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Gastric acid secretion after blockade of angiotensin AT, receptors in the
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Abstract

This study tested the hypothesis that angiotensin II acting through the angiotensin AT, receptor plays an important role in
the control of gastric acid secretion. Basal gasiric acid secretion and gastric blood flow were lower in Na*-depleted animals, in
which the renin-angiotensin system was activated, than in animals maintained on a normal Na* diet. Intravenous infusion of
pentagastrin at 0.6 pg/kg/min increased gastric acid secretion to a greater extent in normal Na™* than in Na*-depleted animals.
In addition to stimulating gastric acid secretion, pentagastrin increased gastric blood flow by proportionally the same amount in
both normal and low Na™ animals. However, because basal gastric blood flow was considerably reduced in Na*-depleted
animals, the increase produced by pentagastrin extended only to the levels observed in non-pentagastrin-treaicu normal Na*
animals. Lower gastric blood flow in response to pentagastrin may explain the smaller increase in gastric acid secretion observed
in Na*-depleted animals. In Na*-depleted animals, the selective angiotensin AT, receptor antagonist losartan did not affect
basal gastric acid secretion or gastric blood flow, suggesting the involvement of mechanisms other than angiotensin I1. Following
blockade of angiotensin AT, receptors, pentagastrin significantly increased gasiric blood flow in Na *-depleted animals to levels
observed with infusion of the pentapeptide in normal Na™ animals. The results sugzest that the decrease in pentagastrin-stimu-
lated acid secretion in Na™-depleted animals is mediated by angiotensin II acting through the angiotensin AT, receptor, most
probably through vascular mechanisms.
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1. Introduction tric acid output is critically dependent upon an ade-
quate blood supply, decreased gastric blcod flow has
been suggested as the mechanism whereby hemorrhage
leads to reduced acid secretion (Leung et al., 1986;
Svanes et al., 1981).

Extracellular volume depletion produced either by
hemorrhage or by dehydration leads to activation of
the sympathetic nervous system and to the release or
formation of vasoactive hormones incjuding an-
giotensin IlI. Angictensin II has been shown to de-
crease gastric acid secretion in fish but its role in the
control of gastric acid secretion in mammalian species
remains essentially unknown (Holstein and Brigel,
1981). Therefore, in the following studies, the hypothe-
sis that endogenous angiotensin I acting through the
angiotensin AT, receptor contributes to the reduction
of gastric acid secretion following extracellular volume
" Correspondig author. Tel.: 0041 61 696 4046; fax: 0041 61 696 was tested. This objective was achieved by measuring,
1988. in Na*-depleted animals, changes in basal and penta-

Gastric acid secretion is controlied primarily by neu-
ronal and hormonal mechanisms foilowing the intake
of food (Schusdziarra, 1993; Lioyd, 1994). However, it
has recently been shown that gastric acid secretion is
profoundly influenced by alterations in extracelinlar
fluid volume. For example, both in man and in several
animal species, hemorrhage is associated with reduced
basal and pentagastrin-stimulated gastric acid secretion
(Hall et al., 1976; Szabo et al., 1979; Svanes et ali., 1981;
Leung et al., 1986). Decreased gastric acid secretion is
also a characteristic of dehydration in fish {(Elolstein,
1979). The mechanisms responsible for the decrease in
acid secretion following extraceilular volume depletion
have not been clearly elucidated. However, since gas-
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gastrin-stimulated gastric acid secretion after blockade
of the renin-angiotensin system with the selective an-
giotensin AT, receptor antagonist losartan (Weng and
Timmermans, 1995). Exogenously administered an-
giotensin II is a potent regulator of gastric blood flow
(Wood et al., 1994). Therefore, in the following experi-
ments gastric blood flow was measured to determine
whether any change in acid output produced by block-
ade of angiotensin AT, receptors could be explained
by vascular mechanisms.

2. Materials and methods
2.1. Animals

These studies were concducted with maie Sprague-
Dawley rats weighing between 250 ard 300 g
(Tif:RAIfISPF], Ciba-Geigy, Sisseln, Switzer;and). The
rats were maintained in a room with a 12 h light /dark
cycle (6 a.m.—6 p.m. light) at a temperature of 20-24°C.
All animals were given tap water to drink and were
maintained either upon a regular diet (NAFAG; Gos-
sau, Switzerland) or a diet deficient in Na* (<4
mmol/kg Na*; NAFAG). The rats were maintained
on either diet for at least 7 days before use in the
following protocols. During the 24 h period prior to
experiment, all animals were deprived of food, but
allowed free access to tap water. To prevent the inges-
tion of sawdust and faeces during this period, the
animals were housed individually in wire bottomed
cages.

