
Abstract A comparison was made of the influence of
losartan and eprosartan on angiotensin II effects at pre-
and postjunctional receptors of the canine pulmonary
artery and at prejunctional receptors of the rat left ventri-
cle. To study postjunctional contractile responses to angio-
tensin II, non-cumulative concentration-response curves
were determined; to study prejunctional effects of an-
giotensin II, the tissues were preincubated with [3H]nor-
adrenaline and then superfused and electrically stimulated
(1 Hz, 2 ms, 50 mA, 5 min).

Postjunctionally, both losartan and eprosartan caused a
parallel shift of the concentration-response curve of an-
giotensin II to the right (pKd of 8.15 and 8.28, respec-
tively). At the prejunctional level, while eprosartan, in
concentrations similar to those which were effective
postjunctionally (30–100 nM), antagonized the facilita-
tory effect on noradrenaline release in both the dog pul-
monary artery and the rat ventricle, losartan was ineffec-
tive in concentrations up to 1 µM. It is concluded that pre-
junctional receptors for angiotensin II in the canine pul-
monary artery and in the rat left ventricle are different
from postjunctional receptors of the canine pulmonary
artery. It is proposed that the prejunctional receptors of
these tissues are atypical AT1 or “AT1B-like” receptors.
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Introduction

Angiotensin II is able to cause vasoconstriction both by a
direct action on smooth muscle cells (Helmer 1964) and

indirectly through the facilitation of noradrenaline release
from postganglionic sympathetic axons (Zimmerman and
Whitemore 1967; Peach 1977; Starke 1977). While it is
generally accepted that the receptors mediating the direct
postjunctional effect of angiotensin II at the effector organ
are AT1 (Dudley et al. 1990; Rhaleb et al. 1991; Cox et al.
1995; Guimarães et al. 1998), the situation is not so clear
for the prejunctional effects for angiotensin II. On the ba-
sis of results obtained with selective AT1 and AT2 antago-
nists, the prejunctional effect of angiotensin II is consid-
ered as being mediated by AT1 receptors in the majority of
the tissues: canine kidney (Wong et al. 1991; Suzuki et al.
1992), guinea-pig atria (Brasch et al. 1993), rabbit iris cil-
iary body (Ohia and Jumblatt 1993), rat atria (Gironacci et
al. 1994), human kidney (Rump et al. 1995), rat trachea
(Boicos et al. 1998) and mouse atria (Cox et al. 1999).
However, on the same basis, there are also several tissues
where the prejunctional receptors of angiotensin II cannot
be classified as AT1: in the rat tail artery the effect of an-
giotensin II was inhibited to the same extent by selective
ATl (losartan) and AT2 (PD123319) antagonists (Cox et al.
1995), and in the rat left ventricle (Moura et al. 1997) as
well as the canine mesenteric and pulmonary arteries
(Guimarães et al. 1998) the prejunctional effect of an-
giotensin II was not changed by selective concentrations
of either antagonist. Similarly, in the rabbit vas deferens
losartan was ineffective against the prejunctional effect of
angiotensin II (Trachte et al. 1990).

Also in pithed rats, results were obtained which do not
support that prejunctional angiotensin II receptors are typ-
ical AT1. Ohlstein et al. (1997) reported that sub-pressor
doses of angiotensin II which shifted to the left the fre-
quency-response curves for increases in blood pressure
due to spinal cord stimulation, most probably due to an en-
hancement of sympathetic transmitter release, were not
changed by losartan but were inhibited by the nonpeptide
angiotensin II receptor antagonist eprosartan. Having in
mind this finding we compared the influence of eprosartan
and losartan on angiotensin II effects at both the pre- and
postjunctional receptors of the canine pulmonary artery
and at the prejunctional receptors of rat left ventricle.
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Part of the present results were presented at the second
Joint Meeting of the British and Portuguese Pharmacolog-
ical Societies (Moura et al. 1999).

Materials and methods

The experiments were carried out on canine pulmonary arteries
and rat left ventricles. In the municipal dog pound, mongrel dogs,
9–16 kg in weight, of either sex, were sacrificed by an overdose of
pentobarbitone sodium (100 mg/kg). Immediately after removal,
pulmonary arteries were placed in bottles containing aerated (95%
O2 and 5% CO2) and cold modified Krebs-Henseleit solution
(Guimarães and Osswald 1969) of the following composition
(mM): NaCl, 119; KCl, 4.70; CaCl2, 2.52; KH2PO4, 1.18; MgSO4,
1.23; NaHCO3, 25.0; glucose, 10.0. The arteries were then trans-
ported to the laboratory where they were cut into small strips (of
about 1.5×20 mm) to study prejunctional effects or into small rings
(of about 5 mm length) to study postjunctional effects.

