835 0,4425 06878 0,5495
02,5129 0,3721 0,6452 00,4989 0,7126 05201
(6268 0,4235 (,6842 0 5301 07132 0,5562
00,5834 0,4296 0,5642 0,4132 (0,6782 01,5341
0, 6653 0,4902 0,5239 00,3687 0 6871 0,5019
£,6054 0,4689 00,5247 00,3861 0,6658 80,5128
0.5782 (,4651 0,5361 0,4215 08014 0,5803
0 6052 0,4745 00,7469 0,5671
0,5521 00,4132 06022 0,4446
(0,5478 0,4108 0.6483 0,4986
0 5596 0.4492 (0,6333 0 4879
0 5883 3,4502 0.8975 0,5128
0,5705 0,3807 '
00,5843 0,4153
05349 (0,3974
0,5347 (,3876
0,6007 0 4656
0.57492 (,4216
0.5648 0,3987
06024 | 04817
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Anexo 17 {continuagdo). Valores individuais do peso cardiaco total
{PCTotal) e do peso ventricular esquerdo (PVE), expressos em gramas,
dos animais do grupo L-NAME avaliados ao final da 22, 4% @ 8% semanas. Os

valores colocados na parte inferior da tabela representam as meédias e o

desvios-padrado para cada varidvel analisada

0,5546 0.4872

0,5736 0,4429

0,5649 0,4287
0,5788 | 0,4400 0,56773 0,4341 0,6998 0,5279 .
* ha ht * ¥ *
0,0462 | 0,0354 | 0,04044 | 0,0429 0,0535 0,0451
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Anexo 18. Valores individuais do peso cardiaco total {PCTotal) & do peSa
ventricular esquerdo {PVE), expressos em gramas, dos animais do grupo
2K-1C+L-NAME avaliados ao final da 22, 4* e 8° semanas. Os valores

colocados na parte inferior da tabela representam as médias e o desvios-

padrdo para cada variavel analisada.

OITAVA SEMANA

SEGUNDA SEMANA | QUARTA SEMANA
(n=12) (n=19) (n=11)
PCTotal| PVE | PCTotal | PVE PCTotal | PVE
{g) {g} {g} {g) {9) {g)

05980 | 04397 | 05946 | 04582 | 05989 | 04397
05093 | 04561 | 05266 | 04069 | 08023 | 06223
0,4752 | 03648 | 05812 | 04606 | 08223 | 05831
06225 | 04963 1 05409 | 04206 | 068% | 05189
06706 | 05348 | 05746 | 04259 | 07788 | 0.5706
06653 | 05463 | 05671 | 04376 | 08351 | 04536
06843 | 05342 | 05784 | 04433 | 08305 | 0.8003
05874 | 04537 | 06389 | 04677 | 07001 | 05244
05761 | 04421 | 06002 | 0,5421 06878 | 0.5146
05087 | 04239 | 05099 | 04391 06549 | 05001
05487 | 04105 1 05872 | 03645 | 07361 | 05349
05541 | 04231 | 06281 | 0,4963

0,5948 | 0,4693

05984 | 0,4238

06052 | 0,4745

05521 | 0,4132

05249 | 0,3769

06002 | 04817

05768 | 0,4632
0,5843 | 04528 | 05779 | o0,4455 | 0,7214 | 0,5329

* * + * + +

0,0593 | 00533 | 00343 | 00416 | 00784 | 00575
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Anexo 19. Valores individuais do peso cardiaco total {PCTotal) e do peso
ventricular esquerdo (PVE), expressos em gramas, dos animais do grupo
D-NAME ao final da 8° semana do estudo. Os valores colocados na parte

inferior da tabela representam as médias e o desvios-padrdo para cada

varidvei analisada,

OITAVA SEMANA
(n=11)

‘PCTotal PVE
{g) {a)
0.8761 0,4582
0,6349 0,4697
0,6239 04762
0,5762 0,4298
0,6259 0,4391
0,5903 0,4395
0,6106 0.4324
0,6291 0,4436
0,6334 0,4273
0,6459 0,4983
0,6328 0,4761
0,6198 0,4678
0,6249 0,4548
* +
0,0254 0,0227
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Anexo 20, Valores individuais do peso cardiaco relativo (PCRelat) e do

peso ventricular esquerdo relativo {PVERelat), em mg/g, do grupo

CONTROLE ao finai da 2%, 4 e 8% semanas {médias e o desvios-padriio).

SEGUNDA SEMANA | QUARTA SEMANA OITAVA SEMANA
{n=18) {n=29) {n=21)
PCRelat | PVERelat { PCRelat | PVERelat| PCRelat PVERelat
{mg/g) {malg) {mg/g) {mg/g) (mgig) {mgig)
2,71 1,85 2 52 1,82 2,14 1,43
3,20 2,21 2,05 1,55 1,96 1,29
344 2,51 1,73 1.25 1,86 1,43
297 219 2,06 1,54 1,79 1,26
3,73 2,77 2.00 1,47 1,89 1,38
2,81 2,08 2,21 1,68 1,86 1,50
2 48 1,94 2,08 1,35 2.05 149
2,38 1,69 1,95 1,48 1,81 1.32
303 1.97 2,42 1,85 2,02 1,52
2,65 1.95 2,47 1,88 2.10 1,51
3,40 2,38 1,94 1,52 1,72 1,32
277 214 179 1,25 1,82 1,28
266 223 217 1,65 1,70 1,30
2,50 2,02 2,10 1.65 2,08 1.36
274 1,88 1,69 1,23 1,83 1,32
2.92 2.04 2.29 1,72 1,86 133
2.80 1,61 2 61 1,71 1,01 1,39
2,61 1,80 2 11 1,61 1,87 1,22

2.30 1,66 1,95 1,32
1,93 1,46 1,73 1,33
1,86 1,34 1,86 1,30
2,33 1,74
232 1,79
2786 211
2,43 1,80
231 1,70
237 1,77
2 37 1.81
1,59 1,46
2,78 2,00 2,18 1,62 1,90 1,38
+ * ha b + *
0,36 0,28 0,28 0,21 0,12 0,08
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Anexo 21. Valores individuais do peso cardiaco relativo {PCRelat) e do
peso ventricular esquerdo relativo (PVERelat), expressos em fnglg, dos
animais do grupo 2K-1C avaliados ao final da 22 4% ¢ 8 semanas. Os
valores colocados na parte inferior da tabela representam as meédias e o

desvios-padrdo para cada variave! analisada.

SEGUNDA SEMANA QUARTA SEMANA OITAVA SEMANA
{n=13} {n=18) {n=15)}
PCRelat | PVERelat | PCRelat | PVERelat | PCRelat | PVERelat
{malg) {mgig) {mg/g) {mgig) {mg/g) | {malg)
2,87 2,24 222 1,74 2.10 1,70
2.34 1,78 1,89 1,40 2,07 1,60
3,02 2,40 2,33 1,74 2,00 1,468
3.09 2,41 2,35 1.86 2,20 1,81
2,92 217 2,585 1.94 2,34 1,79
2,28 177 208 1,46 1,97 1,50
2,30 1,78 2,10 1,62 2,31 172
270 207 2,18 1.54 2,00 1,60
2,94 242 234 1,78 2,07 1,48
3,84 3,00 2,43 1,80 1,73 1,39
3,38 2.53 242 1,82 226 1,73
305 212 2.58 2,06 2,15 1,66
2,53 1,85 2,43 1,81 2,18 1,72

2,46 1,84 2.31 1,70
2.61 1,93 2,22 1,88
237 1,85
207 1.50
1,94 1,42
2,87 2,35 2,40 1,84 2,10 1,58
hd * * * * *
0,45 0,26 0,21 0,20 0,17 0,14
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Anexo 22. Valores individuais do peso cardiaco relativo (PCRelat) e do
peso ventricular esquerdo relativo (PVERelat), em mg/g, do grupo L-NAME

avaliados ao final da 22, 4% e 8? semanas. Os valores na parte inferior da
tabela representam as médias e o desvios-padrio.

SEGUNDA SEMANA QUARTA SEMANA OITAVA SEMANA
(n=19) (n=35) (n=19)
PCRelat | PVERelat | PCRelat | PVERelat | PCRelat | PVERelat
{mg/g) img/g) {mgig) {ma/g) {mg/g} | {(malg)
3,15 2,45 2,12 1,62 2,31 1,71
2,68 2,13 227 1 44 2,06 1,48
2.82 2,01 1,97 1.57 1.86 1,43
2,44 1,84 1,81 1,27 2,05 1,59
2.47 185 2,06 1,68 1,77 1,31
248 1,80 2,26 177 2,01 1 54
2,52 1.89 1,78 1,29 2,23 1.65
2,59 1,96 1,91 1,55 2.21 - 1.66
2,40 1,93 2.41 1,86 2,42 1,89
2,97 2.29 213 1,68 2,19 1,72
2.71 2,17 2,28 1,73 2,28 1,72
2,97 2,19 2.20 1,45 212 1,50
2,66 2,23 2,05 1.56 208 167
2,44 1,77 232 1,79 222 1862
3,10 210 2,69 2,08 223 1,74
268 1,97 2.1 1,55 208 1656
314 2,31 1,85 137 2,08 1,52
3,67 2,37 1,82 1,34 2,02 1,55
2,92 2.35 1,83 1,02 2,49 - 183
2,19 1,72
1,82 1,44
187 1,48
217 1.63
2,11 1,62
2,05 1,41
210 1,49
2,00 1,48
1,92 1,39
2,22 172
2.2 161
2,02 142
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Anexo 22 (continuac3o). Valores individuais do peso cardiaco relativo
{(PCRelat) e do peso ventricular esquerdo relativo (PVERelat}, expressos
em mg/g, dos animais do grupo L-NAME avaliados ao final da 22 4% e 8%
semanas. Us valores colocados na parte inferior da tabela representam as

médias ¢ o desvios-padrdo para cada variavel analisada.

237 1,80
2,29 1.87
2,34 1.81
2,05 1,55
2,78 2,11 2,13 1,59 2,11 1,60
¥ ¥ * * ¥ *
0,11 0,12 0,14 0,19 0,17 0,14
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Anexo 23. Valores individuais do peso cardiaco relativo {PCRelat} e do
peso ventricular esquerdo relativo {PVERelat), expressos em mgig, dos
animais do grupo 2K-1C+L-NAME avaliados ao final da 2%, 42 ¢ 82 semanas.

Os valores colocados na parte inferior da tabela representam as médias e

© desvios-padrdo para cada varidvel analisada.

SEGUNDA SEMANA QUARTA SEMANA QITAVA SEMANA
{n=12} {n=19) {n=11)
PCRelat | PVERelat | PCRelat | PVERelat | PCRelat | PVERelat
{mg/g) {mg/g) {mgig) {mglg) {mg/g] | {mglg)
3,12 2.29 2.67 2,05 1,92 1,35
3,12 2,38 2.28 1,89 233 1,80
2.3 177 2,39 1,90 2.40 1,70
2,87 2,29 2,34 1.82 1,92 1,44
308 2,45 2.50 1,85 2.24 1,684
3,14 2,58 2,54 1,66 1,88 1,27
2,96 2,31 2.18 1,67 2,38 1.71
2.74 2,12 2,52 1,84 210 1.57
2,88 2,21 2,45 2.21 197 | 147
268 2.24 2,10 1,81 1,87 1,43
315 2,36 2.51 1,56 213 1,55

2,83 224 273 2,16

' 259 2,04

2,26 1.60

2,29 1,80

2,14 1,60

2.05 1,47

2,25 1.80

2,27 1,82
3,04 2,22 2,39 1,81 2,14 1,64

¥ ¥ * i * ¥ *

0,22 0,18 521 | 4,03 0,22 0,16
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Anexo 24. Valores individuais do peso cardiaco relativo {PCRelat) e do
peso ventricular esquerdo relativo (PVERelat), expressos em mg/g, dos
animais do grupo D-NAME avaliados ao final da 2%, 4% e 8° semanas. Os
- valores colocados na parte inferior da tabela representam as médias ¢ o

desvios-padrdo para cada variavel analisada.

QITAVA SEMANA
{(n=11)

PCRelat PVERelat
(mg/g) (mg/g)
215 1,45
1,99 1,47
1,94 1.48
1,73 1,29
1,85 1,37
1,72 1,28
1.85 1,31
1.98 1,39
1,87 1,33
1,89 1.46
1,85 146

1,82 1,45

1,92 1,40
bl hut

0,11 0,07
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Anexo 25. Valores individuais de peso corporal, expressos em gramas, do

grupo CONTROLE durante as 8 semanas do estudo

Basal | 2% semana | 4% semana | 6° semana | 8° semana

{n=11} {n=11) {n=11) (n=11) {n=11)
rato 1 210 270 - 280 320 350
rato 2 200 270 280 315 320
rato 3 200 250 270 305 345
rato 4 2158 270 280 325 340
rato § 180 240 270 326 315
rato 6 200 260 290 320 340
rato 7 180 250 270 310 325
rato 8 200 270 280 320 355
rato 9 200 270 290 320 340
rato 16 190 260 280 330 345
rato 11 185 250 280 325 325

Anexo 26. Valores individuais de peso corporal, expressos em gramas, do
grupo L-NAME durante as 8 semanas do estudo

270

Basal 2% semana’ | 4® semana | 62 semana | 8% semana

{(n=8) (n=8) {n=8}) {n=8) {n=8)
rato 1 200 270 290 325 375
rato 2 195 270 260 CEN) 315
rato 3 210 270 280 355 380
rato 4 190 210 240 255 310
rato 5 180 270 290 340 360
rato 6 205 270 280 200 300
rato 7 185 270 300 275 330
rato 8 190 290 280 330
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Anexo 27. Valores individuais de peso corporal, €XpPressos em gramas, do
grupo L-NAME + ENAL durante as 8 semanas do estudo

~ Basal | 22 semana | 42 semana | 6% semana | 8° semana
(n=12) {n=12) (n=12) {n=12) {n=12)
rato 1 200 247 256 266 300
rato 2 196 261 278 292 345
rato 3 165 236 254 269 310
rato 4 213 257 268 275 320
rato 5 217 250 Z25% 269 315
rato 6 210 248 262 272 330
rato 7 197 242 202 274 350
rato 8 192 247 267 279 280
rato 9 188 22 243 257 335
rato 10 204 236 253 250 305
rato 11 2058 229 245 268 325
rato 12 183 210 226 237 315

Anexo 28. Valores individuais de peso corporal, expressos em gramas, do
grupo ENAL durante as 8 semanas do estudo

Basal | 22 semana | 4* semana | 6% semana | 52 semana

(n=12) {(n=12) (n=12) {n=12) (n=12)
rato 1 191 247 259 269 325
rato 2 206 224 252 268 300
rato 3 194 245 270 282 310
rato 4 183 233 255 265 310
rato 5 181 247 258 264 300
rato 6 187 247 288 302 320
rato 7 190 232 261 281 325
rato 8 207 256 274 289 320
rato 9 106 236 259 270 310
rato 10 211 256 282 301 320
rato 11 216 254 285 305 330
rato 12 233 231 301 315 350
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Anexo 29. Valores individuais de pressdo arterial de cauda, expressos em

mmHg, do grupo CONTRQLE durante as 8 semanas do estudo

Basal | 2? semana | 4* semana | 62 semana | 8 semana
{n=12) {n=12) (n=12) | (n=12) {n=12)

rato 1 160 190 280 318 314
rato 2 155 198 278 320 319
rato 3 156 195 268 310 320
rato 4 158 178 278 289 332
rato 5 160 187 270 250 320
rato B 160 200 262 298 342
Crato 7 155 206 280 312 329
ratoc 8 156 228 254 307 317
rato 9 159 234 260 308 320
rato 10 180 234 245 300 341
ratoc 11 165 224 258 306 324
rato 12 175 226 245 302 322

Anexo 30, Valores individuais de pressdo arterial de cauda, expressos em
mmig, do grupe L-NAME durante as 8 semanas do estudo

Basal 2% semana | 4* semana | 6° semana | 8° semana

{(n=8) {(n=68) {n=8) (n=8) (n=8)
rato 1 120 130 140 149 155
rato 2 120 180 184 216 200
rato 3 112 190 140 180 195
rato 4 116 156 145 13¢ 150
rato 5 118 160 210 234 205
rato 6 112 162 158 1856 208
rato 7 102 143 148 140 140
rato 8 108 134 136 134 140
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Anexo 31, Valores individuais de pressdo arterial de cauda, expressos em
mmHg, do grupo L-NAME + ENAL durante as 8 semanas do estudo

Basal | 2? semana | 4° semana | 6* semana | 8* semana

(n=12) {(n=12) (n=12) {(n=12) {n=12)
rato 1 112 150 139 138 134
rato 2 110 130 130 128 128
rato 3 120 132 139 124 128
rato 4 122 132 126 114 114
rato 5 120 129 116 118 120
rato 6 108 150 140 124 114
rato 7 116 118 118 120 130
rato 8 118 140 130 124 126
rato 9 120 136 124 120 124
rato 10 120 138 120 120 118
rato 11 132 110 110 110 110
rato 12 124 130 128 130 140

Anexo 32. Valores individuais de pressdo arterial de cauda, expressos em
mmHg, do grupo ENAL durante as 8 semanas do estudo

Basal 2% semana | 4? semana | 6% semana | 8% semana

{n=12) (n=12) {n=12) {n=12) (n=12)
rato 1 120 120 114 112 116
rato 2 120 118 110G 100 100
rato 3 118 120 108 102 106
rato 4 116 118 160 100 a0
rato 5 114 116 100 o8 102
rato 6 116 114 80 86 106
rato 7 120 114 84 a0 108
rato 8 122 120 106 102 104
rato 9 130 112 84 90 100
rato 10 100 108 100 98 100
rato 11 114 114 102 102 100
rato 12 120 110 94 112

112
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Anexo 37, Valores individuais do peso cardiaco total {(PCTotal, g), peso
cardiaco relativo {PCRelat, mg/g), peso ventricular esquerdo {PVE, g) e do

peso ventricular esquerdo relativo (PVERelat, mg/g) dos animais do grupo
CONTROLE avaliados, ao final da 8% semana de estudo.

PCTotal PCRelat - PVE PVERelat
{9} {mg/g) {g) {mg/g)
ratol 529 1,91 485 1,47
rato 2 807 1,80 443 1,38
rato 3 638 1.85 471 1,37
rato 4 847 1,90 482 1,42
rato & 800 1,80 437 1,39
rato 6 - B29 1,85 468 - 1,38
rato 7 837 1,96 431 1.33
rato 8 664 1,87 452 1,27
rato 9 845 1,80 476 1,40
rato 10 831 1,83 455 1,32
rato 11 618 1,80 438 1,35
Média 831 1,88 458 1,36
* ¥ * + *

Dp 18 0,04 19 0,05
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Anexo 38. Valores individuais do peso cardiaco total (PCTotal, g), peso
cardiaco relativo {PCRelat, mg/g), peso ventricular esquerdo (PVE, g) e do
peso ventricular esquerdo relative (PVERelat, mg/g) dos animais do grupo

L.-NAME, avaliados ao final da 8?2 semana de estudo.

PCTotal PCRelat PVE PVERelat
{g) {mg/g) {g) {mg/g)
ratol 725 1,983 541 1,44
rato 2 715 2,27 547 1,74
rato 3 746 1,91 528 1,35
rato 4 718 232 572 1.85
rato & 738 2.04 569 1,58
rato 6 663 2,21 505 1,68
rato 7 783 237 572 1,73
rato 8 837 1,83 468 1.42
Média 715 2,12 538 1,80
¥ b A ha *
DP 46 0,19 37 0,18
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Anexo 39. Valores individuais do peso cardiaco total {PCTotal, g), peso
cardiaco relativo (PCRelat, mg/g), peso ventricular esquerdo (PVE, g} e do

peso ventricular esquerdo relativo (PVERelat, 'mgig} dos animais do grupo

L-MAME+ENAL, avaliados ao final da 8% semana de estudo.

