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Introduction

The mineral waters are used in the therapy of functional 

disorders of the digestive system, mainly for the biliary 

tract (1, 2) and their administration can be integrated 

and/or alternating with pharmacotherapy (biliary salts, 

choleretics, cholagogues). Functional disorders of the 

biliary tract involve gallbladder and sphincter of Oddi; 

they can cause pain and/or digestive troubles even without 

organic alterations, and may play a role in the pathogenesis 

of cholelithiasis (3-5). More than 20 million persons have 

gallbladder disease in the United States; the prevalence 

is 8.6% in men and 16.6% in women (6). Gallbladder 

dysfunction affects motility and is characterized by delayed 

or incomplete emptying. Diagnostic criteria for functional 

gallbladder and sphincter of Oddi disorders are: episodes 

of pain localized in the epigastrium and/or right upper 

quadrant, radiating to the right shoulder and/or infrascapular 

region, 30 minutes duration or more, recurrent onset at 

variable intervals (not daily), fixed and with moderate/severe 

intensity, interrupting normal daily activities to request a 

medical examination, not alleviated by bowel movements, 

by position change, by antacids, without evidence of other 

organic causes of symptoms, is associated with nausea and 

vomiting and cause nighttime awakenings (3). Diagnostic 

criteria for functional gallbladder disorder must include 

also the presence of the gallbladder and normal values of 

AST, ALT, γGT, alkaline phosphatase, conjugated bilirubin, 

amylase and lipase (3). Sphincter of Oddi dysfunction may 

be the cause of abdominal pain that occurs in 14% of patients 

with post-cholecystectomy syndrome and is more common 

in females (7, 8). Diagnostic criteria for functional biliary 

sphincter of Oddi disorder must include, beyond previous 

general criteria also elevated serum transaminases, alkaline 

phosphatase, or conjugated bilirubin temporarily related to 

at least two pain episodes (3). The therapeutic effects of 
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mineral waters are firstly determined by their anion and 

cation content, the presence of undissociated salts and their 

speciation and also by the presence of trace elements in 

micrograms (Fe, Cu, Co, V and others). Additionally, the 

effects of a mineral water are connected with some physical 

constants: consumed water volume, solute concentration, 

temperature, electric conductivity (9). Mineral waters, 

because of their composition into ions, macro and trace 

elements, can stimulate the release or modulate the activity 

of some neurohumoral regulators of the digestive process 

(10-12). Ca++ cation acts on gastrin release by antral G cells 

(13), on pancreatic exocrine secretion (14), gastroduodenal 

bicarbonate secretion (15), and cyclic intracellular 

nucleotides (cAMP, cGMP) influencing the response of the 

functional effectors to exogenous or endogenous stimuli. 

Mg++ cation acts as an antagonist of Ca++ cation, relaxes 

sphincter of Oddi and stimulates intestinal peristalsis. 

SO
4

= anion stimulates release of CCK by endocrine cells 

GEP (16) and secretion of H
2
O and bicarbonates from 

enterocytes; HCO
3

− anion neutralizes gastric secretion 

(17). Na+, K+, Ca++, Mg++ cations, based on their respective 

concentrations, act on membrane potential of enteric wall 

myocells, possibly affecting postprandial and interdigestive 

motility. Many experimental investigations and controlled 

studies demonstrated the cholagogue effect of waters rich 

in sulphate, bicarbonate, calcium and magnesium, due to 

the release of CCK thanks to SO
4

= and Mg++ ions, with 

subsequent gallbladder contraction and sphincter of Oddi 

relaxation (18-29). These mineral waters also have choleretic 

effects: thermal choleresis is characterized by increased 

production of bile, above all its watery part, probably due 

to enhanced distal choleresis through the action of secretin 

(30). Thus bile production increases, above all the watery 

component, causing higher solute dispersion and washing 

of biliary tract. Many investigations showed in rabbits with 

biliary extemporary fistula a production of diluted bile rich 

in water and bicarbonate, with an increase of slow, gradual, 

lasting biliary flux (31-33). Fraioli et al. showed in humans, 

after consumption of sulphate-bicarbonate mineral waters, 

a decrease in biliary lithogenic index (34). In conclusion, 

hydro-choleretic effect of thermal treatments consists of: 

biliary washing, removal of lithogenic nuclei, decrease in 

solutes, decrease in potential lithogenes (35). Choleretic and 

cholagogue effects can prevent gallstone disease.

The main objective of this study was the evaluation of 

the efficacy of hydropinotherapy with sulphate-bicarbonate-

calcium magnesiac mineral water (Acqua Santa) at Italy’s 

Chianciano Spa in patients suffering from epigastric and/

or right upper quadrant pain and other symptoms caused by 

biliary dyskinesias, mainly gallbladder’s hypokinesia and 

functional sphincter of Oddi disorder, biliary sand (without 

gallstones), or symptoms following a cholecystectomy (post-

cholecystectomy syndromes) within twenty-four months 

from the beginning study. 

The Acqua Santa Spring is located 460 m. above sea 

level, and its water is characterized by high sulphate, 

bicarbonate, calcium and magnesium contents, a costant 

temperature of 33°C, and a fixed residue at 180°C of 3.280 

g/L (Table 1).

Table 1. Thermal water Acqua Santa Spring: chemical composition

Ion g/L

Sulphates 1.8400

Bicarbonates 0.7300

Calcium 0.8400

Magnesium 0.1800

Sodium 0.0410

Chloride 0.0294

Potassium 0.0070

Fluoride 0.0020

Strontium 0.0001

Iron 0.0008

Bromine 0.0002

Free Carbon Dioxide 537 cc/l

The effects of the spa therapy depend not only on the 

chemical composition of the water used, but also on the 

mode of administration of the therapy. The recommended 

treatment consists of two cycles of hydropinotherapy  in the 

course of one year, but even better results can be achieved by 

performing cycles of therapy after one year from the end of 

the previous cycle. Obviously it would be appropriate that 

patients who do spa therapy are subjected to the necessary 

clinical and blood chemistry control at the beginning and at 

the end of each cycle in order to assess the results and take 

appropriate decisions about the continuation of care. The 

present research had as its main objective the evaluation of 

the effectiveness of treatment by hydropinotherapy of some 

very common kinds of disease of the liver and biliary tract 

(dyspepsia and biliary dyskinesia, biliary sand, previous 

cholecystectomy) and the definition of the best methods 

of treatment.