Male normotensive Wistar rats weighing 200–250 g (Biotério
do Instituto Gulbenkian de Ciências, Oeiras, Portugal) were kept
on a 12-h light/dark cycle and given a standard laboratory chow
and water ad libitum. After overnight fasting the animals were
anaesthetized with pentobarbitone sodium (50 mg/kg, i.p.) and the
hearts were removed and immediately placed in warmed, aerated
modified Krebs-Henseleit solution (see above). Six slices (across
the entire wall) of about 50 mg were taken from the left ventricle.

Prejunctional effects. The strips of canine pulmonary artery or the
rat ventricle slices were preincubated for 30 min in 3 ml medium
containing 1 mM pargyline (to inhibit monoamine oxidase), 40 µM
hydrocortisone and 40 µM U-0521 (3,4-dihydroxy-2-methylpro-
piophenone) to inhibit extraneuronal removal (Guimarães et al.
1978). After preincubation, the strips were exposed for 60 min to
[3H]noradrenaline (0.2 µM). All drugs present during preincuba-
tion and incubation with [3H]noradrenaline (except pargyline) plus
10 µM cocaine (which was added after the exposure to the tritiated
amine) were kept in the medium for the remainder of the experi-
ment. Thereafter the strips were mounted in a perifusion chamber
and perifused with amine-free medium (aerated and at 37°C) dur-
ing 110 min at a flow rate of 0.8 ml/min. From t=110 min (t=0 min
being the onset of the perifusion) the perifusion fluid was collected
continuously in samples of 5 min. Three periods of transmural
electrical stimulation (1 Hz, 2 ms, 50 mA, 5 min; Stimulator II X;
Hugo Sachs Elektronik, March-Hugstetten, Germany) were ap-
plied at min 120 (S1), 160 (S2), and 200 (S3). The first period of
electrical stimulation was disregarded, the second was taken as
control and the third one was used to study the influence exerted
by angiotensin II (in the absence or in the presence of antagonists).
Angiotensin II was added to the perifusion fluid 20 min before S3.
Angiotensin II antagonists were added to the perifusion fluid 
30 min before S1.

After the experiment, the tissues were kept overnight in 2 ml of
0.2 M perchloric acid. Radioactivity was measured by liquid scin-
tillation counting (liquid scintillation counter 1209 Rackbeta; LKB
Wallac, Turku, Finland) in 2-ml aliquots of perifusate (or 0.5 ml of
the acid extract of the tissue + 1.5 ml of Krebs-Henseleit solution),
after addition of 8 ml of scintillation mixture (OptiPhase “HiSafe”
3; LKB, Loughborough, UK). The outflow of tritium was calcu-
lated as a fraction of the amount of tritium in the tissue at the start
of the respective collection period (fractional rate of loss per min).

For the calculation of the overflow induced by electrical stimu-
lation those 5-min samples were taken into account in which the
overflow of tritium exceeded that in the last pre-stimulation con-
trol sample (usually this applied to the three or four samples col-
lected during and after stimulation). The spontaneous outflow
measured in the last pre-stimulation sample was assumed to repre-
sent the spontaneous outflow in subsequent samples; it was sub-
tracted from the overflow determined in stimulation and post-stim-
ulation samples. The “total overflow of transmitter” was the sum
of all increases (induced by a period of stimulation) above the

spontaneous level of outflow of tritium. The fractional release per
shock (FR) was calculated by dividing evoked tritium overflow by
tritium present in the tissue at the beginning of the stimulation pe-
riod and by the number of shocks. Drug effects are expressed as
the percentage increase of tritium overflow evoked by S3 compared
to that evoked by S2. Each result was corrected for time-dependent
changes as determined in parallel drug-free control experiments.