PCTotal PCRelat PVE PVERelat
{g) {mg/g} {g) {mg/g)
ratol 582 1,94 467 1,56
rato 2 827 182 542 1.57
rato 3 554 1.79 451 1,45
rate 4 572 1.79 481 1,44
rafo 5 580 1,87 483 1,53
rato € 596 1.81 507 1.54
rato 7 802 1,72 497 142
rato 8§ 526 1,88 408 1,46
rato 9 6514 1,83 489 1,46
rato 10 578 1,80 462 1.51
rato 11 625 1,92 507 1,56
rato 12 569 1,81 428 1.36
Média 586 1,84 475 1,48
* g s ¥ *
Dp 29 0,06 37 0,08
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Anexo 40, Valores individuais do peso cardiaco total (PCTotal, g), peso

cardiaco relativo (PCRelat, mg/g), peso ventricular esquerdo (PVE, g) e do

peso ventricular esquerdo relativo {PVERelat, mgig) dos animais do grupo

£NAL, avaliados ao final da 8* semana de estudo.

PCTotal PCRelat PVE PVERelat
(g) (mg/g) (@) (mg/g)
ratol 5893 1,82 493 1,52
rato 2 - 578 1,93 502 1,67
rato 3 589 1.90 478 1.54
rato 4 801 1,84 455 1,47
rato 5 585 185 448 1,48
rato 8 575 1.80 489 1.53
rato 7 582 1.82 492 1.51
rato 8 512 1.91 452 1,41
rato 9 842 207 475 1,55
rato 10 608 1,90 501 1,57
rato 11 601 1,82 489 1,48
rato 12 619 1,77 474 1,35
Média 599 1,89 479 1,80
+ * * * *

DP 19 0,08 19 0,08
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INTRODUGAOQ

Até o inicio da década de 80, aceitava-se como sendo o endotélio
responsave! por fungbes meramente fisicas, como as de constituir uma barreira
seletivamente permedvel entre 0s meios e extravascular e de manter o padrio
de fluxo sanguineo laminar (sem turbuléncias) no sistema vascular. Em 1980,
Furchgott e Zawadzki' demonstraram ser a presenca do endotélio fundamental
na modulagdo da motricidade vascular. Os mesmos pesquisadores, posiularam
a existéncia de um fator de relaxamento derivado do endotélio {endothelium-
derived relaxing factor, EDRF), que mais tarde, foi identificado quimica e
farmacologicamente como sendo o 6xido nitrico™*. A estas descobertas,
seguiram-se outras, atribuindo ao endotélic a responsabilidade pela sintese de
substancias vasoativas, de substancias moduladoras da agregacao plaguetdria
& da coagulag@o sanguinea, de fatores reguladores da trombogénese, da
mitogénese e do metabolismo de lipoproteinas® No entanto, no que tange a
avancos na fisiopatologia da hipertensdo arterial, os estudos sobre os
mecanismos de producdo e de inibigdo da sintese de NO tém sido os mais
relevantes. Demonstrou-se que a produgdo de NO pelo endotélio ¢ feita a partir
de um aminodacido, a L-arginina, substrato para a enzima éxido nitrico-sintetase®
(Palmer 1988). Assim, este sistema seria, em Ultima andlise, o principal
responsavel enddgeno pela manutencéo do tono vasodilatador. Por outro lado
a utilizagdo de analogos da L-arginina em estudos em animais e em humanos,
promovendo a inibicdo da producdo de NO, e consequentemente tendécia a
redugao do tono vasodilatador, constitui importante ferramenta para o melhor
conhecimento da fisiopatologia da hipertenso arterial (HA) e da isquemia
miocardica. Este modelo fisiopatologico também tem permitido o estudo mais
detalhado de uma hipdtese bastante plausivel, porém nédo comprovada, de que
patologias aparentemente distintas como a hipertensdo arterial, o diabete melito
e a hipercolesterolemia, entre outras, possam levar a disfuncio endotelial e
finalmente ao comprometimento isquémico do miocardio.
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INIBICAO DA SINTESE DE NO

O NO e sintetizado a partir de um 3tomo de nitrogénio do terminal
guanidina da L-arginina, a qual por sua vez é convertida em L-citruling’ por
aco da NO-sintetase constitutiva®® em reagao dependente da presenca de
calcio, NADPH e calmodulina (figura 1), O NO produzido age estimulando a
guanilato-ciclase nas células musculares lisas dos vasos, causando um
aumento intracelular de 3’ 5’-monofosfato de guanocsina ciclico (GMPc), levando
a redugdes do influxe de calcio através do sarcolema e da liberagdc do ion de
seus depositos intracelulares® . A conversdo de L-arginina em NO & especifica
porque analogos de L-arginina, inclusive seu enantibmero a D-arginina, ndo sdo
suibstratos para esta reagdo. Portanto, estes analogos séo reconhecidos como
inibidores da sintese de NO {figura 2).

INIBIDORES DA SINTESE DE NO

Vérias substancias promovem maior liberagdo de NO, entre elas, a
acetiicolina, a substéancia P, a bradicinina e a histamina. Qutras, anaiogas a L-
arginina, como a NG-monometil-L-arginina'® (L-NMMA), a NG-amino-arginina'
(L-NAA), a NG.nitro-L-arginina-metil-éster'> (L-NAME) e a N-imincetil-L-
ornitinina’”® (L-NIQ), inibem a sintese de NO de forma dose-dependente e
especifica. Embora a L-NIO seja aproximadamente 5 vezes mais potente que ¢s
demais imbidores, do ponto de vista qualitativo ndo ha diferengas entre sles,
quando avaliados os efeitos cardiovasculares’™ A diversidade de poténcia
desses compostos sobre o tecido vascular in vifro e in vivo parece ser devida a
diferengas quanto a captagdo, distribuicdo e metabolismo dos mesmos'
Comparadas aos demais inibidores, apenas a L-NMMA e a L -NAME s3o ativas

por via oral".
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1. INIBIGAO AGUDA DA SINTESE DE NO

Os inibidores da producdo de NO induzem aumento da resisténcia
arterial sistémica e reducdo significativa do débito cardiaco, resultando em
aumento da press@c arterial média, dose-dependente’® Estes efeitos séo
mantidos se a infusdo for continuada por mais de 6 horas, indicando que os
sisternas reguladores na vasculatura ndo sdo capazes de reacomodar ¢ fluxo
sanguineo a niveis basais™. Por outro lado , estes efeitos sdo prontamente
revertidos pela |-arginina, que antagoniza todas as acdes dessas substancias’”.
Em humanos sadios, a infusdo de L-NMMA na artéria braguial e em veias
dorsais da méao, induz vasoconstricgdo direta apenas na artéria. o que sugere
uma producaofliberacio continua de 6xido nitrico no sistema arterial em maior

grau que no venoso'®'®,

A utilizagdo de L-NMMA (30 mg/kg) em ratos em modeio de chogue
septico nfo responsivo a terapéutica convencional, resultou em aumento na
pressdo arterial e na resisténcia vascular periférica dose-dependente® A
utilizag@o de inibidores da sintese de NO em pacientes com chogue séptico,
realizada em escassos estudos, tem demonstrado efeito benéfico na
recuperagéo do quadro hemodinamico®*, inclusive com melhor responsividade
pressorica @ infusdo de catecolaminas®™. No entanto, desconhece-se outros
possiveis efeitos deletérios dessas drogas, principalmente a nivel cardiaco e
renal, sendo portanto a indicac3o de inibidores da sintese de NO controvertida
nesta condicdo®™ A abordagem mais profunda deste assunto foge aos

interesses desta revisio.

2. INIBIGAQ CRONICA DA SINTESE DE NO
Por razGes élicas, ndo se conhecem os efeitos da administrag3o cronica
de inibidores da sintese de NO em humanos. Portanto, os resultados expostos a

seguir foram obtidos a partir de estudos realizados em animais,
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Desenvolvimento de Hipertensdo Arterial

Recentes estudos em ratos demonstraram que a administracdo oral do
inibidor da sintese de NO, L-NAME por 4-6 semanas leva ao desenvolvimento
de HA™* Verifica-se elevagio severa e persistente da pressdo arterial que
pode ser revetida de forma apenas parcial pela infusdo de L-arginina®. Este fato
sugere que a inibigdo cronica da sintese de NO promova outras alteragdes
humorais efou estruturais que também contribuem. para a elevacio da pressdo
arterial neste modelo. Embora a atividade da renina plasmatica encontre-se
aumentada durante o administracdo cronica de L-NAME, sugerindo a
participacdo do sistema renina-angiotensina {SRA) neste modelo de HA 2
efetiva inibigdo do mesmo através da administragdo simultanea de Losartan, um
antagonista especifico para receptores de Angiotensina il, ndo é acompanhada

por normalizagéo completa da presséo arterial™

. Assim, embora participante, o
SRA nao deve constituir o unico sistema de reguiacdo da pressdo arterial neste
modelo de HA.

A pressac arterial neste modelo de HA experimental mostra-se
aumentada em torno do 59 dia de administracdo de L-NAME e ecleva-se
progressivamente até a 68 semana, quando ocorre estabilizacdo dos niveis

presséricos até a 82 semana®,

Comprometimento renal
A administracdo oral do inibidor da sintese de NO, L-NAME a ratos, por
4-6 semanas, leva ao desenvolvimento de HA com vasoconstriccdo e

BB/ associadas a queda na filtracdo glomerular e

hipoperfusdo renais
aumento na fracdo de ﬁltrag;éoz“' Do ponto de vista histoldgico, observa-se
estreitamento difuso nas arteriolas renais com obliteragdo focal difusa e necrose
fibrindide glomerular segmentar’. Certas alteragdes encontradas na
microvasculatura renal, como a hiperirofia das arteriolas e a obliteragdo do

limen das mesmas, s30 caracteristicas da hipertensdo arterial maligna™®. E
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improvave! que o dano renal seja decorrente de toxicidade direta pela L-NAME
ja que o desenvolvimento de microangiopatia é prevenido pela administracéo do
antagonista de angiotensina, Losartan™. Por outro lado, esta prevencio das
alteracbes morfoldgicas e a reversdo parcial das alteragdes funcionais nos rins
com a administrag@o de Losartan, embora sem a completa normalizagio da

presséo arterial, fortalecem a importancia do SRA neste modelo de HA™.

Comprometimento cardiaco

A inibigdo crénica da sintese de NO acarreta, em ratos, alteragdes
cardiacas come hipertrofia ventricular esquerda (HVE) e fibrose intersticial
necrose subendocérdica®™, semelhantes aquelas vistas em pacientes portadores
de hipertenséo arterial. As lesbes isquémicas observadas no coragdo sao
similares aquelas encontradas nos rins neste mesmo modelo®. Em humanos,
acredita-se que estas alteragdes isquémicas miocardicas sejam resultantes de
uma insuficiéncia coronariana relativa causada por aumento na demanda por
parte do miocardio, principalmente consequente a HVE. Porém, algumas
peculiaridades deste modelo de HA o tornam diferente de ouiros e s&o portanto
sdo dignas de nota. Primeiramente, o fato de que néo se observa HVE antes de
8 semanas de administragdo oral de L-NAME, o que € excecdo quando
comparamos este modelo de HA com outros, classicos®™®¥* Associa-se o
desenvolvimento retardado de HVE a elevagdo também tardia da atividade da

renina plasmatica observada neste modelo™>

que em outros, como por
exemplo na HA renovascular’’. Este fato, conjuntamente & observagdo de o
Losartan previne significativamente o desenvolvimento de HVE®, permite a
conclusdo de que, no modelo de HA por inibigdo crdnica da sintese de NO, a
atividade do SRA tem importéncia também na génese da HVE.

Em segundo lugar, embora alteracbes isquémicas miocardicas
subendocardicas sejam encontradicas em HA de diversas etiologias, na
hipertensdo secundaria & inibigdo cronica da sintese de NQ, as lesdes ndo sb

sdo mais abundantes como também nao estdo restritas aquelas regides™. Além
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disse, o aparecimento de lesdes miocardicas precede o da HVE, Portanto, ha a
possibilidade de que as lesdes isquémicas neste modalo ndo selam secundarias
somente @ HVE ou ao "stress” na superficie subendocardica do ventriculo
esquerdo consequente a pds-carga aumentada. £ bastante provavel que a
redugéo critica de fluxo coronariano determinada por uma produgéo diminuida
de NO™ pelo endotélio dos vasos coronarianos seja a principal responsavel pela
maior severidade das alteragdes miocardicas descritas neste modelo de HAX.
Finalmente, outra caracteristica importante & a disfuncdo ventricular
esquerda observada na hipertensdo arterial associada a inibicdo crénica de
NO™. A disfungdo do ventriculo esquerdo pode ser explicada pela presenca das
extensas areas de fibrose intersticial e leses miocardicas observadas nos
coragBes dos animais tratados com L-NAME. Em estudos agudos com infusio
de L-NAME, a queda do débito cardiaco tem sido associada a aumento na pos-
carga e a redugao do fiuxo coronariano bem como a alteragtes na contratilidade
do ventriculo esquerdo™ ™. Cronicamente, a administracéo de L-NAME (25 dias)
causa uma redugdo de 25% no débito cardiaco devido a uma reducdo no
volume sistélico™. A superposicao dos dois mecanismos de isquemia miocérdica
(aumento do consumo de oxigénio pelo miocdrdio hipertréfico e diminuico do
fluxa sanguineo coronariano associada a vasoconsiricgdo causada pela L-
NAME) pode ser responsavel pelo acentuado comprometimento do débito
cardiaco. A ndo elevagdo da pressdo arterial apds a 6* semana de inibicdo
descrita anteriormente pode, inclusive, refletir o desenvolvimento de disfunco

ventricular esquerda com queda no débito cardiaco®

implicagdes fisiopatoldgicas e clinicas

0 modelo de HA induzida pela inibicdo cronica da sintese de NO vem
acrescentar mais conhecimentos a complexa fisiopatologia da HA. Por outro
lado, acrescenta tambem inumeros pontos controvertidos, sende fundamental, a
nosso ver, a questdo se € a HA causa ou consequéncia da disfungio endotelial

observada em pacientes portadores da doenca®” (ref Linder 1990 e Panza
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1890 da revis@o do Moncada). E claro que nao pretende interpretar uma
patologia etiologicamente muitifatorial como a HA como uma simples relagdo
causa-efeito com a disfungdo do endotélio. No entanto, é possivel identificar
alguns aspectos clinicos observados em determinados subgrupos de
hipertensos, que sdo superponiveis acs observados neste modeio experimental
de HA. Assim, poderiamos esperar que hipertensos com significativa disfuncao
endotelial, como causa ou consequéncia da HA, apresentassem disfungado renal
severa, comprometimento precoce e importante da funglo cardiaca (muitos
talvez falsamente rotulados como portadores de cardiomiopatias primarias, pela
ausencia de pressao arterial elevada e conhecimento prévio de HA) e indicios
clinicos de isquemia miocardica na auséncia de HVE e coronaricapatia
obstrutiva. A identificac8o desses subgrupos de pacientes hipertensos com
disfungdo endotelial associada permitiria a utitizagdo de medidas terapéuticas
mais adequadas & esta condi¢&o, principaimente com o objetivo de prevenir 0s -
danos renal e cardiaco. Na pratica didria da medicing, ha muito vimos
origntando rossos pacientes hipertensos a evitarem o tabagismo, a obesidade,
dietas ricas em colesterol e hidratos de carbono além de tratarmos doencas
associadas, principaimente a hipercolesterolemia e o diabete. As bases para
estas recomendagbes advinham de resultados de estudos populacionais que
demonstraram a polencializagdo do risco de morbi-mortalidade cardiovascular
quando HA, tabagismo, hipercolesterolemia e diabetes melito se associam.
Atualmente, dispomos também de bases cientificas para justificar essas
medidas, pois estas qualro condigbes concorrem para a instalagdo de uma
outra, via final comum do les&o vascular promovida por aquelas: a disfuncéo
endotelial. Do ponto de vista de terapéutica medicamentosa, o desenvolvimento,
por exemplo, de um novo farmaco cuja molécula fosse composta basicamente
por um inibidor da enzima conversora de agiotensina Il (ECA) associada a um
radical NO talvez constituisse a indicagd0 mais plausivel, face as evidéncias de
atividade aumentada do SRA e de déficit de producdofliberacdo de NO neste

modelo fisiopatolégico de HA. Paralelamente, a administragdo de caicio e de
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substancias antioxidantes também poderiam trazer beneficios a este subgrupo

de pacientes hipertensos.
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SUMMARY

We have compared the myocardial alterations in rats made hypertensive
by the chronic inhibition of nitric oxide biosynthesis with those having renal

hypertension (two kidney-one clip model). Male Wistar rats were chronically

administered the nitric oxide synthase inhibitor N@-nitro-L-arginine methy! ester
(L-NAME) for two, four and eight weeks. Both groups initially developed a similar
increase in blood pressure but only the 2K-1C rats developed myocardial
hypertrophy after 2-4 weeks. L-NAME-treated animals developed a similar
degree of hyperirophy following eight weeks of treatment. As observed by light
microscopy, the myocardial alterations in the latter animals consisted of
extensive areas of fibrosis and myocardial necrosis, especially in regions of the
‘subendocardium. The histological ailterations induced by L-NAME were not
caused by the accompanying hypertension, since the 2K-1C animals had a
similar increase in arterial blood pressure without any significant alterations in
the heart morphology. 2K-1C rats treated chronically with L-NAME behaved in a
manner similar to the L-NAME-treated animals with regard to both the biood
pressure increases and cardiac morphological alterations. Animals which
received the inactive enantiomer D-NAME did not develop hypertension nor did
they have any morphological abnormalities. Both the coronary flow and the
contractile capacity of hearts isolated from rats {reated with L-NAME for eight
weeks were impaired compared to control animais. These results indicate that
the chronic inhibition of NO biosynthesis causés cardiac ischemia associated
with a mechanical dysfunction that is unrelated to cardiac hypertrophy in rats
similar o those seen in some patients suffering from chronic  arterial
hypertension.

Key Words: Endothelium - L-NAME - Arterial hypertension - Left ventricular
hypertrophy - Myocardial ischemia. |
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INTRODUCTION

Arterial hypertension is a strong predictor of cardiovascular morbid events
including left ventricular hypertrophy (12,18), coronary circulatory disturbances
{13), myocardial structural changes (5) and death (18,19). Several animal
models of hypertension have been developed in an attempt 1o simulate human
hypertension and its cardiac consequences. Recently, a model of chronic nitric
oxide (NQO) inhibition induced by the daily administration of NO synthase

inhibitors such as NO-nitro-L-arginine-methyl ester (L-NAME; 20} was described
{2,4,22). In contrast to classic models of hypertension such as renovascular {two
kidney-one clip, 2K-1C; Goldblatt f} and deoxycorticosterone acetate-salt in
which left ventricular hypertrophy (LVH) is evident (7}, the cardiac hypertrophy
observed after four weeks of L-NAME administration was either very discrete
{15) or absent (2). Another characteristic is the reduced cardiac output (15},
raported by some workers {0 be associated with an increased afterioad (9).
However, the conseguences of chronic inhibition of NO biosynthesis on
myocardial structure have yet 1o be studied.

in the present study, we have compared the sequence of myocardial
alterations (including the deveiopment of hyperirophy and myocardial lesions)
following the chronic inhibition of NO biosynthesis with those observed in the 2K-
1C model. We also evaiuated the coronary flow and contractile capacity of
hearts from rats treated with L-NAME for eight weeks. Preliminary results of
these sxperiments were presented at the “78th Meeting of the German Society of
Pathology ", Zurique, Switzerland, April 9, 1994
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METHODS

induction of Goldblatt il hypertension

After the rats were anesthetized with sodium pentobarbital (Sagatal, 40
mg/kg, i.p.), & left flank incision was performed and a silver clip (6,2 mm i.d.)
placed around the renal artery {11). In animals serving as sham-operated
controls, the clip was removed immediately after having been fixed around the

vessel and the kidney was repositioned in the abdomen.

Chronic treatment with L-NAME and D-NAME

The rats received L-NAME (or D-NAME) in the drinking water for up to
eight weeks. Both L-NAME and D-NAME were dissolved in the drinking water at
a concentration of 1.2 mM to give a daily intake of approximately 75
umolirat/day {22). The average daily intake of both water and food did not differ

significantly between the L-NAME-treated and untreated rats. Control rats
received the same volume of tap water alone.

