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Abstract

In the present study we evaluated the nature of angiotensin receptors
involved in the antidiuretic effect of angiotensin-(1-7) (Ang-(1-7)) in
water-loaded rats. Water diuresis was induced in male Wistar rats
weighing 280 to 320 g by water load (5 ml/100 g body weight by
gavage). Immediately after water load the rats were treated subcutane-
ously with (doses are per 100 g body weight): 1) vehicle (0.05 ml 0.9%
NaCl); 2) graded doses of 20, 40 or 80 pmol Ang-(1-7); 3) 200 nmol
Losartan; 4) 200 nmol Losartan combined with 40 pmol Ang-(1-7); 5)
1.1 or 4.4 nmol A-779; 6) 1.1 nmol A-779 combined with graded
doses of 20, 40 or 80 pmol Ang-(1-7); 7) 4.4 nmol A-779 combined
with graded doses of 20, 40 or 80 pmol Ang-(1-7); 8) 95 nmol CGP
42112A, or 9) 95 nmol CGP 42112A combined with 40 pmol Ang-(1-
7). The antidiuretic effect of Ang-(1-7) was associated with an in-
crease in urinary Na+ concentration, an increase in urinary osmolality
and a reduction in creatinine clearance (CCr: 0.65 ± 0.04 ml/min vs
1.45 ± 0.18 ml/min in vehicle-treated rats, P<0.05). A-779 and Losar-
tan completely blocked the effect of Ang-(1-7) on water diuresis (2.93
± 0.34 ml/60 min and 3.39 ± 0.58 ml/60 min, respectively). CGP
42112A, at the dose used, did not modify the antidiuretic effect of
Ang-(1-7). The blockade produced by Losartan was associated with an
increase in CCr and with an increase in sodium and water excretion as
compared with Ang-(1-7)-treated rats. When Ang-(1-7) was com-
bined with A-779 there was an increase in CCr and natriuresis and a
reduction in urine osmolality compared with rats treated with Ang-(1-
7) alone. The observation that both A-779, which does not bind to AT1

receptors, and Losartan blocked the effect of Ang-(1-7) suggests that
the kidney effects of Ang-(1-7) are mediated by a non-AT1 angiotensin
receptor that is recognized by Losartan.

Correspondence
R.A.S. Santos

Departamento de Fisiologia

e Biofísica, ICB, UFMG

Av. Antônio Carlos, 6627

31270-901 Belo Horizonte, MG

Brasil

Fax: 55 (031) 499-2924

E-mail: marrob@dedalus.lcc.ufmg.br

Presented at the II International

Symposium on Vasoactive Peptides,

Ouro Preto, MG, Brasil,

October 6-8, 1997.

Research supported by FAPEMIG,

PRONEX, CNPq and CAPES.

N.C.V. Baracho and A.C.

Simões-e-Silva were recipients

of CNPq fellowships.

Received April 7, 1998

Accepted May 4, 1998

Key words
• Renin-angiotensin system
• Angiotensin receptors
• Antidiuresis
• Losartan
• A-779
• Ang-(1-7)



1222

Braz J Med Biol Res 31(9) 1998

N.C.V. Baracho et al.

Introduction

The heptapeptide angiotensin-(1-7) (Ang-
(1-7)) is a recently identified active compo-
nent of the renin-angiotensin system that can
be formed by a route independent of angio-
tensin converting enzyme (1-3). Ang-(1-7)
has been demonstrated in plasma and tissues
of a variety of species, including man, dogs,
sheep and rats (3-5).

In addition to the different enzymatic
route for its generation, Ang-(1-7) differs
importantly from Ang II by its selectivity.
Although both peptides elicit some similar
actions in the brain, such as changes in blood
pressure (6-8) and an increase in neuronal
activity (9), Ang-(1-7) is devoid of signifi-
cant dipsogenic, vasoconstrictor or aldoste-
rone secretagogue actions (see Ref. 2 for
review). Ang-(1-7) can even present effects
opposite to those of Ang II, such as those on
the baroreceptor reflex sensitivity which is
attenuated by Ang II and increased by Ang-
(1-7) (10).