The prejunctional effect of angiotensin II was determined as
the increase of the overflow of tritium evoked by electrical stimu-
lation. EC30% values represent the molar concentration of angio-
tensin II that increased the evoked overflow by 30% and pEC30%
the negative logarithm of EC30%. EC30% represents the means of
EC30% values obtained in different tissues. Each EC30% value was
determined by interpolation from the concentration-response curve
to angiotensin II obtained on six segments from the same tissue
perifused in parallel using different concentrations of angiotensin II.

Postjunctional effects. Rings of about 5 mm length of the canine
pulmonary artery were mounted in a 10-ml bath containing aerated
modified Krebs-Henseleit solution at 37°C. Two stainless steel
wires (diameter 0.05 mm) were introduced into the lumen and then
moved to stretch the vessel wall to a resting tension of 9.8–
14.7 mN. One of the wires was fixed to the bottom of the bath and
the other to the isometric transducer. The mechanical responses
were recorded on a Harvard Universal Oscillograph. The rings
were allowed to stabilize for 2 h.

Two concentration-response curves (separated by an interval of
60 min) were obtained on each ring by non-cumulative additions
of agonists with half-log increments. After the response to a given
concentration had reached the maximum, the tissue was repeatedly
washed out. Desensitization has been reported when repeated ad-
ditions of angiotensin II were made; indeed, in the canine pul-
monary artery some desensitization was observed whenever the in-
terval between two successive additions was less than 10 min
(Guimarães et al. 1998). To avoid this phenomenon, the additions
of angiotensin II to the medium were made with intervals of at
least 45 min.

pD2 values, i.e. negative logarithms of the molar concentration
of angiotensin that caused 50% of the maximal contraction, were
calculated from the concentration-response curves by interpola-
tion. pKd values were calculated according to the method of van
Rossum (1963) from the equation: pKd =pAx+log(x-1) in which x
represents the shift of the concentration-response curve to the right
and pAx the negative logarithm of the molar concentration of the
antagonist which caused this shift. The antagonists were added to
the bath 30 min before starting the determination of the second
concentration-response curve.

Statistics. The results are expressed as arithmetic means ± SEM.
One-way analysis of variance was used to test differences between
unpaired results. A probability level of 0.05 or less was considered
statistically significant.

Drugs. Angiotensin II acetate (Sigma, St. Louis, Mo., USA); co-
caine hydrochloride (Uquipa, Lisbon, Portugal); eprosartan hy-
drochloride (SmithKline-Beecham, King of Prussia, Pa., USA);
hydrocortisone 21-hemisuccinate sodium (Sigma); losartan (Merck
Portuguesa, Lisbon, Portugal); [3H]7-(-)-noradrenaline (18.2–21.1 Ci/
mmol; New England Nuclear, Dreieich, Germany); pargyline hy-
drochloride (Sigma); PD123319 ditrifluoroacetate (S(+)-1-((4-(di-
methylamino)-3-methylphenyl)methyl)-5-(diphenylacetyl)-4,5,6,7-
tetrahydro-1H-imidazol(4,5-c)pyridine-6-carboxylic acid ditrifluo-
roacetate; Research Biochemicals, Natick, Mass., USA); saralasin
((Sar1,Val5,Ala8)-angiotensin II acetate; Sigma); U-0521 (3,4-di-
hydroxy-2-methylpropiophenone; Upjohn, Kalamazoo, Mich.,
USA).

Results

There is some overlap with results published by Guima-
rães et al. (1998). The results now shown for the canine
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pulmonary artery, in which losartan and PD123319 were
used (both pre- and postjunctionally), represent the means
of results already published plus new results obtained in
new experiments carried out under the same conditions.

Prejunctional effects of angiotensin II

In the absence of drugs, the basal efflux of tritium de-
creased slowly with time. However, the fractional rate of
loss remained constant in the course of the experiment:
7.88±0.98×10–4 per min (n=10) for the rat left ventricle
and 5.78±0.42×10–4 per min (n=15) for the canine pul-
monary artery (Fig.1). Furthermore, the overflow of tri-
tium evoked by electrical stimulation remained also con-
stant throughout the experiment, as shown by the ratio
S3/S2 which was close to unity (0.99±0.10, n=10, for the
ventricle and 0.97±0.08, n=15, for the pulmonary artery).

Neither angiotensin nor the antagonists caused any
change of the basal tritium efflux (data not shown).

