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Lista de Abreviaturas

Abz_FRK(Dnp)P-OH — Substrato Fluorogénico especifico para ECA (dominios
CeN)

ADH— Hormdnio Antidiurético

aECA — Atividade da ECA

aECA2 — Atividade da ECA2

Ang | — Angiotensina |

Ang Il — Angiotensina Il

Ang-(1-7) — Angiotensina-(1-7)

ANOVA — Andlise de Variancia

AP — Aminopeptidase

APA — Aminopeptidase A

APJ AT1-like — Receptor da Apelina 13 ou 36
APN — Aminopeptidase N

AT4R — Receptor de angiotensina do subtipo 1
AT,R — Receptor de angiotensina do subtipo 2
BK — Bradicinina

CP — Carboxipeptidase

CT — Comprimento Tibial

DCVs — Doencas Cardiovasculares

dP/dt- — Derivada maxima de relaxamento
dP/dt+ — Derivada maxima de contracao

ECA — Enzima Conversora de Angiotensina
ECA2 — Enzima Conversora de Angiotensina 2
EP — Endopeptidase

EPM — Erro Padréo da Média

EROS — Espécies reativas de oxigénio

FC — Frequéncia Cardiaca

GF — Gonadectomizada Fémea



GM — Gonadectomizado Macho

ICAM-1— Molécula de adeséo intercelular-1

IECAs — Inibidores especificos da ECA

IL-6— Interleucina-6

IRAP- AT4 — Receptor aminopeptidase regulada pela insulina

Mas — Receptor da Ang-(1-7) / receptor AT,

Mca-APK (DNP) -OH — Substrato Fluorogénico especifico para ECA2
MrgD — Alamandine-Receptor acoplado a proteina G relacionado ao Mas,
membro D

NEP— Neprilisina

NF-kB— Fator Nuclear Kappa-Beta

NO— Oxido Nitrico

OVX — Ovariectomia

PA — Presséo Arterial

PAI-1— Inibidor do Ativador do Plasminogénio

PAS — Presséo Arterial Sistdlica

PAS — Presséo Sistdlica

PLB — Phospholamban

RPR — Receptor da pro-renina

SERCA2a — Sarco(Endo)plasmic Reticulum Ca-ATPase/ Bomba de calcio
do reticulo sarcoplasmatico

SF — Sham Fémea

SHAM — Cirurgia Ficticia

SHR — Ratos Espontaneamente Hipertensos

SM — Sham Macho

SRA — Sistema Renina-Angiotensina

TNF-a— Fator de Necrose Tumoral-a

U/CT — Razao do peso do utero /comprimento da tibia

VE — Ventriculo Esquerdo

VE /CT — Razéo do peso do VE /Comprimento da Tibia



Resumo

Os hormodnios sexuais podem ser um fator-chave para as diferengas entre os
sexos observadas nos indices e na gravidade das doengas renais e
cardiovasculares. Este € o primeiro estudo a relacionar fungéo cardiaca, efeitos
troficos e status hormonal com a atividade tecidual de 2 importantes e
antagbnicos componentes do SRA, ECA e ECA2, no rim e ventriculo esquerdo
(VE), de ratos SHRs. Ratos SHR machos (M) e fémeas (F), 12 semanas de
idade, fémea (F) e macho (M) foram divididos em dois grupos experimentais (n
= 7 em cada grupo): Sham (S) e Gonadectomizado (G). Cinquenta dias apds
gonadectomia, avaliamos: hipertrofia ventricular esquerda, dP/dt + e dP/dt -,
atividade da ECA (aECA) e atividade da ECA2 (aECA2) no rim e no VE e
Western Blot do receptor AT SERCAZ2a, fosfolambam (PLB) e razdo da
PLB/SERCA2a. Os machos SHR exibiram maior da aECA e aECA2, maior
hipertrofia ventricular comparado as fémeas. A orquiectomia reduziu aECA e a
hipertrofia ventricular, enquanto a ovariectomia aumentou essas variaveis. A
funcdo cardiaca nos machos do grupo sham, apresentaram menor dP/dt+ (SM:
5140 + 259 mmHg vs. SF: 6485 + 178 mmHg) e menor dP/dt- do que as
fémeas (MS: -3.717 £ 129 mmHg vs. FS: -5250 = 115 mmHg). A
gonadectomia, inverteu os resultados, as fémeas tiveram redugdo da dP/dt+
(GM = 6.728 + 177 mmHg vs GF: 5453 + 229 mmHg) e dP/dt- (SM: -4.851 +
290 mmHg vs GF = -3.913 + 136 mmHg). Nao foi observada diferenga na
SERCA2a, nem entre grupo sham, nem entre o grupo gonadectomizado,
enquanto que o PLB e do PLB/ SERCAZ2a, somente a ovariectomia promoveu
aumento nestas duas variaveis. Na expressado do receptor AT{ 0os machos
exibiram maior expressao que as fémeas, e gonadectomia reduziu nos machos
e eliminou a diferenga. A ovariectomia conduziu a aumento da hipertrofia
cardiaca, maior aECA2, expressdo PLB e da razdo PLB/SERCAZ2a, e
agravamento de variaveis hemodindmicas, enquanto que nos machos, a
remogcao de testosterona teve efeito oposto. No rim, as fémeas SHR
apresentaram maior aECA e aECA2. A gonadectomia ndo mudou a ECA.
Neste modelo, no rim. A ECA2 parece ter maior participacdo na modulacao

