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My way t o hypert ension research

university. But then Detlev Ganten, who had also spent
some years at the IRCM before me, came along and
offered me a position in his newly established group.
After painful deliberations, I decided to accept; I wrote a
long letter of apology to Eberhard Ritz, which he has
probably never read to the end, and I started a career in
theoretical medicine.
Detlev Ganten had already gained some merit in
renin-angiotensin system (RAS) research, e.g. by
demonstrating that tissues, notably the brain, possess a
renin-like capacity to generate angiotensin peptides. In a
paper published in 1983 in Science, we demonstrated for
the first time a local generation of angiotensin peptides in
brain tissue. We showed further that the angiotensin
generation was exaggerated in spontaneously
hypertensive rats (SHR), supporting the idea of CEPS.

We t hought t hat t he secret of hypert ension coul d be
expl ained by CEPS. What is CEPS? Wel l , quit e easy:
CEnt ral Pept idergic St imul at ion. This was in t he earl y
eight ies of t he l ast cent ury.

I had joined Det l ev Gant en?s group at t he Inst it ut e of
Pharmacol ogy of Heidel berg Universit y, Germany, in 1978
af t er a post -doc period at t he Cl inical Research Inst it ut e of
Mont réal (IRCM), Canada. My ?pat ron? in Mont réal was Ot t o
Küchel , a nephrol ogist who emigrat ed f rom Czechosl ovakia
in 1968, and my t eacher was a Viet namese chemist , Nguyen
Tanh Buu, who ran t he l ab.
Otto Küchel was a fan of dopamine, and ?Le Docteur Buu?
had thoughts of a new pathway to generate endogenous
adrenaline from conjugated precursors in tissues. So it was
all sympathetic nervous system and catecholamines, and I
had to survive between the nephrology department at the
Hotel Dieu Hospital, renal hypertension in dogs and
biochemical pathways that I tried to understand.
In the Montréal Institute, there was some knowledge about
how to measure vasopressin, a treasure at the time, and I was
supposed to learn this assay and bring it back to the
nephrology department of Eberhard Ritz at Heidelberg

In those days, the angiotensin converting-enzyme (ACE)
inhibitors were being developed and brought to the
market by the pharmaceutical industry with immense
success. This was a great time for RAS research and one
could just swim in the middle of the stream. I was lucky to
get hold of several ACE-inhibiting compounds from
different companies before they were marketed, and we
could establish their beneficial effects in various animal
models of cardiovascular disease.
Among others, we could demonstrate in SHR an
impressive, dose-dependent blood pressure decrease
over weeks by SQ14225, later marketed as captopril, the
first ACE-inhibitor. Our findings caused some irritation
with those colleagues who believed that high blood
pressure in SHR was dependent on sympathetic drive and
not on the renin-angiotensin system (RAS) since these
animals had a suppressed RAS in the blood.
We rather saw our results as a stimulus to search for
antihypertensive and tissue-protective effects of these
new drugs by mechanisms apart from inhibiting the
plasma RAS. Together with colleagues in the industry,
particularly with Bernward Schölkens and his group at
Hoechst, Germany, who generously let us have some of
their compounds under development, we explored
several of these non-plasma RAS-related mechanisms
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such as kinin potentiation or ACE inhibition in different
tissues including the brain. The development and
successful introduction of the ACE-inhibitor, ramipril, is
closely linked to this work.
Back to CEPS. This idea was certainly a bit special in the
field of RAS research but it allowed us to explore the
physiology and hypertension-related pathophysiology
of centrally acting peptides and their pathways. I
specialized in trying to decipher the central
cardiovascular and behavioral actions of angiotensin
peptides and substance P, a tachykinin involved in pain
perception and related responses. We developed new
methods to measure all kinds of cardiovascular
parameters together with behavior, as well as regional
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chronically instrumented conscious rats. By these
means we could differentiate various central
peptidergic pathways and responses and characterize
their role in blood pressure regulating processes.
Substance P, for instance, could be demonstrated to
generate a classical defense reaction with blood
pressure increase and generalized sympathetic
stimulation. One of our most original later findings in
male rats was that oxytocin was a major player in the
pain-induced, substance P-mediated, stress reaction.
This role of oxytocin is certainly different from
currently wide-spread views of this peptide as a ?love
hormone?.
Angiotensin, on the other hand, also markedly
increases blood pressure but does not initiate a
generalized arousal reaction like substance P when
binding to its brain receptors. Angiotensin rather
induces a finely tuned cardiovascular and behavioral
response including copious drinking, release of
vasopressin, oxytocin and other hormones.
These two peptides exemplify different ways of raising
blood pressure via the central nervous system and
demonstrate how brain peptides can be involved in the
pathophysiology of hypertension. Thus, while the
initial concept of CEPS might have exaggerated things
and has certainly over-simplified the real situation, it
was nevertheless instrumental in approaching the
complex issue of central blood pressure regulation.

the AT1R or even engender some effects of its own
which were opposed to those of the ?classical? RAS.
Together with the lab of Victor Dzau in Boston, Tad
Inagami in Nashville, Marc de Gasparo and Serge Bottari
at Novartis in Basel and a few other groups, we set out to
unveil the secrets of the ?enigmatic? AT2 receptor, and
this became my main scientific interest for more than a
quarter of a century. Today, the AT2 receptor is no longer
enigmatic, on the contrary, a highly selective AT2R
agonist, compound 21, developed by Swedish chemists
at Uppsala University is currently in a phase I clinical
study, harboring, among others, the unique combination
of strong anti-inflammatory, anti-fibrotic and
neuro-regenerative properties.
Together with ACE2 and the angiotensin 1-7/ Mas system,
the AT2R forms part of the ?protective arm of the RAS?
as we have coined it(1). Stimulating the AT2R does not
directly lower blood pressure, but can reduce pulse wave
velocity in hypertensive animals together with
antifibrotic actions. One might speculate that a
combination of an AT1R antagonist and an AT2R agonist
may exert even more sustained antihypertensive and
tissue protective actions than the currently used AT1
antagonists alone.
Apart f rom bl ood pressure, AT2R research in
numerous l abs around t he worl d has reveal ed a
weal t h of pot ent ial cl inical indicat ions f or
compounds st imul at ing t he AT2R1. The f ut ure wil l
t el l which of t hose wil l st and t he cl inical t est .
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-Thomas Unger

Towards the end of the eighties, RAS researchers were
confronted with a little revolution: Angiotensin
peptides obviously did not bind to one single receptor
as was thought for many years, but to at least two
receptors, the AT1R and AT2R. While the AT1R seemed
to convey all known physiological and
pathophysiological actions of the RAS, the AT2R was
obviously not doing the same. Indeed, stimulating this
receptor would in many cases antagonize the actions of
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