Angiotensin II caused a concentration-dependent en-
hancement of tritium overflow evoked by electrical stim-
ulation in both tissues, the maximum effect representing
an increase by 115.3±14.0% (n=6) in the rat ventricle and
by 65.0±6.3% (n=9) in the pulmonary artery (Fig.2). The
pEC30% values for angiotensin II were 8.60±0.27 (n=5) in
the rat ventricle and 8.79±0.15 (n=17) in the pulmonary
artery (P>0.05).

At 100 nM, a concentration usually reported as selec-
tive for AT1 receptors (3–100 nM; Ernsberger et al. 1992),
losartan did not change the enhancement by angiotensin II
of tritium overflow evoked by electrical stimulation in ei-
ther tissue (Fig.2). Even at 1 µM (the highest concentra-
tion which was tested), losartan did not change the pre-
junctional angiotensin II effect (Fig.2). However, another
selective AT1 receptor antagonist, eprosartan (Edwards et
al. 1992), in nearly identical concentrations (30, 50 and
100 nM), concentration-dependently antagonized the ef-
fect of angiotensin II, causing a progressive reduction of
the maximum effect in both tissues (Fig.3).

At 100 nM, a concentration which blocks AT2 an-
giotensin II receptors (Dudley et al. 1990), PD123319 did
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Fig.1 Outflow of tritium from A rat left ventricle and B canine
pulmonary artery. Effect of electrical stimulation (S2 and S3 con-
sisted of 300 pulses, 1 Hz). Abcissae: superfusion in min
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not change the facilitatory effect of angiotensin II on the
electrically evoked tritium overflow in either tissue (Fig. 4).

Postjunctional effects of angiotensin II

Angiotensin II (1–100 nM) caused concentration-depen-
dent contractions of canine pulmonary artery rings, the

maximum effect reaching 1.28±0.12 mN/mg of tissue
(n=15). The pD2 for angiotensin II was 8.48±0.10 (n=15).
As shown in Fig.5, both losartan (25 nM and 100 nM)
and eprosartan (30 nM and 100 nM) caused marked dis-
placement of the concentration-response curve for an-
giotensin II to the right (pKd=8.15±0.14, n=12, for losar-
tan and 8.28±0.21, n=10, for eprosartan).

In contrast to losartan and eprosartan, PD123319 (up to
1 µM) had no effect on the response of the pulmonary
artery to angiotensin II.
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B canine pulmonary artery: ef-
fects of eprosartan on the en-
hancement by angiotensin II of
tritium overflow evoked by
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Discussion

AT1 receptors mediate nearly all of the known postjunc-
tional effects of angiotensin II (Wong et al. 1990, 1991;
Chiu et al. 1991; Barbella et al. 1993). AT1 receptors are
selectively blocked by losartan (Dudley et al. 1990; Bum-
pus et al. 1991; Duncia et al. 1992; Guimarães et al. 1998)
and also by the more recently synthesized compounds
eprosartan (Edwards et al. 1992), irbesartan (Cazaubon et
al. 1993) and valsartan (Criscione et al. 1993).

The results reported in the present publication show
that both losartan and eprosartan antagonize in a compet-
itive manner the postjunctional response of the canine
pulmonary artery to angiotensin II, as previously shown
for losartan by Guimarães et al. (1998). At the same con-
centration, losartan and eprosartan caused similar antago-
nism. These results confirm that postjunctional angio-
tensin II receptors are AT1. However, at the prejunctional
level, the antagonist potencies of losartan and eprosartan
were totally different: while losartan in concentrations up
to 1 µM was ineffective, as previously shown by Guima-
rães et al. (1998), eprosartan was very active, showing
that in the canine pulmonary artery, the receptors mediat-
ing the prejunctional responses to angiotensin II differ
from those mediating postjunctional ones.

Cox et al. (1999) recently reported that in mouse atria
and spleen, angiotensin II facilitated the release of nor-
adrenaline evoked by electrical stimulation via a prejunc-
tional AT1 receptor, since angiotensin II effects were an-
tagonized by losartan (0.1–1 µM). In the canine pul-
monary artery, while the concentrations of eprosartan re-
quired to inhibit pre- and postjunctional effects of an-
giotensin II were in the same range, the concentrations of
losartan required to act at prejunctional level, although
not quantified, were about 400 times higher than those
acting at a postjunctional one. These results very clearly
show a difference between pre- and postjunctional recep-
tors for angiotensin II in the canine pulmonary artery.