Experimental design

Male Wistar rats (150-200 g at the start of the study) provided by the
Biclogy Institute Laboratory Animal Center (CEMIB) of the State University of
Campinas (UNICAMP) were divided in the following groups: (1) CONTROL
(n=78}. sham-operated rats that received tap water alone, (2) L-NAME {(n=78):
rats that received L-NAME in the drinking water, (3) D-NAME (n=12): rats that
raceived D-NAME in the drinking water, (4) 2K-1C (n=48): with a silver clip
placed around the renal artery and which received tap water, (5) 2K-1C+L-NAME
{n=42). with a silver clip placed around the renal artery and which received L-

NAME. The animals were sacrificed after two, four and eight weeks.
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Arterial blood pressure was measured twice a week by a tail-cuff method
(TCP, 25) and the mean of these two determinations was considered to be the
rmean for that week. The same procedure was applied to the weight gain,
Determination of heart weight indices

The rats were sacrificed with ether and the heart was removed, washed
with saline and then fixed in 10% formalin for 24 h. Subsequently, the atria were
removed and the ventricles weighed to obtain the heart weight (HW). The left
ventricular (LVW) and the right ventricular (RVW) weights were determined after
excising the right ventricle. The HW index (HW!) was calculated by dividing the
HW by the body weight and the left (LVWI) and right (RVW!) ventricular weight
indices by dividing the LVW and RVW by the body weight.

Histological analysis

Both the left and right ventricles were cut into five equidistant rings
perpendicular to the long axis of the heart. All rings were embedded in paraffin,
and 5 um sections were stained with hematoxylin-eosin. From each rat, one
section of each of the five ventricular rings was studied by light microscopy. For
semiquantitative analysis, we adopted the following classification: {+), weakly
positive: one or two small foci of myocardial necrosis or fibrosis, with a diameter
of less than 500 pum in one dimension; (++), moderately positive; more than two
non-confluent areas of small foci of myocardial necrosis or fibrosis with a
diameter of less than 500 um in one dimension; (+++), strongly positive:
confluent foci of myocardial necrosis or fibrosis with a diameter greater than 500

Lm in one dimension or large infarcts.

Functional evaluation of the isolated heart

At the eighth week of L-NAME treatment, control (n=8) and L-NAME-
treated (n=7) animals were sacrificed and their hearts isolated and perfused at
37°C under constant pressure by the method of Langendorff. The Krebs-
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Henselelt solution used had the following composition: NaCl- 115 mM; KCL- 54
mM; CaCl- 1,25 mM; NaH,PO,.- 1,15 mM, MgS0,-1,2 mM: NaHCOs- 25 mM; d-
Glicose- 11 mM; Manitol- 2mM: Insulina- 10 Ul / 1000 m! {(pH= 7,2-7.4). The
contractile activity of each heart was measured via a latex balloon inserted into
the left ventricle and coupled to a pressure transducer (model 7070, Ugo Basile,
aly). The changes in pressure were recorded on a two-channel recorder
(model 7070, Ugo Basile, Italy). The left ventricular developed pressure (LVDP,
mmHg) normalized by the left ventricular weight (LVDP,), was used as a
sensitive indicator of contractile function (23). The coronary flow (CF, ml/min)
was determined by manually collecting the effluent over set intervals and
measuring the resutting volume. We also evaluated the coronary flow divided by
the left ventricular weight (LVW, mi/min/g).

Drugs

NO-Nitro-L-arginine methyi ester (L-NAME) and D-NAME were purchased from
Sigma (U.S.A.) and Bachem (Switzerland), respectively. Sodium pentobarbital

(Sagatal®) was purchased from May & Baker (UK).

Statistical analysis

Results are expressed as mean + 8.E.M. Analysis of variance (ANOVA)
was applied to repeated measurements in order to assess the differences in
body weight and tail-cuff pressure. One-way ANOVA was used to compare HW,
LVW, RVW, HWI, LVWi and RVWL When ANOVA results were significant,
Duncan's test was applied to determine the level of significance. For comparison
of the myocardial damage in the different study groups, Kruskall-Wallis and
Dunn tests were used. For comparison of the LVDP, and CF between the control
and L-NAME groups, Student's t-test was used. For all the statistical tests
employed, a p value <0,05 was considered to be significant {Software Stanton
Glanz, Primer of Statistics). |
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RESULTS

Body weight

The body weight of sham-operated, 2K-1C, L-NAME and 2K-1C + L-
NAME rats did not differ significantly from each other (Table 1).

Tail-cuff pressure {TCP)

Figure 1 shows that chronic administration of L-NAME for up to eight
weeks in sham-operated rats induced a time-dependent hypertension which
reached a maximum response at the fifth week. The inactive enantiomer D-
NAME had no effect on the TCP when compared to control rats receiving tap
water alone. 2ZK-1C animals developed a time-dependent hypertension with a
maximal increase at the sixth week. After the sixth week; the TCP from 2K-1C
rats was significantly higher (p<0,05) than in the animals receiving L-NAME.
interestingly, 2K-1C rats which received L-NAME developed hypertension similar
{o that observed in the L-NAME-treated animals (Figure 1).

Cardiac and left ventricular weights |

in the rats sacrificed after two, four and eight weeks, there were no
significant differences in the heart (HW) and left ventricular (LVW) weights
among the four groups (Table 1). However, the heart weight index (HW!) (Figure
2) and left ventricular weight index (LVWI) (Figure 3) were significantly greater in
the ZK-1C and ZK-1C+L-NAME groups than in the CONTROL and L-NAME
groups at the two and four weeks evaluation. Aftor eight weeks, the increases in
HWI and LVWI in the L-NAME group were different from CONTROL but were not
significantly different from the 2K-1C and 2K-1C+L-NAME groups (Figures 2
and 3). After eight weeks, D-NAME-treated animals had HWI and LVWI similar
to CONTROL animals. There was no difference in the right ventricle weight

among the five groups at the eighth week (data not shown).
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Myocardial alterations

Intergroup evaluation

In the two week- (n=18}, four week- (n=29) and eight week-(n=21)
CONTROL groups, as well as in the D-NAME group (eight weeks, n=12), no left
ventricle was classified as positive. In the 2K-1C group (two to eight weeks),
there was a very low incidence of myocardial abnormality (Table 2). However, L-
NAME-treated animals developed myocardial alterations the severity of which
increased with the length of treatment (Table 2).

The lesions observed consisted mainly of areas of dense interstitial and
replacement fibrosis consistent wit.h organized myocytolytic necrosis. Fresh
myocardial. necrosis was rarely encountered. Disruption of the myocardial
organization was observed as soon as two weeks after the start of treatment but
the lesions were more frequent and extensive after eight weeks. Subendocardial
infarcts were common (Figure 4), sometimes occupying up to 80% of the
circumference of the left ventricle. Osteocartilagineous metaplasia was only
rarely observed in areas of subendocardial necrosis after eight weeks of
treatment.

In the L-NAME-treated rats, thickened arterial walls with perivascular
fibrosis could be found. Replacement fibrosis in the media of intra-myocardial
arteries indicated previous smooth muscle cell necrosis, but this was found in
only few animals. In the ZK-1C+L-NAME-group, the occurrence of arterial
fibrinoid necrosis was very sporadic. The right ventricie of the following groups
were analysed: eight-week L-NAME (n=24) and the respective CONTROL group
{n=21), D-NAME group (n=12), eight-week 2K-1C (n:15) and eight-week 2K-
1C+L-NAME (n=11). No myocardial lesions were detected in the right ventricle of

these animals.
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Cardiac function evaluation

Both the LVDP, and CF (or CF/LVW ratio; data not shown) of L-NAME-
treated rat hearts were significantly less than those of the control animals (Table
3). The lower LVDP, suggests a decreased contractile capacity in the former
graup. There were no significant differences in the left ventricular end-diastolic
pressure or in the heart rate between the L-NAME-treated and control groups
(data not shown).
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DISCUSSION

Our results clearly demonstrate that the chronic inhibition of NO
biosynthesis induced by L-NAME causes myocardial alterations such as
interstitial fibrosis and subendocardial necrosis similar to those seen in patients
suffering from chronic arterial hypertension. In man, these alterations are
believed to result from a relative coronary insufficiency caused by an increase in
the oxygen demand. In our study, it was interésting to note that although the
biood pressure rose to a similar extent in all groups, the LNAME-treated rats
showed significantly more severe and extensive cardiac lesions, indicating that
there must be other causes in addition to the high blood pressure levels.
Myofiber necrosis in L-NAME treated rats was observed within two weeks of
intiating the treatment, by which time these animals had not yet developed
cardiac hypertrophy. These alterations seem to be related to the inhibitioh of NO
piosynthesis since rats treated with the inactive enantiomer D-NAME had no
increase in blood pressure and did not present similar histological changes.
Medial necrosis has been documented in hypertensive rats following the
administration of vasoactive drugs (6, 16). Although these vascular lesions were
occasionally seen in both L-NAME-treated and 2K-1C rats, they cannot explain
the full picture of myocardial lesions observed in the former animals. We aiso
demonstirated a decreased coronary flow (CF) at the eighth week that may
account for the myocardial changes noted above, The absence of cardiac
hypertrophy in the rats with NO inhibition after two and four weeks stresses the
importance of vascular factors in the genesis of the lesions.

Apart from age, LVH represents the most powerful risk factor for
cafdicwascuiar morbidity and mortélity {17), a fact believed to a concomitant
decrease in the coronary reserve {10, 14). We observed a late development of
left ventricular hypertrophy in our modet of hypertension compared with the 2K-
1C rats, a finding which is in agreement with that of other workers (3,15), Since
we were unable to performe fiber size measurements, it is not possible for us to

definitively eliminate a loss of or damage to the myocardium as a cause of the
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delayed developmént of LVH. However, our finding that myocardial alterations
were observed in rats treated for two and four weeks, when LVH was absent (our
data) or very discrete (15) probably reflects a vascular, rather than a cardiac
muscle origin for these changes. The decreased coronary flow in this mode!
could be due to disturbances in the myocardial microcirculation, including
platelet activation (21) and vasospasm phenomena (24). The lower load and the
tack of RV hypertrophy may explain the absence of RV lesions.

There was no significant difference in the arterial BP levels among the
hypertensive groups until the sixth week when BP levels in the 2K-1C group
were significantly higher than in the L-NAME and the 2K-1C+L-NAME rats. The
tack of a further elevation in the TCP in the latter groups may reflect the
development of cardiac mechanical dysfunction. Left ventricular dysfunction
could be secondary to the extensive interstitial fibrosis and myocardial scars
found in the hearts of both L-NAME-treated groups. In acute studies with L-
NAME infusions, cardiac output impairment has been related to an increased
afterload (9} and to a possibly decreased coronary perfusion and alterations in
left ventricular contractility (1), L-NAME administration for 25 days results in a
25% reduction in cardiac output due to an decrease in stroke volume (15). The
superposition of two mechanisms of myocardial ischemia, namely, an increased
work demand caused by a growing myocardium and a decrease in ccrohary flow
associated with a decreased confractility, could iead to the impairment of

cardiac output observed in this model of hypertension.

in conclusion, the chronic inhibition of NO biosynthesis leads to
myocardial ischemia with myofib.illar necrosis and interstitial fib.rosis‘ These
alterations may represent the morphological correlate of the functional deficit in
myocardial contractility described above. The principal factor involved in
mnitiating this ischemia is likely to be the decrease in the oxygen supply io

myocardial tissue as a consequence of a reduced CF. This suggestion is
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supported by the observation that the ischemic lesions preceded the onset of
LVH,

The ischemic lesions observed above are similar to those found in the
Kidney under the same conditions {22). This model of hypertension may
represent an experimental correlate of the clinical situation in which the
development of hypertensive heart muscle disease can be secondary to an
endothelial dysfunction. Our observations may also better explain the cardiac
findings In diseases such a diabetes mellitus and/or arterial hypertension (8, 24}
irt which there is endothelial dysfunction that is independent of atherosclerotic
coronary ariery disease.
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ABSTRACT

In rats, chronic administration of the nitric oxide (NQO) inhibitor N®-nitro-L-
arginine-methyl ester (L-NAME) causes arterial hyperiension, cardiac
hypertrophy and myocardial ischemic alterations such as necrosis and fibrosis.
in this study, we evaluated the effect of eight weeks of treatment with enalaprii
maieate on cardiac weight and on the development of the histological alterations
induced by L-NAME. Enalapril significantly inhibited the development of both
arterial hypertension (117.2+5.8, 161.8+8.8 and 122.0+10,6 mmHg, for controi,
L-NAME- and L-NAME+enaiapril- treated animals, respectively) and left
ventricular hypertrophy {1.36+0,13, 1.60+0,04 and 1.48+0,05 mg/g, for control,
L-NAME- and L-NAME+enalapril- treated animals, respectively), but had no
effect on the myoccardial lesions. These findings demonstrate that aithough the
renin-angiotensin system piays a major role in the development of arterial
hypertension and cardiac hypertrophy, it does not modulate the ischemia-
induced myocardial alterations observed in this model. Key words: Nitric oxide -

hypertension - enalapril - renin-angiotensin system -myocardial ischemia.
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1-INTRODUCTION

}”he chronic inhibition of nitric oxide {NO) synthesis in rats causes arterial
hypertension accompanied by functional alterations and structural lesions in the
kidneys (Baylis et al., 1992; Ribeiro et al., 1992) and heart (Moreno et al., 1994),
Since inhibition of the renin-angiotensin system prevents the alterations induced
by L-NAME in the kidney (Ribeiro st al., 1892), we have evaluated wheter the
renin angiotensin system is also involved in the L-NAME-induced cardiac

alterations in rats.

‘2- MATERIAL AND METHODS
2.1 Experimental design

Male Wistar rats (150-200 g at the start of the study) provided by CEMIB-
UNICAMP were divided into the following groups: (1) control (n=10}): rats that
received tap water alone, (2) L-NAME (n=8) rats that received L-NAME (20
mg/kg/day, Ribeiro et al., 1992; Moreno et al., 1994), (3) enalapril (n=9}. rats that
received enalapril maleate (25 mg/kg/day, Childs et al, 1990}, (4) L-
NAME +enalapril (n=9): rats that received both L-NAME and enalapril maleate
(20 and 25 mg/kg/day, respectively). Both L-NAME and enalapri maleate were
dissolved in the drinking water, The animals were sacrificed after eight weeks of

treatment.

2.2- Blood pressure measurements
Mean arterial pressure was measured twice a week by a tail-cuff method
(Zatz, 1990) and the mean of these two determinations was considered to be the

mean for that week. The same procedure was applied to the weight gain.

2.3- Cardiac weight indexes and histological analysis
The rats were sacrificed with ether and the heart was dissected out and

washed with saline. The atria were then removed and the ventricles weighed in
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order to obtain the heart weight. The left ventricular weight was determined by
excising the right ventricie and weighing the remaining tissue. The heart weight
index and the left ventricular weight index were calcuted by dividing the heart
weight and the left ventricular weight by the body weight. After fixation, in 10%
formalin for 24 h, the left ventricle and the septum were cut into five equidistant
rings perpendicular to the long axis of the ventricle. The rings were then
embedded in paraffin, and 5 um sections were stained with hematoxylin-eosin.
From each rat, one section of each of the five ventricular rings was studied by
light microscopy. The histological analysis had been done as a blind study. For
semiquantitative analysis, we adopted the following classification (Factor et al,,
1981: (+), grade one: one or two foci of clear cut previous cell loss replaced by
granulation tissue or a scar less than 500 um in its greatest diameter; (++),
grade two; more than two foci of clear cut previous previous myocardial cell loss
repiaced by granulation tissue or scars, alt less than 500 pm in their greatest
diameter. There must be a broad rim of viable myocardium between individua
faci; (+++) grade three: confluent foci without a continuous rim of myocardium
separating them, thus creating larger areas of previous cell (> 500 um in their
largest diameter) replaced by granulation or scar tissue with only rare islands of
very few surviving cardiomyocytes in it. We did not include myocardial fibrosis,
which is defined as an increase of interstitial collagen, without apparent loss of

cardiomycytes, since we were only interested in lesions caused by cell loss.

2.4- Drugs

NO-Nitro-L-arginine methy! ester (L-NAME) was purchased from Sigma

(1J.8.A.). Enalapril maleate was provided by Biosintética (Brazil).

2.5- Statistical analysis
Results are expressed as the mean+SEM, Analysis of variance (ANOVA)

was applied to repeated measurements in order to assess the differences in
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body weight and tail-cuff pressure. When the ANOVA results were significant,
Duncan's test was applied to determine the level of significance and a P value
<0,05 was considered to be significant. For comparison of the myocardial

damage in the different study groups, the Kruskail-Wallis and Dunn tests (Primer
of Statistics, from software Stanton Glanz) were used.

3-RESULTS
3.1- Body weight and tail-cuff pressure

The body weight of control, L-NAME, enalapril and L-NAME+enalapril rats
did not differ significantly from each other. L-NAME treatment induced a time-
dependent increase in the blood pressure up to the sixth week of treatment after
which the levels stabilized (Fig. 1). Enalapril prevented the hypertension in the
L-NAME-+enalapril rats after the second week of treatment (Fig. 1). Enalapril
alone significantly reduced the blood pressure after the second week of
reatment (P<0,06; Fig. 1).

3.2- Cardiac weights

Chronic treatment with L-NAME significantly elevated the heart weight
index (1.90+0,18 and 2.12+0,05 mg/g for control and L-NAME-treated animals,
respectively, P<0,05). This increase was abolished by enalapril {(1.84+0,06 mg/g;
P<0,05). Similarly, L-NAME caused a significant increase in the left ventricular
weight index (1.36+0,13 and 1.60+0,04 mg/g, for control and L-NAME-treated
animals, respectively, P<0,05) which was also prevented by enalapril (1.48+0,05
mglg, P<0,05). In the animals receiving enalapril alone, there were no significant
alterations in the heart weight index (1.89+0,07 mg/y) and left ventricular weight
index {1.50+0,08 mg/g) when compared with the control group.

3.3- Histological alterations
in both the control and enalapril groups, no heart was classified as

positive. L-NAME-treated animals developed myocardial aiterations which were
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not prevented by enalapril (Table 1). The lesions observed consisted mainly of
areas of dense interstitial and replacement fibrosis consistent with organized
myacytolytic necrosis. Fresh myocardial necrosis was also encountered.
Suber}docardiai infarcts were common, sometimes ocoupying up to 80% of the
circumference of the left ventricle. In the L-NAME-treated rats, thickened arterial
walls with perivascudar fibrosis could be found (Moreno et al., 1994),

4-DISCUSSION

Our results clearly demonstrate that, while enalapril presented the
development of both arterial hypertension and left ventricular hypertrophy, it had
no effect on the myocardial alterations resulting from ischemia.

Angiotensin-converting enzyme inhibitors reduce cardiac mass when
used as shortterm therapy for clinical and experimental hypertension (Dunn et
al., 1984). Qur resuits on cardiac hypertrophy support previous observations
showing that both enalapril {Nemoto et al, 1994; Ueki et al., 1894) and the
angiotensin il receptor blocker losartan {(Jover et al, 1993) prevent the left
ventricular hypertrophy induced by the chronic inhibition of NO synthesis.

Previous studies (Lund and Tomanek, 1978; Butirick et al., 1986) have
demonstrated that left ventricular hypertrophy due to arterial hypertension is
asscciated with a limited coronary vasodilator reserveand that this situation is a
predisposing faclor for the development of myocardial ischemia. Interestingly,
the activation of reninn angiotensin system leads to the development of left
ventricular hypertrophy (Weber et al.,, 1991) and angiotensin Il causes myocyte
acute injury in rats (Tan st al,, 1991). Although the above findings indicate a
close relationship between rerin angiotensin system activation and myocardial
ischamia, the failure of enalapril to prevent the development of ischemic lesions
indicates a clear dissociation between left ventricular hypertrophy and the
ischemic process in this model of chronic NO synthesis blockade. Indeed,
renovascular hypertensive rats are known to develop left ventricular

hypertrophy, yet no ischemic lesions are observed in the hearts of these ammals
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(Moreno et al,, 1984}, thus supporting the concept that the ischemic process
may be unrelated to the development of cardiac hypertrophy {Brush et al., 1988).