Materials and Methods

To verify the effectiveness of spa therapy with sulphate-

bicarbonate-calcium-magnesium mineral water against 

hepatobiliary diseases mentioned above, was performed an 

longitudinal-observational study on 43 patients (21 males 

- 22 females - 65 years mean age) suffering from those 

affections and that they agreed to partecipate to the research 

prior informed consent; all the patients did two cycles of 12 

days in one year of hydropinotherapy with Acqua Santa at 

Italy’s Chianciano Spa, to be drunk in the morning, warm, 

on an empty stomach, from the spring, 100 mL the first day, 

200 mL the second day, increasing  the dose until 400 mL 

every day, then progressively decreasing; 20 of these patients 

(10 males - 10 females – 64.5 years mean age) did a third 

cycle of hydropinotherapy in the second year of the study. 

Clinical control of each patient is performed at the beginning 

and at the end of each cycle. All the patients followed the 

current pharmacological or symptomatic therapy and did 

at every step of the study blood test and ultrasound scan 

of biliary tract. At the end of the second and of the third 

cycle we compared the frequency of eleven main symptoms 

(epigastric or right upper quadrant pain, digestive troubles, 

biliary colic, meteorism, constipation, etc.) in both groups 

and we also performed an longitudinal-observational study 
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on the frequency of those symptoms before the beginning 

of the first cycle of the therapy (T0-1st cycle) and at the end 

of the second (T1–2nd cycle) and of the third cycle (T1–3rd 

cycle). In all the patients we evaluated before and after the 

cycles of hydropinotherapy the presence or the absence of 

the symptoms took in consideration (in total 11 according 

to the lists including in the enclosed tables); because it 

was largely subjective symptoms, some patients have not 

been able to state with precision if part of these symptoms 

were actually present in the various stages of research and, 

therefore, these symptoms were reported as “not specified” 

and not were considered in the subsequent processing. 

Statistical analysis

The overall data collected refer to the comparison 

between the clinical conditions observed before the start of 

therapy and those observed at the end of the second cycle of 

treatment for all patients examined, as well as the comparison 

of the symptoms before treatment and those recorded at the 

end of the third cycle of therapy for patients who completed 

the treatment schedule. To attest the significance of the 

differences based on the comparison between the different 

data collected was used to the Pearson’s χ2 test considering 

significant those differences for which it was possible to 

rule out that they were due to chance with a probability 

p≤0,05 (36). Obviously in the calculation of the results of 

the treatment were not considered symptoms whose presence 

was found to be not specified in one or more of the controls 

and therefore the final evaluation was carried out only on the 

basis of the presence or absence of symptoms was assessed 

in all the phases of the treatment.

Results

The pathological symptoms present before treatment 

(T0-1st cycle) in the 43 enrolled patients were a total of 185, 

218 absent symptoms and 70 unspecified symptoms; after 

the second cycle of hydropinotherapy (T1-2nd cycle) in the 

same patients symptoms were 82, those absent 321 while 

unspecified were 70. From the comparison between the 

data of the two detections, was found that the pathological 

symptoms, present before the onset of spa therapy, were the 

45.90% of the total, while at the end of the second cycle 

of therapy were 20.35%; the difference between the two 

percentage frequencies is very significant to the Pearson’s 

χ2 test (Table 2) (Fig. 1).

If we consider data collected from the 20 patients who 

had a total of three cycles of hydropinotherapy, we obtain 

more interesting results: in these patients the pathological 

symptoms present before the start of spa therapy were 94, 

those absent 114 ones and the unspecified symptoms were 

12, while at the end of the 3rd cycle of the treatment were 

respectively 27, 181 and 12. From the comparison between 

the percentage frequencies shows that the pathological 

symptoms have decreased from 45.19% (before the start of 

spa therapy) to 12.98% (at the end of the 3rd cycle of therapy) 

and that the difference between the two frequencies is very 

significant to the Pearson’s χ2 test (Table 3) (Fig.1).

If you run a comparison between the clinical condition 

of the patients examined at the end of the 2nd and 3rd cycle 

of hydropinotherapy  you can observe that the symptoms 

present are the 20.35% of the total after the 2nd cycle and 

12.98% of the total after the 3rd cycle (Table 2 and 3). If 

you compare the percentages of pathological symptoms 

present before treatment (45.19%) and at the end of the 

Table 2. Symptoms measured at time T0 – 1st cycle and  T1 – 2nd cycle (*).

Symptoms T0 - 1st  cycle T1 - 2nd  cycle Total

Present Absent Present Absent

Epigastric pain   16 (45.71) 19 (54.29) 3 (8.57) 32 (91.43) 35

Right upper quadrant pain   19 (54.28) 16 (45.72) 0 (0.00)   35 (100.00) 35

Narcopepsia   28 (73.68) 10 (26.32) 10 (26.32) 28 (73.68) 38

Belching   19 (50.00) 19 (50.00) 12 (31.58) 26 (68.42) 38

Meteorism   28 (75.67)   9 (24.33) 17 (45.95) 20 (54.05) 37

Chronic constipation   15 (41.67)  21 (58.33) 15 (41.67) 21 (58.33) 36

Frequent diarrhea     5 (13.89)  31 (86.11) 1 (2.78) 35 (97.22) 36

Biliary colic   3 (8.33)  33 (91.67) 0 (0.00)  36 (100.00) 36

Heartburn   14 (37.84)  23 (62.16) 3 (8.11) 34 (91.89) 37

Acidity   20 (54.05)  17 (45.95) 11 (29.73) 26 (70.27) 37

Hepatomegaly   18 (47.36)  20 (52.64) 10 (26.32) 28 (73.68) 38

Total  185 (45.90) 218 (54.10) 82 (20.35) 321 (79.65) 403

(*) except symptoms not specified in one of the two detections (T0 – 1st cycle; T1 - 2nd cycle) or both 

Pearson’s  χ2 test = 58,27; n° degrees of freedom = 1; p = 0,000.

Please note – In the table are shown in brackets the percentages of symptoms present or absent on the total, calculated as the hypothe-

sis that in each patient were present all symptoms.
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second cycle limited to patients who have run three cycles 

of spa therapy (20.35%) is observed that the difference is 

very significant to the Pearson’s χ2 test; even greater is the 

difference between the frequency of symptoms reported 

before treatment (45.19%) and those referred to the end 

of the third cycle of therapy (12.98 %), and this is very 

significant to the Pearson’s χ2 test (Table 3). 

