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Abstract

The renin—angiotensin system (RAS) mediates several classic physiologies including body water and electrolyte homeostasis, blood pressure,
cyclicity of reproductive hormones and sexual behaviors, and the regulation of pituitary gland hormones. These functions appear to be mediated by
the angiotensin II (Angll)/AT; receptor subtype system. More recently, the angiotensin IV (AngIV)/AT, receptor subtype system has been
implicated in cognitive processing, cerebroprotection, local blood flow, stress, anxiety and depression. There is accumulating evidence to suggest
an inhibitory influence by Angll acting at the AT subtype, and a facilitory role by AngIV acting at the AT, subtype, on neuronal firing rate, long-
term potentiation, associative and spatial learning, and memory. This review initially describes the biochemical pathways that permit synthesis and
degradation of active angiotensin peptides and three receptor subtypes (AT, AT, and AT,) thus far characterized. There is vigorous debate
concerning the identity of the most recently discovered receptor subtype, AT,. Descriptions of classic and novel physiologies and behaviors
controlled by the RAS are presented. This review concludes with a consideration of the emerging therapeutic applications suggested by these newly
discovered functions of the RAS.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Well over 100 years ago Tiegerstedt and Bergman (1898)
discovered a pressor agent extracted from the kidney that they
called “renin”. Some 40 years later this finding led to the
isolation of a vasoconstrictor agent from the ischemic kidneys
of Goldblatt hypertensive dogs (Braun-Menendez et al., 1940).
Page and Helmer (1940) independently isolated the same agent
after injecting renin into intact animals and they also identified
a “renin activator”’, later determined to be angiotensinogen (de
Gasparo et al.,, 2000). The vasoconstrictor agent was
determined to be an octapeptide and was variously called
“renin substrate, “‘angiotonin”’, and ‘“‘hypertensin’’ but was
later termed angiotensin II (AngIl; Bumpus et al., 1957, 1958;
Elliott and Peart, 1956; Skeggs et al., 1957). From this
beginning many additional findings have been made including
the observation that intracerebroventricular (icv) Angll
produced brain-mediated pressor (Bickerton and Buckley,
1961) and drinking responses (Epstein et al., 1970). Ganten
et al. (1971a,b) isolated renin in the dog brain; while Fisher-

Ferraro et al. (1971) identified both renin and AnglI in the dog
brain. Sirrett et al. (1977) developed a radio-receptor binding
assay permitting the identification and localization of
angiotensin receptors in the brain and throughout the body.
Taken together these findings suggested the presence of an
independent brain renin—angiotensin system (RAS). Confirma-
tion of this hypothesis required several additional years of
laboratory work utilizing a variety of techniques including
radioimmunoassay, immunohistochemistry, radio-receptor
binding assays, and Northern blots of renin and angiotensino-
gen mRNAs (Dzau et al., 1986; Ganten et al., 1983; Harding
et al., 1981; Hermann et al., 1984; Lynch et al., 1986; Phillips
et al., 1979).

Two recent discoveries have further extended our under-
standing of the RAS: (1) the angiotensin receptor proteins AT,
and AT, were cloned and sequenced (Chiu et al., 1989;
Whitebread et al., 1989; Iwai et al., 1991; Murphy et al., 1991;
Kambayashi et al., 1993; Mukoyama et al., 1993). (2) A third
angiotensin receptor subtype, AT,4, was discovered (Harding
etal., 1992) that appears to mediate a number of novel functions
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