Since as noted above arterial hypertension and left ventricular
hypertrophy are not related to the development of myocardial ischemia, we
propose that NO plays an essential role in the autoregulation of coronary blood
flow by acting as vasodilator and inhibitor of platelet function. This model of
chronic NO synthesis inhibition may therefore reflect clinical syndromes in which
patients present with arterial hypertension and associated myocardial ischemia,
but have no concomitant left ventricular hypertrophy.
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Summary

The changes induced in the mean arterial blood pressure {(MABP) of
anaesthetised rats following the administration of armed spider (Phoneutria
nigriventer) venom have been investigated. The intravenous injection of
Phoneutria nigriventer venom (PNV; 0,1 mglkg) evoked a brief and reversible
decrease in the MABP whereas a higher dose of venom (0,3 mg/kg) caused a
biphasic response characterized by a short lasting hypotension followed by a
sustained and prolonged hypertension (40-50 min). These changes were
accompanied by tachycardia, salivation, fasciculations, defecation and
respiratory disturbances. Pretreatment of the animals with atropine {10 mg/kg),
proprancltol (100 mg/kg), phenoxybenzamine (100 mg/kg) and indomethacin {4
mgkg) did not significantly affect the MABP changes induced by PNV. Similarly,
the bradykinin B, receptor antagonist Hoe 140 (0,6 mg/kg), the PAF antagonist
WERB 2086 (20 mgikg), the NK, receptor antagonist SR 140333 (0,5 mg/kg), the
NK; receptor antagonist SR 48968 (0,5 mg/kg) and the nitric oxide synthase
inhibitor N*-nitro-L-arginine methyl ester (10 mg/kg) had no significant effect on
the PNV-induced MABP changes. The increase in the MABP induced by PNV
was also not significantly affected by either angiotensin i receptor antagonist
losartan {10 mg/kg) or the endothelin ET, receptor antagonist FR 139317 (30
mg/kg). The ATP-dependent potassium channel antagonist glibenclamide (50
mg/kg) reduced by 40% the hypotension induced by PNV without affecting the
hypertensive response. Pretreatment of the animals with L-type calcium channel
antagonists such as verapamil {10-100 pghkg/min), diltiazem (40-120 ug/kg/min)
and nifedipine (0,3-10 mg/kg) markedly attenuated the PNV-induced
hypertension. Verapamil (30 ug/kg/min} and diltiazem (120 pg/kg/min) also
promptly reversed the established hypertension induced by PNV when infused 8
min after venom injection. Our results indicate that the brief decrease of blood

pressure induced by PNV is partially due to ATP-dependent potassium channels
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activation. The prolonged hypertension seems to result from direct calcium entry
in vascular and/or cardiac muscles.

Key words: Spider venoms. calcium channel blockers, potassium channel
blockers, endothelin-1, nitric oxide, Hoe 140
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1. introduction

Human envenomation by the spider Phoneutria nigriventer is common in
South America, particularly in Brazil {Lucas, 1988). The predominant clinical
manifestations of such envenomation include intense local pain, visual
disturbances, priapism, neurogenic shock, tachycardia and arrhythmias (Vitai-
Brazil and Vellard, 1625).

Phoneutria nigriventer venom activates voltage-dependent sodium
channels in both the phrenic nerve-diaphragm muscle preparation (Fontana and
Vital Brazil, 1985) and in guinea pig auricles (Vital Brazil et al., 1988), but not in
rabbit isolated vascular smooth muscle (Antunes et al., 1993a). In the auricles,
Phoneutria  nigriventer venom (PNV) releases both acethyicholine and
norepinephrine (Vital-Brazil et al., 1988) which are believed fo play a role in the
cardiac disturbances observed following envenomation by this species
(Schenberg and Pereira-Lima, 1971). Since the in vivo cardiovascular effects of
PNV have not been systematically studied the aim of the present work was to

investigate the effects of PNV on the arterial blood pressure of anaesthetised
rats.

2. Materials and methods

2.1, Arterial biood pressure measurement
Male Wistar rats (280-350 g) provided by CEMIB-UNICAMP were

anaesthetised with sodium pentobarbital (Sagatal®, 40mg/kg., ip.) and the
trachea was cannufated. The right carotid artery and left femoral vein were
cannulated for the measurement of arterial bood pressure and drug
administration, respectively. The arterial pressure was measured via a pressure
transducer (Ugo Basile, model PRC 21/3) connected to a two channel polygraph

{Ugo Basile). The experiments were initiated after at least 15 min of stabilization
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at which point the arterial blood pressure was generally 80-100 mmHg.
Phoneutria  nigriventer venom and the other agonists  (noradrenaling,
isoproterenot, acetylcholine, bradykinin, platelet-activating factor, angiotensin I,
endothelin-1, substance P, cromakalim, sodium nitroprusside and Bay K8644)
employed in this sudy were injected intravenously as single bolus (10'0 1l and
were washed in with a further 100 ul of saline.

2.2. Dialysis of Phoneutria nigriventer venom (PNV) |
Phoneutria nigriventer venom (10 ml of a 2 mg/mi of 0,9 % wiv saline
solution) was dialysed (dialysis membrane mol. wt. cutoff, 12000-14000) for up

to 48 hr at 4-60C against 2 L of saline. The dialysing solution was changed four
times during this period {Antunes et al., 1992). ' |

2.3 Venom and reagents

Lyophilised Phoneutria nigriventer venom (PNV) was supplied by
Butantan Institute (S&o Paulo, Brazil). The venom was collected from the spiders
by means of electrical stimulation and desiccated in vacuum over NaOH tablets
at room température.

Acetylcholing,  angiotensin  Il,  atropine, bradykinin,  diltiazem,

indomethacin, isoproterenc!, NO®-nitro-L-arginine methyt ester, noradrenaline,
propranolol, verapamil, | glibenclamide, cromakalim, substance P, sodium
nitroprusside and dialysis tubing (mol. wi. cutoff 12, 000-14,000) were purchased
from Sigma Chemical Co. (St. Louis, USA). Platelet-activating factor (PAF) and

sodium pentobarbital (Sagatal®) were obtained from Beecham (Bubendor,
Switzerland) and May & Baker (UK}, respectively. WEB 2086 and
phenoxybenzamine were obtained from Smith Kline & French (UK). Losartan
was supplied by Merck (USA). Endothelin-1 was supplied by Peptide Institute
inc. (Osaka, Japan). The endothelin (ET,) receptor antagonist FR 139317 was

supplied by Dr. T.J. Opgencrth (Abbott Laboratories, Hlinois, USA). Hoe 140,
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BAY KB644 and nifedipine were obtained from Pharma Synthesis (Hoechst AG),
Bayer (Germany) and Bayer (Brazil), respectively. SR 140333 and SR 48968
were supplied by Sanofi Recherche (Monipeliier, France). FR 139317 was
dissolved in 1 N NaOH and the pH corrected to 7.4, BAY K 8644 was dissolved
in 40% ethanol. Phoneutria nigriventer venom and test agents were storéd in
stock solution at -20°C and then diluted with isotonic saline (0.9% wiv) prior
administration to the animals.

2.4. Statistical Analysis

The results are presented z—is the mean + SEM where appropriate. The
unpaired Student's fest was uéed for statistical evaluation of the results and a -
P<0,05 was considered to be significant.

3. Results

3.1. The effects of PNV on mean arterial blood pressure (MABP)

The intravenous administration of PNV (0,1 mg/kg) caused a brief (2-4
min} and reversible hypotension (43 + 7 mmHg, n=7) whereas a higher venom
dose (0,3 mg/kg) induced a biphasic MABP response consisting of a brief {1-3
min) hypotension (33 + 2.2 mmHg) followed by a prolonged hyperiension (42.5
4 8 mmHg increase, Fig. 1, upper panel} The latter phase was characterised by
a slow onset (10 min to reach the maximal response), long duration
{approximately 40-50 min) and associated with a discrete increase in the heart
rate {496 + 12 beats/min before and 544 + 85 beats/imin 10 min after PNV
injection, n=10, P<0,05). A second administration of PNV {0,3 mg/kg) always
avoked a tachyphylatic response followed by deaths in 75% of the animals
(n=20). The changes in MABP induced by this dose of venom were accompanied

by intense salivation, fasciculations and defecation.

3. 2. Effect of atropine, phenox ybenzamine and propranolol



221

The intravenous injection of both acetyicholine (1 pgikg) and the §
adrenoceptor agonist isoproterenol (10 ng/kg} induced a shortHasting
hypotension (61 + 6.2 and 396 + 2.9 mmHg, respectively, n=5) whereas
noradrenaline {1 ug/kg) induced a brief hypertension {63.4 + 53 mmHg).
Pretreatment of one group of rats with the muscarinic receptor antagonist
atropine (10 mg/kg, i.p., 0,5 h before) significantly reduced the acetylcholine-
induced hypotension without affecting the biphasic MABP response induced by
PNV (0,3 mg/kg; Fig. 2A). At this dose, atropine did not significantly change
basal MABP (103 + 7.5 and 83.5 + 4.7 mmHg for control and atropine-treated
animals, respectively, n=5). In a second group of rats, pretreatment with the 8
adrenoceptor antagonist propranolol (100 mg/kg, i.p., 0,5 h before) did not
change the basal MABP (101.2 + 56 and 956 + 7.3 mmHg for control and
propranclol-treated animals, respectively, n=5) but markedly reduced the
isoproterencl-induced hypotension (Fig. 2B). Propranolol treatment did not
significantly affect the PNV-induced MABP changes. Finally, in a third group of
rats, pretreatment with the g-adrenoceptor antagonist phenoxybenzamine (100
mg/kg. i.p., 0.5 h before) lowered the basal MABP (114 + 2.3 and 78 £ 2.2 mmHg
for control and phenoxybenzamihe-treated animals, respectively, n=5, P<{,05)
and significantly reduced the noradrenaline-induced hypertension (Fig. 2C). At
this dose, phenoxybenzamine had no effect on the MABP changes induced by
PNV.

When the animals were previously treated with a mixture of atropine,
propranolol and phenoxybenzamine (same doses as described above), the
MABP decreased from 1003 1+ 4.0 to 83.0 + 37 mmHg (n=5, P<0,05). This
treatment virtually abolished the responses induced by acetyicholine,
isoproterencl and noradrenaline without significantly affecting the MABP
changes induced by PNV (Fig. 1, lower panel).

3.3. Effect of the cyclooxygenase inhibitor indormethacin
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Pretreatment of the animals with indomethacin (4 mg/kg, i.p., 0.5 h before)
affected neither the hypotension (33.0 £ 2.2 and 36.0 + 6.0 mmHg for control and
treated animals, respectively) nor the hypertension (425 + 48 and 398 + 3.7
mmHg for control and treated animals, respectively, n=5) induced by PNV.
indomethacin did not affect the basal MABP (1124 + 7.4 and 102.3 + 5.9 mmHg
for control and indomethacin-treated animals, respectively, n=5).

3.4. Effect of the bradykinin B, recepior antagonist Hoe 140 and the PAF
antagonist WEB 2086

The intravenous bolus administration of bradykinin {1 ug/kg) caused a
short-lived hypotension (22.5 + 4.3 mmHg) which was markedly reduced (1.6 +
1.8, n=5, p<0,01) when the animals were pretreated with Hoe 140 (0,6 mg/kg,
i.p}). However, Hoe 140 failed to significantly affect MABP changes induced by
PNV (Tabile 1). Similarly, WEB 2086 (20 mg/kg, i.v., n=5) abolished PAF (0,25
mg/kg, iv.)-induced hypotension (37.8 + 7.4 mmHg, n=5 P<(0,01) without
significantly affecting MABP changes induced by PNV (Table 1). At the doses
used, Hoe 140 and WEB 2086 did not affect the basal MABP {not shown).
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3.5. Effect of Tachykinin NK; (SR 140333) and NK; (SR 48968) recepfor
antagonists

Intravenous bolus injection of subtance P {1 ughkg) caused a brief
hypotension (29.3 + 2.0 mmHg, n=6) which was abolished when the animals
were previoulsy treated with SR 140333 (0,5 mgkg, iv, 10 min before).
However, this antagonist (same dose) had no effect on the MABP changes
induced by PNV (n=6, Table 1). Pretreatment of the animals with SR 48968 (0,5
mg/kg, i.v, 10 min before) affected neither the hypotension induced by substance
P nor the the MABP changes induced by PNV {n=6; not shown). SR 140333 and
SR 48968 did not affect the basal MABP {not shown).

3.6, Effect of the nitric oxide synthesis inhibitor N®-nitro-L-arginine methyl ester
{L-NAME)
| The administration L-NAME (10 mg/kg, i.v.) caused a sustained elevation

of MABP (25.0 + 4.5% increase, n=5, p<0,01). In the N@-nitro-L-arginine methyl
ester-treated animals, the MABP changes induced by PNV were not significantly
different from that observed in animals receiving saline (Table 1).

- 3.7. Effect of the angiotensin receptor antagonist losartan and the endothelin ET,
" receptor antagonist FR 139317

The intravenous bolus injection of angiotensin Il {10 ng/kg) induced a
short-lasting increase in the MABP (50,0 £ 3.1 mmHg) which was significantly
reduced (14.8 + 0,5 mmHg, n=5, P<0,01) in animals pretreated with losartan (10
mglkg, i.v.; Table 1). At this dose, losartan reduced (P<0,05) the hypotension
without affecting the hypertension induced by PNV (n=5; Table 2).

The bolus injection of ET-1 (3 pglkg, n=7) induced a brief hypotension
{37.0 + 6.0 mmHg) followed by a sustained hypertension (25.3 + 2.5 mmHg). The
intravencus administration of FR 139317 (30 mgkg) did not affect the
hypotension (37.0 t 5.0 mmHg) but significantly reduced the ET-1-induced
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hypertension (7.7 + 2.9 mmHg, P<0,01). FR 138317 (30 mg/kg) had no effect on
the the MABP changes induced by PNV (n=7, Table 1).

3.8. Effect of the ATP-dependent potassium channel blocker glibenclamide

Pretreatment of the animals with glibenclamide (50 mg/kg, i.p., 30 min
before) reduced by 58% the hypotension induced by the potassium channe!
opener cromakaiim (10 pg/kg, n=6; P<0,01) but it had no effect on the
hypotension induced by sodium nitroprusside (1 ug/kg, n=7; Fig. 3). At the dose
used above glibenclamide significantly reduced PNV-induced hypotension
without affecting the hypertension (n=11, Fig. 3).

3.9. Effect of calcium channel blockers
Figure 4 shows the effect of the calcium channel blockers verapamil,
diltiazem and nifedipine on the MABP changes induced by PNV (0,3 mg/kg).

Continuous intravenous infusion of verapamil decreased the basal MABP
{97.0 + 4.6 mmHg before and 82.3 + 3.2, 81.0 + 5.0 and 42.0 + 6.8 mmHg during
10, 30 and 100 pg/kg/min verapamil infusion, respectively, P<0,05, n=5) and
markedly reduced the increase in MABP caused by both BAY K8644 and PNV
(Fig. 4A). The PNV-induced hypotension was significantly reduced only by the
highest dose of verapamil used (Fig. 4A). In addition, the infusion of verapamil
{30 pg/kg/miny 5 min following PNV administration {established hypertension)
promptly reversed the increased MABP (n=5, Table 2).

Intravenous infusion of diltiazem also significantly reduced the basal
MARP (96.6 + 4.7 mmHg before and 68.5 + 4.9, 70,8 + 2.6 and 55.0 + 5.0 mmHg
during 40, 80 and 120 p.g!kglinin infusion, respectively, P<0,05 n=5) and
markedly reduced the increase in MABP caused by both BAY K8644 and PNV
{Fig. 4B). Similarly to verapamil, the PNV.induced hypotension was significantly
reduced only by the highest dose of diltiazem used (Fig. 4B). Diltiazem
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(120 pg/kg/min) also rapidly reversed PNV-induced hypertension when infused 5
min after venom administration (Table 2).

The effect of nifedipine was evaluated by given the drug oralfly 0,5 h
before PNV administration. The basal MABP was not affected by 0.3 ma/kg
{(100,6 + 6.6 and 94.0 + 4.9 mmHg for control and treated animals, respectively,
n=5) but it was significantly reduced by 1.0 and 10,0 mg/kg (82.5 + 4.3 and 65.0
+ 4.6 mmHg, respectively, P<0,05, n=5). At the range of doses used above,
nifedipine reduced (P<0,05) both MABP changes induced by PNV and the BAY
K8644-induced hypertension (Fig. 4C).

Verapamil (30 pg/kg/min), diltiazem (120 ng/kg/min} and nifedipine (10
mg/kg) did not significantly affect the noradrenaline (1 mg/kg)-induced
hypertension (58.1 £ 2.9, 64.4 + 5.6, 55.7 £ 3.5 and 67.0 + 3.3 mmHg for control-
, verapamil-, diltiazem- and nifedipine-treated animals, respectively, n=9).

in the animals treated with the verapamil, diltiézem or nifedipine, the
increased heart rate induced by PNV was not observed. In addition, the
autonomic disturbances described above (salivation, fasciculations and
defecation) were not detected and no death was observed even after a second
administration of PNV, |

4. Discussion

Our resuits demonstrate that PNV produces a biphasic change in the
MABP of anaesthetised rats which is characterised by a brief hypotension
followed by long-lasting hypertension. In guinea-pig auricles, PNV promotss the
release of both acetylcholine and noradrenaline from the autonomic nerve
endings by a mechanism involving activation of voltage-dependent sodium
channels (Vital-Brazil et al., 1988). However, it is uniikely that the initial fall in
MABP caused by PNV is dus to the release of acetylcholine from autonomic
nerve endings in the cardiac muscle since the muscarinic receptor antagonist
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atropine failed to affect this response. We have also ruled out the possibility that

PNV increases MABP by releasing catecholamines since both « and B
adrenoceptor antagonists (phenoxybenzamine and propranolol, respectively)
had no effect on the PNV-induced hypertension.

Kinins {bradykinin and Lys-bradykinin) are known to cause vasodilatation
by activating the B, receptor subtype (Bhoola et al, 1992). Phoneutria

nigriventer venom activates the tissue kallikrein-kinin system in rabbit skin
(Antunes et al., 1993b; Marangoni et af., 1993a; Bento et al., 1995) and rabbit
corpus cavernosum (Lopes-Martins et al., 1994) leading to kinin release. The
finding that the bradykinin B, receptor antagonist Hoe 140 (Wirth et al., 1991)

did not affect PNV-induced hypotension excludes the possibility that PNV could
be promoting kinin release from the rat plasma. Platelet-activating factor (PAF) is
synithesised by different cell types and causes profound hypotension (Braquet et
al, 1987). The failure of the PAF antagonist WEB 2086 (Casals-Stenzel et al,,
1986} to affect PNV-induced hypotension indicates that PAF is not invo!véd in
this response. Phoneutria nigriventer venom stimulates peripheral endings of
sensory C-fibers in rat skin, triggering the release of vasoactive neuropeptides
such as substance P (Palframan et al.,, 1995). However, the finding that both NK,
{SR 140333) and NK; (SR 48968) antagonists (Emonds-Alt et al.,, 1992, 1993)
failed to affect the fall of MABP induced by PNV indicates that this may be
restricted to extravascular administration of PNV.

Prostacyclin causes vasodilatation (Moncada et al, 1976) whereas
thromboxane A, {Hamberg et al., 1975) causes vasoconstriction. Since the
cyclooxygenase inhibitor indomethacin affected neither the decrease nor the
increase in the MABP induced by PNV, we conclude that this venom does not
act by stimulating the formation of the above products of arachidonic acid
metabolism. The failure of PNV to release either prostacyclin or thromboxane A,
from guinea pig isolated lungs (Antunes et al., 1993a) further reinforces this

conclusion.
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The activation of the renin-angiotensin system leads to the release of the
potent vasoconstrictor peptide angiotensin i into the circulation thereby causing
hypertension. The results showing that the angiotensin |l receptor antagonist
losartan (Chiu et al., 1990) had no effect on the PNV-induced hypertension
indicate that the venom does not stimulate the release of angiotensin ii.