Finally, if we compare the frequency of pathological 

symptoms at the end of the second cycle of hydropinotherapy 

(20.35%) with that measured at the end of the third cycle 

(12.98%), a significant difference is observed, although 

obviously a lesser than in that observed with the two previous 

comparisons (Table 2 and 3). Other interesting data can be 

observed if we limit the analysis of the results to the three 

symptoms more directly connected with hepatobiliary 

diseases for which was performed spa therapy: epigastric 

pain, right upper quadrant pain, hepatomegaly. In fact, 

in the first group of patients, consisting of all those who 

have made at least two cycles of hydropinotherapy, the 

frequency of these symptoms, which was at T0-1st cycle 53 

of 108 (49.07%), decreased to 13 of 108 (12.04%) at the 

end of the 2nd cycle of spa therapy. At the Pearson’s χ2 test 

this difference was significant (χ2 = 17.73; n° degrees of 

freedom = 1; p = 0.000). In the second group of patients who 

performed three cycles of hydropinotherapy, the frequency 

of the three symptoms at T0-1st cycle was 27 of 56 (48.21%), 

while at the end of the third cycle is decreased to 2 of 56 

(3.57%). At the Pearson’s χ2 test also this difference was 

significant (χ2 = 15.93; n° degrees of freedom = 1; p=0.000) 

(Table 4) (Fig. 2).

Table 4. Symptoms more directly dependent on the hepatobiliary 

diseases considered in the study(*)

Times of 

detection

Symptoms numbers(+)

Present Absent Total

T0 – 1st  cycle (1) 53 (49.07%) 55 (50.93%) 108 (100.00%)

T1 – 2nd cycle (1) 13 (12.04%) 95 (87.96%) 108 (100.00%)

T0 – 1st  cycle (2) 27 (48.21%) 29 (51.79%)  56 (100.00%)

T1 – 3rd cycle (2)    2 (  3.57%) 54 (96.43%)  56 (100.00%)

(*) Epigastric pain, right hypochondrium pain, hepatomegaly.

(+) Except symptoms not specified in one of the two detections or 

both.

(1) Patients who performed two cycles of hydropinotherapy in one 

year. 

(2) Patients who performed three cycles of hydropinotherapy in 

two years.

Table 3.  Symptoms measured at time T0 – 1st  cycle and T1 - 3rd cycle (*).

Symptoms T0 –1st  cycle T1 – 3rd  cycle Total

Present Absent Present Absent

Epigastric pain   9 (50.00) 9 (50.00) 1 (5.55) 17 (94.45) 18

Right upper quadrant pain   9 (50.00) 9 (50.00) 0 (0.00)   18 (100.00) 18

Slow digestion 15 (78.94) 4 (21.06)   2 (10.53) 17 (89.47) 19

Belching 10 (52.63) 9 (47.37)   8 (42.10) 11 (57.90) 19

Meteorism 14 (73.68) 5 (26.32)   7 (36.84) 12 (63.16) 19

Chronic constipation   8 (42.10) 11 (57.90)   5 (26.32) 14 (74.68) 19

Frequent diarrhea   3 (15.79) 16 (84.21) 1 (5.26) 18 (94.84) 19

Biliary colic   0  (0.00)   19 (100.00) 0 (0.00)   19 (100.00) 19

Heartburn   7 (36.84) 12 (63.16) 1 (5.26) 18 (94.84) 19

Acidity 10 (52.63) 9 (47.37) 1 (5.26) 18 (94.84) 19

Hepatomegaly   9 (45.00) 11 (55.00) 1 (5.26) 19 (94.84) 20

Total 94 (45.19) 114 (54.81) 27 (12.98) 181 (87.02)  208

(*) except symptoms not specified in one of the two detections (T0 – 1st  cycle ; T1 – 3rd  cycle) or both 

Pearson’s  χ2 test = 50,76; n° degrees of freedom = 1; p = 0,000

Please note – In the table are shown in brackets the percentages of symptoms present or absent on the total, calculated as the hypoth-

esis that in each patient were present all symptoms.

Fig. 1. Number of symptoms present and absent. 

Comparison between time T0 – 1st cycle and T1 - 2nd  cycle of 

hydropinotherapy. 

Comparison between time T0 – 1st cycle and T1 - 3rd cycle of hydro-

pinotherapy.
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Discussion

In biliary diseases the role of spa therapy with sulphate-

bicarbonate mineral water is particularly significant, thanks 

to elective actions exerted on choleresis and cholagogue 

action, helping to remove the gallbladder hypomotility 

and to correct the tendency to biliary sludge. The bile is 

daily secreted in quantities of approximately 1500 ml with 

predominantly osmotic mechanism and with a mechanism 

of active transport of the solute. It basically contains: water, 

bile salts, cholesterol, phospholipids, bile pigments and is 

the result of a secretory process that occurs at the level of 

hepatocytes (proximal choleresis 70%) and cholangiocytes 

(distal choleresis 30%). Proximal choleresis (canalicular 

bile) depends on the active transport of bile salts in bile 

canaliculi by hepatocyte (BADF or bile acid dependent 

flow) and the active transport of electrolytes and cholephilic 

substances (BAIF or bile acid independent flow) is affected 

by CCK and gastrin. The distal choleresis (DBF or ductular 

bile flow) is characterized by the introduction of water and 

electrolytes into extrahepatic biliary tract and is affected by 

secretin (37). The cholagogue action is the physiological 

mechanism that allows the entry of concentrated bile into 

the duodenum through the contraction of the gallbladder 

and the opening of the sphincter of Oddi, and takes place 

in relation to meals in two phases. The first is determined 

by CCK and mediated by vagal cholinergic fibers; the 

second, of greater length, is always mediated by CCK 

and secondarily by secretin and Y neuropeptide (NPY). 

