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The present study wasdJerformed in order to evaluate: (1) the influence of a bicarbonate-alkaline
mineral water (Uliveto®™) on di gestive symptoms in patients with functional dyspepsia; (2) the effects
of Uliveto® on preclinical models of gastric functions. Selected patients complained of dyspeptic
symptoms in the absence of digestive lesions or Helicobacter pylori infection within the previous 3
months. They were treated with Uliveto® water (1.51day~") for 30 days. Frequency and severity of
symptoms were assessed at baseline and day 30 by a score system. Preclinical experiments were
carried out on rats, allowed to drink Uliveto™ or oligomineral water for 30 days. Animals then
underwent pylorus ligation to evaluate gastric secretion of acid, pepsinogen, and mucus. In separate
experiments, gastric emptying was assessed. Crenotherapy was associated with a relief of epigastric
pain, retrosternal pyrosis, postprandial fullness and gastric distention. At preclinical level, Uliveto

water increased acid and pepsinogen secretions as well as gastric emptying, without changes in bound
mucus. The enhancing actions of Uliveto® on gastric secretions and emptying were prevented by
L.-365,260, an antagonist of gastrin/CCK-2 receptors. These findings indicate that a regular intake

of Uliveto®
the clinical actions of Uliveto
secretory functions.

favors an improvement of dyspeptic symptoms. The preclinical study suggests that
water depend mainly on its ability to enhance gastric motor and

© 2002 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

Dyspepsia is a heterogeneous pathological condition
characterized mainly by epigastric pain or discomfort in
patients with normal endoscopic findings [1, 2]. The oc-
currence of dyspeptic symptoms represents a frequent
reason for medical consultation in primary and secondary
care, and it is now well recognized that structural (or
organic) lesions of digestive tissues are found only in a
minority of patients with dyspepsia [3, 4].

Dyspepsia, in the absence of a clinically identifiable
structural lesion causing symptoms, is usually referred to
as functional dyspepsia [4, 5]. At present, the pathophys-
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iology of this syndrome is poorly understood. However,
since a structural explanation is lacking, a disturbance
of some gastrointestinal functions is believed to play a
role in the development of symptoms [5]. In particular, it
is currently accepted that digestive alterations associated
with functional dyspepsia may include: (a) abnormal up-
per gastrointestinal motility and visceral perception, that
has been postulated to account for postprandial distress,
nausea, bloating and early satiety; (b) increased sensitivity
to gastric acid, with or without inflammation of the mu-
cosa, that may, in some cases, account for upper abdominal
pain [6]. Motility disturbances that have been detected in
some, but not all, patients with functional dyspepsia con-
sist of delayed gastric emptying and postprandial antral
hypomotility [7, 8].

The current rationale for drug treatment of functional
dyspepsia is based on altering the pathophysiological
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of dyspeptic symptoms occurring in the postprandial
period. This hypothesis is in line with the findings of
previous clinical investigations on patients with func-
tional dyspepsia, where bicarbonate-alkaline mineral
waters were shown to enhance the gastric emptying rate,
as measured by means of scintigraphic techniques af-
ter ingestion of test meals labeled with radionuclides
[10, 13]. Additional support to this view comes from
the present preclinical experiments, where a significant
increment of gastric emptying rate was detected in ani-
mals subjected to the phenol red assay after 1 month of
continuous exposure to Uliveto™ water.

Of interest, the present preclinical study provided ev-
idence that, in addition to the increase in gastric empty-
ing, the animals, which were allowed to drink Uliveto™”
water and were then subjected to pylorus ligation for 2 h,
displayed a significant enhancement of gastric acid and
pepsinogen secretions, without concomitant changes in
the pre-epithelial mucus layer. These findings support
the view that Uliveto® water might promote a combined
positive modulation on both motor and secretory - gas-
tric functions, with a subsequent overall improvement of
upper digestive processes in the clinical settings.