Endothelin-1 (ET-1) also induces a biphasic MABP response
characterized by a brief vasodilatation followed by a prolonged vasoconstriction
(Yanagisawa et al., 1988). The vasoconstrictor effect caused by this peptide is
mediated mainly by activation of the ET, receptor subtype (Arai et al., 1990).

The failure of the ET, receptor antagonist FR 139317 (Sogabe et al., 1993) to

affect the changes in MABP induced by PNV indicates that PNV acts neither by
releasing ET-1 nor through the presence of ET-1-like substances in the venom
itself. This contrasts with occurence of ET-1-like peptides termed sarafotoxins in
the venom of the snake Afractaspis engandensis (Bdolah et al., 1989). The initial
vasodilatation induced by ET-1 is due to the release of nitric oxide (de Nucci et
al., 1988), a potent vasodilator synthesised by endothelial cells (Furchgott and
Zawadzki, 1980). The finding that the nitric oxide synthesis inhibitor L-NAME
{Moore et al., 1988) had no effect on the PNV-induced vasodilatation indicates
that the venom does not release nitric oxide.

The ATP-dependent potassium channel blocker glibenclamide (Cook,
1988; Edwards and Weston, 1990} reduced the hypotension induced by both
cromakalim and PNV, indicating that the venom activates ATP-dependent
potassium channels. Interestingly, the L-type calcium channels antagonists used
in this study also inhibited the hypotension induced by PNV, suggesting that
PNV may aiso open caicium-dependent potassium channeis.

Our results demonstrate that L-type calcium channels antagonists such as
verapamil {a phenylalkylamine), nifedipine (a dihydropyridine) and diltiazem (a
benzothiazepine) greatly reduce PNV-induced hypertension indicating that the
venom prabably acts as a opener of L-type voltage-dependent calcium channels
in vivo. These channels, which are activated at high-voltages and conduct a
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long-lasting current of large conductance, are widely distributed in both vascular
and cardiac muscle and are very sensitive to the classes of calcium antagonists
used in this study (Spedding and Paoletti, 1992).

The treatment of the Phoneutria envenomation in general is symptomatic,
attempting to alleviate the intense and radiating pain of the affected member.
This is achieved using local anesthetic and/or specific serum therapy
(antiarachnid serum) if the pain persists (Lucas, 1988). The severe human
envenomation by Phoneulria nigriventer venom (especially in children} also
causes cardiac perturbations characterized by tachycardia and arhythmias.
Since calcium channels blockers have been extensively used in adults and
children for the managemet of cardiovascular disorders (Wagner et al, 1982:
Porter et al., 1983; Cho and Pruitt, 1986), our results indicate that it would be
worth investigating whather clinical use of commercially available calcium
antagonists couid attenuate or even prevent the cardiovascular perturbations
and autonomic disturbances elicited by Phoneutria envenomation.
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TABLE 1

Effect of Hoe 140 (0,6 mg/kg, i.p), WEB 2086 (20 mg/kg, i.v), N®-nitro-L-arginine
methyl ester (L-NAME; 10 mg/kg, i.v), losartan (10 mg/kg, i.v), FR 139317 (30
mg/kg, i.v) and SR 140333 (0,5 mg/kg, i.v.) on the mean arterial blood pressure
(MABP) changes induced by Phoneutnia nigriventer venom (0,3 mg/kg). |

Treatrnent MABP decrease  MABP increase n
(mmHg) {mmHg)

PNV 43.6 5.7 48.0+5.7 5
PNV + Hoe 140 452 + 9.6 55.0 + 7.1 5
PNV 36.0+£9.0 | 424 +99 5
PNV + WEB 2086 49.6 + 7.1 29.0+8.2 5
PNV 36.0+8.5 42.4 +10,0 5
PNV + L-NAME 43.8+7.3 346173 5
PNV | 31.2+ 46 51_.4 +8.5 5
PNV + Losartan 15622 57.6 £ 5.4 5
PNV 33.0+2.2 425148 7
PNV + FR 139317 38.8 +4.7 434 + 3.9 7
PNV 2521286 46.2 + 11.6 6
PNV + SR 140333 220+ 2.0 40,5 + 5.2 ]

The values are the mean + SEM of n rats. *P<0,05 as compared to the control

group.
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TABLE 2
Reversal by verapamil and diltiazem of the established hypertension induced by

Phoneutria nigriventer venom (0,3 mg/kg, i.v). Verapamil and diltiazem were
intravenously infused 5 min after PNV administration.

MABP (mmHg)
Treatment ' Basal Maximai 8 min after calcium
hypertension by antagonists
PNV
Saline (25 ul/min) 98.0+60 145.0+5.0 139.0 + 3.0
Verapamil (30 ug/kg/min) 106.0+3.7 138.016.6" 88.8 +4.6"
Diltiazem (120 ug/kg/min) _88.5+5.9  131.5:10,0" 89.5+6.7"

MABP, mean arterial blood pressure. The values are the mean + S.EM. of 5
rats. *P<0,05 as compared to the basal MABP., #P<0,05 as compared to values
obtained at the maximal hypertension.
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Abstract

- The effect of two different oxygen inspiratory fractions (FiO=21% or 100%) on

the haemodyhamic responses induced by N®-nitro-l.-arginine methyl ester
(L-NAME) in anesthetized dogs was investigated. L-NAME (0,01 mg/kg - 10,0
- mg/kag), but not D-NAME, caused dose-dependent increases in the mean arterial
blood pressure and in the systemic and puimonary vascular resistances
(P<0,05). In contrast, the cardiac output and the heart rate decreased {P < 0,05).
The above changes were maximum after the highest dose of L-NAME. There
was no significant differences in the foregoing responses to L-NAME between
the dogs ventilated with Fi05=21% and those ventilated with FiQy=100%.

However, blood gas analyses revealed a marked pO, differesnce (P < 0,05)

between the two experimental groups of animals although there was no
statistical difference before or after L-NAME administration. These results
indicate that nitric oxide release accounts for the maintainance of hasmodynamic
functions in the dog, and its action is not affected by hyperoxemia.

| Key words: Haemodynamics, nitric oxide, N*-nitro-L-arginine methyl ester, FiO,
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Introduction

Endbthelium—deﬁi:ed relaxing factor (EDRF) (1), now identified as nitric
oxide (NO) (2,3) modulates vascular smooth muscle tone and blood flow. NO
acts by activating soluble guanylate cyclase (4) andlor calcium-dependent
potassium channels (5). The NO synthesis inhibitors N*-nitro-L-arginine methyl
ester (L-NAME) (6) and N°-monomethyl-L-arginine (L-NMMA) (7)  induce
hypertension when administered fo rats. This effect is accompanied by a
decrease in cardiac oufput, an increase in vascular resistance and bradycardia
(8). The administration of L-NMMA to dogs decreases cardiac output, increases
systemic, pulmonary and renal vascular resistances (9), and induces coronary
vasoconstriction (10). |

Puimt}nafy reTSistance increases in response to hypoxic ventitation in dogs
and a greater increase can be achieved after blockade of NO biosynthesis (11).
This effect suggests that NO release counteracts the hypoxic state. The present
study was therefore designed to investigate the effects of L-NAME in
anesthetized dogs ventilated with either room air (Fi0,=21%) or pure oxygen -

(Fi02=100%).

Material and Methods
Experimental procedure

Mongrel dogs of either sex (provided by CEMIB-UNICAMP) weighing 12.4
+ 1.0 kg were initially anesthetized with sodium pentcbarbital (Sagatal®, 30
mg/kg, i.v.}. The animals were sntubated and artificially ventilated. The level of
anaesthesia was maintained with a combination of fentanyl citrate (0,01
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mg/kgh), diazepam (0,25 mg/kg/h) and pancuronium bromide {0.1 mg/kg/j.
The left femoral artery was cannulated for mean arterial blood pressure
measurement using @8 MX-860 pressure fransducer (Medex, USA). The left
femoral vein was cannulated for drug administration. A 5F-Swan-Ganz-
thermodilution catheter was introduced through the right femoral vein and
advanced to the puimonary artery. This catheter was connected to pressure
transducers (MX-860, Medex, USA) to measure pulmonary arterial pressure and
right atrial pressure. Cardiac output was measured at least in duplicate. The
heart rate was aiso monitored. All catheters were filled with heparinised saline
(10 iU/mi) to prevent clotting. The haemodynamic parameters were visualised on
a computer monitor throughout the experiment and the events were recorded on
a printer coupled to this system (SDM 2000, Dixtal, Brazil). The animals were
aliowed to stabilize for 30 minutes prior o any injections or infusions.

Experimental protocol

A dose-response curve o L-NAME (0,01-10,0 mgkg, infused for 8
minutes at 0,5 mllmiﬁ) was performed in dogs ventilated with either room air
(Fi0,=21%) or pure oxygen (FiO2=100%). In another set of experiments, dogs
were ventilated with FiQ,=100% and D—NAME was infused instead of L-NAME.

Following the last dose of D-NAME, the highest dose of L.-NAME was infused as
a positive control. All the drugs were dissolved in physiological solution (0,9%
wiv} immediately before use. The parameters detailed above were monitored
after each dose of L-NAME or D-NAME.

Derivation of haemodynamic parameters

Systemic (SVR) and pulmonary (PVR) vascular resistances were
calcuiated from the direct measurement of mean arterial blood pressure (MABP),
pulmonary arterial pressure (PAP), right atrial pressure (RAP), heart rate (HR)
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and cardiac output {CO). Vascular resistances and CO were also expressed as
indeces in which the values were calculated as a function of body surface area.
Thus, SVR and PVR are presented as ISVR and IPVR, respectively. CO is
expressed as the cardiac index (Cl).

Blood gas analysis

Arierial biocod was collected from the femoral artery into heparinised
syringes for control (baseline) gas measurements and after the highest dose of
L-NAME (10 mg/kg) in both groups of dogs. The anaiyses were carried out within
20 min of sampling and were performed using a Stat Profile 5 (Abott, USA).

Statistical analysis

The results are expressed as the means + SEM. The dose-response
curve to L-NAME in Fi05=21% and 100% was compared to the control
(baseline) values using Student's f test for paired data. The differences between

D-NAME and L-NAME were compared using Student's paired f test. A P value
< (0,05 was considered {0 be significant.

Drugs

N®-Nitro-D-arginine methy! ester (D-NAME) was purchased from Bachem
(Switzerland) and N®-nitro-L-arginine methyl ester (L-NAME) from Sigma (USA).
Diazepam was purchased from Sanofi (Brazil). Fentanyl citrate was kindly
donated by Cristalia (Brazil) and pancuronium bromide was obtained from the
Uﬂiversity Hospital Pharmacy.
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Results
Biood gas analyses

Ventilation of the dogs with pure oxygen (FIO,=100%) caused a
significant increase in the arterial blood oxygen levels (pOy) compared to the
dogs ventilated with room air (Fi0,=21%). There was no significant difference in

the pCO; levels of the two ventilated groups (n=3, Table 1).

Mean artenial blood pressure

L-NAME caused a dose-dependent rise in MABP. At the highest dose, L-
NAME increased MABP from 100,0 + 7.5 to 139.0 + 3.2 mmHg (P<0,05, n=5)
and from 86.2 + 5.0 to 125.1 + 7.8 mmHg (P<0,05, n=8) in the Fi02=100% and

FiO2=21% groups, respectively (Figure 1).
Cardiac index

L-NAME induced a dose-dependent decrease in CO. At 10 mg/kg, a
45.6% decrease (P<0,05, n=5) was observed in the Fi0,=100% group which

corresponded to a decrease in the Cl from 3.75 + 0,47 to 2.04 + 0,19 Vmin/m2.
in the dogs ventilated with FiO,=21%, the Cl decreased from 4.47 + 0,45 to 2.65

+ 0,34 Imin/mZ (40,7% decrease, P<0,05, n=8). The decreases cobserved in
these two groups were not significantly different (Figure 1).

Index of systemic vascular resistance

SVR was markedly increased by L-NAME. In the Fi0,=100% group, the
increase induced by the highest dose of L-NAME was 148.7% which
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corresponded to an increase in the ISVR from 2236.0 +424.4 10 5561.2 + 467.0
D.slem¥m2 (P<0,01, n=5). In the Fi0,=21% group, there was a similar increase
(148.6%) with the ISVR increasing from 1661.6 + 2415 to 4131.2 + 5153

D.sicmS/m2 (P<0,01, n=8). The increase in ISVR in the two groups were not
significantly different (Figure 1).

Index of pulmonary vascular resistance

L-NAME increased PVR. in the Fi0,=100% group, at 10,0 mg/kg, IPVR

increased from 145.2 + 19.3 to 309.6 + 33.0 D.s/cm5/m2 (P<0,05, n=5) while in
the Fi0,=21% group, values increased from 192.1 + 506 to 313.7 + 532

D.s/cmS/m2 (P<0,05, n=8). There was no significant difference between these
increases (Figure 1).

Héa:t rate

L-NAME induced dose-dependent bradycardia in both groups. In the
Fi0z=100% dogs, HR decreased from 112 + 11.3 to 70 + 6.1 bpm (37.5%

decrease, P<0,05, n=5) while in the FiQ5=21% group the values decreased from

135+£157t0 93 + 8.7 bpm (31.1% decrease, P<0,05, n=8). These decreases
were not statistically different (Figure 1).

PAP and RAP were not altered by L-NAME in either the dogs ventilated
with room air or in those ventilated with pure oxygen (data not shown).

Responses to D-NAME

Ali the haemodynamic parameters remained unchanged after D-NAME
administration {n=5, Figure 2).
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Discussion

The present results demonstrate that both systemic and pulmonary
functions of the anesthetized dog are modulated by NO release since L-NAME,
but not its inactive enantiomer D-NAME, induced haemodynamic changes.

Following acute treatment with L-NAME, the dogs developed
hypedansion, in addition to an increase in systemic and pulmenary vascular
resistances and decreases in CO and HR. The increase in SVR was the most
prominent effect of L-NAME in both groups and has been reported in a variety of
species including the rat (12), rabbit (11), pig (13), cat (14) and dog (5,15).
Such a rise in SVR would explain the decrease in CO and may result from an
increase in the after-load as previously suggested by Widdop ef af, (12).

The decrease in CO may alsc be caused by L-NAME-induced
bradycardia, although it has been reported that the bradycardia following L-
NAME administration in rats is mediated by an increase in vagal activity (12).

Finally, the decrease in CO may result from coronary vascconstriction and
the consequent myocardial ischaemia. Although at the moment it is not possible
to exciude the latter possibility, Richard et al. (10) have demonstrated in dogs
that myocardial perfusion is not impaired, despite an increase in coronary
vascuiar resistance. On the other hand, Huckstorf et al. (16) verified that
aithough myocardial perfusion was impaired after acute NO synthesis blockade,
cardiac performance would be maintained due to an adjustment of oxygen
extraction.

An interesting finding was that PAP remained unchanged in spite of the
great increase in PVR. it is likely that the right ventricule was unable in
~ developing greater pressure against the increased after-load, what resulted in
PAP ievels within the nommal range. On the other hand, the increased SVR
would explain the systemic hypertension, despite a decrease in the CO. The L-
NAME-induced haemodynamic changes were not modified by ventilating the
dogs with either room air or pure oxygen. NO seems to compensate for the
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increase in PVR that occurs during hypoxia since L-NAME aggravates this
increase (17). Based on these observations, we conclude that NO plays an
important role in maintaining haemodynamic functions in the dog, despite the
change in the oxygen inspiratory fraction.
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Figure 1: The haemodynamic effects of L-NAME in anesthetized dogs ventilated
with either room air (Fi0=21%, n=8, 0-0) or pure oxygen (FiO,=100%, n=5,
0-0). L-NAME (0,01-10,0 mg/kg) was infused at a rate of 0.5 ml/min for 8 min.
The values are the means + SEM.

*P<0,05 when compared to the respective control {C).

Figure 2: The haemodynamic effects of either D-NAME (n=5, 0—0) or L-NAME
{n=13, 0-0) in anesthetized dogs. D-NAME and L-NAME were infused at a rate
of 0,5 ml/min for 8 minutes. The values are the means + SEM.

*P<0,05 for the comparison L-NAME versus D-NAME.
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Abstract |

1 The decrease in cardiac output (CO) that follows in vivo nitric oxide (NO)
synthesis inhibition has been.squested to be due to an increase in systemic
vascuiar resistance (SVR). Here we have investigated whether vasodilators,
stich as sodium nitroprusside (SNP) and iloprost would avoid the decrease in
CO induced by acute administration of N°-nitro-L-arginine methyl ester {L-
NAME) in anaesthetized dogs. |

2 Left femoral artery and vein were cannulated for mean arterial blood pressure
(MABP) measurement and drug administration, respectively. A Swan-Ganz-
thermodilution catheter was inserted into the right femoral vein and was
advanced to the pulmonary artery, for the determination of cardiac index (C1) and
index of systemic vascular resistanc__:e (ISVR). Heart rate (HR) was also
monitored. | |

3 L-NAME (0,01-10,0 mg kg*, n=13} induced dose-dependent increases in
MABP and in the ISVR. At the highest dose of L-NAME, MABP increased from
91.5 + 4.5 to 130,5 * 5.2 mmHg (p<0,01) while ISVR increased from 1882.5 +
224.9 to 4681.2 + 405.4 dyn.s cm® m?(p<0,01). These haemodynamic changes
were accompanied by a decrease in the Cl {from 4.19 + 0,33 t0 2.41 + 0,23 | miry
*m?, p<0,01) and bradycardia (from 126 + 10,8 to 85 £ 6.7 b.p.m., p<0,01).

4 SNP (1 pg kg min”, n=6) virtually abolished L-NAME-induced hypertension.
SNP also prevented the increase in the ISVR induced by L-NAME (up to 3.0 mg
kg"), and strongly attenuated the decreass in CO. The Cl decreased from 4.67 +
0,43 to 3.40 + 0,36 | min™ m? in response to the highest dose of L-NAME (27.2%
decrease versus 42.5% in control animals, p<0,05),

5 lloprost, a stable prostacyclin analogue (50 ng kg™ min™, n=6), abolished L-
NAME-induced hyperiension and markedly attenuated the increase in SVR.
However, the decrease in CQ was not prevented by this vasodilator (from 3.70 +
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028 to 2.52 # 0,18 | min" m?, Cl, before and after 10 mg kg’ of L-NAME,
respectively, p<0,01).

8 These results strongly indicate that the increase in SVR is not responsible for
the decrease in CO following acute NO synthesis inhibition, suggesting that NO
plays a fundamental role in controlling cardiac performance in the anaesthetized

dog.
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introduction

Nitric oxide (NO) plays a fundamental role in controlling vascular smooth
muscle tone and blood flow (Moncada ef al,, 1991). In vivo inhibition of the L-
arginine-NO pathway leads to widespread vasoconstriction and hypertension in
a variety of species, including the dog {Persson ef al, 1980) and the human
(Stamler ef al, 1994). These effects are accompanied by bradycardia and a
decrease in cardiac output. it has been firmly suggested that the increase in
systemic vascular resistance and consequently in the after-load is the major
determinant of cardiac function impairment (Gardiner ef al., 1990; Widdop ef a/.,
1992; Herity et al., 1994). Considering that inhibitors of NO synthase, such as
N"-nitro-L-arginine methy! ester (L-NAME, Moore ef al.,, 1990), increase systemic
vascular resistance, we evaluated the effect of two different vasodilators, sodium
nitraprusside and iloprost, in preventing the haemodynamic changes, mainly the
decrease in cardiac output, induced by acuie NO synthesis inhibition in the
anaesthetized dog.

