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1 The e�ect of angiotensin II, angiotensin III, angiotensin IV and angiotensin-(1 ± 7) on the
electrically induced release of noradrenaline was studied in preparations of mouse atria, spleen,
hippocampus, occipito-parietal cortex and hypothalamus preincubated with [3H]-noradrenaline. The
prejunctional angiotensin receptor type was investigated using the non-selective receptor antagonist
saralasin (AT1/AT2) and the AT1 and AT2 selective receptor antagonists losartan and PD 123319,
respectively.

2 In atrial and splenic preparations, angiotensin II (0.01 nM± 0.1 mM) and angiotensin III (0.01 and
0.1 nM± 1 mM) increased the stimulation-induced over¯ow of tritium in a concentration-dependent
manner. Angiotensin IV, only at high concentrations (1 and 10 mM), enhanced tritium over¯ow in
the atria, while angiotensin-(1 ± 7) (0.1 nM± 10 mM) was without e�ect in both preparations.

3 In preparations of hippocampus, occipito-parietal cortex and hypothalamus, none of the
angiotensin peptides altered the evoked over¯ow of tritium.

4 In atrial and splenic preparations, saralasin (0.1 mM) and losartan (0.1 and 1 mM), but not PD
123319 (0.1 mM), shifted the concentration-response curves of angiotensin II and angiotensin III to
the right.

5 In conclusion, in mouse atria and spleen, angiotensin II and angiotensin III facilitate the action
potential induced release of noradrenaline via a prejunctional AT1 receptor. Only high
concentrations of angiotensin IV are e�ective in the atria and angiotensin-(1 ± 7) is without e�ect
in both preparations. In mouse brain areas, angiotensin II, angiotensin III, angiotensin IV and
angiotensin-(1 ± 7) do not modulate the release of noradrenaline.
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mouse occipito-parietal cortex; mouse hypothalamus

Abbreviations: Ang, angiotensin; con, control; los, losartan; PD, PD 123319; PD 123319, S(+)-1-[(4-dimethylamino-3-
methylphenyl)methyl]-5-(diphenylacetyl)-4,5,6,7-tetrahydro-1H-imidazo[4,5-c] pyridine-6-carboxylic acid di-tri-
¯uoroacetate; PSS, physiological salt solution; sar, saralasin

Introduction

Prejunctional facilitation of noradrenaline release from
postganglionic sympathetic axons is a classical e�ect of

angiotensin II (see Zimmermann et al., 1972; Peach, 1977;
Starke, 1977). The majority of studies carried out with selective
AT1 and AT2 angiotensin receptor antagonists suggest that the

e�ect is mediated by AT1 receptors (Wong et al., 1991; Suzuki
et al., 1992; Brasch et al., 1993; Ohia & Jumblatt, 1993;
Gironacci et al., 1994; Rump et al., 1995; Boicos et al., 1998).

However, there are also reports at variance with this view. In
the rat caudal artery, the facilitatory e�ect of angiotensin II on
noradrenaline release was reduced by both the selective AT1

and AT2 receptor antagonists losartan and PD 123319,

respectively (Cox et al., 1995; 1996a,b). Conversely, the e�ect
was not altered by selective concentrations of either antagonist
in the rat left ventricle (Moura et al., 1997) or canine

mesenteric and pulmonary arteries (GuimaraÄ es et al., 1998).
Thus, the prejunctional receptor for angiotensin II is not
clearly de®ned.

The smaller naturally occurring peptide fragments of
angiotensin II, such as angiotensin III, angiotensin IV
(angiotensin (3 ± 8)) and angiotensin (1 ± 7), are also now
considered active hormones of the renin-angiotensin system

(see Jackson & Garrison, 1996). However, little is known
about their prejunctional e�ects. Angiotensin III has been

shown to enhance the release of noradrenaline in the human
pulmonary artery and saphenous vein (Molderings et al., 1988)
and rabbit aorta (Storgaard & Nedergaard, 1997), but the

receptor involved has not been investigated. Angiotensin IV
and angiotensin-(1 ± 7) failed to alter the over¯ow of
noradrenaline in rabbit aorta (Storgaard & Nedergaard,

1997), while angiotensin-(1 ± 7) increased the over¯ow in rat
isolated atria (Gironacci et al., 1994).