2.2. Measurement of gastric acid secretion

Following thiobarbiturate anesthesia (100 mg/kg)
the rais were placed in dorsal recumbency upon a
heated surgical table maintained at 37°C. A tracheo-
tomy was performed and the right femoral vein cannu-
lated with polyethylene tubing (0.58 mm i.d. X 0.96 mm
o.d.; Portex, Hythe, Kent, UK). After making a midline
abdominal incision a small hole was made in the
forestomach, opposite the mesentery, and a catheter
inserted into the lumen. The stomach catheter con-
sisted of 2 concentric tubes. The outer tube (8 mm
0.d. X 6 mm i.d.) was 6.5 cm long and made of Silastic.
The inner tube (2 mm o0.d.X 1 mm id.), which was
glued to the inner wall of the outer tube, was 30 cm
long and made of polyethylene (Portex). At the end of
the catheter which entered the stomach, the smaller
tube projected 2 cm from the lumen of the larger tube.
Once in the stomach lumen, the catheter was tied in
place and the abdominal incision closed. Both the
femoral venous catheter and the free end of the small
tube of the stomach catheter were connected to sepa-
rate infusion pumps (Precidor, Infors, Basel, Switzer-

land). One pump delivered isotonic saline to perfuse
the stomach at the rate of 0.5 ml/min throughout the
experimental period, while the other delivered penta-
gastrin or the isotonic saline vehicle intravenously at 20
ul/min,

2.3. Experimental procedi:ves

Immediately following completion of the surgical
procedures, the stomach lumen was perfused with 20
ml isotonic saline over a 5 min time period to remove
remnant food perticles. Immediately following this
‘washing’ procedure, the stomach was perfused with
isotonic saiine (0.5 ml/min) for the remainder of the
experiment. Following a 45 min equilibration period,
the perfusate was collected from the stomach catheter
at 5 min intervals into 20 ml plastic beakers. After the
collection of 3 control samples, an infusion of penta-
gastrin (0.6 pg,kg/min) or the isotonic saline vehicle
was given. Preliminary studies established than an infu-
sion rate of 0.6 ug/kg/min was the minimum neces-
sary to produce essentially maximal gastric acid secre-
tion. The pentagastrin infusion continued for the dura-
tion of the following 60 min period, during which time
the collection of lumenal samples continued at 5 min
intervals. In those experiments in which losartan (0.1,
1.0 or 10 mg/kg) or the isotonic saline vehicle (1
ml/kg) was administered, the drug was injected through
a 27 gauge needle directly into the lumen of the left
femoral vein at the end of the last 5 min control
collection period. Previous studies have shown that an
intravenous dose of 10 mg/kg losartan produces a
rapid and essentially complete blockade of angiotensin
AT, receptors in the rat (Wong and Timmermans,
1995).

2.4. Measurement of gastric acid

1 ml aliquots of each sample of the gastric perfusate
were assayed for total acid by titrating to pH 7.0
against 0.005 M NaOH using an automatic titration
system (ETS 822 -End Point Titration System, Ra-
diometer, Copenhagen, Denmark). Total acid secretion
over each 5 min period was determined by multiplying
the calculated hydrogen ion concentration by the total
volume of each sample.

2.5. Measurement of gastric blood flow

Gastric blood flow was measured using the radioac-
tive microsphere technique using different groups of
animals to those used for determining gastric acid
secretion. Rats were anesthetized and catheters im-
planted into the left ventricle, left jugular vein and the
left femoral artery. The jugular and femoral catheters
were constructed of polyethylene tubing (0.58 mm
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i.d. X 096 mm o.d.; Portex). The left ventricular
catheter consisted of a single piece of polyethylene
tubing (0.40 mm i.d. X 0.80 mm o.d.; Portex). One end
of the ventricular catheter was connected iritiaily to a
blood pressure transducer (P23ID, Gould Statham, Ox-
nard, CA, USA) and the other end inserted into the
left carotid artery. During insertion of the catheter into
the heart, the blood pressure tracing (Servomed, Hel-
lige, Freiburg, Germany) was observed. Correct place-
ment of the catheter was determined by noting the
typical widening of pulse pressure, a characteristic of
ventricular entry.

2.6. Experimental procedures

Prior to use the stock solutions of microspheres
were vortexed, sonicated for 10 min, vortexed again
and examined by light microscopy to ensure even dis-
persal of the microspheres. The femoral arterial
catheter was connected to a pressure transducer
(Gould). After determining blood pressure, the femoral
catheter was attached to a withdrawal pump (Perfusor,
Braun Melsungen, Melsungen, Germany) and blood
withdrawn at a rate of 0.5-0.6 ml/min. After 10 s of
blood withdrawal, and over thc next 30 s period, ap-
proximately 100000 microspheres were slowly injected
into the left ventricle and the catheter flushed with 0.3
ml isotonic saline. Blood collection continued for a
further 20 s after injection of the microspheres. Either
drug (pentagastrin or losartan) or the isotonic saline
vehicle was administered via the jugular catheter and
30 min later gastric blood flow was measured using the
above techniques.