Other peptides such as vasoactive intestinal peptide (VIP), 

pancreatic polypeptide (PP), peptide YY (PYY) determine 

the relaxation and filling of the gallbladder in between meals 

(38). The sulphate-bicarbonate-calcium-magnesiac mineral 

waters mainly act on proximal and distal choleresis and on 

cholecistic motility, causing contraction of smooth muscles 

in gallbladder’s wall. The sulfate-bicarbonate mineral waters 

action in the treatment of motor dysfunction of the biliary 

tract with gallbladder hypokinesia and/or hypotonia, is a 

cholagogue type, due to the release of CCK from paracrine 

endocrine digestive system caused by the SO
4

= and Mg++ 

ions with consequent gallbladder contraction and oddian 

relaxation (1). The motor dysfunction of the biliary tract with 

Oddi hypertonia avail themselves of the treatment by water 

with a high content in Mg++ cation that favors the sphincter 

relaxation. For an improved biliary activity, the increase 

in bile flow likely contributes, with increased hydrostatic 

pressure in the biliary tree, relating to choleretic activity, 

hydrocholeretic mainly, carried out by the same waters (37-

39). In the biliary diseases, these mineral waters mainly act 

on choleresis: they stimulate proximal choleresis, mainly 

in the cholalo-independent phase, partly due to hormonal 

mediation (gastrin, CCK), partly due to increased sinusoidal 

flux, and distal choleresis due to possible secretin mediation 

(40, 41). The result is increased bile production, above all 

its watery component, with higher solute dispersion and 

subsequent biliary washing (with positive effects on wall 

inflammation, which contributes to the pathogenesis of 

gallstone disease) (41). The therapeutic effects produced 

by dilution and mechanical removal of hyperconcentrated 

bile fractions by the stimulus on choleresis, in particular  

through the strengthening of BAIF and DBF, can be 

usefully exploited in the gallstones prevention, especially in 

patients with ultrasonographic situation characterized by the 

presence of thick bile or biliary sludge and in the treatment 

of post-cholecystectomy syndrome. The  overall  action  is 

therefore of type cholagogue and hydrocholeretic, with the 

correction of gallbladder hypokinesia and the oversaturation 

of bile (evidence of biliary sand at ultrasound scan).

In conclusion, on the basis of data obtained through 

the performed research, it can be said that the spa therapy 

reduces the frequency of pathological symptoms present in 

hepatobiliary diseases previously mentioned: pain and other 

symptoms caused by biliary dyskinesias, biliary sand (without 

gallstones), or symptoms following a cholecystectomy (post-

cholecystectomy syndromes). These are diseases with high 

diffusion, especially in the female, which cause functional 

disturbances, and negatively affect on digestive activity and, 

in general, on the quality of life. Moreover, according to the 

results of the research, we can see that to achieve the above-

mentioned favorable results you need to perform at least two 

cycles of hydropinotherapy within one year with sulphate-

bicarbonate-calcium-magnesiac mineral waters but if you 

make a third cycle after one year from the second, results 

you get are even more favorable. Ultimately the spa therapy 

contributes to the resolution of the disturbances in these 

patients and may also prevent more serious complications 

of the aforementioned diseases that often require surgical 

intervention, and in general leads to an improvement of the 

quality of life of these people, even thanks to conditions of 

environmental and social characteristics of the spa resorts 

that promote a state of well-being in treated people. It 

should be noted that treatment with thermal mineral water is 

virtually free of side effects that may result from other types 

of therapy (pharmacological, surgical), and in economic 

terms involves also a burden on the health services generally 

smaller than other therapies.
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Abstract

AIM: To investigate the effect of drinking sulphate-bi-
carbonate-calcium thermal water (TW) on risk factors 
for atherosclerosis and cholesterol gallstone disease.

METHODS: Postmenopausal women with functional dy-

spepsia and/or constipation underwent a 12 d cycle 
of thermal (n  = 20) or tap (n  = 20) water controlled 
drinking. Gallbladder fasting volume at ultrasound, 
blood vitamin E, oxysterols (7-b-hydroxycholesterol 
and 7-ketocholesterol), bile acid (BA), triglycerides, to-
tal/low density lipoprotein and high density lipoprotein 
cholesterol were measured at baseline and at the end 
of the study. Food consumption, stool frequency and 
body weight were recorded daily. 

RESULTS: Blood lipids, oxysterols and vitamin E were 
not affected by either thermal or tap water consump-
tion. Fasting gallbladder volume was significantly (P  < 
0.005) smaller at the end of the study than at baseline 
in the TW (15.7 ± 1.1 mL vs  20.1 ± 1.7 mL) but not in 
the tap water group (19.0 ± 1.4 mL vs  19.4 ± 1.5 mL).  
Total serum BA concentration was significantly (P  < 
0.05) higher at the end of the study than at baseline 
in the TW (5.83 ± 1.24 μmol vs  4.25 ± 1.00 μmol) but 
not in the tap water group (3.41 ± 0.46 μmol vs  2.91 
± 0.56 μmol). The increased BA concentration after TW 
consumption was mainly accounted for by glycoche-
nodeoxycholic acid. The number of pasta (P  < 0.001), 
meat (P  < 0.001) and vegetable (P  < 0.005) portions 
consumed during the study and of bowel movements 
per day (P  < 0.05) were significantly higher in the 
TW than in the tap water group. Body weight did not 
change at the end of the study as compared to base-
line in both groups.

CONCLUSION: Sulphate-bicarbonate-calcium water con-
sumption has a positive effect on lithogenic risk and in-
testinal transit and allows maintenance of a stable body 
weight despite a high food intake.

© 2012 Baishideng. All rights reserved.

Key words: Thermal water; Gallstones; Oxidative stress; 
Body weight; Bile acid
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INTRODUCTION

Atherosclerosis, colelithiasis and obesity are very frequent 
and interrelated diseases among postmenopausal women

[1-4]
.

High serum triglycerides and total/low-density lipo-
protein (LDL) cholesterol are important risk factors for 
atherosclerosis, heart attack and stroke

[5]
. Also oxidative 

stress, particularly the oxidation of  LDL, plays a key 
role in atherogenesis due to the production of  reactive 
oxygen species. New markers based on the detection of  
lipid peroxidation products by mass spectroscopy, such as 
oxysterols including 7-b-hydroxycholesterol and 7-keto-
cholesterol, are specific, sensitive and reliable markers of  
systemic oxidative stress in vivo

[6-8]
. In addition, oxysterol 

coupled to vitamin E measurement in plasma can be used 
for estimating systemic oxidant stress/antioxidant balance

[8]
.

Cholesterol gallstone disease is very common in post-
menopausal women, with incidence ranging from 22% 
to 30% in Western countries, and this disorder is one of  
the most common and costly of  all digestive diseases

[3]
. 