A renin-angiotensin system, including all of the compo-
nents, exists within the brain (Ganten et al., 1984). An e�ect of

angiotensin on transmitter release from central noradrenergic
neurons remains controversial; some reports show an increase
while others show no e�ect (see Discussion).

In the present study, we have investigated the e�ect of
angiotensin II, angiotensin III, angiotensin IV and angioten-
sin-(1 ± 7) on the release of noradrenaline from peripheral

(atria and spleen) as well as central (hippocampus, occipito-
parietal cortex and hypothalamus) neurons of the mouse. The
prejunctional angiotensin receptor was examined using the
selective receptor antagonists losartan and PD 123319. The

mouse was chosen because nothing is known about prejunc-
tional angiotensin receptors in this species, except for the
occurrence of a prejunctional facilitatory e�ect of angiotensin

II in the atria (Musgrave & Majewski, 1989; Rajanayagam et
al., 1989), and also because of the possibility of gene
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manipulation which has made the mouse a particularly
important species to study.

Methods

Preparations and protocols

Adult male NMRI mice were killed by exsanguination. The
heart, spleen or brain was removed and placed in

physiological salt solution (PSS) which had been bubbled
with 95% CO2 and 5% O2 and stored on ice. The wall of
each atrium was cut into three to four pieces. The spleen was

cut into 14 pieces. Round slices, 0.3 mm thick, 2 mm
diameter, six to seven per animal, were prepared from the
occipito-parietal cortex, parallel to the surface, after a

super®cial layer of 0.2 mm had been removed. Fourteen
slices, 0.3 mm thick, were prepared from one hippocampus.
The hypothalamus was prepared as described by Glowinski
& Iversen (1966) and divided into four equal sized pieces.

The tissue pieces (12 ± 14) were incubated in 3 ml of PSS con-
taining (7)-[2,5,6-3H]-noradrenaline (46.8 ± 56.1 Ci mmol71,
0.1 mM) for 30 min at 378C. Twelve preparations were then

superfused in parallel in 12 superfusion chambers with PSS at
a constant ¯ow rate of 1.2 ml min71. The preparations were
subjected to seven periods of electrical ®eld stimulation

consisting of a train of square wave pulses of 1 ms width and
80 mA (peripheral tissues) or 60 mA (central tissues) current
strength, yielding a voltage drop of 45 or 34 V cm71,

respectively, between the electrodes of each chamber. After
30 min of superfusion (t=30 min), a `priming' stimulation
period (peripheral tissues: 180 p, 3 Hz; central tissues: 36 p,
3 Hz) was applied. Beginning at t=54 min, the preparations

were subjected to six periods (S1 ± S6) of electrical ®eld
stimulation (peripheral tissues: 120 p, 3 Hz; central tissues:
36 p, 3 Hz), delivered 18 min apart. Consecutive 2-min

samples of the superfusate were collected. At the end of the
experiment the tissue was dissolved in 0.5 ml of Soluene
(Packard, Frankfurt am Main, Germany) and tritium was

determined in the superfusate samples and preparations.
Concentration-response curves to the angiotensin pep-

tides were determined by introducing the peptide in
increasing concentrations after S1, 12 min before S2, S3,

S4, S5 and S6. To investigate the possibility of receptor
desensitization, a single, maximally e�ective concentration
of each peptide was introduced into the PSS 12 min

before S3 and remained present for the duration of the
experiment. The antagonists were introduced from the
beginning of superfusion (t=0 min) and remained for the

duration of the experiment. To determine an e�ect of
antagonist alone, it was introduced into the PSS 12 min
before S3 and remained present for the duration of the

experiment. In each experiment with 12 preparations, at
least one preparation was superfused throughout with
drug-free PSS. In experiments investigating the e�ects of
the antagonists, at least one preparation was superfused

with the antagonist alone and at least one with the
agonist alone.

