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Abstract

AIM: To investigate the mechanisms underlying the
reduction in gastric blood flow induced by a luminal
water extract of Helicobacter pylori (HPE).

METHODS: The stomachs of isoflurane-anesthetized
mice were exteriorized, and the mucosal surface
exposed. Blood flow was measured with the laser-
Doppler technique, and systemic arterial blood
pressure monitored. C57BL/6 mice were exposed to
water extract produced from H pylori strain 88-23.
To investigate the role of a nerve- or iINOS-mediated
pathway, we used intraluminal lidocaine and iNOS-/-
mice. Blood flow response to the endogenous nitric
oxide synthase inhibitor asymmetric dimethyl arginine
(ADMA) was also assessed.

RESULTS: In wild-type mice, HPE decreased mucosal
blood flow by approximately 30%. This reduction was
abolished in iINOS-deficient mice, and by pre-treatment
with lidocaine. Luminally applied ADMA resulted in
reduction in blood flow similar to that observed in wild-
type mice exposed to HPE.

CONCLUSION: A H pylori water extract reduces
gastric mucosal blood flow acutely through iNOS- and
nerve-mediated pathways.
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INTRODUCTION

Gastric ulcer and cancer of the stomach have been shown
to be associated with the bacterium Helicobacter pylori
(H pylori), which colonizes up to 50% of the human
population'!. It is not known how an infection with this
pathogen causes these lesions; but, disruption of the
gastric protection mechanisms is certainly involved. We
have previously found that a water extract of H pylori
reduces the mucosal blood flow in rats by a mast cell-
and platelet activating factor (PAF)-dependent pathway®.

PAF is a very potent vasoconstrictor, which also
mediates eatly leukocyte recruitment, and can cause
gastrointestinal microcirculatory hypopetrfusiontl.
PAF is released from a number of inflammatory cells,
including mast cells. Mast cells function as “alarm cells”
in the gastric mucosa in reaction to infectious material,
evoking an inflammatory responsel. It has been
suggested that nerves in the mucosa signal to the mast
cells, and inhibition with lidocaine has been found to
attenuate mast cell-mediated effects!“l.

Gastric mucosal blood flow has a vital role in gastric
mucosal protection. A high blood flow is considered good
protection against injury, as it dilutes, neutralizes, and
removes hazardous substances that have penetrated the
gastric mucosal barrier!™. In previous studies, we have
shown that high concentrations of luminal acid alone
induce hyperemia without any macroscopic lesions®!").
Furthermore, these results suggested that epithelial
inducible nitric oxide synthase (INOS) is involved in the
hyperemic response to acid, possibly signaling to afferent
nerves, leading to a blood flow increase.
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It is well known that H pylori induces iNOS
expression as part of the inflammatory process!''l.
Among several other functions, nitric oxide (NO) has
antibacterial properties; but, despite this, H pylori is able
to survive in the presence of the vast amount of NO
that is produced. Several explanations for the survival
of these bacteria have been proposed, including the
production of an L-arginine analogue, asymmetric
dimethyl arginine (ADMA), an endogenous inhibitor of
NOS activity. In line with this, the formation of ADMA
has been demonstrated in the duodenal mucosa on
exposute to a water extract of H pylord™.

The aim of this study was to further elucidate the
acute effects of H pylori on the gastric mucosal blood
flow and on distinct signaling pathways. We challenged
normal and iNOS-deficient mice with water extracts
of H pylori. Furthermore, lidocaine was administered
intraluminally to investigate if the blood flow response
to H pylori was nerve-mediated. In addition, we assessed
the blood flow response to luminally-applied ADMA.

MATERIALS AND METHODS

All experimental procedures in this study were
conducted in accordance with the guidelines of the
Swedish National Boatrd for Laboratory Animals and
were approved by the Swedish Laboratory Animal
Ethical Committee in Uppsala.

Mice

The animals were kept under standardized conditions of
temperature (21-22°C) and illumination (12 h light/12 h
darkness). They were housed in cages with mesh
bottoms, and had free access to tap water and pelleted
food (Lactamin, Kimstad, Sweden).

