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Angiotensin II is an octapeptide hormone generated 
by the consecutive reactions of renin on renin sub- 
strate and converting-enzyme on the decapeptide 
product. Peripherally, angiotensin II has a potent 
constricting et&t on vascular and non-vascular 
smooth muscle. stimulates the release of the mineralo- 
corticoid aldosterone from the adrenal cortex and 
potentiates the activity of sympathetic nerve endings. 
Centrally, angiotensin II has a potent dipsogenic 
effect and a pressor action which are mediated by 
a direct interaction with specific cerebral structures. 
Angiotensin II appears to participate in the control 
of blood pressure and extracellular volume and to 
be involved in the pathogenesis of certain hyperten- 
sions secondary to renal alterations [ 1.23. 

The first step of angiotensin action in its various 
target-organs is. as for all peptidic hormones hitherto 
investigated, a specific recognition of the ligand by 
receptor sites located in the cell membrane, by virtue 
of the strict complementary conformational require- 
ments of the receptor molecules. In smooth muscle. 
angiotensin-receptor interaction leads to changes in 
membrane permeability to ions; an increase in free 
cytosolic calcium concentration is responsible for the 
contraction of actomyosin. In other target-tissues, 
the biochemical events immediately distal to the hor- 
mone-receptor interaction are poorly defined. Con- 
trary to the majority of peptidic hormones, the par- 
ticipation of cyclic nucleotides is unlikely. 

This review summarises current understanding of 
the first event, i.e.. the angiotensin II-receptor interac- 
tion. As for many other hormones and neurotrans- 
mitters studies in this area have benefited from the 
availability of radioactive an~otensin II. The initial 
investigation was performed with the use of radioac- 
tive iodinated angiotensin II [3]. Most of the studies 
have been subs~u~ntly conducted with i4C or 
~3~Jangiotensin II. as these compounds, contrary to 
the iodinated hormone. retain a full biological activity 
[4]. Before the interaction of a radioactive hormone 
with a cellular binding site can be considered to cor- 
respond to a receptor interaction. it should exhibit 
characteristics of specificity, high affinity, reversibility 
and saturability. In addition, the kinetic character- 
istics of the binding should correlate with those of 
the hormonal effect or, ideally with those of the first 
biochemical event in the series culminating in the bio- 
logical response [5]. 

A pattern of angiotensin-binding-sites reaction, 
compatible with that of a hormone-receptor interac- 
tion has been demonstrated in three target-organs, 
rabbit [6,7] and guinea pig [SJ aorta, rat uterus 

[P,lO] and rat [11,12], rabbit 1131 and bovine 
[I 2,141 adrenal cortices. The review is divided into 
three parts: (i) a general review of angiotensin II- 
receptor interaction in different target-organs; (ii) the 
evidence for an angiotensin III adrenocortical recep- 
tor: (iii) the modulation of the angiotensin receptor. 

1. Angiotmnsitweceptor interaction 

The demonstration that angiotensin-receptors are 
located on the plasma membrane, which is strongly 
suggested by the characteristics of angiotensin action, 
was hampered initially by some investigations 
reporting that the hormone could have a direct ac- 
tion on isolated mitochond~a [IS] and could enter 
the nucleus [16]. In fact, localj~tion of 
an~otensin II receptors to the cell membrane has been 
unequivocally demonstrated on subcellular frac- 
tions enriched in plasma membranes extracted from 
the different target-organs [7,8, l&12,14]. However 
the possibility that angiotensin II, or more likely 
some of its fragments, may enter the cell remains 
possible. In the various target-organs, angiotensin II 
binds to two classes of binding sites, which appear 
specific in the sense that they specifically recognize 
the octapeptide and have a limited capacity, but 
which differ by their respective affinities for the hor- 
mone. The similarity of the binding parameters of the 
high-affinity class of sites and the features of the hor- 
monal response suggests that they may be the recep- 
tors involved in the hormonal response. The signifi- 
cance of the low-affinity sites, which have been 
observed with many other peptide hormones, is un- 
known. They should at present be classified as “accep- 
tor sites”, as they seem unrelated to the hormonal 
effect. The binding parameters of angiotensin recep- 
tors are indicated in Table 1. In the different target- 
tissues, the angiotensin-receptor interaction proceeds 
rapidly and reversibly with a defined number of 
receptors. In smooth muscle, the I(, value of angioten- 
sin II binding to the high-affinity binding sites is in 
agreement with the ED,, of the angiotensin-induced 
contraction, and no species or organ difference can 
be detected. However, in the adrenal cortex, the K, 
value exceeds the ED5,, of angiotensin-elicited aldos- 
terone release by 1-2 orders of magnitude. This dis- 
crepancy could reflect a large excess of “spare” recep- 
tors. an alteration of receptor structures due to 
mechanical or chemical treatments of target-tissues, 
or non-optimal conditions of binding. However, it 
may represent a feature peculiar to the adrenal cortex 
where it has been shown that the 2-8 heptapeptide 
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Table 1. Binding parameters for angiotensin II receptors 