Drugs and radiochemicals

The PSS had the following composition (mM): NaCl 118, KCl

4.8, CaCl2 2.5 (peripheral tissues) or 1.3 (central tissues),
MgSO4 1.2, NaHCO3 25, KH2PO4 1.2, glucose 11, ascorbic
acid 0.57, ethylenediaminetetraacetic acid disodium salt 0.03
and desipramine 0.001. The PSS for incubation with 3H-

noradrenaline contained 0.2 mM (peripheral tissues) or 1.3 mM

(central tissues) CaCl2 and no desipramine.
The following drugs were used: angiotensin II (human),

angiotensin III (human), angiotensin IV (human), angiotensin
II fragments 1 ± 7 (human, Asp-Arg-Val-Tyr-Ile-His-Pro),
saralasin, S(+)-1-[(4-dimethylamino-3-methylphenyl)methyl]-
5-(diphenylacetyl)-4,5,6,7-tetrahydro-1H-imidazo[4,5-c] pyri-

dine-6-carboxylic acid di-tri¯uoroacetate (PD 123319), desi-
pramine hydrochloride (Sigma, Deisenhofen, Germany),
losartan (gift from Merck, Darmstadt, Germany), phentola-

mine hydrochloride (gift from Ciba-Geigy, Basel, Switzerland).
(7)-[2,5,6-3H]-noradrenaline was supplied by New England
Nuclear (Dreieich, Germany) with a speci®c activity of 46.8 ±

56.1 Ci mmol71 and a radioactive concentration of
1 mCi ml71.

Analysis of data

The out¯ow of tritium was calculated as a fraction of the
tritium content of the tissue at the onset of the respective

collection period, per min. The over¯ow of tritium evoked
by electrical ®eld stimulation was calculated as the total
tritium out¯ow during the collection period in which

stimulation was applied and during the two collection
periods thereafter, minus the estimated basal out¯ow. Basal
out¯ow was assumed to decline linearly from the collection

period before stimulation to the second collection period

Figure 1 Tritium e�ux from mouse atrial and splenic preparations
in the absence and presence of angiotensin II (Ang II). Each
preparation was stimulated for six periods (S1 ± S6, 120 p, 3 Hz),
delivered 18 min apart. Solid lines represent the control (con)
experiments, in the absence of drugs, and dashed lines, the e�ect of
Ang II when introduced into the PSS in increasing concentrations
(0.01 nM± 0.1 mM), 12 min before S2, S3, S4, S5 and S6. Each line
represents the out¯ow of tritium from a single preparation.
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after stimulation. The evoked over¯ow was expressed as a
percentage of the tritium content of the tissue at the time of
stimulation. Over¯ow ratios (Sn/S1) were then determined for

each period of stimulation. Percentage changes of Sn/S1

ratios caused by a drug added after S1 were calculated for
each preparation, taking as reference value the average
corresponding Sn/S1 ratio in control experiments, in the

absence of the drug. In experiments in which angiotensin
antagonists (from t=0 min) were combined with agonists
(after S1), the percentage changes of Sn/S1 ratios caused by

the agonists added after S1 were also calculated for each
preparation, taking as reference value the average corre-
sponding Sn/S1 ratio in experiments in which the antagonist

was present alone. E�ects of drugs added after S1 on basal
tritium out¯ow were calculated in the same manner, based
on samples collected immediately before stimulation.

Data are expressed as means+s.e.mean; n denotes the
number of preparations. The statistical signi®cance of
di�erences between groups was determined by Mann-Whitney
test followed by Bonferroni correction. In all cases probability

levels less than 0.05 (P50.05) were taken to indicate signi®cant
di�erences.