Male C57BL/6 mice (# = 29, B&K Universal,
Stockholm, Sweden) were used for all experiments
except for the iINOS deficient and wild-type (wt) mice
(background C57BL/6 X 129SvEv). Breeding pairs
of mice deficient in iNOS were kindly provided by
J.S. Mudgett (Merck Research Laboratories, Rahway,
NJ, USA) and JD MacMicking and C Nathan (Cornell
University Medical College, New York, NY, USA). The
mice were generated by gene targeting in embryonic
stem cells as previously described"”. Homozygous
INOS-deficient mutants were maintained by interbreed-
ing the F2 generation (# = 11, Animal Department,
Rudbeck Laboratory, Uppsala, Sweden). For wild-
type controls male C57BL/6 X 129Sv was used (7 = 6,
Taconic Farms, Germantown, NY).

H pylori water extracts

The procedure for the preparation of HPE is a
modification of that of Xiang et aM and has been
described earlier”. HPE were produced from H pylori
strain 88-23, wt (kindly provided by M. Blaser, Nashville,
TN, USA). The concentrated HPE were diluted twice
with a 1.8% saline solution in order to obtain a solution
with isotonic properties.

Animal preparation

Anesthesia was induced by spontaneous inhalation
of isoflurane (Forene®, Abbott Scandinavia AB,
Kista, Sweden). The inhalation gas was administered
continuously through a breathing mask (Simtec
Engineering, Askim, Sweden) and contained a mixture
of air, oxygen (total oxygen 40%) and about 2.4%
isoflurane. Body temperature was maintained at 37-38°C by
means of a heating pad regulated by a rectal thermistor
probe.

A catheter containing heparin (12.5 TU/mL)
dissolved in isotonic saline was placed in the left carotid
artery to monitor blood pressure. The jugular vein was
cannulated for continuous infusion of a modified Ringer
solution at a rate of 0.35 mL/h. In some expetriments,
infusion was performed intra-arterially through a
Y-catheter.

The preparation of the mouse gastric mucosa for
intravital microscopy has been desctibed previously.
Briefly, exteriorization of the mucosa through a midline
abdominal incision was followed by an incision along
the greater curvature in the forestomach. The animal
was placed on a Lucite table with part of the corpus
of the stomach loosely draped over a truncated cone
in the center of the table, with the mucosal surface
facing upwards. A “mucosal chamber” with a hole in
the bottom corresponding to the position of the cone
was fitted over the mucosa, exposing approximately
0.13 cm’ of the gastric mucosa through the hole. The
mucosal chamber did not touch the mucosa, so as to
avoid impairment of blood flow, and the edges of the
hole were sealed with silicone grease. The chamber was
filled with 3 ml of unbuffered 0.9% saline, maintained
at 37°C by circulation of warm water in a jacket in the
bottom of the chamber. The saline was replaced at
regular intervals of 10 min and the pH was measured.

Blood flow measurements

Blood flow was measured with laser-Doppler flowmetry
(LDF) equipment (Periflux instruments Pf3 and Pf4001,
Perimed, Stockholm, Sweden) which had previously been
used to study the microcirculatory blood flow of the
gastric mucosa in the rat model, as described by Holm-
Rutili & Berglindh[”]. In brief, blood flow was recorded
as changes in the frequency, that is, the Doppler shift, of
monochromatic light from a laser probe (wavelength 633 nm;
probe fiber separation 0.5 mm) illuminating a limited
area of the tissue. Recorded Doppler-shifted light can be
directly and linearly correlated to changes in erythrocyte
flux. This flux has been shown to correlate well with
gastrointestinal blood flow'""". The laser probe was held
in a fixed position in the chamber solution at a distance
of 1-2 mm above the mucosa by a micromanipulator.
With the type and position of the probe used in these
studies, the laser light most likely penetrates through the
entire thickness of the gastric wall™. However, the re-
corded blood flow is mainly mucosal, since the amount
of back-scattered light decreases exponentially with the
depth in the tissue and about 80% of the blood flow of
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the stomach perfuses the mucosa. Blood flow was moni-
tored continuously throughout the experiment.