A growing body of evidence suggests
that one of the major physiological actions
of Ang-(1-7) is related to the control of
hydroelectrolyte balance. Dense immuno-
staining for Ang-(1-7) immunoreactivity has
been demonstrated in the supraoptic and
paraventricular nuclei of the hypothalamus
and neurohypophysical (11), and Ang-(1-7)
is as potent as Ang II in releasing AVP from
hypothalamus-neurohypophysial explants
(12). In addition, we have shown that Ang-
(1-7) possesses a potent peripheral antidi-
uretic activity in water-loaded rats that is not
influenced by blockade of vasopressin V2

receptors (13,14). In vitro, Ang-(1-7) has
been reported to increase four-fold the hy-
draulic conductivity in intramedullary col-
lecting ducts at a concentration of 10-9 mol/l
(14). In the proximal straight tubule Ang-(1-
7) increases fluid and bicarbonate reabsorp-
tion at physiological concentrations (10-12

mol/l) (15).
In addition to water excretion, Ang-(1-7)

appears to influence sodium handling by the
kidneys. A natriuretic effect of supra-physi-
ological doses of Ang-(1-7) has been re-
ported in denervated kidneys (16) in vivo
and in in situ perfused rat kidneys (17). The
natriuretic effect of Ang-(1-7) in these prepa-
rations is in accordance with the observation
that 10-9 mol/l Ang-(1-7) inhibits (20%) Na+

flux in cultured renal tubular epithelial cells
(18). A physiological role for Ang-(1-7) in
the control of hydromineral balance is also
suggested by the selective increase in its
circulating levels in chronically salt-loaded
rats (5). Moreover, the enzymes necessary to
generate Ang-(1-7) from its precursors (Ang
I or Ang II) are abundant in the kidney (19).

We have recently shown that the antidi-
uretic effect of Ang-(1-7) in water-loaded
rats is completely blocked by the selective
Ang-(1-7) antagonist A-779 (14,20). How-
ever, the effect of other selective angiotensin
antagonists on the antidiuretic activity of
this heptapeptide is not known. In this study
we evaluated the nature of angiotensin re-
ceptors involved in the antidiuretic effect of
Ang-(1-7) in water-loaded rats.

Material and Methods

Animals

Male Wistar rats weighing 280 to 320 g
were used. The rats were housed in plastic
cages with free access to ordinary chow and
water, on a 14/10 h light/dark cycle.

Effect of angiotensin antagonists
on antidiuretic action of Ang-(1-7)
in water-loaded rats

Protocol 1: Effect of Losartan on the
antidiuretic action of Ang-(1-7). Water di-
uresis was induced by water load (5 ml/100
g body weight by gavage). Immediately after
the water load, the animals were treated
subcutaneously with vehicle (0.05 ml 0.9%
NaCl/100 g body weight, N = 27), 200 nmol
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Losartan/100 g body weight (N = 15), 40
pmol Ang-(1-7)/100 g body weight (N = 32)
or 200 nmol Losartan/100 g body weight
associated with 40 pmol Ang-(1-7)/100 g
body weight (N = 24). Urine volume was
collected for 60 min after water loading.

Protocol 2: Effect of A-779 on the antidi-
uretic action of Ang-(1-7). Immediately after
the water load rats were treated subcutane-
ously with 1) Ang-(1-7) alone, 20 (N = 6), 40
(N = 27) or 80 pmol/100 g body weight (N =
6); 2) A-779 alone, 1.1 (N = 18) or 4.4 nmol/
100 g body weight (N = 14); 3) 1.1 nmol A-
779/100 g body weight combined with dif-
ferent doses of Ang-(1-7) (20 (N = 6), 40 (N
= 10) and 80 pmol/100 g body weight (N =
6)), or 4) 4.4 nmol A-779/100 g body weight
combined with graded doses of Ang-(1-7)
(20 (N = 6), 40 (N = 9) and 80 pmol/100 g
body weight (N = 6)). Urine volume was
collected and measured 60 min after water
loading.

Protocol 3: Effect of CGP 42112A on the
antidiuretic action of Ang-(1-7). Immedi-
ately after the water load rats were treated
subcutaneously with 95 nmol CGP 42112A/
100 g body weight (N = 8) or 95 nmol CGP
42112A/100 g body weight combined with
40 pmol Ang-(1-7)/100 g body weight (N =
24). Urine volume was collected and meas-
ured 60 min after water loading.

Mechanism involved in the blockade
of the antidiuretic action of Ang-(1-7)
in water-loaded rats

Protocol 1: Effect of Losartan on renal
function parameters. Immediately after wa-
ter loading, other groups of animals were
treated subcutaneously with vehicle (0.05
ml 0.9% NaCl/100 g body weight, N = 17),
40 pmol Ang-(1-7)/100 g body weight (N =
16), 200 nmol Losartan/100 g body weight
(N = 9) or 200 nmol Losartan/100 g body
weight associated with 40 pmol Ang-(1-7)/
100 g body weight (N = 10) and transferred
to metabolic cages. Blood and urine samples

for the measurement of creatinine clearance
(CCr), osmolality, and sodium concentration
were collected 60 min after water loading.