At the end of the experiment, tissues were taken for
analysis. After removal from the animal at the gastro-
duodenal and gastro-esophageal junctions, the stomach
was cleared of adherent fat, opened along the midline
and flushed with isotonic saline to remove contaminat-
ing food particles. Each tissue sample was wet-Glotted
by a standardized procedure and counted for radioac-
tivity in a gamma well scintillation counter (model
2250, Tracor Analytic, USA). Using the methods de-
scribed above, each tissue always had more than 400
entrapped microspheres. The left ventricular catheter
and the syringe used for injecting the microspheres
were counted for residual radioactivity. Experiments
were included for data analysis if less than a 15%
difference existed in the blood flow to paired organs,
indicative of adequate microsphere mixing.

2.7. Measurement of extracellular fluid volume

Extracellular fluid volume was measured as the in-
ulin space. Following anesthesia, each animal was
placed on a heated table and the right common carotid
artery and trachea cannulated as described above.

Through a midline abdominal incision, both kidneys
were removed and the wound tightly closed. The right
femoral vein was exposed and 0.5 mi of a solution of
inulin in isotonic saline (250 mg/ml) was injected di-
rectly into the lumen. One hour later, 1 ml of blood
was collected from the carctid cannula. The blood was
centrifcged at 4°C for 10 min and the plasma frozen at
—20°C prior to the assay of inulin. The quantity of
inulin in the plasma was determined spectrophotomet-
rically (Schreiner, 1950) and extracellular fluid volume
calculated from standard formulae.

2.8. Measurement of plasma angiotensin Il concentra-
tions

Animals were anesthetized with a mixture of 1.5%
gaseous halothane (Hoechst-Pharma, Zurich, Switzer-
land) in oxygen and placed onto a heating table as
described above. A midiine abdomipal incision was
made and the abdominal aorta 2 cm below the kidneys
exposed. A 22 gauge needle attached to an ice-cold
plastic syringe was inserted into the lumen of the aorta
and 5 ml of blood removed. Immediately after collec-
tion, the blood was placed into ice-cold EDTA-coated
tubes containing 56 ul of an inhibitor solution de-
signed to prevent the breakdown of angiotensin II
(Wood et al., 1989). The blood was centrifuged at 4°C
for 10 min and, the plasma snap frozen and stored at
~&0°C. Plasma angiotensin II levels were determined
by previously described methods but without high pres-
sure hiquid chromatography separation (Nussberger et
al., 1985). Angiotensin II was extracted from plasma
onto phenyl-silica gel cartridges. After elution, the
quantity of angiotensin II was determined by radioim-
munoassay {(sensitivity, 1 fmoi /ml),

2.9 Na* depletion

To enhance the degree of Na* depletion induced by
the low Na™ diet, on the 2 days immediately prior to
use, the animals were housed alone and received single
subcutaneous injections of the diuretic furosemide (5

mg/kg).
2.10. Microspheres and drugs

Nentrac microspheres (New England Nuclear,
Boston, MA, USA) 15.5 + 0.1 pm in size and labeél_ed
either with '’Sn (specific activity 524.3 MBg/g) or St

investigations. The microspheres were suspended in
0.9% saline and 0.05% Tween 89 solution. Furosemide
(Lasix, 20 mg/m!) was obtained from Hoechst-Pharma
(Zurich, Switzerland). The selective angiotensin AT,
receptor antagonist losartan (2-butyl-4-chloro-1-[{2"-
(1 H-tetrazol-5-yDi1,1'-biphenyl])-4-ylimethyl}- 1 H-imida-
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zole-5-methanol) was synthesized by Ciba-Geigy. Pen-
tagastrin (Peptavion) was obtained from ICI Pharma-
ceuticals (Mac:lesfield, UK). The thiobarbiturates
thiobutabarbital and thiopental were obtained from
Byk Gulden (Konstanz, Germany) and Abbott Labora-
tories (Cham, Switzerland) respectively.

2.11. Data and statistical analysis

Gastric blood flow and gastric vascular resistance
were calculated by standard formulae. Statistical analy-
sis was by unpaired t-tests or by analysis of variance
followed by the least significant difference procedure.
Where parameters were followed as a function of time,
the data were analyzed using multivariate analysis of
variance for repeated measures using the significance
of the Wilkes’ lambda in place of the F value (Armitage
and Berry, 1987).