Experimental protocol
The continuously measured blood flow was reported as
percent of that during the control petiod, i.e. the 10 min
period, prior to HPE or ADMA application, respectively.
Before the experiments, the animals were allowed to
stabilize for 45-55 min after surgery. The animals were
divided into the following groups: I, Control (# = 5);
II, HPE (# = 6): after a 10 min control period, HPE was
applied for 2 % 20 min; Il, Lidocaine control (# = 06):
lidocaine (0.5%) was applied for 3 X 20 min. The last
10 min of the first 20 min period was used as control
level; IV, Lidocaine + HPE (# = 06): lidocaine (0.5%)
was applied for 20 min (the last 10 min were used as
control level), after which HPE mixed with lidocaine
(final concentration 0.5%) was applied for 2 X 20 min;
V, iNOS control + HPE (# = 6): after a 10 min control
period, HPE was applied for 2 X 20 min; VI, iNOS
deficient mice + HPE (# = 6): after a 10 min control
period, HPE was applied for 2 X 20 min; VI, ADMA
(500 pmol/TL) (# = 6): after a 10 min control period, the
NOS-inhibitor ADMA was applied for 2 x 20 min; VI,
iINOS deficient mice + ADMA (500 pmol/L) (# = 5):
after a 10 min control period, the NOS-inhibitor ADMA
was applied for 2 x 20 min.

The ADMA dose was selected from a previously
published iz vivo study!?, and the pH of the ADMA
solution was adjusted with NaOH to that of the saline.

Chemicals

The modified Ringer solution was composed of
120 mmol/L NaCl (Fluka Chemie GmbH, Buchs,
Switzerland), 2.5 mmol/L KCl, 25 mmol/L. NaHCO;,
and 0.75 mmol/L CaCl, (Merck, Darmstadt, Germany).
Other chemicals included heparin (Leo Pharma AB,
Sweden), silicone grease (Dow Corning high vacuum
grease, Dow Corning GmbH, Weisbaden, Germany),
ADMA (N€, N®-Dimethylarginine hydrochloride, Sigma-
Aldrich Chemie GmbH, Steinheim, Germany) and
lidocaine (Xylocain, AstraZeneca, Sédertilje, Sweden).

Statistics

All values are presented as mean £ SE. Vascular
resistance was calculated as the ratio of mean arterial
blood pressure (MAP, mmHg) to blood flow (perfusion
units). Statistical significance was determined with
ANOVA for repeated measurements, followed by Fisher’
s protected least significant difference test. The level of
significance was set at P < 0.05.

RESULTS
Groups I and II : Control and HPE

In control animals, the mucosal blood flow was stable
during the entire measurement period (Figure 1). Water
extract from H pylori was applied to the exposed gastric
mucosa in group II. HPE significantly decreased the
blood flow to 68% =+ 4%, and the resistance increased to
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Figure 1 Blood flow measurements in control group (n = 5) and in animals
exposed to HPE (n = 6). Mean arterial blood pressure (MAP) is expressed
in mmHg, and blood flow (LDF) and vascular resistance (R) in percent of the
control period at time-points 5-10 min. The mucosa was exposed to HPE for
40 min. Values are mean + SE. °P < 0.05 compared with control period in HPE-
treated animals.

140% % 12% of the pre-HPE control level (Figure 1).
Mean arterial blood pressure was stable around 80 mmHg
during the experiments.

Groups I and IV: Lidocaine experiments

Upon application of lidocaine, LDF decteased slightly,
but significantly, to 83% 5% of the first control value
(last 10-minute period of the first 20 minutes with
lidocaine) (Figure 2). The blood flow also dectreased
slightly, but significantly, to 87% % 5% during the
application of lidocaine + HPE. Thus, the slight blood
flow reduction was similar in the two groups, i.e.
independently of the application of HPE, suggesting
a nerve-mediated blood flow reduction. Lidocaine did
not influence blood flow during the first 10 min of
application, when LDF was 97% % 3% of the mean
value observed 10 min before the lidocaine application
(not shown in the figure). Mean arterial blood pressure
was stable during the experiments, and not significantly
different between the groups.

Groups V and VI: iNOS wt and iNOS-/-

In iINOS wt mice, the blood flow decreased significantly
to 71% £ 7% upon exposure to HPE, comparable to
the reduction in the control group II. In iNOS-/- mice
blood flow did not dectease during application of HPE
(99% £ 6%, Figure 3), indicating that iNOS is involved
in the HPE induced mucosal blood flow reduction.
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Figure 2 Blood flow measurements in the lidocaine control group (n = 6),
and in animals treated with lidocaine and HPE (n = 6). Mean arterial blood
pressure (MAP) is expressed in mmHg, and blood flow (LDF) and vascular
resistance (R) in percent of the values of the control period at time-points
5-10 min. The mucosa was exposed to lidocaine for 10 min before the control
period started, and then to lidocaine with or without HPE for 40 min. Values
are mean * SE. °P < 0.05 compared with the control period in control animals,
°P < 0.05 compared with control period in HPE-treated animals.