local que a ECA. A avaliagao de dimorfismo sexual dos componentes do SRA



pode contribuir para o desenvolvimento continuado de intervengbes

terapéuticas eficazes para as doencgas cardiovasculares.

Abstract

There is growing interest in sex differences and RAS components; however,
whether gender influences cardiac angiotensin I-converting enzyme (ACE) and
angiotensin-converting enzyme 2 (ACEZ2) activity is still unknown. In the present
work we determined the relationship between ACE and ACE2 activity on kidney
and heart, left ventricular function and gender in spontaneously hypertensive
rats (SHRs). Twelve-week-old female (F) and male (M) SHRs were divided into
2 experimental groups (n = 7 in each group): sham (S) and gonadectomized
(G). Fifty days after gonadectomy, we measured positive and negative first
derivatives (dP/dt+ and dP/dt-), hypertrophy (morphometric analysis) and ACE
and ACE2 catalytic activity in kidney and LV (left ventricle). Expression of
calcium handling proteins and AT, receptor was measured by western blot
analysis. Male rats exhibited higher cardiac ACE and ACE2 activity as well as
hypertrophy compared to female rats. Orchiectomy reduced ACE activity and
hypertrophy, while ovariectomy increased these variables. In relation to cardiac
function, the sham group, male to compared female rats, had a lower
+dP/dt (MS: 5140 + 259 mmHg vs. FS: 6485 + 178 mmHg) and lower -
dP/dt (MS: -3.717 = 129 mmHg vs. FS: -5.250 + 115 mmHg) than the female
sham group. After gonadectomy, the results inverted such that they were
increased in males and reduced in female rats in dP/dt+ (GM = 6.728 + 177
mmHg vs FG: 5453 £ 229 mmHg) and dP/dt- (SM: -4.851 + 290 mmHg vs GF =
-3.913 + 136 mmHg). No difference among the groups in the SERCAZ2a protein
expression was observed. The gonadectomy increased protein expression of
PLB and the PLB to SERCAZ2a ratio in female rats, but did not alter in male rats.
In conclusion, the ovariectomy leads to increased cardiac hypertrophy, ACE2
activity, PLB expression and PLB to SERCAZ2a ratio, and worsening of
hemodynamic variables, whereas in males the removal of testosterone has the
opposite effect in RAS components.

Our data suggest that sex steroids are of great importance for both female and
male SHRs in influencing cardiac function and in regulating the RAS in kidney
and LV. In our study, in LV the withdrawal of estrogen in females led to
increased cardiac hypertrophy, increased ACE2 activity, PLB expression and
PLB to SERCAZ2a ratio, what could be related to worsening of hemodynamic
variables. In males, however, the removal of testosterone had the opposite
effect in RAS components. The increase in ACE2 activity after ovariectomy and
the reduction after orchiectomy seems to be occurring to counterbalance the
observed changes. In the kidney, in females the activity of ACE and ACE2 was
higher, favoring the balance between these two important components of the
RAS. In the male, conversely, lower levels of ACE and ACE2 favoring the
imbalance. ACE, although important, has not changed with the hormonal status,
so that in this model, the ACE2 have greater involvement in local modulation of



these components. Certainly, the assessment of sexual dimorphism of the
components of the RAS can help the continued development of effective
therapeutic interventions for cardiovascular diseases.
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