3. Results

3.1. Na* status on basal (non-pentagastrin-stimulated)
gastric acid secretion (Fig. 1)

The results demonstrate that in the resting stomach,
gastric acid secretion in each time period was signifi-
cantly lower in Na*-depleted animals than in animals
maintained on a normal Na* diet. Gastric acid secre-
tion in animals maintained on a normal Na™ diet
averaged 2.5 umol/5 min. In Na*-depleted animals,
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Fig. 1. Na* status on basal acid secretion. Normal Na* animals: 0O;
low Na®™ animals: ®. Results expressed as mean+S.E. In some
cases the S.E. bars are smailer than the symbols. Numbers of
experiments in parentheses. Statistics by multivariate anaiysis of
variance for repeated measures comparing gastric acid secretion
between normal Na* and Na‘-depleted animals as a function of
time. * P < (.05 between normal Na* and low Na* animals at each
time point by the least significant difference test.

acid secretion averaged 0.8 pmol /5 min —a value 67%
below those recorded in normal Na* animals.

3.2. Na* status on pentagastrin-stimulated acid secre-
tion (Fig. 2)

Intravenous infusion of the isotonic saline vehicle
had no significant effect on t*2 change in basal gastric
acid secretion occurring over time in either normal
Na™* or Na*-depleted animals {left panel). In contrast,
a maximum stimulatory infusion rate of pentagastrin
(0.6 pg/kg/mir) inc.eased gastric acid secretion sig-
nificantly above baseline values {right panel). Infusion
of pentagastrin produced a significanily .maller in-
crease in acid secretion in Na -depieisd taan in nor-
mal Na*animals. Gastric aci¢ sccretion in animals
maintained on a normal Na* diet averaged 15.9
pmol/5 min. In Na*-depleted animals, acid secretion
averaged 9.5 umol/5 min -a value 41% below those
recorded in normal Na™ animals.

3.3. Na™* status on extracellular fluid volume and plasma
angiotensin II levels (Fig. 3)

Compared to animals in normal Na* balance, extra-
cellular fluid volume (the inulin space) was 15% lower
and plasma angiotensin 11 concentrations 551% higher
in Na*-depleted animals. The differences in both pa-
rameters were statistically significant.

3.4. Losartan on basal and pentagastrin-stimulated gas-
tric acid secretion in Na*-depleted animals (Figs. 4
and 5)

In Na*-depleted animals, blockade of angiotensin
AT, receptors with losarian produced a dose-depen-
dent decrease in mean arterial pressure (Fig. 4) and a
dose-dependent increase in gastric acid secretion in
response to the intravenous infusion of 0.6 pg/kg/min
pentagastrin (Fig. SA). The increase in acid secretion
reached statistical significance from control values fol-
lowing injection of losartan at either 1 and 10 mg/kg.
Following administration of 10 mg/kg losartan, a dose
which results in complete blockade of the renin-angio-
tensin system, gastric acid secretion was restored close
to the values obiained in pentagastrin-infused normal
Na* animals. Gastric acid secretion in response to
pentagastrin averaged 14.3 umol/5 min in Na*-de-
pleted animals treated with 10 mg/kg losartan and
15.9 umol/5 min in vehicle-treated normal Na* ani-
mals. Within the analysis of variance these 2 values
were not significantly different. Administration of
losartan at a dose of 10 mg/kg did not affect basal
(non-pentagastrin-stimulated) acid secretion in Na*-
depleted animals (Fig. 5B).
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Fig. 2. Na™* status on pentagastrin-stimulaied gastric acid secretion. Normal Na* animals: O; low Na™ animals: ®. Results expressed as
mean + S.E. In some cases the S.E. bars are smaller than the symbols. Numbers of experiments in parentheses. Bascline determinations of acid
output were made and then cither saline or differing doses of pentagastrin were infused for the duration of the experimental period. Results
presented are the absolute changes from baseline values. Statistics by multivariate analysis of variance for repeated measures comparing gastric
acid secretion between normal Na* and Na*-depleted animals for each dose of pentagastrin as a function of time. * P < 0.05 between normal
Na®* and low Na* anmimals at each time point by the least significant difference test.

3.5. Na* status on basal (non-pentagastrin-stimulated)
gastric blood flow (Fig. 6)

Compared to normal Na® animals gastric blood
flow, measured 30 min after starting the measurement
of gastric acid secretion, was significantly lower (by 0.5
ml/min) and gastric vascular resistance significantly
higher (by 34 mm Hg/ml/min) in Na*-depleted ani-
mals. There was no significant difference in mean
arterial pressure between Na*-depleted and normal
Na* animals.
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Fig. 3. Na* status on extracellular fluid volume (inulin space) and
plasma angiotensiis I3 concentrations. Normal Na* animals: open
columns; fow Na* animals: stippied columns. Results expressed as
mean+S.E. Numbers of experiments in parentheses. Statistics by
unpaired t-tests which compare values of imulin space and plasma
angiotensin 1l concentrations between normal Na* and Na™-de-
pleted animals. * P <0.05.

