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Summary

Not only is the renin–angiotensin system or
its components found morphologically in
many organs, it also exerts many different
regulatory functions such as contributing to
systemic homeostasis as well as to organ-
specific regulation.
The presence of the components of the renin–
angiotensin system in the pancreas was
discovered only a few years ago.
Physiological and pathophysiological stimuli
were able to modify, in part, the gene
expression and the occurrence of some of
these components. Because of the important
clinical significance of pancreatic diseases
such as pancreatitis, research should follow
every traces of the renin–angiotensin system
in the pancreas: impairment of
microcirculation via hypoxia mediated up-
regulation with the subsequent further
deterioration of the oxygen supply seems to
be the most obvious mechanism.
There are many possible approaches to a
better understanding of problems that are
associated with diseases such as different
kinds of pancreatitis; basic studies in animal
models are oriented toward microcirculation,
cellular function and the time course of
modified gene expression after stimuli such as
hypoxia; a clinical approach must reevaluate
different correlations between clinical
parameters of hypertension and those of
pancreatic diseases.

Introduction

The renin-angiotensin system (RAS) has long
been described as an important regulatory
system for blood pressure and blood volume.
Renin, being the key regulatory component, is
located mainly in the preglomerular arterioles
of the kidney, but many organ-specific local
RAS have been described and/or suspected in
the last two decades. The best-studied
extrarenal RAS is located in the brain and
also, for example, in the placenta and heart.
Its effector peptide angiotensin II regulates
tissue blood flow via vasoconstriction. In
addition, the release of neurotransmitters and
hormones can be stimulated by angiotensin II.
Consequently, there is increasing evidence
that its endocrine functions are not limited
only to the volume regulatory pathway via
stimulation of aldosterone secretion and
subsequent tubular sodium reabsorption.
Hence, the RAS potentially has a role in
almost all tissues. The existence of a local
RAS in the pancreas was suspected a few
years ago, and since then, an increasing
number of observations on this specific RAS
have entered the discussion. The aim of this
contribution is to add evidence for the
potential clinical importance of the pancreatic
RAS. An initial observation on alterations of
the physiological pattern of the RAS
components during experimental pancreatitis
underlines a more than academically
interesting role of the RAS in clinical
problems of the pancreas.
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Current Basic Evidence for the Importance
of the RAS

Many textbooks of physiology describe the
RAS as one of the most important systems
that combines the regulation of blood pressure
with that of volume [1, 2, 3]. This view has
emerged and was accepted decades ago; renin
from the kidney was recognized early on as
the regulating hormone [4] and it was found
to be located mainly in the distal part of the
afferent arteriole, close to the glomerulus [5].
Functional studies, including morphology [6,
7, 8], electrophysiology [9], microcirculation
[10], and biochemistry [11] extended the
knowledge regarding the cellular basis of
systemic function of the renal part of the
RAS. An improved understanding of the
characteristics of the secretory mechanisms
resulted in new concepts concerning the
function of the juxtaglomerular apparatus
[12].
These intensive investigations had additional
consequences: besides the aspects of systemic
regulation such as sympathetic tone or blood
pressure [13, 14], current evidence indicates
that organ-specific or even cell-specific RAS
exist that exert local regulatory capabilities.
An example is the observation made by
Taugner et. al. that angiotensin II is co-
localized with renin in mature secretory
vesicles of the renin synthesizing cells [15,
16]. Hence, a very short negative feedback
loop exists between renin secretion and
angiotensin II mediated depolarization and
subsequent inhibition of secretion in these
cells. As a consequence, the frequency of
extrusion of renin containing granules even
under stimulating conditions is extremely
low: the observations give a number of about
less than 2-3 exocytotic events per hour and
cell. Moreover, microcirculation studies have
opened novel insights into blood vessel
function mediated by various stimulating and
inhibiting drugs that are associated with the
RAS, such as sympathetic transmitters, and
the respective inhibitors [17, 18].
Findings regarding the local RAS in many
organs were successful particularly in brain
and heart. Both organs play important roles in
maintaining the circulation and regulating the