In experiments carried out in normal humans, Worck et
al. (1997) showed that losartan in doses that completely
blocked vascular AT1 receptors did not affect the sympa-
thoadrenal response in terms of adrenaline release evoked
by insulin-induced hypoglycemia. Accordingly, these au-
thors concluded that the facilitation by angiotensin II of
adrenaline release in humans is not mediated through AT1
receptors. In the pithed rat, Ohlstein et al. (1997) showed
that while losartan, valsartan and irbesartan failed to an-
tagonize pressor responses induced by spinal cord stimu-
lation, eprosartan, at a dose identical to that used with
other antagonists, inhibited the pressor response evoked
by spinal cord stimulation in a manner similar to that ob-
served with saralasin. However, these authors did not ad-
vance any explanation for this differential effect observed
between eprosartan and the other nonpeptide angiotensin
II receptor antagonists.

The present results show that while one “typical” AT1
receptor antagonist (eprosartan), at the same concentra-
tion, blocks pre- and postjunctional effects of angiotensin

II, another “typical” AT1 antagonist blocks postjunctional
angiotensin II effects but has no influence on prejunc-
tional ones, unless its concentration is increased by a fac-
tor of about 400, as shown by Guimarães et al. (1998).
Most recently, Shetty and Delgrande (2000) reported that
in rat atria the rank order of antagonistic potency against
the prejunctional facilitatory effect of angiotensin II was:
valsartan > irbesartan > eprosartan > losartan. However,
these authors did not compare the antagonistic potency of
the same antagonists on postjunctional effects of an-
giotensin II. Thus it is impossible to conclude on the rela-
tive potency of each of those compounds at typical AT1
receptors and prejunctional angiotensin II receptors.

The classification of α-adrenoceptors into α1- and α2-
subtypes was established on the basis of a smaller differ-
ence of pA2 values for yohimbine at pre- and postjunc-
tional level (Starke et al. 1975). A similar differential ef-
fect was observed in the canine mesenteric artery, where
losartan was about 800 times more potent at post- than at
prejunctional angiotensin II receptors (Guimarães et al.
1998).

Eprosartan is chemically different from all other non-
peptide angiotensin II receptor antagonists; it is a non-
biphenyl, non-tetrazole compound, while losartan is a
biphenyl-tetrazole derivative. This may well explain why
losartan distinguishes between pre- and postjunctional an-
giotensin II receptors and eprosartan does not.

On the basis of data obtained in both cloning and re-
ceptor binding studies, a subdivision of AT1 receptors into
AT1A and AT1B subtypes was proposed (Murphy et al.
1991; Ernsberger et al. 1992; Iwai and Inagami 1992;
Zhou et al. 1993). According to Ernsberger et al. (1992),
AT1A are sensitive to nanomolar concentrations of losar-
tan, AT1B are sensitive to micromolar concentrations of
losartan and AT2 are sensitive to millimolar concentra-
tions of losartan (Ernsberger et al. 1992).

We suggest that postjunctional angiotensin II receptors
are AT1A because they are sensitive to nM concentrations
of losartan, while prejunctional angiotensin II receptors
are atypical AT1 or “AT1B-like” receptors since they are
sensitive to µM concentrations of losartan, as shown by
Guimarães et al. (1998).

According to Ernsberger et al. (1992), AT1B receptors
should be sensitive to inhibition by PD123319. This did
not happen in the present study. However, the comparison
of binding affinities at AT1B receptor with antagonist 
potencies in the adenylyl cyclase assay shows that
PD123319 is approximately 1,000-fold less potent than
expected from membrane binding assays (Zhou et al.
1993). This was explained in terms of a partial agonist ac-
tion of PD123319 at AT1B receptors. Our suggestion is
based on functional studies, and this may explain the lack
of influence of PD123319 observed in the present experi-
ments.

Acknowledgements This work was supported by Project PRAXIS/
P/SAU/14294/1998. We are very grateful to Dr. R.R. Ruffolo for
the generous supply of eprosartan. The experiments complied with
Portuguese current laws.