Cholesterol gallstone pathogenesis is complex and mul-
tifactorial, involving genetic defects and environmental 
factors

[9-11]
. Changes in bile acid (BA), cholesterol and 

triglyceride metabolism, gallbladder reduced function and 
prolonged colonic transit time are critical factors in the 
pathogenesis of  gallstones

[12-15]
. 

Obesity and overweight are risk factors for both ath-
erosclerosis and gallstone disease

[16]
. Some data suggest 

that body weight reduction can be achieved by accelera-
tion of  intestinal transit in humans and by BA feeding in 
animals

[17-21]
.

Thermal water (TW) consumption has been shown to 
ameliorate blood cholesterol patterns and systemic oxida-
tive stress, and reduce oro-fecal transit time and gallblad-
der fasting volume

[22-26]
. No data are available on the effect 

of  TW on BA pool composition and plasma oxysterols.
In the present study, we investigated in postmenopau-

sal women the effect of  drinking sulphate-bicarbonate-
calcium TW on blood cholesterol, triglycerides, oxyster-
ols, vitamin E and BA, and on gallbladder fasting volume, 
intestinal transit rate and body weight.

MATERIALS AND METHODS

Patients
The study protocol was approved by the Ethics Commit-

tee of  the University of  Rome Sapienza and informed 
written consent was obtained from all patients.

Forty postmenopausal (at least 1 year) women with 
functional dyspepsia and/or constipation participated in 
this study. Patients were divided into 2 groups: (1) TW 
group were 20 patients enrolled by the medical staff  of  
Chianciano thermal centre (Tuscany, Italy); (2) control 
(CTRL) group were 20 patients enrolled by the medical 
staff  of  the Gastroenterology Division of  Department 
of  Clinical Medicine at the Sapienza University (Rome, 
Italy). Diagnosis of  functional dyspepsia and/or consti-
pation was made based on the Roma Ⅲ criteria

[27,28]
. 

Exclusion criteria were a history of  liver, pancreatic, 
gallbladder (including sonographic evidence of  gallstones) 
or other gastrointestinal diseases, lipid disorders, diabe-
tes, severe high blood pressure (diastolic > 110 mmHg, 
systolic > 180 mmHg), cancer, surgical resection, and 
thyroid, neurological, muscular, rheumatological and im-
munological diseases. Patients were also excluded if  they 
were heavy drinkers, heavy smokers or habitual drinkers 
of  more than 3 cups of  espresso coffee every day. Indi-
viduals enrolled were not receiving estrogen replacement 
therapy or any medication known to affect lipid metabo-
lism, and were not taking vitamin, mineral, or phytoes-
trogen supplements. Participants had not consumed diets 
intended to cause weight loss within 1 year of  selection.

Between 8 and 9 a.m. on days 1 and 13 after an over-
night fast and before drinking water, all enrolled patients 
underwent blood sampling and abdominal ultrasonog-
raphy, and they had daily body weight measurements, 
according to international standards, using a digital scale 
that was calibrated, having a capacity of  up to 150 kg[29]

.
Patients in the TW group underwent a 12 d cycle of  

TW treatment by drinking 500 mL of  “Acqua Santa of  
Chianciano Terme” sulphate-bicarbonate-calcium water, 
at a temperature of  33 ℃, every day in the morning in 
the fasted state, over a 30 min period. The control group 
drank Rome tap water at a temperature of  10-12 ℃ using 
the same schedule. The chemical composition of  the “Ac-
qua Santa of  Chianciano Terme” sulphate-bicarbonate-
calcium water and of  the Rome tap water is reported in 
Table 1. Each day of  the study all patients filled a stool di-
ary

[30]
 and a food and beverage frequency daily diary which 

asked for the number of  portions consumed for the fol-
lowing items: Pasta, pizza, meat, fish, vegetables, bread, 
desserts, soft drinks, fruits, milk, dairy products, legumes 
and espresso coffee.

Gallbladder volume and blood analyses
Fasting gallbladder volume was calculated by using the 
ellipsoid formula on the average of  2 sonographical gall-
bladder measurements

[31]
.

Plasma and serum were stored at -80 ℃. Plasma levels 
of  α-tocopherol were analyzed by high performance liq-
uid chromatography (HPLC), and 7-b-hydroxycholesterol 
and 7-ketocholesterol were measured from the same sam-
ple by mass spectrometry using an isotope dilution me-
thod

[8]
. Serum triglycerides, total and high-density lipopro-

tein (HDL) cholesterol were measured by a colorimetric 
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method. LDL cholesterol was calculated according to the 
Friedewald Formula

[32]
.

BA standards were obtained from Sigma Aldrich (St. 
Louis, United States). Total serum BA concentration 
was determined enzymatically by the 3α-hydroxysteroid-
dehydrogenase assay (Stereognost 3a, Pho, Nycomed, 
AS, Torsov, Norway). The qualitative and quantitative BA 
composition was assessed by an HPLC-electrospray-mass 
spectrometry method, as previously reported with a slight 
modification[33]

. Isolute C18 cartridges were obtained from  
International Sorbent Technology LTD (Hengoed, 
United Kingdom). The solid phase extraction cartridge 
was conditioned with 5 mL of  methyl alcohol and 5 mL 
of  water prior to the sample loading. Serum samples 
were diluted 1:6 (v/v) with 0.1 N solution of  NaOH and 
heated to 64 ℃ for 30 min. Afterwards, the serum sample 
was loaded on the conditioned cartridge and then washed 
with 10 mL of  water. The cartridge was then eluted with 
5 mL of  methyl alcohol. The eluate was dried under vac-
uum and then reconstituted with the mobile phase (70:30 
v/v ammonium acetate buffer/acetonitrile) and injected 
into the HPLC-electrospray-mass spectrometry instru-

ment. The recovery of  all BAs ranged from 80% to 96%. 
The chromatographic system consisted of  a Waters Al-
liance 2695 HPLC system. The separation was obtained 
using a 150 mm × 2.00 mm, 4 μm Phenomenex Sinergy 
Hydro-RP C18 column with a mobile phase consisting 
of  15 mmol ammonium acetate buffer (pH 5)/acetoni-
trile. The mobile phase was delivered at a flow rate of  
0.150 mL/min, with a total HPLC-electrospray-mass 
spectrometry run time of  30 min. Mass spectra were ob-
tained with a Quattro LC mass spectrometer (Micromass, 
United Kingdom) equipped with electrospray source. All 
BA ions were monitored in a negative mode by the Mul-
tiple Reaction Monitoring mode. A seven point calibra-
tion curve, ranging from blank to 10 μmol was prepared 
by spiking BA-free serum with the analytes for serum 
analysis. Quantification of  the analytes in the sample was 
performed on the peak area, by external calibration. The 
inter-assay precision and accuracy were determined by 
analyzing three calibration curves with quality control 
samples at one-concentration level (1 μmol) on 2 d. The 
value for the coefficient of  variation (%) near the limit of  
detection was 1%-2%.