The paucity of knowledge currently available on the
digestive effects of mineral waters makes it difficult
to figure out the mechanisms through which Uliveto®
water is able to induce an enhancement of gastric func-
tions. However, the peculiar electrolyte composition of
this mineral water allows to hypothesize that its positive
influence on dyspeptic symptoms may depend on the
relatively high concentrations of calcium or bicarbonate
ions. For instance, studies performed on both humans and
animal models have previously shown that the intragas-
tric application of calcium causes a significant increment
of acid secretion through a local stimulation of gastric
mucosa [17, 18], and that, conversely, calcium channel
blockers exert inhibitory actions on gastric secretions
evoked by different stimulants, including pentagastrin,
bombesin and insulin [19, 20]. Moreover, calcium ions
can also act directly on antral mucosa to elicit the release
of gastrin [18, 21]. Overall, it is conceivable that calcium
ions, provided with Uliveto™ water to the gastric mu-
cosa, may contribute to the mechanisms accounting for
the antidyspeptic action exerted by this mineral water.

Due to the high concentration of bicarbonate ions,
Uliveto® water is expected to increase the pH level in
the gastric lumen. This change may be relevant to the an-
tidyspectic actions exerted by Uliveto® water in different
ways: firstly, it has been observed that the exposure of
proximal duodenal mucosa to gastric acid contents results
in a slowing of gastric emptying [22, 23], and therefore the
lowering of gastric acidity may counteract the occurrence
of this inhibitory reflex; secondly, variations of gastric
pH may affect the release pattern of digestive hormones
known to have pivotal roles in the regulation of gastric
functions. For instance, it has been well established that
the acidification of gastric luminal contents inhibits the
release of gastrin, and that maintaining intragastric pH
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above 3 increases the magnitude and duration of the
gastrin response after a meal [21]. Since gastrin acts as
a stimulant of different gastric functions, including the
enhancement of antral motor activity and gastric emp-
tying [24, 25], and in our preclinical study a prolonged
intake of Uliveto™ water was associated with significant
increments of both acid/peptic secretions and emptying,
we were prompted to perform additional experiments in
animals pretreated with L-365,260, a selective antagonist
of gastrin/CCK-B receptors [26]. Under those conditions,
Uliveto® water was no longer able to promote the acti-
vation of gastric functions, thus suggesting that gastrin
might play a role in the digestive effects of this mineral
water.

In conclusion, the present study indicate that a regular
course of crenotherapy with Uliveto® water may favor the
relief of digestive symptoms in patients with functional
dyspepsia. The results obtained with the preclinical inves-
tigation support the view that Uliveto® water may exert
a positive influence on gastric functions, and suggest that
the release of endogenous gastrin might account for these
actions.
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Uliveto® water intake for 30 days followed by pylorus lig-
ation, the Alcian blue recovery from gastric adherent mu-
cus was similar to that obtained in control animals and was
not significantly modified by pretreatment with L-365,260
[Fig. 1(C)].

Under control conditions (n = 10), a gastric emptying
rate of 2.26 + 0.15ml 15min~! was estimated, this di-
gestive motor function being insensitive to the blockade
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Fig. 1. Effects of a 30-day exposure to Uliveto® water, cither alone
or in the presence of 1.-365,260 (5 mol kg‘I i.p.), on gastric acid se-
cretion (A), gastric pepsinogen secretion (B), or Alcian blue recovery
from gastric mucus layer (C) in conscious rats subjected to pylorus lig-
ation. Control animals were allowed to drink a commercially available
oligomineral water for 30 days and were then subjected to the experimen-
tal procedure either in the absence or in the presence of L-365,260. In all
cases, L-365,260 was administered 10 min prior to perform pylorus liga-
tion. Columns indicate the mean values obtained from 20 animals + $EM
(vertical lines). * P < (.05, significant difference from control values;
AP < 0.05, significant difference from values obtained in animals al-
lowed to drink Uliveto™ water alone.
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Fig. 2. Effects of a 30-day exposure to Uliveto® water, either alone