3.6. Na™ status on pentagastrin-stimulated gastric blood
flow (Fig. 6)

Thirty minutes into the intravenous infusion of 0.6
. g/kg/min pentagastrin, gastric blood flow was stimu-
lated to a similar extent in both normal Na* (0.71
ml/min) and Na’-depleted (0.64 ml/min) animals.
However, because basal values were low in Na*-de-
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Fig. 4. Losartan on mean arierial pressure in Na™-depleted animals.
Results expressed as mean +SE. Nuembers of animals used at each
dose are shown in parentheses. Statistics by amalysis of variance
followed by the least significant difference procedure which com-
pares the fall in blood pressure prodeced by each dose of losartan
with control values.
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Fig. 5. Losartan on basal and pentagastrin-stimulated gastric acid
secretion in Na*-depleted animals. Saline vehicle: B; losartan 0.1
mg/kg: O; losartan 1.0 mg/kg: @; losartan 10.0 mg/kg: 0. (A) Each
animal received an infusion of 0.6 ug/kg/min pentagastrin from
time 0 to 60 min. Differing doses of losartan were given i.v. 5 min
prior to the infusion of pentagastrin. Results presented are the
changes from baseline values. (B) Each animal received an infusion
or isotonic saline from time O to 60 min. Losartan (10 mg/kg) was
given i.v. 5 min prior to the infusion of saline. Results presented are
absolute values. All data expressed as mean+S.E. Numbers in
parentheses. Statistics by multivariate analysis of variance for re-
peated measures which compare acid secretion between control
animals and each dose of losartan as a function of time. * P < 0.05
between control and losartan-treated animals at each time point by
the least significant difference test.
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pleted animals, pentagastrin stimulated gastric blood
flow only to the levels observed in the resting stomach
of normal Na* animals. The changes in gastric vascu-
lar resistance mirrored those of gastric blood flow in
these studies. Pentagastrin infusion did not alter mean
arterial blood pressure in either normal Na* or Na*-
depleted animals.

3.7. Losartan on basal and pentagastrin-stimulated gas-
tric hemodynamics in Na *-depleted animals (Fig. 6)

Thirty minutes after injection of 10 mg/kg losartan,
a time corresponding to the maximal change in gastric
acid secretion, mean arterial pressure fell by 32.7 mm
Hg to a value significantly below those recorded in
control animals. Despite the significant falls in blood

pressure, neither gastric blood flow nor gastric vascular
resistance changed significantly. Intravenous infusion
of 0.6 ug/kg/min pentagastrin significantly increased
gastric blood flow and reduced gastric vascular resis-
tance without significantly changing mean arterial pres-
sure. When losartan was given at the same time as 0.6
1g/kg/min pentagastrin, blood pressure fell by 27.8
mm Hg, a fall similar to that observed in the experi-
ments performed with losartan alone. However, both
the increase in gastric blood flow and the decrease in
gastric vascular resistance were significantly greater
after blockade of angiotensin AT, receptors in these
experiments than observed with infusion of 0.6
ng/kg/min pentagastrin alone. Indeed, similar to the
changes in gastric acid secretion described above, gas-
tric blood flow in response to pentagastrin reached the
values obtained with infusion of pentagastrin in normal
Na* animals.

4. Discussion

These studies tested the hypothesis that angiotensin
I, acting through the angiotensin AT, receptor, plays
an important role in producing the decrease in gastric
acid secretion that occurs following extracellular vol-
ume depletion. Gastric blood flow was also measured
in these studies to determine whether the change in
gastric secretion produced by angiotensin AT, receptor
blockade had a vascular component.

4.1. Na* status, angiotensin Il and gastric acid secretion

Dehydration and hemorrhage are both associated
with reduced basal and pentagastrin-stimulated gastric
acid secretion (Hall et al.,, 1976; Szabo et al., 1979;
Svanes et al., 1981; Leung et al., 1986; Holstein, 1979).
The results of the present studies demonstrate that
Na* depletion also leads to a reduction in both basal
and pentagastrin-stimulated gastric acid secretion. Al-
though hemorrhage, dehydration and Na* depletion
are dissimilar anima! mndals, 21 three share decreased
extracellular fluid volume as a common characteristic.
Extracellular volume depletion is a potent stimulus for
the release of a number of vasoactive hormones includ-
ing angiotensin II. In the present studies, Na*t deple-
tion led to a significant reduction in extracellular fluid
volume and to a significant increase in plasma an-
giotensin II concentrations. To determine whether an-
giotensin II was responsible for the fall in basal and
pentagastrin-stitmulated gastric acid secretion, in Na™*-
depleted animals, the renin-angiotensin system was
blocked with losartan. Losartan specifically blocks the
angiotensin AT, receptor which has been shown to
maediate the majority of the actions of angiotensin 11
{Wong and Timmermans, 1995).
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other bar graphs of blood pressure without losartan.