Statistical analysis
Analysis of  data was carried out using the “Statistical 
Package for Social Sciences (SPSS) for Windows (SPSS 
version 17.0, Chicago, IL, United States). Data are re-
ported as mean ± SE. Intergroup differences between 
categorical variables were estimated by the χ 2

 test. The 
non-parametric Kolmogorov-Smirnov test was used to 
verify the normal distribution of  the continuous variables 
data set. When the data set was normally distributed, the 
Student t test for coupled or uncoupled data was used as 
appropriate. When the data set was not normally distrib-
uted, the variables were analyzed by the Mann-Whitney 
U-test and by the Wilcoxon test as appropriate. A sig-
nificant level of  0.05 (P < 0.05) was chosen to assess the 
statistical significance.

RESULTS

Patient characteristics at enrollment
No intergroup difference was found in terms of  age, wei-
ght, height, body mass index (BMI) and diagnosis (Table 
2). Eight patients in each group had constipation either 
alone or associated with dyspepsia.

Blood cholesterol, triglycerides, oxysterols and vitamin E
As shown in Table 3, we did not find any intergroup (TW 
vs CTRL) difference in serum levels of  total, HDL and 
LDL cholesterol and triglycerides. Plasma 7-b-hydroxy-
cholesterol, 7-ketocholesterol, α-tocopherol, γ-tocopherol 
and oxysterol to tocopherol ratio, both at baseline and at 
the end of  the study, did not differ between the TW and 
the CTRL group. In addition, no change in blood lipids 
or oxidative stress was found at the end of  treatment 
with respect to baseline when each group was considered 
separately.

Thermal water (TW) Tap water (CTRL)

pH          6.8         7.5

Fixed residue at 180 ℃ (mg/L) 3280 390

Sulphate (mg/L) 1840   15

Bicarbonate (mg/L)   730     -

Calcium (mg/L)   840   98

Magnesium (mg/L)   180   19

Sodium (mg/L)     41         5.5

Chloride (mg/L)        29.4         6.5

Potassium (mg/L)       7      3

Fluoride (mg/L)       2         0.2

Bromide (mg/L)          0.2     -

Carbon dioxide (cc/L)   537     -

Strontium (mg/L)          0.1     -

Iron (µg/L)          0.8      5

Manganese (μg/L)       -         0.3

Nitrate (mg/L)       -         3.8

Table 2  Demographics and symptoms of the thermal water 

and the control group (n = 20)

TW CTRL P  value

Age (yr) 64.0 ± 1.4 61.2 ± 1.8 NS

Weight (kg) 64.4 ± 2.3 61.1 ± 1.5 NS

Height (cm)    161 ± 0.01    160 ± 0.01 NS

BMI (kg/m2) 24.9 ± 0.9 24.0 ± 0.6 NS

Diagnosis  n (%)

   Dyspepsia only 12 (60) 12 (60) NS

   Constipation only   6 (30)   5 (25) NS

Constipation + dyspepsia   2 (10)   3 (15) NS

Ginanni Corradini S et al . Sulphate-bicarbonate-calcium water, gallstones and weight

BMI: Body mass index; TW: Thermal water; CTRL: Control; NS: Not sig-

nificant.

TW: Thermal water; CTRL: Control.

Table 1  Chemical composition of the sulphate-bicarbonate-cal-

cium thermal water and of the Rome tap water, as consumed 

by the thermal water and by the control group, respectively
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Gallbladder volume and serum bile acids
As shown in Figure 1, the mean fasting gallbladder vol-
ume did not differ between the TW and the CTRL group 
both at baseline and at the end of  the study. Fasting gall-
bladder volume was significantly (P < 0.005) smaller at 
the end of  the study than at baseline in the TW (15.7 ± 
1.1 mL vs 20.1 ± 1.7 mL) but not in the CTRL group (19.0 
± 1.4 mL vs 19.4 ± 1.5 mL).

As shown in Figure 2, although there was a trend 
for higher baseline values in the TW than in the CTRL 
group, the mean serum total BA concentration did not 
significantly differ between the TW and the CTRL group 
both at baseline and at the end of  the study. Serum total 
BA concentration was significantly (P < 0.05) higher at 
the end of  the study than at baseline in the TW (5.83 

± 1.24 μmol vs 4.25 ± 1.00 μmol) but not in the CTRL 
group (3.41 ± 0.46 μmol vs 2.91 ± 0.56 μmol).

With regard to the serum BA molecular species, as 
shown in Figure 3, no intergroup difference was found 
at baseline. At the end of  the study however, the TW as 
compared to the CTRL group had significantly (P < 0.05) 
higher glycochenodeoxycholic acid (GCDCA) (1.41 ± 
0.35 μmol vs 0.59 ± 0.07 μmol, respectively), taurocholic 
acid (TCA) (0.15 ± 0.04 μmol vs 0.05 ± 0.02 μmol, re-
spectively) and glycocholic acid (GCA) (0.39 ± 0.10 μmol 
vs 0.14 ± 0.02 μmol, respectively). No other intergroup 
difference was found at the end of  the study.