Results

Basal out¯ow

In the absence of drugs, except for desipramine which was

always present throughout superfusion, the basal out¯ow of
tritium preceding the ®rst period of stimulation averaged
0.0020+0.0001 min71 in atrial (n=33), 0.0032+0.0001 min71

in splenic (n=29), 0.0019+0.0002 min71 in hippocampal

(n=9), 0.0019+0.0002 min71 in occipito-parietal cortex
(n=10) and 0.0021+0.0001 min71 (n=6) in hypothalamic
preparations. There was a small decline in the basal out¯ow of

tritium during the course of the experiments. None of the
agonists, nor any of the antagonists, caused any change of
basal tritium e�ux (data not shown).

Evoked tritium over¯ow: atria

Electrical ®eld stimulation produced an over¯ow of tritium

which amounted to 0.979+0.073% of total tissue tritium (S1,
n=33).

The e�ect of angiotensin II on tritium over¯ow from a
single preparation is illustrated in Figure 1 (upper panel).

Angiotensin II and angiotensin III increased the over¯ow of
tritium with similar maximal enhancements of about 80%
(Figure 2). The EC50 values were determined as the

concentrations causing half-maximal enhancement, i.e. 40%,
and amounted to 0.17 nM for angiotensin II and 2.2 nM for

Figure 2 E�ect of angiotensin II (Ang II), angiotensin III (Ang III),
angiotensin IV (Ang IV) and angiotensin-(1 ± 7) (Ang-(1 ± 7)) on the
stimulation-induced over¯ow of tritium from mouse atria. The
preparations were stimulated for six periods (S1 ± S6, 120 p, 3 Hz),
delivered 18 min apart. Angiotensin was introduced into the PSS in
increasing concentrations, 12 min before S2, S3, S4, S5 and S6. The
symbols represent the mean percentage increase, calculated from Sn/
S1 values and corrected for changes observed in control experiments
in the absence of agonists. The vertical lines represent the s.e.mean
from 4 ± 27 preparations.

Figure 3 E�ect of angiotensin II (Ang II), in the absence and
presence of saralasin (sar), losartan (los) and PD 123319 (PD), on the
stimulation-induced over¯ow of tritium from mouse atria. The
preparations were stimulated for six periods (S1 ± S6, 120 p, 3 Hz),
delivered 18 min apart. Ang II was administered either alone or in
the presence of sar, los or PD. The symbols represent the mean
percentage increase, calculated from Sn/S1 values and corrected for
changes observed in control experiments in the absence of Ang II.
The vertical lines represent the s.e.mean, from 4 ± 27 preparations.
Asterisks represent signi®cant di�erences from Ang II given alone;
P50.05.

Figure 4 E�ect of angiotensin III (Ang III), in the absence and
presence of saralasin (sar), losartan (los) and PD 123319 (PD), on the
stimulation-induced over¯ow of tritium from mouse atria. The
preparations were stimulated for 6 periods (S1 ± S6, 120 p, 3 Hz),
delivered 18 min apart. Ang III was administered either alone or in
the presence of sar, los or PD. The symbols represent the mean
percentage increase, calculated from Sn/S1 values and corrected for
changes observed in control experiments in the absence of Ang III.
The vertical lines represent the s.e.mean from 4 ± 19 preparations.
Asterisks represent signi®cant di�erences from Ang III given alone;
P50.05.
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angiotensin III (interpolated by hand from the nearest points

of the concentration-response curves). A single concentration
of angiotensin II or angiotensin III (0.1 mM), when introduced
into the PSS 12 min before S3, increased the evoked over¯ow,
an e�ect which was maintained in the continued presence of

the peptide and thus, was not subject to desensitization (n=4,
data not shown). Angiotensin IV enhanced the stimulation-
induced over¯ow of tritium only at concentrations of 1 and

10 mM (P50.05, Figure 2). Angiotensin-(1 ± 7) was without
e�ect (Figure 2).

Little enhancement by angiotensin II (Figure 3) and

angiotensin III (Figure 4) remained in the presence of the
non-selective antagonist saralasin. The AT1 selective receptor
antagonist losartan shifted the concentration-response curve

of angiotensin II (Figure 3) and angiotensin III (Figure 4) to
the right. The pKB values of losartan were calculated from
the increase in EC50 concentrations, assuming that the
maximal e�ect of the agonists, i.e. an 80% increase, was

not changed by losartan (see Table 1). The AT2 selective
receptor antagonist PD 123319 was without e�ect on the
concentration-response curves to angiotensin II and angio-

tensin III (Figures 3 and 4).