513



References

Barbella Y, Cierco M, Israel A (1993) Effect of losartan, a non-
peptide angiotensin II receptor antagonist, on drinking behav-
iour and renal actions of centrally administered renin. Proc Soc
Exp Biol Med 202:401–406

Boicos KM, Cox SL, Story DF (1998) Modulation of noradrener-
gic transmission in rat isolated trachea by angiotensin I and an-
giotensin II. Naunyn-Schmiedeberg’s Arch Pharmacol 358:
R293

Brasch H, Sieroslawski L, Dominiak P (1993) Angiotensin II in-
creases norepinephrine release from atria by acting on an-
giotensin subtype I receptors. Hypertension 22:699–704

Bumpus FM, Catt KJ, Chiu AT, De Gasparo M, Godfriend T,
Husain A, Peach MJ, Taylor DG Jr, Timmermans PBMWM
(1991) Nomenclature for angiotensin receptors. Hypertension
17:720–723

Cazaubon C, Gougat J, Bousquet F, Guiraudou P, Gayraud R, La-
cour C, Roccon A, Galindo G, Barthelemy G, Gautret B, Bern-
hart C, Perreaut P, Breliere JC, Le Fur G, Nisato D (1993)
Pharmacological characterization of SR 47436, a new nonpep-
tide AT1 subtype angiotensin II receptor antagonist. J Pharma-
col Exp Ther 265:826–834

Chiu AT, McCall DE, Price WA, Wong PC, Carini DJ, Duncia JV,
Wexler RR, Yoo SE, Johnson AL, Timmermans PBMWM
(1991) In vitro pharmacology of DuP 753, a non-peptide AII
receptor antagonist. Am J Hypertens 4:282S–287S

Cox SL, Ben A, Story DF, Ziogas J (1995) Evidence for the in-
volvement of different receptor subtypes in pre- and postjunc-
tional actions of angiotensin II at rat sympathetic neuroeffector
sites. Br J Pharmacol 114:1057–1063

Cox SL, Trendelenburg AU, Starke K (1999) Prejunctional an-
giotensin receptors involved in the facilitation of noradrenaline
release in mouse tissues. Br J Pharmacol 127:1256–1262

Criscione L, De Gasparo L, Buhlmayer P, Whitebread S, Ramjoue
H-P, Wood J (1993) Pharmacological profile of valsartan: a po-
tent, orally active, nonpeptide antagonist of the angiotensin II
AT1 receptor. Br J Pharmacol 110:761–771

Dudley DT, Panek RL, Major TC, Lu GH, Bruns RF, Klinkefus
BA, Hodges JC, Weishaar RE (1990) Subclasses of an-
giotensin II binding sites and their functional significance. Mol
Pharmacol 38:370–377

Duncia JV, Carini DJ, Chiu AT, Johnson AL, Price WA, Wong
PC, Wexler RR, Timmermans PBMWM (1992) The discovery
of DuP 753, a potent orally active non-peptide angiotensin II
receptor antagonist. Med Res Rev 12:149–191

Edwards RM, Alyar N, Ohlstein EH, Weidley EF, Griffin E,
Ezekiel M, Keenan RM, Ruffolo RR, Weinstock J (1992) Phar-
macological characterization of the nonpeptide angiotensin II
receptor antagonist, SKF108566. J Pharmacol Exp Ther 260:
175–181

Ernsberger P, Zhou J, Damon TH, Douglas JG (1992) Angiotensin
II receptor subtypes in cultured rat renal mesangial cells. Am J
Physiol 263:F411–F416

Gironacci MM, Adler-Graschinski E, Pena C, Enero MA (1994)
Effects of angiotensin II and angiotensin-(1–7) on the release
of (3H) norepinephrine from rat atria. Hypertension 24:457–
460

Guimarães S, Osswald W (1969) Adrenergic receptors in the veins
of the dog. Eur J Pharmacol 5:133–140

Guimarães S, Brandão F, Paiva MQ (1978) A study of the adreno-
ceptor-mediated feedback mechanisms by using adrenaline as a
false transmitter. Naunyn-Schmiedeberg’s Arch Pharmacol 305:
185–188

Guimarães S, Paiva MQ, Moura D (1998) Different receptors for
angiotensin II at pre- and postjunctional level of the canine
mesenteric and pulmonary arteries. Br J Pharmacol 124:1207–
1212

Helmer UM (1964) Action of natural angiotensin II and synthetic
analogues on strips of rabbit aorta. Am J Physiol 207:368–370

Iwai N, Inagami T (1992) Identification of two subtypes in the rat
type 1 angiotensin II receptor. FEBS Lett 298:257–260