Mean arterial blood pressure was stable during the
experiments, and not significantly different between the

groups.

Groups VI and VII: ADMA experiments

During application of the NOS inhibitor ADMA
in normal control mice, the blood flow decreased
significantly (to 79% £ 5% of the control level, Figure 4).
In iNOS-/- mice, blood flow did not decrease during
application of ADMA (102% £ 7%), indicating that
ADMA and HPE have the same effect in this setting.
Mean arterial blood pressure was stable during the
experiments and not significantly different between the
groups.

MAP is usually between 70 and 90 mmHg in the
C57BL/6 mice anesthetized with isoflurane. There
is a tendency to higher blood pressure values in the
C57BL/6x129SvEv wt mice, which was not seen in the
iNOS deficient mice of the same genetic background.
However, we could not find any correlation between
perfusion units (LDF signal) and the blood pressure,
which could explain our results. Thus, the highest LDF
signal was recorded in the mice with the lowest MAP
(Group III).
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Figure 3 Blood flow measurements in iNOS wild type (n = 6), and iNOS-/-
mice (n = 6), both exposed to HPE. Mean arterial blood pressure (MAP)
is expressed in mm Hg, and blood flow (LDF) and vascular resistance (R) in
percent of the values in the control period, at time-points 5-10 min. The mucosa
was exposed to HPE for 40 min. Values are mean + SE. °P < 0.05 compared
with the control period in control animals, °P < 0.05 compared with control
period in iNOS-/- animals.

DISCUSSION

In this study, we have addressed the question of how
the gastric pathogen H pylori influences the gastric
mucosal blood flow and its regulation on first contact
of the mucosa with water extract containing bacterial
components.

When the H pylori water extract was applied
luminally, the blood flow decreased, in conformity
with our previous findings in rats. Results from the
present study suggest that the HPE-induced blood
flow decrease is nerve-mediated, as inhibition of local
nerve activity by application of lidocaine inhibited
the reduction in blood flow. In the earlier study in
rats, we have also shown that the reduction in blood
flow caused by HPE was inhibited both by a mast cell
stabilizator, and a PAF receptor antagonist, indicating
a possible effect of PAF released from degranulating
mast cells®. A regulatory relationship between the
mucosal nerves and the mast cells has been suggested,
as the nerve endings are located in close proximity to
the mast cells”'],

We have recently found that a constitutively
expressed iINOS in the gastric surface epithelial cells
is involved in the regulation of gastric mucosal blood
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Figure 4 Blood flow measurements in the ADMA control group (n = 5-6),
and iNOS-/- mice treated with ADMA (n = 5). Mean arterial blood pressure
(MAP) is expressed in mm Hg, and blood flow (LDF) and vascular resistance
(R) in percent of the control period at time-points 5-10 min. The mucosa was
exposed to 500 pumol/L ADMA for 40 min. Values are mean + SE. °P < 0.05
compared with the control period.

flow!". The blood flow increase found upon gastric
luminal application of acid was abolished in iNOS
deficient mice. Holm ¢# a/*? showed that iNOS played
a role in the acid-stimulated HCOj secretion in the
duodenum. In the duodenum, HPE reduced acid-
stimulated HCO5™ secretion, and it was suggested that
this effect was mediated through inhibition of the
constitutively expressed iNOS by an endogenous NOS
inhibitor, asymmetric dimethyl arginine (ADMA).
ADMA is associated with oxidative stress®®! and the
presence of HPE in the duodenum leads to increased
levels of ADMA"*1 In the current study, the gastric
mucosal blood flow reduction in response to HPE
did not occur in iNOS-deficient mice. Furthermore,
ADMA applied luminally caused a significant blood
flow decrease in the same way as did HPE. However,
when ADMA was applied luminally in iNOS-deficient
mice no blood flow reduction was seen. Thus, the
HPE-induced reduction in mucosal blood flow might
involve inhibition of epithelial NO production. We
have previously reported that the blood flow reducing
effect by HPE is NO-independent. These studies were
conducted on rats pretreated with the non-selective NOS
inhibitor N-nitro-L-arginine (L-NNA). A reasonable
explanation for the contradictory results is that L-NNA
has a lower selectivity for iNOS compared with other

NOS isoforms™. At the time of those experiments,
the constitutively expressed epithelial iNOS had not
been reported, and its role in blood flow regulation was
consequently unheard of.