Evoked tritium over¯ow: spleen

Electrical ®eld stimulation produced an increased over¯ow of
tritium which amounted to 0.376+0.035% of total tissue
tritium (S1, n=29).

Angiotensin II and angiotensin III increased the
stimulation-induced over¯ow of tritium. The maximal
enhancements again were about 80% and the EC50 values,
calculated as described above, were 0.25 and 1.5 nM,

respectively (Figure 5). Figure 1 (lower panel) illustrates

Table 1 pKB values of losartan at prejunctional angiotensin
receptors in mouse atria and spleen

Atria Spleen
Losartan
(mM)

Angiotensin
II

Angiotensin
III

Angiotensin
II

Angiotensin
III

0.1
1.0

9.0 9.5 7.9
7.4

8.6
8.3

pKB values of losartan against angiotensin II and angio-
tensin III were calculated from the antagonist-induced
increase in EC50 values. Each pKB value is based on 4 ± 27
preparations for control agonist concentration-response
curves and 4 ± 14 preparations for agonist concentration-
response curves determined in the presence of losartan.

Figure 5 E�ect of angiotensin II (Ang II), angiotensin III (Ang III),
angiotensin IV (Ang IV) and angiotensin-(1 ± 7) (Ang-(1 ± 7)) on the
stimulation-induced over¯ow of tritium from mouse spleen. The
preparations were stimulated for six periods (S1 ± S6, 120 p, 3 Hz),
delivered 18 min apart. Angiotensin was introduced into the PSS in
increasing concentrations, 12 min before S2, S3, S4, S5 and S6. The
symbols represent the mean percentage increase, calculated from Sn/
S1 values and corrected for changes observed in control experiments
in the absence of agonists. The vertical lines represent the s.e.mean
from 4 ± 19 preparations.

Figure 6 E�ect of angiotensin II (Ang II), in the absence and
presence of saralasin (sar), losartan (los) and PD 123319 (PD), on the
stimulation-induced over¯ow of tritium from mouse spleen. The
preparations were stimulated for six periods (S1 ± S6, 120 p, 3 Hz),
delivered 18 min apart. Ang II was administered either alone or in
the presence of sar, los or PD. The symbols represent the mean
percentage increase, calculated from Sn/S1 values and corrected for
changes observed in control experiments in the absence of Ang II.
The vertical lines represent the s.e.mean from 4 ± 27 preparations.
Asterisks represent signi®cant di�erences from Ang II given alone;
P50.05.

Figure 7 E�ect of angiotensin III (Ang III), in the absence and
presence of saralasin (sar), losartan (los) and PD 123319 (PD), on the
stimulation-induced over¯ow of tritium from mouse spleen. The
preparations were stimulated for six periods (S1 ± S6, 120 p, 3 Hz),
delivered 18 min apart. Ang III was administered either alone or in
the presence of sar, los or PD. The symbols represent the mean
percentage increase, calculated from Sn/S1 values and corrected for
changes observed in control experiments in the absence of Ang III.
The vertical lines represent the s.e.mean from 4 ± 19 preparations.
Asterisks represent signi®cant di�erences from Ang III given alone;
P50.05.
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the e�ect of angiotensin II on tritium over¯ow from a
single preparation. Angiotensin IV and angiotensin-(1 ± 7)

were without e�ect (Figure 5).
Saralasin again strongly antagonized the e�ects of

angiotensin II (Figure 6) and angiotensin III (Figure 7).
Losartan produced a concentration-dependent rightward shift

of the concentration-response curve of both angiotensin II
(Figure 6) and angiotensin III (Figure 7). The pKB values are
given in Table 1. PD 123319 did not signi®cantly alter the

facilitatory e�ect of angiotensin II (Figure 6) or angiotensin III
(Figure 7).