Methods

Expernimental Procedure

Mongrel dogs of either sex (12.4 + 0,8 kg) were initially anaesthetized with
sodium pentobarbital (Sagatal®, 30 mg kg, i.v.). The animals were entubated
and artificially ventilated with pure oxygen. Anaesthesia was maintained with a
combination of fentanyl citrate (0,01 mg kg™’ h™), diazepam (0,25 mg kg ") and
pancuronium bromide (0,10 mg kg' h"). The left femoral artery was cannulated
for mean arterial blood pressure (MABP) measurement (MX-pressure
transducer, Medex, USA) and the left femoral vein, for drug administration. A 7F-
Swan-Ganz-thermodilution catheter was introduced through the right femoral
vein and was advanced to the pulmonary artery. This catheter was connected to
pressure transducers (MX-860, Medex, USA) in order to measure pulmonary
arterial pressure (PAP) and right atrial pressure (RAP). Cardiac output (CO) was
measurad at least in duplicate. The heart rate (HR) was also monitored. Ali
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catheters were filled with heparinized saline to prevent clotting. After a 20 minute
period of stabilization, L-NAME (0,01-10,0 mg kg', 0,5 ml min", 8 min) was
administered to animals which have previously received iloprost {50 ng kg” min™
, 0,5 mi min”, n = 8), sodium nitroprusside  (SNP, 1 ug kg’ min™, 0,5 mi min™*
n=6) or saline (0,9% wiv, 0,5 mi min*, n = 13). The effects of iloprost and of
sodium nitroprusside on basal haemodynamic parameters were measured 5 and
10 minutes after the beggining of each infusion. Saline, SNP or iloprost infusions
were maintained throughout the experiment. SNP and iloprost doses were
chosen from previous experiments where a dose-response curve was performed
after the administration of the highest dose of L-NAME. All drugs were dissolved

in saline just before use.

Calculation of haemodynamic parameters

The haemodynamic events, such as MABP, PAP, RAP, HR and CQ, were
continuously visualized on a computer monitor and were recorded on a printer
coupled to this system (SDM 2000, Dixtal, Brazil), after each dose of L-NAME.
From these haemodynamic parameters described above systemic vascular
resistance (SVR) was obtained. SVR and CO are expressed as indeces in which
the values are corrected as a function of body surface area. Thus, SVR and CO
are presented as ISVR and Cl, respectively.

Drugs

The following drugs were used. diazepam (Sanofi, Brazil), iloprost (Schering,
Germany), N°-nitro-L-arginine methyl ester (L-NAME, Sigma, USA), Sagatai®
{May & Baker, England) and sodium nitroprusside (Sigma, USA). Fentanyl
citrate was kindly donated by Cristalia (Brazil) and pancuronium bromide was
obtained at the University Hospital Pharmacy.
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Data and staftistical analysis
Resuits represent mean + s.e.mean and were analysed by ANOVA followed by

paired or unpaired Student’s ¢ test. A p value < 0,05 was considered to be
significant.

Results

Haemodynamic effects induced by L-NAME (control animals)

The infusion of L-NAME (0,01-10,0 mg kg™") induced a dose-dependent rise in
MABP (Figure 1, Panel A). The highest dose of L-NAME caused a 42.6%
increase (from 91.5 + 4.5 to 130,5 + 5.2 mmHg, p<0,01). This hypertension was
accompanied by a dose-dependent increase in the ISVR (Figure 1, Panel D). In
response {0 the highest dose of L-NAME, ISVR raised 148.7% (from 1882.5 +
224.910 4681.2 + 405.4 dyn.s cm® m?, p<0,01). Cl decreased in response to L-
NAME administration {Figure 1, Panel B). The effect was maximum with 10 mg
kg" of L-NAME, which caused a 42.5% decrease (from 4.19 + 0,33 to 2.41 +
0,23 | min” m? p<0,01). HR also decreased after L-NAME infusion (Figure 1,
Panel C). At 10 mg kg" HR fell 32.3% (from 126 + 10,8 to 85 + 6.7 b.p.m,
p<0,01).

Effect of SNP infusion on L-NAME-induced haemodynamic changes

SNP infusion (1 pg kg' min™) evoked slight decreases in MABP and systemic
vascular resistance with concomitant increases in CO and HR (Table 1). In the
presence of SNP, the haemodynamic changes induced by L-NAME were
attenuated. There was a slight increase {16.3%) in MABP after the highest dose
of L-NAME (from 85.8 + 3.2 to 99.8 + 57 mmHg, p<0,05, Figure 1, Panel A).
Although it was observed a significant increase in SVR at 3 and 10 mg kg™’ of
L-NAME in these animals (Figure 1, Panel D), it was much lesser than that
observed in controf animals. At 10 mg kg, L-NAME raised [SVR from 1542.0 +
179.4 to 2492.8 + 292.2 dyn.s cm® m?, (p<0,01). SNP was also effective in
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inhibiting the decreases in the CO (Figure 1, Panel B) and in the HR {Figure 1,
Panel C). The highest dose of L-NAME decreased Cl by 26.7% (from 4.67 + 0,43
t0 3.40 + 0,36 { min' m*®, p<0,05) and the HR, by 26.4% (from 144 + 12.3 b.p.m.
to 106 + 12.6 b.p.m., p<0,01), respectively.

Effect of iloprost infusion on L-NAME-induced haemodynamic changes

fioprost infusion (50 ng kg min™) caused similar haemodynamic changes as
those of SNP (Table 2), although the former was more potent than the latter. In
the presence of iloprost, L-NAME did not change MABP, even at the highest
dose {Figure 1, Panel A). Hloprost strongly attenuated the increase in ISVR
(39.0% versus 148.7%, p<0,01, Figure 1, Panel D) but did not prevent the CO
fall. L-NAME {10 mg kg") induced a 31.9% decrease in Cl {from 3.70 + 028 to
2.52 + 0,18 | min m* p<0,01, Figure 1, Panel B). HR decreased 23.1% after the
administration of the highest dose of L-NAME (from 156 + 9.2 to 120 + 7.2
b.p.m., p<0,01, Figure 1, Panel C).

Discussion

Our results clearly demonstrate that the decrease in CO induced by acute NO
synthesis inhibition is not dependent on the increase in SVR. Several factors
modulate CO, such as HR, after-load and myocardial contractility. Among these
factors, the increase in SVR (after-load) that occurs in response to in vivo NO
synthesis inhibition has been suggested to be the major determinant of the
decrease in CO (Gardiner ef al, 1990; Widdop ef al., 1992; Herity et al., 1994).
indeed, SNP treatment attenuated the increase in SVR induced by L-NAME as
well as the decrease in CO. Similar results were observed in conscious réts,
where SNP reversed the effects of two other NO synthesis inhibitors N N°,
dimethyl-L-arginine and NC-monomethyi-L-arginine (Gardiner et al, 1983). The
prostacyclin analogue, iloprost (Skubatlla ef al, 1987), completely inhibited L.-
NAME-induced hypertension and notably attenuated the increase in 8VR. In
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contrast, iloprost did not prevent the decrease in CO, thus dissociating the
increase in SVR from the CO fall induced by inhibition of NO synthesis.

Another parameter that regulates CO is the HR. Pre-treatment of conscious rats
with atropine abolishes L-NAME-induced bradycardia without affecting the
decrease in CO (Widdop et al,, 1992), indicating that HR does not account for
the decrease in CO. This hypothesis is further supported by our results with
floprost, showing that the onset of bradycardia occured with low doses of L-
NAME (from 0,1 mg kg" on) while the decrease in CO just happened with higher
doses (3.0 and 10 mg kg™).

Myocardial contractility also modulates CO, what in tums, depends on oxygen
supply and on coronary blood flow. Coronary vasoconstriction following NO
synthesis inhibition has been described in the rabbit (Humphries et al,, 1991)
and in the dog (Huckstorf ef af, 1934); in the latter, it is associated with an
impairment in myocardial perfusion. Nitrovasodilators reduce cardiac pre-load
and wall tension and thus oxygen consumption by the myocardium (Bassenge &
Zanzinger, 1992). Our finding that SNP but not iloprost, may prevent the
reduction in CO, reinforces the idea that the decrease in CO is mainly due to
impaired myocardial perfusion. Indeed, in three distinct clinical trials prostacyclin
did not benefit patients with acute myocardial ischaemia (Kiernan ef al, 1986;
Armstrong ef al., 1988, Lichstein ef a/., 1988).

In conclusion, our results clearly demonstrate that the decrease in cardiac output
following NO synthesis inhibition by L-NAME is not dependent on the increase in
systemic vascular resistance, indicating a pivotal role for NO in the maintenance
of myocardial perfusion, and hence in cardiac performance.

AZ is supported by FAPESP, S8o Paulo, Brazil (Grant No. 92/0469-0). We are
indebted to Airton Femando de Pauio for his technical assistance.
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Table 1 Haemodynamic effects of SNP infusion {1 ng kg™ min™) in anaesthetized
dogs

Control 5 min 10 min
MABP (mmHg) 900+34 83.8 +3.0* 85.8 + 3.2
CHimin™® m?) 3.99+0.47 4.33 + 0,49 4,63 + 0,42
HR (b.p.m.) 127 + 166 140 + 13.3* 135+ 135

ISVR (dynscm®m?)  1907.8 + 228.4 1644.7 + 213.1 1542.0 + 179.4

Values are mean + s.e.mean * p<0,05 versus control values
.t P _

Table 2 Haemodynamic effects of iloprost infusion (50 ng kg’ min") in
anaesthetized

dogs
Control 5 min 10 min
MABP (mmHg) 943+28 787 +7.5* 76.0 + 8.2*
Ct (I min' m?) - 2.83+0,26 3.74 + 0,20™ 3.70 + 0,28*
HR (b.p.m.) 111 +13.4 138 +12.3 156 + 9.2*

ISVR (dynscm®m?)  27558+2205 1698.2+202.9* 16953 +2838

Values are mean + 5.e.mean * p<0,05 and *™p<0,01 (versus control)
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INTRODUCTION

Enalaprilat (MK 422, N—[(S)-‘!—carboxy—S-phenylpropy!]—L-a!anyf-bproline) is a
potent angiotensin-converting enzyme (ACE) inhibitor, which is effective in
lowering blood pressure in essential and renovascular hypertension " 2
Enalaprilat reduces the plasma levels of angiotensin Il and aldosterone and
leads to an increase in the concentration of endogenous vasodilators of the kinin
family {eg, bradykinin) >&7

Enalaprilat is commercialized as its maleate ester (MK421, enalapril) which has
enhanced gastrointestinal absorption’. About 60% of the Enalaprii doses is
absorbed after oral administration, although the compound itself is not a potent
angiotensin converting enzyme inhibitor. Subsequent in vivo hydrolysis of
enalapril in the liver results in the production of the active diacid form,
enalaprilat, which is poorly absorbed ** The peak plasma concentration of the
pro-drug is generally observed around one hour, after oral administration, while
for enalaprilat this maximum occurs 2 - 4 hours after enalapril ingestion **

A significant proportion of enalaprilat (43%) is eliminated in the urine > © ™
Elimination is biphasic, with an initial phase which reflects renal filfration
{elimination half-life of 2 to 6 hours) and a subsequent prolonged ;ﬁhasa
{elimination half-life of 36 hours), which represents equilibration of the drug from
tissue distribution sites. The prolonged phase does not contribute to drug
accumulation following repeated administrations but is thought to be of
pharmacological significance in mediating the drugs effects > '

Various studies have shown a correlation between the plasma concentration of
enalaprilat and the inhibition of ACE activity, as well as the distribution of ACE
inhibition in the tissues of spontaneously hypertensive rat after the oral
administration of enalaprit °. |

In this paper, we have evaluated the biocequivalence of two different normai-
release pharmaceutical preparations of enalapril maleate (10 mg tablets). Both
formulations were assessed by comparing their serum enalaprilat and total
enalapril concentrations vs. time curves_ In additions the correlation between the
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plasma concentration of either enalaprilat or total enalaprii and ACE activity was
also studied for both formulations.

MATERIALS AND METHODS

Subjects

Eighteen healthy male adult volunteers, aged 20 to 36 years (mean + S.EM.= 30
+ 1 yr), body weight 49.7 to 96.6 (mean + S.E.M.= 70 + 4 yr) participated in this
study. All subjects gave their written informed consent, and the clinical protocol
was approved by the University Hospital Ethics Committee. The volunteers were
free of significant cardiac, hepatic, renal, pulmonary, neurological,
gastrointestinal, hematoiogical and psychiatric disorders as determined by the
individual history, physical examination, ECG and routine laboratory tests {blood
glucose, urea, creatinine, SGOT, SGPT, alkaline phosphatase, gamma GT,
cholinesterase, total bilirubin, total protein, albumin, uric acid, sodium,
potassium, chloride, hemoglobin, hematocrit, totai and differential white cell
counts, erythrocyte sedimentation rate, and routine urinalysis). The volunteers
were hospitalized at 11:.00 pm on the night prior to the study having already
eaten a normal evening meal. After an overnight fast on each of the two
occasions, the subjects received a single oral dose of 20 mg of enalapril maleate
{two 10 mg tablets) of either the test or the reference formulation in a
randomized cross-over manner. The two test periods were separated by a two
week wash-out interval. Three hours after dosing the subjects were given 200 ml
of tap water, but abstained from food for six hours after the drug administration,
after which time a standard lunch was available. No other food was permitted
during the “in-house” period. Liquid refreshment was permitted ad libitum after
lunch, but drinks containing xanthine (including tea, coffee and cofa) were
avoided.
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Drugs and reagents

Commercially available 10 mg enalapril maleate tablets Eupressin® {lot N°

93030613) were obtained from Biosintética, SP and Renitec®, {lot N° 92041446)

from Merck Sharp & Dhome, SP, Brazil.

Compound 351A and rabbit anti-lisinopril [MK 521; N-(1-carboxy)-3-phenyipropy|
) L-Lys- L-Pro] antiserum were a gift from Dr. M. Hichens, Merck, Sharp and
Dhome Research Laboratories, USA.

Dibasic potassium phosphate was obtained from Merck Ind. Quim., RJ and other
reagents, including disodium EDTA, sodium azide, bovine serum albumin,
dextran (MW 162.000) and charcoal were obtained from Sigma Chem. Co., St
Louis, UBSA.

Blood sampling

Blood samples for serum drug quantification were taken from a suitable forearm
vein before and at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8 10, 12, 18 and 24 hours after
dosing. On each occasion, one 10 mi sampie was collected into a clean tube via
an undweliing catheter. Biood samples were allowed to clot at room temperature
and the sera were then separated by centrifugation (2,000 g, 10 min) and stored
at -20°C untit assayed. All samples from a given volunteer were assayed within
the same run in order to avoid inter-assay variations.

Sample Analysis

Serum samples were analyzed for their content of enalaprilat and total enalapril
{enalaprilat plus enalapril maleate) by radioimmunoassay (RIA). The method
was originally developed for the determination of serum enalaprilat using the "%
iabeled compound 351-A (351-A is the p-hydroxy-benzamidine derivative of

lisinopril) as the tracer and a specific antibody raised against MK 521",
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lodination of compound 351-A

Compound 351-A, an active site-directed inhibitor of ACE, was iodinated by the
chioramine T method. Unreacted '] was eliminated by passing the iodination
mixture through a Sep-Pak C.; cartridge. lodinated 351-A was further purified by
HPLC using a Bondapak C.s column equilibrated with 90 % solvent A {100 mM
Na,HPO4 pius 0,2% HsPO,) and 10% solvent B (90 % aqueous acetonitrile plus
0.2 % H;PO,) and elsted with a linear gradient (10 - 50% B in 60 min) at 1.0
mi/min. Fractions of 0,5 mi were coliected. Mono-{125l]-compound 351-A
{retention time: 34,3 min) was well resolved from the di-iodo-compound
{retention time: 45 min) and from 351-A (retention time: 29,8 min). Fractions
containing the mono-{125l]-compound were pooled (4 ml) and contained a total
activity of 156.5 pCi and specific activity of about 2000 Cifmmol,

Radiommunoassay

Twenty yl of serum and standard curve samples (constructed by spiking biank
serum with known amounts of enalaprilat ranging from 0,34 to 85 ng/ml) were
added to 200 il of the assay buffer (0,05 M dibasic potassium phosphate, 0,01M
disodium EDTA, 0,1% sodium azide and 1 mg/ml bovine serum albumin, with the
pH adjusted 7.5), 100 pl of 1251-MK351-A diluted in assay buffer (equivalent to
16.000 cpm / tube} and 500 yl of a 1:10,000 dilution of rabbit anti-MK521
antiserum in assay buffer . After a 18-24 hour incubation period at 4 °C, a
dextrancharcoal suspension (2% charcoal plus 0,4% dextran in assay buffer
without albumin) were added and the tubes vortex mixed following a further
incubation for 15 min in ice-cold water. All the tubes were centrifuged at 4°C
{2,000 g during 20 min), and a 800 pi aliquot of the supernatants separated for
radicactivity counting in 8 gamma spectrometer (Beckman Gamma 5500,
Backman, USA),

Total enalaprii concentration was quantified by RIA, after a previous
desesterifcation of snalapril maleate to enalaprilic acid by a crude rat liver
esterases preparation. Briefly, a rat liver was homogenized in 10 volumes (W/V)
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of cold saline and centrifuged during 30 min at 4,800 g at 4°C. The supernatant
was aliquoted and stored at -20°C. The serum samples and standard curve
{constructed by spiking free enalapril serum with known amounts of enalapril
maleate, from 2.1 to 512 ng/ml) were incubated with 10 pi of a supernatant rat
liver homogenate (diluted 1:5 at the time of use) during 12 h at room
temperature. This mixture was subjected to RIA analysis as described above.
Sampie enalaprilat and total enalapril concentratrations were calculated from the
linear plot obtained by linear regression between the logit transformation of
corrected B/B, values and the log-transformed enalaprilat and total enalapril
concentrations from the standard curves, respectively.

Serum ACE assay

Serum ACE activity was determined by measuring the amount of hippuric acid
reieased by the enzyme from the synthetic substrate hippuryl-L-histidyi-L-leucine
(HHL) at pH 83 and 37°C*™ The released hippuric acid was quantified
spectrophotometrically after reaction with cyanuric chioride at 382 nm?',

Pharmacokinetic and Statistical Analysis

Serum enalaprilat and total enalapril concentrations were plotted as a function of
time and the following pharmacokinetic parameters were obtained for each
formulation from the obtained pharmacokinetic curves: the area under the
concentration vs. time curves from 0 to 24 hours (AUCp.q), the maximum
achieved concentration (Cna) and the time at which they occurred (Tma). From
the terminal log-decaying phase, a first order elimination constant (K,) was
sstimated by linear regression and a terminai haif-life value (T;;) was estimated
using the equation Tyz = In 2 / K, These data were analyzed statistically
employing parametric (one-way ANOVA) and non-parametric statistical tests
(Witcoxon rank sum test®™).
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RESULTS

Figures 1 and 2 show the time-course of enalaprilat and total enalapril
concentrations obtained in eighteen healthy male volunteers, respectively.

The pharmacokinetic parameters obtained from these volunteers for the two
enalapril maleate tablet formulations are shown in Tables 1 {eanalprilat) and 3
{total enalapril}.

The geometric means AUC [0-24], of the MK-422 were compared in both
formulations and no significant difference was observed between Eupressin and
Renitec (table 1). The Cmax geometric mean for Eupressin and Renitec were 80
and 71 ng/ml, respectively (table 1). The Tmax differences were not significantly
different from O (table 2).

The geometric means for the AUC [0-24] and Cmax were caculeted for Total
enalapril and no difference was observed in either of them (table 3). In additing
no difference in the Tmax was observed As shown in table 4, the 90 % Cl for the
Tmax differences : ranged from -0,3 to 1.4h.

Figure 3 shows the ACE activity versus time curves for both enalapril maleate
formulations.

CONCLUSION

When MK-422 concentrations vs. time curves (figure 1) were employed to

assess bioequivalence, no diference was observed between the two

formulations of absorption. However, bioequivalence could not be conciuded for

the rate absorption, even though the individual Tmax differences were not

significantly different from 0 (Tables 1 and 2).

When Total enalapril concentrations vs. time curves (figure 2) were employed to

assess bioequivalence, no diference was observed in sither the extent or the

rate of enalapril absorption (Tables 3 and 4).

These conclusions regarding the bicequivalence of the two formulations using

the MK-422 and Total enalapril concentrations were based on FDA requirements
| (Food and Drug Administration, 1985) i. . the pharmacokinetic analysis of AUC



266

[0-24], Cmax, Ke, T1/2, and Tmax (Tables 1 and 3). Statistical treatments of
AUC [0-24] Cmax, Ke, and T1/2 data (and their individual ratios) and of the
Tmax differences yielded the same resuits when either parametric or
nonparametric tests were used for analysis (tables 2 and 4},

Enalapril is an orally active prodrug which is hydrolyzed by hepatic esterases to
form MK-<422. Thus endogenous enzymatic activity is an additional kinetic
pathway influencing the circulating pro-drug concentration.