When the BA molecular species serum concentrations 
were compared separately in each study group at the end 
of  the study with regard to baseline, in the TW group the 
mean GCDCA concentration at the end of  the study was 
significantly higher (P < 0.005) than at baseline (1.41 ± 
0.85 μmol vs 1.15 ± 0.35 μmol). On the contrary, in the 
CTRL group there was a trend (P = 0.062) for a lower 
GCDCA concentration at the end with respect to base-
line (0.59 ± 0.07 μmol vs 0.75 ± 0.21 μmol). The mean 
free cholic acid (CA) concentration was significantly (P < 
0.01) higher at the end of  the study than at baseline in the 
CTRL (0.60 ± 0.14 μmol vs 0.27 ± 0.09 μmol) but not in 
the TW group (0.50 ± 0.12 μmol vs 0.42 ± 0.18 μmol). 
The mean free deoxycholic acid (DCA) concentration 
was significantly (P < 0.05) higher at the end of  the study 
than at baseline in the CTRL (0.60 ± 0.16 μmol vs 0.45 ± 
0.13 μmol) but not in the TW group (1.03 ± 0.44 μmol 
vs 0.67 ± 0.16 μmol). The other BA molecular species did 
not change at the end as compared to baseline when each 
group was considered separately. The sum of  free cheno-
deoxycholic acid (CDCA), GCDCA and taurochenode-
oxycholic acid was significantly (P < 0.02) higher at the 
end of  the study than at baseline in the TW (2.75 ± 0.70 
μmol vs 1.95 ± 0.58 μmol) but not in the CTRL group 
(1.46 ± 0.20 μmol vs 1.40 ± 0.35 μmol). The sum of  CA, 
GCA and TCA was significantly (P < 0.05) higher at the 
end of  the study than at baseline in the CTRL (0.80 ± 0.14 
μmol vs 0.52 ± 0.11 μmol) but not in the TW group (1.04 
± 0.20 μmol vs 0.81 ± 0.27 μmol).

TW CTRL

Baseline End Baseline End

Total cholesterol (mg/dL) 178.7 ± 5.8 182.4 ± 6.3 181.5 ± 7.6 177.4 ± 6.5

HDL cholesterol (mg/dL)   62.3 ± 4.7   63.7 ± 4.7   56.7 ± 5.0   59.4 ± 6.1

LDL cholesterol (mg/dL) 100.4 ± 8.0 101.9 ± 8.7 103.6 ± 8.5   93.9 ± 7.7

Triglycerides (mg/dL)   79.9 ± 7.5     84.0 ± 10.2   106.1 ± 11.4    120.7 ± 17.9

7b-HC (ng/mL)     51.4 ± 12.3     70.5 ± 15.1   57.0 ± 8.2    45.5 ± 8.9

7-KC (ng/mL)     93.7 ± 32.5   103.8 ± 29.1   38.6 ± 8.4      53.1 ± 25.9

7b-HC + 7-KC (ng/mL)   145.1 ± 44.7   174.3 ± 43.6     95.7 ± 16.2      98.6 ± 34.5

α-TCP (mg/dL)   1.46 ± 0.1   1.43 ± 0.1   1.40 ± 0.1    1.43 ± 0.1

γ-TCP (mg/dL)   0.74 ± 0.1   0.75 ± 0.1     0.67 ± 0.05    0.79 ± 0.1

α-TCP + γ-TCP (mg/dL)   2.20 ± 0.1   2.18 ± 0.1   2.07 ± 0.1    2.22 ± 0.1

7β-HC + 7-KC/α-TCP + γ-TCP     71.1 ± 22.6     65.7 ± 14.3   52.5 ± 9.2      54.1 ± 21.9

Table 3  Serum lipids and plasma markers of oxidative stress in the thermal water and in the control groups

HDL: High-density lipoprotein; LDL: Low-density lipoprotein; 7b-HC: 7-beta-hydroxycholesterol; 7-KC: 7-ketocholesterol; α-TCP: 

Alpha-tocopherol; γ-TCP: Gamma-tocopherol; TW: Thermal water; CTRL: Control.

Figure 1  Fasting gallbladder volume at baseline and at the end of the study 

in the thermal water and in the control group. TW: Thermal water.

Figure 2  Mean serum total bile acid concentration at baseline and at the end 

of the study in the thermal water and in the control group. TW: Thermal water.
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Meal consumption, bowel movements and body weight
As shown in Table 4, the number of  pasta (P < 0.001), 
meat (P < 0.001) and vegetable (P < 0.005) portions con-
sumed during the study period was significantly higher 
by approximately two-fold in the TW than in the CTRL 
group, while bread consumption was significantly (P < 
0.05) less frequent, being half  the amount in the TW than 
in the CTRL group. No intergroup difference was found 
with regard to pizza, dessert, soft drink, fruit, fish, milk, 

dairy product, legume and coffee espresso consumption.
During the study period, the TW group had a signifi-

cantly (P < 0.05) higher number of  bowel movements per 
day than the CTRL group (1.077 ± 0.057 vs 0.893 ± 0.055, 
respectively). Body weight did not differ between the 
TW and the CTRL group both at baseline (64.4 ± 2.4 kg  

vs 61.1 ± 1.5 kg, respectively) and at the end of  the study 
(64.3 ± 2.4 kg vs 61.3 ± 1.4 kg, respectively). In addition, 
no change in body weight was found at the end of  the 
study with respect to baseline when each group was con-
sidered separately.

DISCUSSION

The main finding of  the present study is that 12 d of  
sulphate-bicarbonate-calcium TW, but not tap water, 
administration to gallstone-free postmenopausal women 
with functional dyspepsia and/or constipation is associ-
ated with a reduction of  fasting gallbladder volume and 
an increase in fasting serum BA concentration, especially 
GCDCA. The effects of  sulphate-bicarbonate-calcium 
TW administration on fasting gallbladder volume and se-
rum BA that we found can be considered protective from 
gallstone development. In fact, a relatively high fasting 
gallbladder volume, indicative of  a gallbladder motility 
defect, has been shown to be associated with gallstones. 
Conversely, a beneficial effect of  preserved gallbladder 

Figure 3  Mean serum bile acid molecular species concentration at baseline and at the end of the study in the thermal water and in the control group. A: Total 

chenodeoxycholic acid (CDCA); B: Free CDCA, glycochenodeoxycholic acid (GCDCA) and taurochenodeoxycholic acid (TCDCA); C: Total cholic acid (CA); D: Free CA, 

glycocholic acid (GCA) and taurocholic acid (TCA); E: Total deoxycholic acid (DCA); F: Free DCA, glycodeoxycholic acid (GDCA) and taurodeoxycholic acid (TDCA). 

TW: Thermal water. 