4.2. Blockade of angiotensin AT, receptors in the resting
stomach

Gastric acid secretion is critically dependent upon
the adequate delivery of nutrients and oxygen to the
parietal cells. At the low rates of gastric blood flow
encountered in these studies, parietal cell function is
so dependent upon an adequate oxygen supply that
even smail reductions in blood flow can markedly af-
fect acid secretion (Kauffman, 1982; Hoim and Perry,
1988). Na* depletion, in addition to lowering gastric
acid secretion, also resulted in a significant lowering of
resting gastric blood flow and an increase in gastric
vascular resistance compared to amimals in normal
Na™* balance. Decreased vascular perfusion of the
stomach may therefore explain the fail in basal gastric
acid secretion observed in Na*-depleted animals. De-
creased gastric blood flow is also believed to be the
mechanism by which basal gastric acid secretion falls
after hemorrhage (Kauffman, 1982; Leung et al., 1986).

The factors responsible for the decrease in resting
gastric blood flow following extracellular volume deple-
tion have not been clearly elucidated. In the present
studies, angiotensin AT, receptor blockade lowered
blood pressure in Na*-depleted animals. Although
blockade of endogenous angiotensin 11 lowered blood
pressure indicating peripheral vasodilation, the gastric
vasculature did not dilate following angiotensin AT,
blockade in animals which had not received pentagas-
trin. These observations appear to provide evidence

against the involvement of angiotensin Il in the control
of basal gastric acid secretion and gastric hemodynam-
ics in the resting stomach. Several investigators have
shown the gastric vasculature to be very sensitive to the
constrictor actions of angiotensin I1 (Wood et ai.. 1994;
Bailey et al., 1987). Thus it is surprising iaat an in-
crease in gastric blood flow and a decrease in gastric
vascular resistance did not occur in response to block-
ade of angiotensin AT, receptors with losartan. An
explanation for the failure of angiotensin Il blockade
to influence the gastric vasculature circulation in this
study may be the observation that norepinephrine,
vasopressin and angiotensin II are each believed to
individually exert a maximal vasoconstrictor effect on
the mesenteric vasculature in the volume-depleted
state. Blockade of only one vasoconstrictor therefore
has little effect on mesenteric iemodynamics, since the
vasculature remains fuily constricted by ihic other two
factors (McNeill et al., 1970, 1976). Thus, the results of
the present studies, while demonstrating that blockade
of angiotensin AT, receptors does not alter basal gas-
tric blood flow following Na™* depletion. do not rule
out a vasoconstrictor effect of endogenous angiotensin
II on the gastric vasculature.

4.3. Blockade of angiotensin AT, receptors in the stimu-
lated stomach

The results of the present study demonstrate that
Na* depletion, in addition to inhibiting basal gastric
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acid secretion, also attenuated pentagastrin-stimulated
gastric acid secretion. Pentagastrin not only stimulates
gastric acid secretion but also induces gastric vasodila-
tion. Pentagastrin-stimulated acid secretion can occur
in the absence of an increase in blood flow. However,
gastric blood flow becomes limiting at high rates of
gastric acid secretion (Leung et al., 1986; Kauffman,
1982). Since the gastric vasculature was more con-
stricted in Na*-depleted than in normal Na™* animals,
the decrease in acid secretion in response to the high-
est infusion rate of pentagastrin was most probably due
to the reduced delivery of metabolic substrates. A
similar mechanism of action has been used to explain
the effect of hemorrhage on pentagastrin-stimulated
gastric acid secretion (Leung et al., 1986).

Although not affecting basal gastric acid secretion,
or that produced by a low dose of pentagastrin, losar-
tan reversed, in dose-dependent manner, the attenu-
ated increase in acid secretion produced by infusion of
0.6 »g/kg/min pentagastrin in Na*-depleted animals.
At a dose of 10 mg/kg, which resulted in an essentially
complete block of the renin-angiotensin system, losar-
tan increased pentagastrin-stimulated acid secretion
close to the values observed in normal Na* animals.
The increase in pentagastrin-stimulated gastric acid
secretion following blockade of angiotensin AT, recep-
tors most probably has a vascular basis since gastric
blood flow also increased to the levels observed in
normal Na* animals infused with the pentapepiide.
The increase in gastric blood flow was remarkable
given the marked fall in blood pressure, and is re-
flected in the large fall in gastric vascular resistance
observed in these experiments. These results demon-
strate that in the actively secreting stomach, an-
giotensin 11, acting through the angiotensin AT, recep-
tor, is the primary vasoconstrictor of the gastric circula-
tion following extracellular volume depletion.