Qur results indicate that quantification of the totai drug is more appropriate for
determining the bioequivalence of serum MK-422 concentrations vs. time.

ACE inhibition vs. time curves (Figure 3) were similar for both formulations with
the degree of inhibition being about 80 % up to 12h afler enalapril
administration. Such inhibition appeared to be independent of the circulating
concentration of MK-422 or Total enalaprii.

This observation suggests that the measurement ACE activity is not a suitable
pharmacoedynamic approach for assessing bicequivalence.
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TABLE 1
EUP REN
AUCp24 (ng h mi™)
Geom. mean 631 553
80% Ci 516 -771 | 443 - 691
Coax (ng/ml)
Geom. mean 80 71
80% Cl 65 - 98 55.92
Ke (W)
Geom. mean 0,17 0,18
90% Cl 015-0201015-0,20
Tz (h)
Geom. mean 4.0 3.9
90% Ci 35-47 34-45
Tonax (N} |
Median 40 40
Range 15-80 | 15-80
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TABLE 2
PARAMETRIC NON PARAMETRIC*
EUP / REN Geom. 80% Ci Point $0% CI
mean estimate|
AUC[0.24]
‘% Ratio 1109 1996-1236f 1124 199.8-1250
Cmax
% Ratio 1123 [96.2-131.0f 1146 {926-136.1
Ka
% Ratio 1142 [842-111.3f 935 }79.7-1088
T412
% Ratio 1031 ]90,0-118.0F 106.3 191.7-123.4
Tmax
Difference (h) | 041" | 07-06 | 00 | -05-05
TABLE 3
EUP REN
AUCp2q (ng h ml“)
Geom. mean _ 1682 1736
90% Ci 1501 - 1886 | 1544 - 1953
Cmax {NG/mi)
Geom. mean 227 242
0% Ci 196 - 262 203 -289
Ko (h)
Geom. mean 0,18 0,16
90% ClI 0,14 - 0,19 0,14-0,18
Tz (M)
Geom. mean 4.4 4.4
90% Ci 3.7-51 39-50
Tinax ()
Median 2.0 16
Range 1.0-860 05-6.0
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TABLE 4
PARAMETRIC NON PARAMETRIC*
EUP / REN Geom. 90% Ci Point 90% Cli
mean estimate|

AUCro.24) |
% Ratio 9659 84.1-111.7F 1052 (863-1137
Cmax
% Ratio 93.8 81.1-1084 959 [82.9-100.1
Ke
% Ratio 101.3 |89.3-1150] 971 |[88.7-1089
T2 |
%Ratio 985 [86.9-111.5] 1040 [927-1120
Tmax
Difference (h) ()!5** 03-14 0.5 025-~125
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LEGENDS TO FIGURES

Figure 1. Serum enalaprilat concentrations (mean + S.EM.) versus time curves
obtained from eighteen heaithy male volunteers afler a single admini#tration {2 x
10 mg) of each enalapril maleate tablet formulation.

Figure 2. Serum total enalapril concentrations {mean + SEM.) versus time
curves obtained from eighteen healthy male wvolunteers after a single
administration (2 x 10 mg) of each enalapril maleate tablet formuiation.

Figure. 3. Serum ACE inhibition (relative to basal activity values, as mean +
S.EM) vs. time curves obtained from eighteen healthy male volunteers after a
single administration (2 x 10 mg) of each enalapril maleate tabiet formulation.

LEGENDS TO TABLES

TABLE 1: Mean enalaprilat pharmacokinetic parameters obtained from eighteen
healthy male volunteers for both 10 mg enalapril maleate tablet formulations.
TABLE 2: Statistical analysis of individual AUCp.24;, Crnax, Ko and Ty, ratios and
T differences obtained for.enaiaprilat between EUP and REN enalapril
maleate tabiet formulations.

(%) According to Hauschke et al. [1990]. (**) Arithmetic mean,

TABLE 3: Mean total enalapril pharmacokinetic parameters obtained from
eighteen healthy male volunteers for both 10 mg enalapril maleate tablet
formulations.

TABLE 4: Statistical analysis of individual AUCp24, Crmax, K. and Ty, ratios and
Tmax differences obtained for total enalapril between EUP and REN enalaprii
maieate tablet formulations.

(*) According to Hauschke et al. [1990]. (**) Arithmetic mean.
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Abstract

The effect of chronic inhibition of nitric oxide {NOJ biosynthesis has been investigated in two models of acute inflammation
induced by carrageenin, i.e., paw oedema and pleurisy. Chronic inhibition of NO biosynthesis was achieved by including
N*-nizo-L-arginine methyl ester (L-NAME) in the drinking water 1o give 2 dose of approximately 75 pmol /rat Aday for 2 and 4

increases blood pressure, rats made hypertensive (2 kidoey-1 clip model; 2K-1C) were used to evaluate the effect of hypertension
on the carrageenin-induced paw oedema. In a separate set of experiments, L-NAME-treated animals concomitantly received
caplopri (140 umol /rat/day) to prevent hypertension. Animals chronically treated with L-NAME {but not D-NAME) for 2 and
4 weeks developed hypertension to the same extent as 2K-1C rats. Carrageenin-induced paw oedema was significantly reduced in
animals chronically treated with L-NAME, but not with D-NAME or in 2K-1C rats. Subplantar injection of iloprost completely
reversed the inhibition of paw oedema caused by L-NAME. Captopril (140 pmol /Tat /day) significantly lowered the high blood
pressure devels induced by L-NAME but it did not significantly affect the inhibition of paw vedema caused by L-NAME. No
changes in vascular permeabiity, as assessed by Evans blue extravasation, were observed in L-NAME-treated animals. The
chronic treatment with L-NAME for 2 and 4 weeks did not inhibit carrageenin-induced leucocyte migration and fluid exodation
into the pleural cavity. Although carrageenin-induced paw oedemas is reduced in L-NAME-treated 1ats, this response reflects a
decrease in focal blood flow tather than an effect on vaseular permeability.

Kevwords: Hoprost; Nitric oxide {NOY; Acute inflammation; Captopril; Hypertension; (2K-1C rat)

L Introduction

The acute inflammatory reaction is characterised by
exudation of fluid and plasma proteins leading to a
local oedema formation consisting of leucocyte-depen-
dent and leucotyte-independent components {for re-
view see Garcia-leme, 1989). These vascular changes
are produced by different mediatars which act mainly
by increasing microvascular permeabifity to macro-
molecuies in the postcapiliary venules thus enhancing
plasma protein efflux. The administration of vasodila-
tors such as prostaglandin E, {(Wiliams and Peck,
1877, Chabi, 1977, Amelang et al, 1981; Yong and

" Comesponding author. Fay 55 192 52 1516.
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Mayhan, 1992), prostaglandin E, (lkeda et al, 1975),
prostacyclin (Williams, 1979), tachykinins (Brain et al,,
1985; Gamse and Saria, 1985) and vasoactive intestinal
pelypeptide {Williams, 1982) markedly potentiates the
increased vascular permeability induced by various
agents. This potentiation Has been explained as a result
of an arteriolar vasodilator action of vasodilators fur-
ther increasing local blood flow (Williams and Peck,
1977}, In contrast, the potentigtion of oedema forma-
tion induced by prostaglandin E, in hamster cheek
pouch (Joyner et al, 1979) and canine forelimb
(Amelang et al, 1981) has been attributed to g direct
action of this agent on the microvascular membrane
leading to an increase in the number of large venular
gaps which is not influenced by major changes in blood
flow.
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Nitric oxide (NO) is a potent vasodilator agent pro-
duced by the endotheljum (Furchgott and Zawadzki,
1980, Ignarro et al., 1987; Palmer et al, 1987) and
modulates the microvascular tone in certain vascular
beds (Gardiner et al, 1990). Nitric oxide is involved in
the modulation of the acute inflammation since acute
administration of NO inhibitors affects both the inter-
action of inflammatory cells with the endothelivm
(Kubes et al.,, 1991; Kurose et al, 1993) and the vascu-
iar protein leakage (Hughes et al., 1990; Ialenti ot al,,
1992; Antunes et al,, 1992; Kubes and Granger, 1992;
Paul et al,, 1994; Giraldelo et al., 1994). In this study,
we have investigated the involvement of NO in the
inflammatory responses {paw oedema and pleurisy)
induced by carrageenin in rats chronically treated with
the NO synthase inhibitor N*“-nitro-L-arginine methyl
ester (L-NAME) and its inactive enantiomer D-NAME.
Since the chronic treatment of rats with L-NAME
leads to hypertension (Ribeiro et al, 1992}, we have
carried out experimental studies using animals made
hypestensive by the occlusion of the left renal artery (2
kidney-1 clip model), Captopril was also added to the
drinking water in order to reduce the increased blood
pressure induced by chronic L-NAME administration.

2. Materials and methods
2.1. Measuremeny of paw oedema

Male Wistar rats {150-200 &) were used. Oedema
was induced by a single sub-plantar injection of car-
rageenin {1 mg/paw} into the Jeft hind paw of the rat
under light ether anaesthesia. The total volume in-
lected was always 0.1 mL The paw volume was mes-
sured immediately before the injection and at hourly
intervals thereafter using a hydroplethysmormeter
{model 7150, Ugo Basile, Italy). The results were ex-
pressed either as the increase in paw volume (m})
caleulated by subtracting the basal volume or by calcu-
inting the area under the time-course curve (AUC: mi
h} for zach group.

2.2 Assessment of vascular response with Evans blue

Evans blue (25 mg/kg, 2.5% w/v in 0.45% NaCl)
was imjected v, immediately before subplantar injec-
tion of carrageenin into the left hind paw. Four hours
later, the animals were kitled and the paws were re.
moved and minced, The minced paws were then incu-
bated with formamide (3 mi) for 48 h at 37°C. The
sojution was subsequently filtered and the optical den-
sity of the filtrate measured at 619 am in a Uvikon 810
spectrophotometer (Lykke and Cummings, 1969). The
amounts of Evans blye were expressed as ug /paw and
the resolts presented as the difference in the amounts

of Evans blue between the oedematogenic paw and the
contraiateral paw.

2.3. Measurement of pleurisy

Male Wistar rats (150-200 g) were lightly anaes-
thetised under ether and submitted 10 a skin incision at
the level of the left sixth intercostal space. The under-
lying muscles were dissected and either carrageenin
(0.1,05 and 1 mp /cavity) or sterile saline injected info
the pleural cavity. The total volume injected was always
0.2 ml. The skin incisions were closed with 2 suture
and the animals allowed 0 recover, At 2, 4 and 6 h
after the injection of carrageenin, the animals were
exsanguinated under ether anaesthesia by cutting the
cervical vessels. The chest was carefully opened and
the pleural cavity washed with 5 ml of heparinized {10
U/mi} phosphate buffered saline (0.1 M, pH 7.9). The
exudate and washings were removed by aspiration and
the total volume measured. Exudates contaminated
with blood were discarded. The results were calcnlated
subtracting the volume injected {5 ml) from the totaj
volume recovered. The number of leucocytes in the
exudate was counted by conventional techniques.

2.4. Two kidney-1 clip (2K-1C) modei

Male Wistar rats (150-180 g anaesthetised with
sodium pentobarbital (Sagatal, 40 mg/kg ip.) were
used. Two kidney-1 clip hypertension was induced by
compression of a silver clip reduced to 0.2 mm aper-
ture around the left renal artery.

2.5, Chronic treatment with L-NAME and D-NAME

The chronic treatment with L-NAME was per-
formed as previously described {Ribeiro et al, 1592,
Briefly, the animals received L-NAME (or D-NAME)
in the drinking water for up o 4 weeks. L-NAME (or
D-NAME) was dissolved in the drinking water at a
Concentration of 1.2 mM to give a daily intake of
approximately 75 wmol /rat /day. Control animals re-
ceived tap water alone. The average daily intake of
both water and food did not differ significantly be-
tween L-NAME-treated and uintreated rats. In some
experimental groups, captepril (2.3 mM) was added to
the drinking water together with L-NAME to give a
daily intake of approximately 140 mmol frat /day. Sys-
temic arterial pressure was estimated weekly by a tail-
cuff method {Zatz, 1990,

2.8, Drugs
A*-Nitro-L-arginine methyl ester and A-Carrageenin

were obtained from Sigma Chemical Co. (USA). Nitro-
D-arginine methyl ester and Hoprost were ohtained
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from Bachem {Switzerland) and Schering {Germany),
respectively. Capiopril was provided by Squibb {USA).

27, Statistical analysis

Results are expressed as mean + S.EM. for n ex-
periments. Statistical Comparison was undartaken hy
means of Student’s unpaired r-test {two-tailed) or apal-
ysis of variance (ANOVA) and Bonferroni corrected P
value for multiple comparisons. Values of 2 <005
were considered as significant.

3. Results

1. Blood pressure

Fig. 1 shows that addition of L-.NAME, but not
D-NAME, to the drinking water resulted in 2 signifi-
cant elevation of mean arterial blood pressure (P <
0.05), as measured 2 and 4 weeks after the treatment
{n = 20-50), In addition, 2K-1C rats (n = 30) devel-
aped hypertensive levels which did not differ signifi-
cantly from the L-NAME-uweated rats after 2 and 4
weeks (Fig. 1). The blood pressure of 2K-1C rats was
not further increased by concomitant treatment with

~NAME (Fig. 1). The co-administration of captopril
{n = 20} in the drinking water significantly reduced the
increased blood pressure imnduced by [-NAME admin-
wiration (Fig. 1),

200,’
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Fig. 1. Addition of L-NAME (approximarely 35 wemol frat /dav) to
the drinking water for 2£2 W) and 4 weeks (4 W) markedly enhuances
the mean arterial blood pressure (MABP; solid columns) tompared
ta the control aninmis {opea columns). D-NAME had a0 effect on
MABP {horizonial striped ecolumns). The addition of captopsit 1o the
drivking water for 2 and 3 wieks significanty roversed the imcreased
BARP indured by L.NAME fertical striped cotummns), The MARP
of ZK-1E rats 2 und 3 weeks inllowing the suh-veclsion of the fefy
renal artery foroms-larched cofumnsed and for INIC ras receiving
LWAME fwhite dotted cohismns i5 also shown, Fack column Tepre.
SEME the mean £ 55 M g 15.0p animats. "F < 005 compared to
<ORtrol animals receiogne Lapwatar alone.
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Fig. 2. The inhibition of camageenin-induced rat paw oedema by
chronic treatmem with L-NAME for 2 weeks (W) compared 1o
control amimals receiving eithar tap water (O} or D.NAME (0 Y. The
procedure for L-NAME administration is descritved in the Materisls
amd methods section {see also the legend 10 Fig, 1) The oedema 1

rats; S.EM. is shown by the vertical bats. "P < 0.05 compared 1o
control animals.

3.2. Carrageenin-induced oedema

The carrageenin-induced oedema was significantly
reduced in animals chronically treated with L-NAME
for either 2 weeks (2.6 +02and 1.7+ 0.1 mi h, AUC
for control- and L-NAME.-treated apimals, respec.
tively, n =15, P< 0.01; Fig. 2) or 4 weeks (32402
and 1.6+ 02 m! h, AUC for control- and L-NAME.
treated animals, respectively, n = 1528, P < 0.01; Fig.
3}. The reduction of carrageenin-induced oedema by
chronic L-NAME was not accompanied by significant
changes in the protein leakage (at 2 weeks: 291 + 49
and 268 +29 up Bvans blue/paw for control- and
L-NAME-treated animals, respectively; at 4 weeks:
312 + 32 and 243 + 31 g Evans blue /paw for control-
and L-NAME-treated animals, respectively, n = 5), The

1r
“-Control
o»a L L-NAME
&= ~L-NAME + Captoprif
“§ G6H * *
§ 044 k4
o
Q2r
o ' - - -
a 1 2 3 4
Timne {h)

Fig. 3. Captoprit docs not sigaificantly reverse the L-NAME-induced
inkibition of carrageenin (1 mg /pawhinduced rat paw sedema. The
symbols represent sonsral nimils receiving tap water (O L-NAME
alone (@) and L-NAME +eaptopril {03} Captoprif (140 amol s/
day) was udded to the drinking water together with L-NAME for 4
weeks. The ocdema is expressed as the increase iy volume fml) of
the paw compared 10 its busat vilume. Each poim TERTEsens the
mee of ten ratg; SEM. is shown hy the vertical hars, P« .08
comgired to control animals,
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basal protein teakage was also not affected by chronic
treatment with L-NAME (22430, 23 + 1.7 and 24 4
L8 ug Evans blue /paw for control and for L-NAME-
treated animals at 2 and 4 weeks, respectively, = 5.
103, Chronic administration of D-NAME did not signif-
iwcantly affect the carrageenin-induced oedema {n=3
Fig. 2). The subplantar injection of iloprost (0.3
nmol /paw) significantly potentiated carrageenin-in-
duced oedema (2.1 +04 and 4.9 + 0.3 mi h, AUC for
control- and floprost-treated paws, respectively, # = 5,
£ < 001), At this dose, iloprost impaired the inhibition
by L-NAME (4 weeks treatment) of the carrageenin-in-
duced oedema (1.4 + 0.3 and 5.0 £ 0.7 m! h, AUC for
control- and iloprost-treated animals, respectively, n =
3.

in contrast 10 the L-NAME-treated group, the car-
fageenin-induced oedema was not reduced in 2K-1C
rats {n = 24; Fig. 4); actually, a significant increase was
observed (Fig. 4), In addition, the paw vedema was not
further inhibited in 2K-1C rats which received L-
NAME for 4 weeks {n =35, Fig. 4) compared to -
NAME-treated animals. Chronic treatment of the api-
mals with captopril for 4 weeks (Fig. 3) did not signifi-
cantly affect the inhibition by L-NAME of the car-
rageenin-induced oedema (26403, 1.2+ 02 and 1.6
+8.2 ml h, AUC for control-, L-NAME- and L.
NAME + captopril-treated animals, respectively, »n =
10},

3.3. Carrageenin-indiced Pleurisy

Intrapleural injection of carrageenin caused dose-
dependent (0.2 + 01, 074008 and 1.1 +02mi6h

1‘2" -
1F —L-NAME {Sham) .
- [ - 2KAC
E o.al *L-HAKE [2K.4C)
i
E os:
|
§ 04f
62k
od : ’
0 1 2 3 4
Time {h)

Fig. + Two Hdneyone clip {2K-1C) rats 1 4) did not show dismin.
ished earrageenin {1 mg/pawhkinduced paw cedema as compared 1o
Rormolensive sham-operated wimals (G The surgical procedure
involved i the tigation of the feft ranal artery is described in the
Muterials und Methods seetion. Four weeks treatment of sham-oper-
ated amimals with L-NAME sigrificantly inhibired carrageenin-in-
duced ocederma (m), The ocdematogenic respimse in 2K g
receiving L-NAME (dose abive: 033 was not diffarent from sham-op-
erated animals receiving L-NAME. The cedema is gxpressed g the
increase s volume (i} of the paw compared o its basal volume

Exch point represents the aean of five s REM. & shown by
serticat bars, “P < aps sernnated o normstengive shatopor e,
animals,

Table |

Formation of pleusal exndase and leucocyte infittration induced by
carmageenin in rats cheonically treated with cither L-NAME or
D-NAME for 2 and 4 weeks

Pleural exudate {mi) Lencocyte counts
{eedls X 10° /raviry)
Treatment Two weeks Fourwesks Two weeks Four weeks
Control 084201 0455012  78.0+8.1 ME+52
D-NAME 074402 nd. T70+105 nd
LNAME 0784015 044018 688+36 0B4350

Pleural exudate and leucocyte counts {eells X 108 /cavity) were evaly.
ated 6 & after the intrapleura injection of carrageenin (0.5 mp frav-
ity). L-NAME and D-NAME were added 1o the drinking water at a
dose of approximately 75 smol/rat /day, The counts represant the
mean swmber of lencorytes £ S E M. for 8-10 animals, a.d, not
determined,

after 0.1, 0.5 and 1.0 g carrageenin/cavity, respec-
tively; # = 35) and time-dependent (0.6 + 02, 0.7+ 0.1
and 1.1+ 02 ml for 2, 4 and 6 h, after intrapleural
administration of 0.5 g carrageenin /cavity, respes-
tively; n = 5) exudate formation into the pleural cavity.
Intrapleural injection of carrageenin  also induced
dose-dependent (10.8 10, 433467 and 758 +64
X 10° cells /cavity 4 h after 0.1, 05 and 1.0 mg car-
rageenin /cavity, respectively, n = 5-15) and time-de.
pendent (122317, 374447 and 710 +735x108
cells /cavity for 2, 4 and 6 h, after intrapleural adminis-
tration of 0.5 mg carrageenin /cavity, respectively, n =
5} leucocyte infiltration into the pleural cavity, The
dose of 0.5 mg/cavity and the 6 h time point were
selected for further studies, Chronic treatment with
L-NAME for either 2 or 4 weeks affected neither the
formation of pleuraf exudate nor the lewcocyte infiltra.
tion (Table 1), At the 6 h time point, intra-plesral
administration of carrageenin (0.5 mg/cavity) in con-
trol animals (n = 5} induced migration of neutrophils
(726 + 3.8%), eosinophils (2 + 0.3%) and mononuclear
cells (26.2 + 3.8%). Chronic treatment with L-NAME
for 4 weeks did not alter the cell pattern observed
following carrageenin administration (76.2 + 9%, 2.4 +
0.6% and 21.4 +0.7% for neutrophils, eosinophils and
mononuclear cells respectively, n = 3),

4. Discussion -

We have demaonstrated here that the chronic admin.
istration of L-NAME {but not D-NAME) inhibits car-
rageenin-induced rat paw oedema, indicating that ep-
dogenous NO madulates local oedema formation,
However, the mechanism by which NO modulates pro-
tein and fiyid leakage has not been definitely estab-
lished. Although it s believed that acute administra-
tion of L.-NAME reduces albumin extravasation ip
response to 4 decrease in hooy! microvascular blood
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flow in both rat (Hughes ¢t al, 1990; Ialenti et al,
1992}, guinea-pig (Teixeira et al., 1993) and rabbit
{Mariani-Pedroso et al., 1995) skin as well ag ocdema
formation in the rat hind-paw (Antunes et al,, 1950,
1952, lalenti et al, 1992; Giraldelo et al, 1994} NO
DET st seems to modulate microvascular permeability
in the hamster cheak pouch by a mechanism indepen-
dent of local blood flow {(Mayhan, 1992), However, our
resuits showing that the vasodilator prostacyclin ana-
logue iloprost (Skuballa et al., 1987) reversed the inhj-
bition by L-NAME of the carrageenin-induced oedema
indicate that instead of directly affecting permeability,
L-NAME probably acts by reducing regional blood
flow. This conclusion is supported by the observation
that both basal and carrageenin-induced plasma ex-
travasation are not significantly affected by the admin-
istration of L-NAME. Whether this discrepancy (in-
hibition of oedema without concomitant inhibition of
proiein extravasation) reflects different kineties of the
tws events, remains 10 be further mvestigated.