Moura D, Vaz-da-Silva M, Magina S, Pinheiro H, Guimarães S
(1997) Involvement of angiotensin II receptors in the facilita-
tory effect of bradykinin on noradrenaline release from the rat
left ventricle. Naunyn-Schmiedeberg’s Arch Pharmacol 305:
R51

Moura D, Paiva MQ, Guimarães S (1999) Prejunctional effects of
angiotensin II and bradykinin in the heart and blood vessels. Br
J Pharmacol [Suppl] 127:135P

Murphy TJ, Alexander RW, Griendling KK, Runge M, Bernstein
KE (1991) Isolation of a cDNA encoding the vascular type-1
angiotensin II receptor. Nature 351:233–236

Ohia SE, Jumblatt JE (1993) Prejunctional receptors and second
messengers for angiotensin II in the rabbit iris ciliary body.
Exp Eye Res 57:419–425

Ohlstein EH, Brooks DP, Feuerstein GZ, Ruffolo RR (1997) Inhi-
bition of sympathetic outflow by angiotensin II receptor antag-
onists eprosartan, but not by losartan, valsartan or irbesartan:
relationship to differences in prejunctional angiotensin II re-
ceptor blockade. Pharmacology 55:224–251

Peach MJ (1977) Renin-angiotensin system: biochemistry and
mechanisms of action. Physiol Rev 57:313–370

Rhaleb N, Rouissi N, Nantel F, D’Orleans-Juste P, Regoli D
(1991) DuP 753 is a specific antagonist for the angiotensin re-
ceptor. Hypertension 17:480–484

Rump LC, Bohmann C, Schaible U, Schultze-Seeman W, Scholl-
meyer PJ (1995) β-Adrenergic, angiotensin II, and bradykinin
receptors enhance neurotransmission in human kidney. Hyper-
tension 26:445–451

Shetty SS, Delgrande D (2000) Differential inhibition of the pre-
junctional actions of angiotensin II in rat atria by valsartan,
irbesartan, eprosartan and losartan. J Pharmacol Exp Ther
294:179–186

Starke K (1977) Regulation of noradrenaline release by presynap-
tic receptor systems. Rev Physiol Biochem Pharmacol 77:1–
124

Starke K, Borowski E, Endo T (1975) Preferential blockade of
presynaptic α-adrenoceptors by yohimbine. Eur J Pharmacol
34:385–388

Suzuki Y, Matsumura Y, Egi Y, Morimoto S (1992) Effects of
losartan, a nonpeptide angiotensin II receptor antagonist, on
norepinephrine overflow and antidiuresis by stimulation of re-
nal nerves in anesthetized dogs. J Pharmacol Exp Ther 263:
956–963

Trachte GJ, Ferrario CM, Khosla MC (1990) Selective blockade of
angiotensin responses in the rabbit isolated vas deferens by an-
giotensin receptor antagonists. J Pharmacol Exp Ther 255:
929–934

Van Rossum JM (1963) Cumulative dose-response curves. Tech-
nique for the making of dose-response curves in isolated or-
gans and the evaluation of drug parameters. Arch Int Pharma-
codyn 352:299–300

Wong PC, Hart SD, Zaspel AM, Chiu AT, Ardecky RJ, Smith RD,
Timmermans PBMWM (1990) Functional studies of nonpep-
tide angiotensin II receptor subtype-specific ligands. DuP 753
(AII-1) and PD 123177 (AII-2). J Pharmacol Exp Ther 255:
584–592

Wong PC, Price WA, Chiu AT, Duncia JV, Carini DJ, Wexler RR,
Johnson AL, Timmermans PBMWM (1991) In vivo pharma-
cology of DuP753. Am J Hypertens 4:288S–298S

Worck RH, Ibsen H, Frandsen E, Dige-Petersen H (1997) AT1 re-
ceptor blockade and sympathoadrenal response to insulin-in-
duced hypoglycemia in humans. Am J Physiol 272:E414–E421

Zhou J, Ernsberger P, Douglas JG (1993) A novel angiotensin re-
ceptor subtype in rat mesangium. Coupling to adenylyl cyclase.
Hypertension 21:1035–1038

Zimmerman BG, Whitemore (1967) Effect of angiotensin and
phenoxybenzamine on release of norepinephrine in vessels dur-
ing sympathetic nerve stimulation. Int J Neuropharmacol 6:27–
38

514