An important aspect of this study is the observation
that only in the presence of pentagastrin could an
effect of endogenous angiotensin II upon the gastric
vasculature be demonstrated. Since pentagastrin could
produce gastric vasodilation in Na*-depleted animals,
the results imply that the endogenous vasodilators pro-
duced in response to pentagastrin must, under condi-
tions of volume depletion, act to attenuate the vaso-
constrictor actions of angiotensin II on the gastric
circulation. The mechanisms producing gastric vasodi-
lation during pentagastrin infusion involve a complex
interplay of circulating, paracrine and autocrine fac-
tors. Furthermore, blockade of the renin-angiotensin
system in this study lowered blood pressure and must
therefore have activated a number of counter-regu-
latory systems. Thus, the actual mechanisms involved
in mediating the interaction between pentagastrin and
angiotensin II in these studies is likely to be rather
complex. However, the release of prostaglandins and

nitric oxide by the secreting stomach are 2 likely candi-
dates to attenuate the vasoconstrictor properties of
angiotensin II and are worthy of further study (Wood
et al., 1994; Pique et al., 1992). The reason why block-
ade of angiotensin AT, receptors produced an increase
in gastric blood flow may also be explained by the
above-mentioned hypothesis (McNeill et al., 1970,
1976). Extending this reasoning to the current situation
where each endogenous vasoconstrictor is not able to
produce maximal vascular constrictién, blockade of
one, for example angiotensin II, leads to a fall in
gastric vascular resistance. This is in contrast to the
case of the quiescent stomach where little or no en-
dogenous vasodilator is being produced and vasocon-
strictors may each be exerting maximal constriction.

Whatever the actual mechanism or mechanisms in-
volved, the results have important implications for the
study of the effects of endogenous angiotensin II on
the gastric vasculature, the effect of which appears to
differ depending upon the metabolic activity of the
secreting stomach.

Previous studies that have investigated a role for
endogenous angiotensin II in the control of gastric
blood flow have provided equivocal results. In some
studies, a role for endogenous angiotensin II in the
control of gastric blood flow has been observed while
in others it has not (Bulkley et al., 1985; Bailey et al.,
1987; MacDonald et al., 1991; Cullen et al.,, 1994;
Wang et al., 1992). The present results suggest that the
variant reponse to inhibition of the renin-angiotensin
system may be explained by the underlying secretory
activity of the stomach which was not characterized in
previously reported studies.

Those studies where an effect of blockade of the
renin-angiotensin system on gastric hemodynamics has
been observed, have largely been confined to the use of
angiotensin converting enzyme inhibitors which are
known to potentiate the actions of bradykinin, a potent
vasodilator substance (Ender et al., 1993; Linz et al.,
1995; Bailey et al., 1987; Bulkley et al., 1985). Indeed,
kinins may, under certain conditions, contribute signifi-
cantly to the vascular actions of angiotensin converting
enzyme inhibitors (Linz et al., 1995). The results of the
present studies using losartan, which does not influ-
ence kinin metabolism, provide direct and compelling
evidence for an impe+tant primary role for angiotensin
IT in the control of the gastric vasculature following
extracellular volume depletion.

In summary, the results demonstrate that analogous
to hemorrhage and dehydration, Na* depletion also
lowers both basal and pentagastrin-stunulated acid se-
cretion. Endogenous angiotensin I does not contribute
to the changes in basal (non-stimulated) gastric acid
secretion and gastric hemodynamics observed after Na*
depletion. Angiotensin II does however appear to be
responsible for the fall in pentagastrin-stimulated acid
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secretion cbserved after Na* depletion. The sesults
have important implications for the understanding of
the control of gasiric acid secretion and gastric blood
flow in volume-deplete states.

References

Armitage, P. and G. Berry, 1987, Comparison of several groups, in:
Statistical Methods in Medical Research. 2nd edn. (Blackwell
Scientific Publications, Oxford, London, Edinburgh) p. 186.

Bailey, R.W., G.B. Bulkiey, S.R. Hamlton, i.B. Morris, U.H. Haglund
and J.E. Melahn, 1987, The fundamental hemodynamic mecha-
nism underlying gastric ‘stress ulceration’ in cardiogenic shock,
Ann. Surg. 205, 597.

Bulkley, G.B., A. Oshima, R.W. Bailey and 5.D. Horn, 1985, Control
of gastric vascular resistance in cardiogenic shock. Surgery 98,
213,

Cullen, J.J., K.S. Ephgrave, K.A. Broadhurst and B. Bonth, 1994,
Captopril decreases stress ulceration without affecting gastric
perfusion during canine hemorrhagic shock, J. Trauma 37. 43.