In contrast to our observations in the rat hind-paw,
in other microcirculatory beds including rat large air-
ways, liver, spleen, pancreas, kidney, stomach and duo-
denum {Filep and Foldes-Filep, 1993), cat mesenteric
cirenlation (Kubes and Granger, 1992), rat coronary
circulation (Filep et al, 1993) and rat mesenteric
venules (Kurose et al., 1993), L-NAME increases mi-
crovascular protein efflux indicating that NO has a
protective role in the endothelium by minimising the
loss of fluid and protein. Whether this discrepancy
could be due to atropine-like properties of L-NAME
{Buxton ef al., 1993) remains to be investigated.

The hypertension induced by chronic treatment with
L-NAME iz mediated by activation of the enin-angio-
tensin-aldosterone system (Ribeiro et al, 1992). How-
ever, rats made hypertensive by activation of this 8y5-
tem (2ZK-1C) did not show reduced oedema formation
indicating that high circulating levels of angiotensin I
are not & major component responsible for the modula.
tion of local microvascular blood flow in the rat paws.
Furthermore, captoprit markedly reduced the in-
creased blood pressure resulting from chronic L-NAME
treatment but did not significantly reverse the L-
NAME-mediated inhibition of the carrageenin-induced
cedema, These resylts suggest thar the reduction in
microvascular blood flow in response to L-NAME is
not dependent on the increased blood pressure of the
animals but probably reflects a local absence of NO
production.

Carrageenin-induced oedema in the 2K-1C rats was
significantly higher as compared to sham-operated ani-
mals. Interestingly, 1K-1C animals present increased
blood kinin levels as compared to normotensive con-
trels {Salgado et al., 1986). Since kining are involved in
the carrageenin-induced oedema (D Rosa et al., 1973 3,
it is possibie that the tugmented oedematogenic 1

sponse observed in these animals could be due to
increased kinins levels. This could also explain the
increased oedematogenic response observed in the L.
NAME-treated rats that received captopril,

The inflammatory response induced by carrageenin
is dependent on circulating leucocytes {(Spector and
Willoughby, 1959; Di Rosa et al, 1971). Neutrophils
and mononuclear cells synthesise NO (Salvemini et al,
1989) and this mediator is believed t0 exhibit an in.
hibitory effect on the adherence and emigration of
leucocytes in the posicapillary venules (Kubes et al.,
1991). However, the ability of NO inhibitors of SUp-
pressing lewkocyte accumulation is confroversial {Mul-
Hgan et al, 1991; Teixeira et al., 1993}, probably re-
flecting sensitivity of the vascular bed to NO. Our
finding that chronic treatment with L-NAME affected
neither the formation of pleural exudate nor the feuco-
Cyte migration induced by carrageenin indicates that
NO does not modulate these phenomena in this partic-
ular microcirculatory bed,
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Abstract.

The bicavailability of a single dose of a potassium diclofenac suspension
®
(Flogan ~, Merck, 7mi, 105 mg) was studied in thiteen healthy male

volunteers in the fasting state {placebo phase), after gastric acid secretion
blockade (sub-acute pre-treatment with omeprazole, OME phase) and after food
intake (FOOD phase). A 14-day washout period between pﬁases was adopted.
Serum samples were obtained over a 24 hour interval and diclofenac
concentrations were determined by high pressure liquid chromatography with
uitraviolet detection. From the serum diclofenac concentrations versus time
CUrves, Aucm‘q (area under the concentration vs time curves from 0-24 1), Crrax

{maximum achieved concentration), Tye (time to achieve Cmad, Ke (terminal first
order elimination constant) and the haif-life values {T1z) were obtained. No
significant differences in extent of absorption were observed, However, the T
of the food phase was significantly greater when compared to both placebo and
omeprazole phase. The delay in the rate of diciofenac absorption produced by
food intake is not due to increase in the gastric pH, and could be of particular
importance when therapeutic levels must be rapidly achieved in the treatment of
inflammatory disease.

Key words: potassium diciofenac suspension - human volunteer
pharmacokinetics - bioavailability - gastric acid blockade - omeprazole - food
intake.
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INTRODUCTION

Diclofenac ({2-(2,6-dichloroanilino)phenyljacetic acid) is a potent non-steroidal
anti-inflammatory drug (NSAID), belonging to the pheny! acetic group, and is
widely used in its sodium salt form in cases of chronic and acute inflammation
[Altman 1986, Calabro 1986, Kantor 1986, Zuckner 1986). The potassium salt
of diclofenac (KDIC) has been marketed mainly in Latin America and has been
prescribed for acute conditions to provide fast analgesic and anti-inflammatory
effects [Bahamonde and Saavedra 1990, Verstraeten and Bakshi 1991].

The main problem associated with NSAID therapy is the ability of these drugs to
induce gastrointestinal injury, most notably gastric ulceration, bleeding and
perforation, as well as an increased risk of bleeding from pre-existing peptic
uicers [Soll et al. 1991]. In an attempt to reduce NSAID-induced mucosal lesions
and ulcer formation or exacerbation, several clinical practices have been
adopted including the oral administration of the drug at mealtimes, the use of
special preparations such as entericcoated tablets or the concomitant

administration of antacids [Brzozowski et al. 1993}, histamine Hz receptor

antagonists {Van Berge Henegouwen and Smout 1991}, prostanoids [Miller
1982] or proton-pump inhibitors [Sheiman et al. 1994].

Drugs dissolved in biological fluids exist as predominantly weakly ionisabie
species and are absorbed across the plasma membrane in their non-polar or
unionised forms. The ionised forms cannot cross the membrane due to the
hydrophobic nature of the latter. Consequently, the pH of the microenvironment
is critical in determining movement across the membrane [Wilson et al,
1989].

The major physiological stimulus for acid secretion in the stomach is the
ingestion of food, especially if the meal has a high protein content which
possesses the greatest buffering capacity. The buffering action of food usually
produces a temporary increase in gastric pH [Wiison et al. 1989). Furthermore,
the presence of food may influence the absorption of several drugs and can
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either enhance, delay or reduce their uptake thereby changing their
bioavailabilities [Toothaker and Welling 1980).

Omeprazole is a proton-pump inhibitor and 2 potent blocker of basal gastric acid
secretion, thus increasing the gastric pH. This drug therefore represents a
therapeutic option for the treatment of certain peptic acid disorders [Lampkin et
al. 1890].

Since KDIC can be clinically co-administered with the proton-pump inhibitor
omeprazole and/or with food intake, pharmacokinetic interactions which couid
affect the bioavailability of diclofenac may occur.

In this study, we have compared the pharmacokinetic of KDIC suspension in
heaithy male volunteers in the fasting state {placebo phase, PLA)}, after gastric
acid secretion blockade (attained by sub-acute pre-treatment of the volunteers
with omeprazole, OME phase) and after food intake (FOOD phase).

METHODS

Clinical protocol

Thirteen healthy male volunteers aged between 21 and 47 years {mean +
S.E.M.: 28.4 + 6.3 yr} and weighing 55 o 95 kg {(mean + SEM.: 77.5 + 10,1 kg)
were selected for the study. The volunteers were free from significant cardiac,
hepatic, renal, pulmonary, gastrointestinal, neurological and haematoiogical
diseases as determined within four weeks before the start of the siudy, by
medical history, physical examination and laboratory screenings: fasting blood
glucose, urea, creatinine, AST, ALT, total bilirubin, total protein, serum albumin,
alkaline phosphatase, sodium, potassium, chioride, uric acid, urinalysis,
hemoglobin, hematocrit, total and differential white blood cell counts. All
volunteers gave written informed consent, and the clinical protocol was approved
by Ethics Committee of the University Hospital.

The study had a three-stage design with a 14-day washout period between
treatments. During each stage, the volunteers were hospitalised at 09:00 p.m.
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having already had a reguiar evening meal. After an overnight fast they received
105 mg of KDIC as a suspension (Flogan®).

Gastric acid secretion blockade was achieved by administering omeprazole
(Losec®, 20 mg/day, p.o, as a single dose, for five days prior to hospitalisation).
Placebo waé administered in the same manner as described for omeprazole The
efficacy of the treatment was assessed by measuring the pH of the gastric juice
(collected via an intragastric cannula) before the first administration of either
placebo or Losec® and then before KDIC administration. This part of the study
{(administration of placebo and Losec®) was carried out in a double-blind
manner.

The influence of food intake on the pharmacokinetics of KDIC was assessed by
comparing the pharmacokinetic profile after a standard breakfast with the
placebo profile. The standard breakfast was composed of one sandwich
consisting of two slices of bread (~40 g) and two slices of cheese (~30g), one
cup of whole milk (~250ml), and two pieces of papaya (~250g).

Blood samples were collected at 0,5, 1, 1.5, 2, 3, 4, 5, 6, 8, 10, 12, 18 and 24
hours after KDIC administration.

Serum diciofenac concentrations were determined by reversed-phase HPLC with
ultraviolet detection as previously described [Mendes et al. 1994].

Pharmacokinetic and statistical analysis
The maximum observed serum concentration (Cray) and the time taken to be

attained (Tmay) were obtained from the drug concentration versus time curves.

The areas under the diclofenac concentration versus time curves from O to 24
hours (AUC[0-24]) were calculated using the trapezoidal method and the
ferminal elimination rate constant (Kg) was estimated by the least square

regression of the points describing a terminal log-linear decay phase. The half-
fife values (T} were derived from Kg where Ty = In 2 / Kg. The resuits are

expressed as geometric means with their respective 90% confidence intervals.
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Individual ratios were statistically anaiysed using both parametric (one-way
ANOVA for in-transformed data) and non-parametric methods {Hauschke et al.
1990). |

MATERIAL
Commercial KDIC suspension Flogan® (7 mi equivalent to 105 mg KDIC) is

marketed by Merck S.A. Ind. Quim., RJ, Brazil, and omeprazole (Losec®, 20 mg
tablet) by Merrei Lepetit Farm, Ind. Ltda., SP, Brazil.

RESULTS

Diclofenac and omeprazole were well tolerated at the administered doses and no
adverse effects were reported. After omeprazole treatment, gastric juice pH was
significantly increased from 1.67 + 0,11 (PLA phase) t0 6.90 + 0,13 (p<0,01, n =
13; paired Student’s f-test,).

Figure 1 shows mean serum diclofenac conceniration vs. time curves for the
PLA, OME and FOOD phases. The major mean pharmacokinetic parameters
derived from the serum diciofenac concentration vs. time curves are presented in
Table 1.

Parametric and non-parametric analysis of individual AUC[0-24] and Cmax

percentual ratios and Tmayx differences did not show any significant difference

between the OME phase and the PLA one (Table 2).

FOOD phase was not significantly different from PLA phase as shown by the
analysis of individual percentual ratios of sither AUC[0-24] or Cmax. However,
Tmax was significantly greater for the FOOD phase when individual Tmax
differences between FOOD and PLA phase were analysed by sither parametric

or non-parametric tests (Table 2).
Diclofenac Kg and Ty, values were not affected by OME and FOQUD treatment

when comparsad with the PLA phase (Tables 1 and 2).
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DISCUSSION
Omeprazole, fike diclofenac, is biotransformed in the organism [Stierlin et al.
1979; Gugier and Jensen 1985]. Appart from its activity as proton-pump inhibitor
and gastric acid secretion {Lampkin et al., 1990; Sheiman et al., 1994],
omeprazole is a potent inhibitor of hepatic microsomal enzyme activily and has
the potential to interact with drugs by this mechanism {Rogerson et al. 18771 In
this way, ﬁmeprazole prevents metabolism of diazepam and phenytoin by
inhibiting this enzyme system [Gugler and Jensen 1985] However, no
alterations were observed in the pharmacokinetic parameters of KDIC after OME
suggeéiing that, at the dose used, omeprazole did not influence the metabolism
of diclofenac.
Another mechanism by which omeprazole can affect drug pharmacokinetics is by
altering its absorption. Such is the case with the increase in the absorption of
bismuth from tripotassium dicitrate bismuthate, which prevents ulcer relapse by
eradication of Helicobacter pylori. [Treiber st al., 1994],
Diclofenac is a weak acid (pKz = 4.0} and very liposoluble (partition coefficient
n-octanol/buffer, pH 7.4= 13.4). In this way, it could be well absorbed in the
stomach under is unionised form at low pH. Due to its high liposoiubility,
diclofenac is absorbed by the transdermal route. The maximum concentration of
the drug, reaching the biood after cutaneous absorption is less than 10% of that
obtained after parenteral administration [Seth 1992]. This fact "per se” could be
explained by the absorption of diclofenac at the gastric mucosa. However, the
presence of a layer of mucus covering the stomach wall can complicate transport
~across the membrane, disqualifying, in this way, a significant absorption of
diciofenac in the stomach. On the other hand, the small intestine is the most
extensive and specialised surface for the absorption of drugs and nutrients.
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Taken as a whole, these ccnsideratiéns coutd provide an explanation for the fact
that the increase in gastric pH induced by omeprazole (from 1.67 to 6.90) did not
modify KDIC bioavailability. _

The presence of food in the stomach affects the pH, the viscosity of stomach
contents, the volume of gastric secretion and hence the rate or dissolution and
degree of dispersion of the formulation. In addition, food affects the motility
patterns, which in the fed state can discriminate between farge and small units.
in the fasted state, emptying can be extremely unpredictable, ranging from a few
minutes to 3 hours [Wilson st al. 1589},

The administration of the KDIC suspension in the presence of food led to a delay
in the rate of diclofenac absorption (as shown by lower Cmax and greater Tmax
vaiues). However, the extent of absorption (given by the AUC[0-24] values) was
not affected despite the observed biphasic profile in the serum concentration vs,
time curves (Fig. 1). As shown above, with the exception of gastric pH increase,
other effects of food should be responsible for the observed delay in KDIC
absorption.

Diclofenac Tygx values are of particular importance when therapeutic levels

must be rapidly achieved in the treatment of inflammatory disease. Todd and
Sorkin [1988] reported Tmay values of 1.5 to 2.5 hours for enteric coated sodium

diciofenac tablets, suggesting that the KDIC suspension formulation here tested
exposes the active therapeutic moiety 1o the absorption sites at a faster rate.

In conclusion, the results presented in this study are of immediate application to
the clinical use of KDIC for treatment of inflammatory diseases.
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TABLE 1
PLA OME FOOD
AUC[p.24] (ng h mt'7)
Geom. mean 3459 3564 3114
80% Ci 2987 - 4005 3186 - 3986 2617-3706

Cmax (ng/mi)

Geom. mean 1330 1278 1052
90% Cli 1084 - 1631 1136 - 1438 827-1338
Ke (h°7)

Geom. mean 0,37 0,32 0,45
30% Ci 0,298-0,47 0,26 - 0,38 0,37-0,55
T2 (h)

Geom. mean 1.95 2.21 1.54
S0% Ci 1.55-2.47 1.80-2.71 1.26-1.88

Tmax ()
Median 0.8 0,5 3.0
Range 0,5-4.0 0,5-1.0 0,5-5.0
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TABLE 2
OME / PLA PARAMETIC NON - PARAMETRIC *
Geom. mean 96% Cl Point estimate 90% Ci
AUCIQ-M
% Ratio 103.0 89.9 - 1181 103.0 88.2-119.9
Crmax
% Ratio 96.0 80.2-115.0 96.8 78.1 -115.8
Ko '
% Ratio 85.4 67.9 - 107.4 86.6 67.2-112.1
Tir2
%Ratio 1135 79.8 - 161.3 99 5 76.3-164 6
Tmax
Difference {h)]  -0,42" -0,93 - 0,08 0,25 -0,5-0.0
FOOD / PLA PARAMETRIC NON - PARAMETRIC "
Geom. mean 90% Cli Point estimate 80% Cl
AUCqp.243 |
% Ratio 90,0 76.6 - 105.8 89.6 76.5 - 107.8
Cmax
% Ratio 79.1 56.7 - 1104 80,4 543-111.0
Ke
% Ratio 120,1 88.2 - 163.6 120.1 87.2 - 165.1
T4s2
%Ratio 78.8 57.2 - 1088 75.1 56.1 - 100.5
Tmax
Difference (h) 1.8" 08-28 1.8 08-25
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Figure 1.

+PLA - OME +~FOO0OD

;g

Serum Diclofenac (ng/mi)
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LEGENDS TO TABLES:

TABLE 1. Mean KDIC pharmacokinetic parameters obtained from 13 healthy

maie volunteers after the ingestion of a Flcagada suspension {7mi, 105 mg KDIC)
under different conditions.
PLA, placebo; OME, omeprazole; FOQD, food intake; Cl. confidence interval.

TABLE 2. Statistical analysis of the intergroup AUC(5.24}, Cmax. Ke and Tqp2
individual ratios and Tyax individual differences for KDIC.

PLA, placebo; OME, omeprazole; FOOD, food intake. Cl, confidence interval.

(% According to Hauschke et al. [1990]. (*) Arithmetic mean.

LEGEND TO FIGURE:

Figure 1. Ssrum diclofenac concentrations (mean + SEM) versus time curves
obtained in 13 heaithy male volunteers following a single administration of 7 ml
of Flogan® supension 105 mg KDIC after placebo (PLA), gastric acid secretion
biockade (OME) and food intake (FOOD).