Evoked tritium over¯ow: hippocampus, occipito-parietal
cortex and hypothalamus

The over¯ow of tritium evoked by the ®rst stimulation
period, S1, amounted to 2.08+0.17, 3.40+0.49 and
0.44+0.05% of total tissue tritium, in the hippocampus,
occipito-parietal cortex and hypothalamus, respectively

(n=9, 10 and 6). In the hypothalamus, the a adrenoceptor
antagonist phentolamine, when added before S3, at a
concentration of 1 mM, increased the evoked over¯ow of

noradrenaline by 397+26% (n=4).

Angiotensin II, angiotensin III, angiotensin IV and
angiotensin-(1 ± 7) (each 0.1 nM ± 0.1 mM), when introduced in
increasing concentrations, 12 min before S2, S3, S4, S5 and S6,

did not signi®cantly alter the the stimulation-induced over¯ow
of tritium (data not shown, n=4±6). Figure 8 illustrates the
lack of e�ect of angiotensin II in a single preparation from the
hippocampus, occipito-parietal cortex and hypothalamus.

Discussion

In mouse hippocampus, occipito-parietal cortex and hypotha-
lamus, angiotensin II, angiotensin III, angiotensin IV and

angiotensin-(1 ± 7) all failed to alter the electrically-induced
release of noradrenaline. Previous studies investigating the
e�ects of angiotensin on noradrenaline release in central tissues

have revealed mixed ®ndings. In agreement with the present
study, angiotensin II failed to alter the depolarization-evoked
release of noradrenaline in rat occipital cortex (Taube et al.,
1977), hypothalamus (Taube et al., 1977; Meldrum et al., 1984;

Meldrum & Westfall, 1986) and locus coeruleus (Huang et al.,
1987). Other authors have reported that angiotensin enhances
depolarization-evoked noradrenaline release in rabbit (Garcia-

Sevilla et al., 1979) and rat hypothalamus (Sato et al., 1993)
and rat parietal cortex (Huang et al., 1987). The present
negative ®ndings with angiotensin contrast with the expected

release-enhancing e�ect of phentolamine in the hypothalamus.
In the mouse occipito-parietal cortex and hippocampus, the a2
adrenoceptor antagonist rauwolscine also, in contrast to the

angiotensins, increases release of noradrenaline (unpublished
observations). In view of the ®ndings to date, we are unable to
identify the reason for the discrepant results on the e�ects of
angiotensin in brain preparations.

Of the angiotensin peptide fragments studied, angiotensin
IV and angiotensin-(1 ± 7) had little or no e�ect in the
peripheral tissues as well: only angiotensin IV, when given at

high concentrations (1 and 10 mM), produced facilitation in
the atria. Similarly, Storgaard & Nedergaard (1997) found
that the two fragments did not alter the release of

noradrenaline in the rabbit aorta, although angiotensin-(1 ±
7) enhanced release in rat isolated atria (Gironacci et al.,
1994). Overall, the e�ects of the two peptides on noradrena-
line release seem to be minor.

Major, potent, and concentration-dependent facilitatory
e�ects in both atria and spleen, however, were obtained with
angiotensin II and III. In mouse atria, the observations with

angiotensin II con®rm previous ®ndings by Musgrave &
Majewski (1989) and Rajanayagam et al. (1989). Enhancement
by angiotensin of noradrenaline release in the spleen

apparently has not been shown previously. In the whole
perfused cat spleen, angiotensin II did not alter the nerve
stimulation-evoked over¯ow of noradrenaline (Hertting &

Suko, 1966). This negative ®nding could be due to a species
di�erence or to the vasoconstrictor e�ect of angiotensin II,
which reduced ¯ow through the spleen (Hertting & Suko,
1966) and in this way may have favoured retention of released

noradrenaline (Hertting & Schiefthaler, 1963) and thus
concealed the facilitatory e�ect of angiotensin.