Target tissue 

low affinity 
High aliinity site site 

Radioactive A1 h-1 K* A, 
label (105Mm’secm’) (IO 4scc~‘l (IO-“M) (IO-“MI 

Aortu: 
Rabbit 

plasma mrmhranrs 
solubiliscd material 

Guinea pig 
plasma membranes 

(‘t‘vw: 
Rat 

plasma memhranes 
/tdrcwal: 

Bovine cortex 
particulate fraction 

plasma membranes 
Rat 

particulate fraction 
Rabbit 

isolated zona 
glomerulosa cells 

3H 6.6 
jH 2.3 

(angiotensin III) is a steroidogenic agent at least as 

potent as angiotensin II. These observation led us to 
study angiotensin III binding in the adrenal cortex. 
reviewed in Section 2. The nature of angiotensin 
receptors. which were solubilised from rabbit aorta 
smooth muscle cell membranes. is unknown. How- 
ever. angiotensin receptors in this target-tissue seem 
to be integral membrane proteins (in the sense pro- 
posed by Singer and Nicholson) as they resist moder- 
ate proteolysis: in addition, according to their sensi- 
tivity to neuraminidase, angiotensin II receptors 
appear to be glycoproteins. the sialic acid of which 
is directly implicated in the formation of the angioten- 
sin--receptor complex [ 171. 

In the case of many peptide hormones it has been 
shown that variations in ionic and in nucleotide con- 
centrations of the incubation medium can affect the 
hormone -receptor interaction. We observed in rabbit 
aorta smooth muscle cell membranes that variations 
in sodium concentration were without effect whereas 
increasing concentrations of divalent cations had an 
inhibitory effect on angiotensin II binding. A similar 
inhibitory effect of calcium ions has been observed 
in uterine receptors [IX]. At high concentrations. 
adenosine triphosphate, and to a lesser extent guano- 
sine triphosphate, inhibited angiotensin II binding. 
This effect is correlated with phosphorylation since 
the presence of energy generating system phosphoenol 
pyruvateepyruvate kinase. also prevents the binding 
of angiotensin II. It is therefore conceivable that 
changes in phosphorylation are implicated in the 
receptor activationGnactivation process. However. it 
is not possible to exclude the interpretation that vari- 
ations in ionic or nucleotide composition, affect mem- 
brane structure and accordingly the accessibility of 
receptor sites, rather than directly changing the angio- 
tensin receptor interaction. In corticoadrenals. high 
affinity binding sites have been reported to be observ- 
able only in the presence of high sodium or potassium 
concentrations [IS]. 
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Fig. I. Binding inhibition of E3H]angiotensin II to recep- 
tors in membrane and particulate fractions of three angio- 
tensin sensitive tissues studied with angiotensin. analogs 
and fragments. (a) rabbit aorta. (b) rat uterus. (c) rat 

adrenals. For explanation see text. 
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Table 2. Binding parameters for an~jotensin III high affinity receptors in rat 
adrenal gland 

Association rate constant k, (l@M-’ set-‘) 
From association studies 7.9 

Dissociation rate constant k_, (IO-4sec-‘) 
From association studies 7.6 
From dissociation studies 4.0 

Equilibrium dissociation constant (lo-” M) 
From k_ ,/k, 0.5-l 
From Scatchard plots 1.5 