or in the presence of L-365,260 (5 umolkg™' i.p.), on gastric empty-
ing in conscious rats. Control animals were allowed to drink a commer-
cially available oligomineral water for 30 days and were then subjected
to the experimental procedure either in the absence or in the presence
of L-365.260. In all cases, .-363,260 was administered 10 min prior to
start the procedure for the evaluation of gastric emptying. Columns in-
dicate the mean values obtained from 10 animals & sEm (vertical lines).
*P < 0.05, significant difference from control values; * P < 0.05, sig-
nificant difference from values obtained in animals allowed to drink
Uliveto™ water alone.

of gastrin/CCK-2 receptors with L-365,260. Under the
same experimental conditions, animals allowed to drink
Uliveto™ water (n = 10) showed a significant enhance-
ment of gastric emptying (27.43%), that was fully inhib-
ited in the presence of L-365,260 (Fig. 2).

DISCUSSION

Functional dyspepsia is characterized by a variety of
symptoms usually referred to the upper digestive tract,
the pathophysiology of which is still poorly understood
[5]. At present, pharmacological treatments allow only
a partial relief of symptoms in the majority of dyspeptic
patients [6], and it has been suggested that some min-
eral waters might exert an adjuvant role in the medical
management of dyspepsia, depending on their pecu-
liar chemico-physical properties [11]. On this basis, the
present study was performed to examine the effects of
Uliveto~ water on a group of patients with functional
dyspepsia. Evidence was thus obtained that one month of
crenotherapy with this mineral water exerts a positive in-
fluence on dyspeptic symptoms, particularly those which
are usually referred to underlying functional disturbances
of antro-duodenal motor activity.

The observation that the intake of Uliveto® water pro-
moted the relief of postprandial fullness and gastric disten-
sion, both in terms of frequency and severity, suggests that
this mineral water might favor a positive modulation of
coordinated gastric motility, thus leading to an improved
pattern of gastric emptying, with a subsequent attenuation



528

Pharmacological Research, Vol. 46, No. 6, 2002

Table II
Score values obtained for frequency and severity of dyspeptic symptoms both before (day 0) and after crenotherapy with Uliveto® water (day
30) in patients with functional dyspepsia
Svmptom Frequency Severiry
Day 0 Day30 Day 0 Day 30

Epigastric pain 211 £0.31 1.67 £ 047* 2.67 +£0.29 1.78 £ 0.49**
Retrosternal pyrosis 2.60 £ 0.34 1.70 £ 0.42% 2.60 £ 0.31 1.60 £ 0.40**
Epigastric burning 233 +0.24 1.78 £ 0.40 2.67+£0.17 1.44 + 0.34*
Postprandial fullness 2.50 + 0.31 0.83 & 0.32%* 2.58 £0.26 0.83 & 0,34
Gastric distension 2.88 £ 0.30 1.25 &+ 0.41%* 238 £0.26 1.25 £ 0417

Values reported for both frequency and severity are the mean = SEM obtained from 8 to 12 patients. Significance of differences between values
obtained at day 30 and the respective control values obtained at day O (Student’s /-test for paired data). * P < 0.05. ** P < 0.01. *** P < 0.001.

pre-warmed (37 °C) test meal were instilled directly into
the gastric lumen by a polyethylene orogastric catheter.
Fifteen minutes later, the rats were sacrificed, their stom-
achs were rapidly removed and the luminal content was
collected by gravity into graduated tubes. The stomach
was then rinsed with 3ml of saline solution (154 mM
NaCl) and the resulting washing solution was added to the
recovered gastric content. The phenol red concentration
in the mixture was then measured by a spectrophotometer
at 560 nm, following the addition of 0.1N NaOH, and the
total amount of the dye marker recovered from the gastric
lumen was calculated. Gastric emptying was expressed as
the volume of dye marker solution emptied over a period
of 15 min, and expressed as milliliters per 15 min.