Angiotensin III was approximately 13 and six times less

potent than angiotensin II in the atria and spleen respectively.
Previous studies investigating the pre- (Molderings et al., 1988;
Trachte, 1988; Storgaard & Nedergaard, 1997) and postjunc-

tional (Moore et al., 1976; Pendleton et al., 1991; Li et al.,
1995; 1996) e�ects of angiotensin II and angiotensin III have
generally observed a lower potency of angiotensin III
compared to angiotensin II.

Figure 8 Tritium e�ux from mouse hippocampal, occipito-parietal
cortex and hypothalamic preparations in the absence and presence of
angiotensin II (Ang II). Each preparation was stimulated for six
periods (S1 ± S6, 36 p, 3 Hz), delivered 18 min apart. Solid lines
represent the control (con) experiments, in the absence of drugs, and
dashed lines, the e�ect of Ang II when introduced into the PSS in
increasing concentrations (0.01 nM± 0.1 mM), 12 min before S2, S3, S4,
S5 and S6. Each line represents the out¯ow of tritium from a single
preparation.
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The facilitatory e�ect of angiotensin II on transmitter
noradrenaline release in the mouse atria and spleen was
blocked by the non selective angiotensin receptor antagonist

saralasin and the selective AT1 receptor antagonist losartan,
but was not altered by the AT2 receptor antagonist PD 123319.
This ®nding is in accord with the majority of studies in a
number of tissues from di�erent species, including guinea-pig

(Brasch et al., 1993) and rat atria (Gironacci et al., 1994), rat
trachea (Boicos et al., 1998), rabbit iris ciliary body (Ohia &
Jumblatt, 1993), and human (Rump et al., 1995) and dog

(Wong et al., 1991; Suzuki et al., 1992) kidney. In most studies,
full concentration-response curves to angiotensin in the
presence of the receptor antagonists were not performed and

hence, little is known about the pKB values for losartan against
the facilitatory e�ect of angiotensin. GuimaraÄ es et al. (1998)
reported very low pKB values for losartan against the

facilitation of noradrenaline release by angiotensin II in canine
mesenteric (pKB=5.24) and pulmonary (pKB=5.40) arteries.
In the present study, the pKB estimates for losartan against
angiotensin II were similar to those previously reported for the

antagonism by losartan of the contractile e�ects of angiotensin
II (6.9 ± 9.5; Zhang et al., 1994; Boulanger et al., 1995; Li et al.,
1997; GuimaraÄ es et al., 1998; de Gasparo et al., 1998). The pKB

estimates for losartan in the present study are also similar to its
pIC50 for inhibition of [125I]-angiotensin II (0.05 nM) binding to
AT1 receptors (Chiu et al., 1989).

In addition to con®rming the (predominant) AT1 character
of the prejunctional receptor for angiotensin II, our

experiments show that the same receptor also mediates the
e�ect of angiotensin III, both in the atria and in the spleen: in
either tissue, the pKB value of losartan against angiotensin III

was similar to that against angiotensin II. Postjunctionally,
angiotensin II and angiotensin III also act on the same AT1

receptor (Li et al., 1997). The reason for the relatively large
di�erence (greater than 1 log unit) in the pKB values of losartan

between the atria and spleen (Table 1) is not known, but could
be due to tissue di�erences. Nevertheless, all values lie within
the range of published pKB values at the AT1 receptor, as

mentioned above.
In conclusion, apart from con®rmation of the facilitatory

e�ect of angiotensin II on action potential-evoked noradrena-

line release in mouse atria, our study presents the following
new ®ndings: the analogous facilitatory e�ect of angiotensin II
in mouse spleen and of angiotensin III in both peripheral

tissues, the AT1 character of the prejunctional receptor for
angiotensin II and angiotensin III, the lack of, or at most
weak, e�ect of angiotensin IV and angiotensin-(1 ± 7) in atria
and spleen, and the lack of any e�ect of all four peptides in the

hippocampus, occipito-parietal cortex and hypothalamus.

S.L. Cox is a recipient of an Alexander von Humboldt-Stiftung and
their support is greatly appreciated.
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