The specificity of angiotensin II receptors has been 
evaluated by their atIinity for angiotensin fragments 
and analogues. The specificity of smooth muscle and 
adrenal receptors is very similar. The inhibitory effect 
of various angiotensin-derivatives on t3H]angiotensin 
binding is shown in Fig. 1. The Sar’ Ilee or Sar’ 
Ala’ substituted derivatives, which are potent com- 
petitive antagonists on the three target-tissues, are 
efficient competitors for these receptors. Both the N- 
and C-terminal of angiotensin II are required for an 
optimal interaction with receptors: the affinity of the 
2-8 heptapeptide is reduced and that of the 1-7 hep- 
tapeptide is almost nil. The low affinity of the 2-8 hep 
tapeptide isin agreement with its low agonistic activity 
effect on smooth muscle and the 1-7 hep~peptide 
which does not bind to receptors, is devoid of effect 
on all target-organs. The 48 pentapeptide exhibits 
a very low, but undisputable affinity, thus supporting 
the predominance of the C-terminal structure in the 
hormone-receptor interaction. In smooth muscle the 
Phe4 analog has a low affinity for receptor, which 
corresponds to its low contractile effect and demon- 
strates that the aromatic ring of the tyrosine residue 
in position 4, also plays a key-role for a perfect hor- 
mone receptor interaction. The comparison between 
binding studies and physicochemical studies per- 
formed with the use of nuclear magnetic resonance 
and circular dichroism, suggests that the angiotensin- 
confo~ation ensuring a perfect adjustment to the 
receptor site is a beta type [20]. 

In both smooth muscle and adrenals, the decapep 
tide angiotensin I, precursor of angiotensin II, has 
a low affinity for angiotensin II receptors. This result 
emphazises again the importance of angiotensin II 
C-terminal structure in the binding, agrees with the 
low intrinsic activity of the decapeptide, and confirms 
a low level of smooth muscle and adrenal converting 
enzyme. 

2. Angiotensin III receptors in corticoadrenais 

Angiotensin III, the 2-8 heptapeptide derivative of 
angiotensin II, circulates in the plasma of several 
species [21,22]. It was considered as a metabolite of 
angiotensin II, resulting from the action of angioten- 
sinase A on the octapeptide; it has recently been sug- 
gested that it may result from converting enzyme ac- 
tivity on des-Asp’-angiotensin I [23-251. Angiotensin 
III has been shown to be in many species, including 
rat, as potent as angiotensin II in stimulating aldos- 
terone release [2628]. The finding that angiotensin 
III had a only moderate affinity for angiotensin II 
receptors contrasting with its high intrinsic activity 
led US to investigate the binding of [3H]angiotensin 

II to the rat adrenal cortex [29,30]. The binding par- 
ameters of the radioactive peptide are indicated in 
Table 2. [3H]angiotensin III appeared to bind to two 
classes of sites. The high affinity sites had an apparent 
K d290C of 1.5 x iO_” M and the low affinity sites had 
an apparent K, of 4.6 x 10m9 M and a larger binding 
capacity. The specificity of these two classes of sites 
was not identical. As represented in the Fig. 2, the 
specificity of the former was maximal for a 2-8 hepta- 
peptide structure, whereas that of the latter was maxi- 
mal for the octapeptide structure. The similarity of 
the binding parameters of the low affinity heptapep 
tide binding sites with those of angiotensin II binding 
sites, suggests that they may be identical structures. 
This is further subs~ntiated by their preferential 
affinity for the octapeptide. The demonstration of 
specific binding sites with high affinity for angiotensin 
III is of great physiological significance. The concen- 
tration of angiotensin II in plasma varies between 
IO-‘” M and lo-‘OM. Given a K, value of 10Vg M, 
the occupancy of angiotensin II receptors would be 
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Fig. 2. Binding inhibition studies of C3H]angiotensin III 
performed separately on the two classes of binding sites 
for this heptapeptide with 2-8 heptapeptide and octapep- 
tide angiotensins. 0: angiotensin III; 0: des-Asp’-angio- 
tensin II; A: angiotensin II; 0: Sari-Ilee angiotensin II. 
The 2-8 heptapeptide conformation.. demonstrates more 
effective inhibition on the high affinity [3H]angiotensin III 
binding sites than the octapeptide conformation, while on 
the low affinity sites this order is reversed. The relative 
affinities of angiotensin II and angiotensin III for the low 
affinity sites is comparable with that observed when 

[3H]angiotensin II is used as the label (see Fig. 1). 
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Fig. 3. Variation in [‘H]angiotensin II binding capacity 
of angiotensin II receptors on plasma membrane enrlched 
fractions of rat uterus and adrenals following bilateral 
nephrectomy. In the hours immediately following nephrec- 
tomy a transient decrease m capacity was seen in all tis- 
sues. After 11-14 hr. a progressive augmentation m the 
number of receptors was observed which exceeded that 
in control tissues after 1840 hr depending on tissue and 
sex. This augmentation was a function of the time elapsed. 