Statistical analysis

The results obtained from both clinical and preclini-
cal investigation are given as mean £ SEM. The signifi-
cance of differences was evaluated by Student’s r-test for
paired data (clinical investigation) or one way ANOVA
followed by Student—Newman—Keuls test (preclinical in-
vestigation). In all cases, P values lower than 0.05 were
considered significant; ‘n’ indicates the number of patients
(clinical investigation) or the number of animals (preclin-
ical investigation).

RESULTS

Clinical investigation

The group of patients, who met the inclusion criteria
and were admitted to the study, consisted of 8 males and
10 females, aged between 25 and 75 years (median age:
52 years). At the time of enrollment (day 0) the preva-
lence of dyspeptic symptoms in the study group was as
follows: epigastric pain, 9/18 (50%); epigastric burning,
9/18 (50%); postprandial fullness, 12/18 (67%); early sati-
ety, 2/18 (11%); feeling of gastric distension, 8/18 (44%);
nausea, 4/18 (22%); vomiting, 2/18 (11%); retrosternal py-
rosis, 10/18 (55%); regurgitation, 3/18 (16%); dysphagy,
4/18 (22%). Dyspeptic symptoms with prevalence equal
or higher than 40% were taken into account for further
efficacy analysis of crenotherapy. The mean values ob-
tained for frequency and severity of such symptoms both

at baseline and after a 30-day course of crenotherapy with
Uliveto® water, are displayed in Table II. Evidence was
thus obtained that the regular intake of Uliveto® water for
1 month was associated with a consistent relief of epigas-
tric pain, retrosternal pyrosis, postprandial fullness and
feeling of gastric distension (in terms of both frequency
and severity), as well as epigastric burning (only with re-
gard for severity).

Preclinical investigation

In animals exposed to control mineral water (n = 30),
the body weight at the beginning of the experimental pe-
riod (day 0) accounted for 188.4 + 13.7 g and increased
regularly up to 239.6+ 18.5 g at day 30. In animals treated
with Uliveto® water (n = 30), the body weight changed
from 192.6 £ 14.7 g (day 0) to 247.5 £ 20.3 g (day 30),
these values being not significantly different from those
obtained in animals exposed to control mineral water. The
daily intake of water, in control animals, accounted for
120.3 + 13.7 ml at the starting of the experimental period
(day 1), and this value remained at a steady level up to day
30 (123.5 £ 15.7 ml). Analogously, in animals receiving
Uliveto® water, the daily water intake was similar to that
recorded in control animals, and did not vary significantly
fromday 1 (126.9 £ 14.6 ml) to day 30 (122.4 = 11.8 ml).

In control rats subjected to pylorus ligation for 2h (n =
20), a gastric secretory volume of 1.48 +£0.9ml2h~! was
detected; the acid and pepsinogen outputs accounted for
131.3+11.6 uEqH* 2h~' and 59.149.6 ug pepsin 2h !,
respectively. In these animals, the pretreatment with the
gastrin/CCK-2 receptor antagonist L-365,260 did not sig-
nificantly modify both acid and peptic secretory activ-
ities [Fig. 1(A, B)]. Under the same experimental con-
ditions, in animals exposed continuously for 30 days to
Uliveto® water (n = 20), pylorus ligation was associated
with a significant increase in both acid (41.38%) and pep-
tic gastric secretions (43.24%). The increments of these
gastric secretory activities no longer occurred when an-
imals were treated with L-365,260 10min prior to py-
lorus ligation [Fig. 1(A, B)]. The Alcian blue recovery
from the gastric mucus layer of control rats accounted for
96.5 + 5.2 ug dye g~ . This value did not change signifi-
cantly when animals were treated with L-365,260 10 min
before pylorus ligation. Analogously, in rats subjected to