blood pressure. For example, the central
nervous system was subject to intensive
research of RAS components, in particular of
all types of angiotensin receptors [19].
Recently, evidence has been emerging that the
pancreatic RAS can be influenced by
pathological situations such as hypoxia [20]
or pancreatitis [21]. Whereas hypoxia may
represent a more physiological stimulus,
pancreatitis is an extremely severe clinical
complication that is lethal in up to 80% of the
cases. Therefore, the interpretations of both
observations must originate from different
basic viewpoints.
Hypoxia could be caused by transient stays at
high altitudes or by every-day breathing
problems. This stimulus therefore is a result
of nearly physiological situations. It may lead
to an increased production of acidic
metabolites and subsequent decrease of
plasma pH. As a consequence, vasodilatation
will occur in many vascular beds. Hence, up-
regulation of components of the RAS could
be interpreted as a contribution to systemic
and/or local negative feedback that maintains
blood supply as well as blood pressure.
This is completely different in pancreatitis as
a clinical complication; it is far from a
regulatory situation, an up-regulation under
these circumstances would cause positive
feedback which leads to severe deficiency in
blood supply. Pancreatitis research requires
the development of pathological animal
models [22] that may be helpful in a better
understanding the he terogenic clinical
occurrence of pancreatitis. Up to now, we
know that this disease is mostly associated
with impairment of microcirculation,
including all consequences of local
inflammatory processes.

Future Basic Perspectives

The first evidence of possible pancreatic RAS
disorders was provided by an up-to-date
access to biomedical questions, namely the
study of receptors, receptor subtypes, and the
gene expression of the RAS components. To
better understand the contribution of these
observations to possible clinical
complications and, subsequently the potential
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improvement of therapy, the next step of the
physiological and pathophysiological
approaches must first take into account the
distribution and the density of receptors along
vascular or other structures. Functional
studies in valid experimental models should
follow. A predominant location in the
vascular bed must and will correspond to the
results of extended microcirculatory studies.
Indeed, initial measurements demonstrate
vascular sensitivity in the pancreas that can be
measured using intravital microscopy of the
intact organ outside the animal. These
measurements are to be continued with the
aim of determining typical angiotensin II
sensitive parts of the pancreas vasculature and
their dose-response relations, before
variations under the conditions of hypoxia
and/or pancreatitis can be measured.
Also, the time course of the stimulus –
reaction coupling of the gene expression over
the regulation of protein synthesis,
modifications of receptor density and cellular
reaction – vasoconstriction have to be
considered.
On the other hand, a localization that
associates components of the RAS with
different secretory functions, and associated
variations in gene expression and protein
synthesis, must give rise to a variety of
biochemical and metabolic studies that will
reveal changes in the endocrine and exocrine
function.

Actual Importance of the RAS in the
Clinical Setting

Up to now, only scarce information exists
regarding the clinical parameters that could
connect pancreatitis with RAS; a direct
involvement of the RAS has neither been
considered in experimental nor in clinical
studies. However, pancreatitis has been
described as an occasional side effect during
the administration of ACE–blockers [23, 24].
For angiotensin II-type-1 antagonists there are
no data available yet. As a consequence,
clinical studies are being prepared.

Future Clinical Perspectives

Clinical data from patients with pancreatitis
have to be evaluated with respect to
components of the RAS; in particular, plasma
levels of angiotensin II, angiotensinogen and
renin will be of interest. Also, the incidence
of different types of pancreatitis in
hypertensive patients with or without specific
antihypertensive therapies should be
evaluated. These studies will have to take into
account more than just the obvious functional
parameters.
Most likely, interactions exist between those
parameters that will have to be elucidated in
future experimental studies. Although
angiotensin II is the obvious link between
RAS and the microcirculation of organs [25],
there is the wide field of control of secretory
activity in many cell types of various organs
that is also influenced and can be impaired by
malfunctions of the RAS.
As a consequence, additional steps towards a
causal therapy of pancreatitis or of post-
transplant complications should be developed.
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