minimal. Conversely. the interaction of angiotensin 
III which circulates at a concentration twice that of 
angiotensin II. with its high affinity of specific binding 
sites would appear more efficient as the K, value of 
these sites is 1.5 x IO-‘OM. This observation leads 
to the suggestion that angiotensin III actually rep- 
resents the component of the renin-angiotensin sys- 
tem ultimately responsible for aldosterone release. 
This proposition is also supported by the effect of 
various angiotensin inhibitors which have been used 
as probes to conceive the molecular events occurring 
at level of the receptor site. It has been shown that 
the angiotensin II competitive inhibitors Sar’ fle” and 
Sar’ Ala* angiotensin II which are relatively resistant 
to aminopeptidase activity [31]. are potent antagon- 
ists of its pressor effect. hut are less active on angio- 
tensin II-induced steroidogenesis and even less effec- 
tive against angiotensin III steroidogenic effects. Con- 
versely, the des-Asp’-Ile’ heptapeptide was found to 
he a potent competitive inhibitor of both angiotensin 
11 and angiotensin III aldosterone-releasing effect. sup- 
porting the concept that the active structure at the 
level of the adrenal cortex is the hep~peptide 
[32-343. 

3. Angiotrnsin II receptor modulation 

Bilateral nephrectomy. which results in the suppres- 
sion of the renal renin and hence in that of major 
proportion (if not all) of the circulating angiotensin 
is followed by an increase in the number of angioten- 
sin receptors. This observation has been made on rat 
uterus [IO, 1 I] and rat adrenals [12]. A lag period 
of at least I8 he separates nephrectomy and the begin- 
ning of the phenomenon, which then increases with 

time. A 2-fold increase in angiotensin II binding sites 
is clearly observed in adrenals hetween 45-60 hr after 
nephrectomy. In female rats, which arc relatively 
tolerant to the anephric state. the post-nephrectomy 
phenomena are somewhat more delayed than in 
males (Fig. 3). The increase in angiotensin II receptors 
was not accompanied by a similar augmentation of 
other memhrane-constituents (aden~/Icyclas~. 5’ Nuc- 
leotidase. Mg-ATPase) and could not be attributed 
to changes in number or size of target-cells. The aug- 
mented receptors after ncphrcctomy did not exhibit 
changes in their apparent affinity or in their specificity 
for angiotensin II. The lag period after nephrectomy 
and the constancy of the K, value demonstrates that 
the augmentation of receptor number is not simply 
the result of receptor freeing secondary to the disap- 
pearance of endogenous hormone. In addition. 
chronic administration (but not acute injections) of 
angiotensin II prevented the augmentation in number 
of binding sites in a dose-dependent manner. A simi- 
lar limitation was obtained with the injection of an 
angiotensin II competitive inhibitor. suggesting that 
variations of angiotensin II binding sites may result 
primarily from their occupancy by a ligand. indepen- 
dant of its biological effect. An inverse relationship 
between circulating concentrations of an hormone 
and the numher of receptors has been observed with 
many other hormones and transmitters and desig- 
nated as “self-regulation of receptors” [35]. The long 
period necessary for the appearance of the phenom- 
ena suggests that it proceeds from complex molecular 
mechanisms such as variations in the rate of synthesis 
or dogradation or from cellular translocation. 

One may conceive that the increase in the receptor 
number may determine an increased sensitivity to the 
hormone. A specific supersensitivity to angiotensin II 
has indeed been observed on rat uterus after removal 
the kidneys. Increased vasopressor action of angioten- 
sin II has been long reported, but no binding studies 
have been performed so far on vascular smooth 
muscle. It is not known at the present time if the 
steroidogenic effect of angic,tensin in the rat is 
potentiated after nephrectomy, hut preliminary 
studies from our laboratory have shown that angio- 
tensin III receptors follow the same ~ia~ations in the 
anephric state. 

It is likely that chronic variations in circulating 
angiotensin are not the only factor capable of modu- 
lating angiotensin receptors. Studies from our own 
laboratory and others [3h] have shown that in the 
st.a.tc of positive sodium balance. where the circulating 
level of angiotensin is low. the numhor of adreno-cor- 
tical receptors appears to he decreased; conversely 
this number is increased by sodium restriction. 

These various results. although not understood in 
molecular terms. represent an additional argument 
in favour of the complexity of an hormonal effect 
which not only depends on hormone secretion but 
also on the variations of receptors in target cells. 
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