Protocol 2: Effect of A-779 on renal func-
tion parameters. Immediately after water
loading, additional groups of rats were treated
subcutaneously with 4.4 nmol A-779/100 g
body weight (N = 9) or 4.4 nmol A-779/100
g body weight combined with 40 pmol Ang-
(1-7)/100 g body weight (N = 10) and trans-
ferred to metabolic cages. Blood and urine
samples for measurement of CCr, osmolality,
and sodium concentration were collected 60
min after water loading.

General procedures

Blood sampling. Immediately after urine
collection, the rats were anesthetized with
ether and blood samples were withdrawn by
heart puncture. Blood samples were kept for
30 min at room temperature and then centri-
fuged at 2000 rpm for 10 min. Serum was
used for measurement of serum osmolality,
Na+ and creatinine concentration.

Urine samples. After collection, the urine
samples were centrifuged at 3000 rpm for 5
min (room temperature) for measurement of
urine osmolality, Na+ and creatinine concen-
tration.

Analytical procedures

Sodium was measured by flame photom-
etry (Corning 400, Corning Inc., New York,
NY). Serum and urine osmolality were meas-
ured using a freezing-point Osmometer (Fiske
Associates, Norwood, MA). Creatinine clear-
ance measurements were performed using a
kit which minimizes the interference of en-
dogenous chromogens (cat. 35E, Labtest,
Belo Horizonte, MG).

Chemicals

The nonpeptide AT1 receptor antagonist,
Losartan (molecular mass = 461), was a gift
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from Du Pont de Nemours & Company
(Wilmington, DE) and the AT2 receptor an-
tagonist, CGP 42112A (molecular mass =
1053), was provided by Ciba-Geigy Limited
(Basel, Switzerland). The Ang-(1-7) ana-
logue, A-779 (molecular mass = 873.1), was
synthesized by Dr. M.C. Khosla (Cleveland
Clinic Foundation). Ang-(1-7) (molecular
mass = 890) was synthesized by Dr. M.C.
Khosla or obtained from Bachem (Batch #
25691; Torrance, CA). All other chemicals
used were of the highest purity available.

Statistical analysis

All results are reported as means ± SEM.
Data were analyzed using one-way analysis
of variance (ANOVA) followed by the
Newman-Keuls test. The level of signifi-
cance was set at P<0.05.

Results

Effect of angiotensin antagonists
on the antidiuretic action of Ang-(1-7)
in water-loaded rats

Blockade of the antidiuretic effect of Ang-
(1-7). As shown in Figure 1, Losartan com-
pletely blocked the antidiuretic effect of Ang-
(1-7) in water-loaded rats. Losartan alone, at
the dose used, did not change water diuresis
compared to vehicle-treated rats.

The effect of the two doses of A-779 (1.1
and 4.4 nmol/100 g body weight) on the
antidiuretic action of graded doses of Ang-
(1-7) (20 to 80 pmol/100 g body weight) is
shown in Figure 2. A-779 completely blocked
the antidiuretic effect of Ang-(1-7) in water-
loaded rats at both doses used. A-779 given
alone produced an increase in water diuresis
compared with vehicle-treated rats at the
highest dose (4.4 nmol/100 g body weight).

As shown in Figure 3, the AT2 ligand,
CGP 42112A, did not change water diuresis
or the antidiuretic effect of Ang-(1-7) in
water-loaded rats.

Mechanisms involved in the blockade
of the antidiuretic action of Ang-(1-7)
in water-loaded rats

Effect of Losartan on renal function pa-
rameters. The effect of Losartan on renal
function parameters in water-loaded rats is
shown in Table 1. Losartan blockade of the
antidiuretic effect of Ang-(1-7) was associ-
ated with a significant increase in creatinine
clearance and in sodium and water excretion
compared with Ang-(1-7)-treated rats
(P<0.05).