Ender., F., T. Labancz and L. Rosivall. 1993, Protective effects of the
inhibition of the renin-angiotensin system against gastric mucosal
lesions induced by cold-restraint in the rat, Acta Physiol. Hung.
81, 13.

Hall, W.H., W.C. Orr and M. Stahl, 1976, Inhibition of gastric
secretion by blood drawing from an indwelling venous needle.
Am. J. Dig. Dis. 21, 677.

Ho'm, L. and M.A. Perry, 1988, Role of blood flow in gastric acid
secretion, Am. §. Physiol. 254, G281.

Holstein, B., 1979, Gastric acid secretion and water balance in the
marine teleost Gondus morhua, Acta Physiol. Scand. 105, 93.
Holstein, B. and B. Brigel, 1981, Effects of exogenous angiotensin i}
in the Atlantic cod. Gondus morhua, Acta Physiol. Scand. 113,

363.

Kauffman Jr., G.L., 1982, Blood flow and gasiric secretion. Fed.
Proc. 41, 2080.

Leung, F.W., G.L. Kauffman Jjr.. J. Washington. O.U. Scremin and
P.H. Guth. 1986, Blood fiow limitation of stimulated gastric acid
secretion in the rat, Am. J. Physiol. 250, G794.

Linz, W., G. Wiemer, P. Gohlke. T. Unger and A. Scholkens. 1995.
Contribution of kinins to the cardiovascular actions of an-
giotensin converting enzyme inhibitors, Pharmacol. Rev. 47. 25.

Lieyd, K.C.. 1994, Gut hormones in gastric function. Bailliere's Clin.
Endocrinoi. Metab. 8, 111,

MucDonald. P.H.. P.K. Dinda and LT. Beck. 1991, Blockage of the
angiotensin system does not prevent gasiric vasoconstriction.
Gastroentervlogy 100, AlL.

McNeill, JR.. R.D. Stark and CV. Greenway, 1970, Intestinal
vasoconstriction after hemorrhage: roles of vasopressin and an-
giotensin, Am. J. Physiol. 219, 1342,

McNeill, J.R.,, W.C. Wilcox and R. Regnault. 1976. Effect of
[Sar'.Ala*}-angiotensin 11 and hypophysectomy on the intestinal
resistance vessesls and blood pressure following furosemide-in-
duced volume depletion. Can. J. Physiol. Pharmacol. 54. 373.

Nussberger, J.. D.B. Brunner, B. Waeber and H.R. Brunner, 1983,
True vs immunoreactive angiotensin {I in human plasma. Hyper-
tension 7, S1.

Pique, .M., J.V. Esplugues and B.J.R. Whittle. 1992, Endogenous
nitric oxide as a mediator of gastric mucosal vasoditztion und acid
secretion, Gastroenterology 174, 102,

Schreiner, G.E.. 1950, Determination of inulin by means of resorci-
nol. Proc. Soc. Exp. Biol. Med. 74, 117.

Schusdziarra. V., 1993, Physiologic regulation of gastric acid secre-
tion. Z. Gastroenterol. 31, 210,

Svanes, K.. J.E. Varhaug, P. Holm. A. Bakke and I. Romslo. 1951,
Effects of hemorrhagic shock on gastric blood flow and acid
secretion in cats, Acta Chir. Scand. 147, 81.

Szabo. G.. I. Benvo and J. Sander, 1979, The effect of hemorrhage
on gastric circulation and acid output in the dog, Injury 14, 190.

Wang. Y.-X., 1. Gavras. T. Wierzba and H. Gavras, 1992, Compari-
son of systemic and regional hemodynamic effcets of a diuretic an
angiotensin Il receptor antagonist and an angiotensin converting
enzyme inhibitor in conscipus renovascular hypertensive rats. J.
Lab. Clin. Med. 119, 267.

Wong. P.C. and B.M. Timmermans. 1995, Physiological effects of a
new class of highly specific angiotensin Il receplor antagonists.
in: Hypertension, Pathophysiology. Diagnosis. and Management.
Ind edn.. eds. J.H. Laragh and B.M. Brenner (Raven Press. New
York) p. 3079.

Wood. I.M., 5.C. Mah. H.P. Baum. M. De Gasparo and J. Nuss-
berger. 1989, Biochemical effects of prolonged renin inhibition in
marmaosets. J. Hypertens. 7. 615,

Wood., LG.. Z.Y. Yan asnd LY. Cheung. 1994, Role of prosta-
glandins in angiotensin H-induced gastric vasoconstriction. Am. J.
Physiol. 267. G173.