In addition to the constitutively expressed iNOS
in the gastric epithelium, it has been found that
H pylori infection induces further iNOS expression
in the gastric mucosal''l} suggesting that excessive
amounts of NO could be produced. Indeed, Elizalde
et al® found an increase in the NO level and
gastric mucosal blood flow in mice two weeks after
H pylori infection. However, within four weeks of the
infection, the NO concentration and blood flow had
decreased to baseline levelsP’l. Other studies have
also shown lower or baseline levels of NO in infected
patients®*?l. Taken together, these results indicate
that H pylori might alter the production of NO.
The endogenous NOS inhibitor, ADMA, which is
produced when HPE interacts with the mucosa, could
inhibit the production of NO. Thus, even though
iNOS expression is increased by H pylori, the epithelial
NO production might be inhibited by the bacteria.
An arginase produced by the bacteria has also been
suggested as a strategy to reduce NO production, as it
consumes the arginine-substrate for NOSP®,

In the present study, we investigated the effects of an
acute exposutre of products from H pylori. In a clinical
situation it is probably of more interest to investigate
the long-term effects of an infection. However, the
physiological responses upon first contact with the
pathogen are of great importance as it elucidates the
early steps of the inflammation. We have recently
investigated the effects of a chronic infection with
H pylori in mice on different protective mechanisms in
the stomach™!. We found that the hypetremic response to
luminal acid, eatlier shown to be dependent on epithelial
iINOS! ., was abolished in the H pylori infected mice.
Thus, both H pyleri infection and bacterial products have
negative effects on gastric blood flow, which could be a
contributing mechanism through which H pylori causes
gastro duodenal injury.

In conclusion, we have shown that the reduction in
gastric mucosal blood flow caused by a water extract
of H pylori is mediated through iNOS- and nerve-
dependent pathways. Our working hypothesis is that the
epithelial INOS is constitutively expressed and involved
in the regulation of gastric blood flow in response to
luminal contents. The NO produced by iNOS could,
among other things, stabilize mast cells, be a signal to
nerves or directly dilate blood vessels. HPE contains
and/or produces ADMA, and when either of the
solutions is applied onto the gastric mucosa, the NO
production by iNOS is inhibited. This will remove the
signal to maintain an adequate blood flow. Furthermore,
reduction in NO-production will destabilize the mast
cells, which can degranulate and release, for example,
PAF, leading to vasoconstriction. The involvement of
nerves is probably more complex, and could include
both direct regulation of the blood flow and regulation
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of the mast cells. Further studies are needed to elucidate
which nerves are important in the blood flow effects
induced by HPE.
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Background

The stomach is frequently exposed to hazardous agents, and to resist this
harsh environment, several protective mechanisms exist. Of special interest is
the gastric pathogen Helicobacter pylori (H pylori), which causes gastritis, ulcers
and cancer. However, the mechanism leading to these diseases is still unclear.
It is very likely that H pylori negatively influences the protection mechanisms
that exist in the stomach. The aim of the present study was to investigate the
mechanisms underlying the reduction in gastric blood flow induced by a luminal
water extract of H pylori (HPE).

Research frontiers
The authors studied the mechanism by which a water extract of H pylori
reduces the gastric mucosal blood flow.

Innovations and breakthroughs

This study shows that a H pylori water extract reduces gastric mucosal blood
flow acutely through iNOS- and nerve-mediated pathways.

Applications

The physiological responses upon the first contact with the pathogen are of
great importance as they elucidate the early steps of the pathogen-associated
inflammation.

Peer review

The authors showed that a H pylori water extract reduces gastric mucosal blood
flow acutely through iNOS- and nerve-mediated pathways. The results of this
research might be important for the understanding of the mechanisms of gastric
inflammation.
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