Effect of A-779 on renal function param-
eters. The effect of A-779 on renal function
parameters in water-loaded rats is shown in
Table 1. The increase in water diuresis pro-
duced by A-779 given alone was associated
with a decrease in urine osmolality and natri-
uresis and an increase in creatinine clear-
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Figure 1 - Effect of Losartan on
the antidiuretic action of Ang-(1-
7). Immediately after water load,
rats were treated subcutaneously
with vehicle (saline, N = 27), 200
nmol Losartan/100 g body weight
(N = 15), 40 pmol Ang-(1-7)/100 g
body weight (N = 32) or 200 nmol
Losartan/100 g body weight com-
bined with 40 pmol Ang-(1-7)/100
g body weight (N = 24). Urine
was collected 60 min after water
loading. Data are reported as
means ± SEM. *P<0.05 com-
pared with saline-treated group
(ANOVA followed by the
Newman-Keuls test).

Figure 2 - Effect of A-779 on the
antidiuretic action of Ang-(1-7).
Immediately after water load,
rats were treated subcutane-
ously with vehicle (saline, N =
27); graded doses of Ang-(1-7)
alone, 20 (N = 6), 40 (N = 27) and
80 pmol/100 g body weight (N =
6); 1.1 nmol A-779/100 g body
weight (N = 18); 4.4 nmol A-779/
100 g body weight (N = 14); 1.1
nmol A-779/100 g body weight
combined with graded doses of
Ang-(1-7) (20 (N = 6), 40 (N = 10)
and 80 pmol/100 g body weight
(N = 6)); or 4.4 nmol A-779/100 g
body weight combined with
graded doses of Ang-(1-7) (20 (N
= 6), 40 (N = 9) and 80 pmol/100
g body weight (N = 6)). Urine
was collected 60 min after wa-
ter loading. Data are reported as
means ± SEM. *P<0.05 com-
pared with saline-treated group
(ANOVA followed by the
Newman-Keuls test).
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ance compared with vehicle-treated rats. The
results obtained with the combination of A-
779 and Ang-(1-7) did not differ from those
obtained with A-779 alone.

Discussion

We have previously shown that the an-
tidiuretic effect of Ang-(1-7) in water-loaded
rats was completely blocked by the Ang-(1-
7) selective antagonist, A-779 (14,20). In the
present study we extended this observation
by showing that Losartan, an AT1 receptor
antagonist, also blocked the antidiuretic ef-
fect of Ang-(1-7) in water-loaded rats.

The antidiuretic effect of Ang-(1-7) in
water-loaded rats was associated with a de-
crease in creatinine clearance and an in-
crease in water reabsorption. Both A-779
and Losartan blocked the antidiuretic effect
by preventing the changes in creatinine clear-
ance and in sodium and water excretion
produced by Ang-(1-7).

Our observation that Losartan blocked
the antidiuretic effect of Ang-(1-7) is con-
sistent with other studies. Garcia and Garvin
(15) found that the effects of Ang-(1-7) on
fluid and bicarbonate absorption in isolated

proximal straight tubules were blocked by
Losartan. A partial blockade of the effect of
Ang-(1-7) on O2 consumption in rat proxi-
mal tubules was also observed by Handa et
al. (16). Similar findings were obtained in
the heart by Gironacci et al. (21). These data
raised two possible explanations: 1) Ang-(1-
7) may act through AT1 receptors or 2) Lo-
sartan can block a subtype of Ang-(1-7)
receptor. The first explanation is unlikely
since Ang-(1-7) does not exert most of the
Ang II actions that are mediated through AT1

receptors, i.e., vasoconstriction and induc-
tion of drinking (4) and Ang-(1-7) binds
poorly to AT1 receptors (3,20). The second
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Figure 3 - Effect of CGP 42112A
on the antidiuretic action of Ang-
(1-7). Immediately after water
load, rats were treated subcuta-
neously with vehicle (saline, N =
27), 40 pmol Ang-(1-7)/100 g
body weight (N = 32), 95 nmol
CGP 42112A/100 g body weight
(N = 8) or 95 nmol CGP 42112A/
100 g body weight combined
with 40 pmol Ang-(1-7)/100 g
body weight (N = 24). Urine was
collected 60 min after water
loading. Data are reported as
means ± SEM. *P<0.05 com-
pared with saline-treated group
(ANOVA followed by the
Newman-Keuls test).

Table 1 - Effect of angiotensin antagonists on renal function parameters in water-loaded rats.

Immediately after water loading, rats were treated subcutaneously with vehicle (Control, 0.05 ml 0.9% NaCl/100 g body weight), Ang-(1-7) (40
pmol/100 g body weight), A-779 (4.4 nmol/100 g body weight) or A-779 (4.4 nmol/100 g body weight) combined with Ang-(1-7) (40 pmol/100 g
body weight), and transferred to metabolic cages. Data are reported as means ± SEM. *P<0.05 compared with Ang-(1-7)-treated rats (ANOVA
followed by the Newman-Keuls test). +P<0.05 compared with the control group (ANOVA followed by the Newman-Keuls test). Osm = Osmolality,
COsm = osmolal clearance and CCr = creatinine clearance.

Parameter Control Ang-(1-7) A-779 A-779 + Ang-(1-7) Losartan Losartan + Ang(1-7)
(N = 17) (N = 16)  (N = 9)  (N = 10)  (N = 9) (N = 10)

Urine volume, ml/60 min 3.0 ± 0.1* 1.51 ± 0.13+ 3.4 ± 0.32* 4.25 ± 0.43*+ 3.11 ± 0.31* 3.20 ± 0.23*

Serum Osm, mOsm/kg 300.6 ± 2.9* 283.5 ± 3.7 293.4 ± 2.0* 290.6 ± 4.1* 300.7 ± 3.4* 299.9 ± 2.3*

Urinary Osm, mOsm/kg 167.6 ± 9.3* 278.8 ± 32.1 140.3 ± 12.9* 125.4 ± 18.5* 140.0 ± 13.3* 143.9 ± 12.5*

COsm, ml/min 0.029 ± 0.002 0.027 ± 0.003 0.026 ± 0.002 0.028 ± 0.003 0.024 ± 0.003 0.027 ± 0.003

Water excretion, ml/min 0.023 ± 0.002* 0.002 ± 0.002+ 0.031 ± 0.005* 0.040 ± 0.007* 0.028 ± 0.003* 0.028 ± 0.003*

CCr, ml/min 1.45 ± 0.18* 0.65 ± 0.04+ 1.44 ± 0.14* 1.62 ± 0.17* 1.45 ± 0.16* 1.50 ± 0.10*

Serum [Na+], mEq/l 138 ± 1.5* 126.3 ± 1.2+ 140 ± 1* 140 ± 1* 141 ± 1* 141 ± 1*

Urinary [Na+], mEq/l 17.9 ± 0.9* 30.3 ± 3.2+ 18.2 ± 1.0* 17.5 ± 1.5* 17.2 ± 1.6* 18.7 ± 1.3*

Na+ excreted, mEq 0.054 ± 0.002* 0.043 ± 0.003+ 0.061 ± 0.004* 0.068 ± 0.005* 0.052 ± 0.004* 0.059 ± 0.005*
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possibility is more likely because it is rea-
sonable to conceive that the still unidentified
renal Ang-(1-7) receptor(s) can resemble AT1

receptors and that Losartan can bind to it
(them). This second possibility was also sub-
stantiated by recent observations that have
raised concerns about the specificity of Lo-
sartan (22-24). It was shown that this com-
pound can bind to non-angiotensin II bind-
ing sites (22) or interfere with non-angio-
tensin-mediated responses (23). In addition,
differential regulation of Ang II and Losar-
tan binding sites was observed in rat glo-
meruli and human mesangial cells (24). The
recent observation that Losartan can block
thromboxane A2 receptors further indicates
a lack of specificity of this angiotensin AT1

receptor ligand (25).
The finding that both Losartan and A-

779 can block the antidiuretic effect of Ang-
(1-7) suggests the existence of at least two
subtypes of Ang-(1-7) receptors: one which
is expressed, for example, in blood vessels
(26) and the brain (rostral ventrolateral me-
dulla and caudal pressor area) (10,20) and is
not blocked by AT1 or AT2 antagonists

(10,20), and the other expressed at sites such
as the hypothalamus (27), heart (21) and the
kidney (15) which can be blocked by Losar-
tan and to a variable extent by AT2 ligands.
Nevertheless, the observation that Losartan
can block at least some of the Ang-(1-7)
effects on the kidney raises the intriguing
possibility that blockade of endogenous Ang-
(1-7) can contribute to its pharmacological
effects.

Administration of A-779 alone at a dose
of 4.4 nmol/100 g body weight increased
water diuresis, suggesting that even in this
condition, unlike vasopressin, whose plasma
levels are suppressed (28), endogenous Ang-
(1-7) can modulate water excretion. How-
ever, an agonistic effect of A-779 at this dose
or a synergistic effect with other peptides,
although unlikely, cannot be ruled out.
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