Table 4  Number of food portions consumed by the thermal 

water and by the control group subjects during the study period

TW Control P  value

Pasta 16.40 ± 1.22   8.80 ± 1.05 < 0.001

Bread   4.32 ± 1.40   8.90 ± 1.57 0.01

Pizza   0.58 ± 0.23   1.01 ± 0.31 NS

Sweets   9.57 ± 1.87   7.08 ± 1.02 NS

Soft drinks   4.82 ± 1.40   4.30 ± 1.59 NS

Fruits 17.60 ± 1.69 14.59 ± 2.24 NS

Meat 11.52 ± 1.00    5.90 ± 0.51 < 0.001

Fish   4.05 ± 0.75    3.20 ± 0.38 NS

Milk   6.00 ± 1.21    6.89 ± 0.87 NS

Dairy products   6.32 ± 1.23   4.04 ± 0.50 NS

Legumes   0.98 ± 0.36   0.84 ± 0.23 NS

Vegetables 22.80 ± 2.40 13.51 ± 1.08   0.002

Coffee 14.08 ± 2.31 13.32 ± 2.41 NS

TW: Thermal water.
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motility on gallstone recurrence has been demonstrated 
after extracorporeal shock-wave lithotripsy

[14,34-36]
.

Since CDCA molar percent in serum has been shown 
to correlate with that in gallbladder bile, the increased 
concentration of  serum GCDCA (the major form of  
CDCA in humans) that we found after sulphate-bicar-
bonate-calcium TW administration is likely to reflect bile 
enrichment with this BA[37,38]

. Although a direct measure-
ment of  the qualitative and quantitative BA composition 
in bile is the best predictor of  gallstone risk, our find-
ings in serum suggest that sulphate-bicarbonate-calcium 
TW administration can be considered protective from 
gallstone development. In fact, it has been shown that 
cholesterol gallstone patients have a lower CDCA and a 
higher DCA content in gallbladder bile than gallstone-
free controls[39]

. In addition, pharmacological CDCA 
administration has been used as a litholytic/preventive 
treatment against gallstones and ameliorates cholesterol 
solubility in BA

[40]
.

The beneficial effect of  sulphate-bicarbonate-calcium 
TW administration on gallbladder motility has been al-
ready demonstrated, but the underlying mechanisms are 
not clear

[41]
. The effect of  sulphate-bicarbonate-calcium 

TW consumption on the BA pool has never been shown 
previously and our present data do not allow the clari-
fication of  the mechanisms. In fact, limitations of  the 
present study are the lack of  measurements of  intesti-
nal transit time and of  BA hepatic synthesis and fecal 
losses. However, as indirectly suggested by the higher 
frequency of  bowel movements that we found in the TW 
than in the CTRL group, it can be hypothesized that TW 
consumption accelerates intestinal transit. This change in 
intestinal transit is in agreement with the increased fecal 
scour score described in pigs ingesting a high mineral sul-
phated water[42]

 and should be secondary to an osmotic 
mechanism, although the warm temperature of  the TW 
could also play a role

[41]
. The acceleration of  intestinal 

transit, as well as the improved gallbladder motility, are 
likely to increase the frequency of  BA enterohepatic 
circulation and fecal losses with a secondary stimulation 
of  primary BA (especially CDCA) hepatic synthesis. The 
increased frequency of  BA enterohepatic circulation and 
the enrichment of  the BA pool with CDCA could then 
further accelerate colonic transit. The latter hypothesis is 
in agreement with previously published data showing: (1) 
a positive correlation between the rate of  BA synthesis 
and colonic transit (the higher the synthesis the faster co-
lonic transit)[43]

; (2) a positive correlation between serum 
CDCA and intestinal transit (the higher the concentration 
the faster intestinal transit)

[14]
; and (3) that CDCA admin-

istration accelerates colonic transit in healthy volunteers 
and in female patients with constipation-predominant 
irritable bowel syndrome

[43,44]
. The second finding of  

the present study is that body weight and blood total, 
HDL and LDL cholesterol, triglycerides, oxysterols and 
vitamin E were not affected by 12 d of  either sulphate-
bicarbonate-calcium or tap water consumption. Interest-
ingly, we found that the TW, as compared to the CTRL 

group, showed a doubling of  frequency of  pasta, meat 
and vegetable consumption during the study period sug-
gesting that drinking sulphate-bicarbonate-calcium TW 
allows maintenance of  stable body weight and blood car-
diovascular risk factors under conditions of  overfeeding. 
Again, our present study does not allow clarification of  
the mechanisms for this unexpected finding. In fact, oth-
er than the lack of  characterization of  BA enterohepatic 
circulation, we did not assess gastric emptying and energy 
expenditure. However, the increased food intake in our 
TW group could be explained by an increased gastroin-
testinal emptying and more frequent BA enterohepatic 
circulation, with GCDCA enrichment. In agreement with 
this hypothesis, both the ingestion of  a high mineral sul-
phated water in pigs

[42]
 and the administration of  CDCA 

in humans have been shown to increase food consump-
tion. Furthermore, the increased serum BA concentration 
that we found during sulphate-bicarbonate-calcium TW 
consumption could directly avert weight gain, despite 
increased food consumption. In fact, serum BAs have 
been recognized as important modulators of  whole-body 
metabolism, by increasing energy expenditure in brown 
adipose tissue and in muscles, through promotion of  
intracellular thyroid hormone activation secondary to the 
activation of  the TGR5-signaling pathway

[21]
.

In conclusion, sulphate-bicarbonate-calcium TW con-
sumption in postmenopausal women with functional dys-
pepsia and/or constipation has a positive effect on the 
lithogenic risk and intestinal transit and allows mainte-
nance of  a stable body weight despite a high food intake. 
Further studies are needed to confirm these effects of  
TW in asymptomatic subjects and to prove its potential 
benefit in weight loss treatments.

COMMENTS

Background
Atherosclerosis, gallstones and obesity are very frequent and interrelated dis-

eases, with a very high socioeconomic impact worldwide. High triglycerides, 

total/low-density lipoprotein cholesterol and increased oxidative stress in blood 

are important risk factors for atherosclerosis and cardiovascular diseases. In 

addition to cholesterol and triglyceride metabolism, bile acid (BA) metabolism, 

gallbladder motility and intestinal motility are critical factors in the pathogenesis 

of gallstones. Obesity and overweight are risk factors for both atherosclerosis 

and gallstone disease. 

Research frontiers
Thermal water (TW), and especially sulphate-bicarbonate mineral waters, are 

used to treat several biliary and digestive tract diseases. In the present study, 

The authors investigated the effect of drinking sulphate-bicarbonate-calcium 

TW on risk factors for: (1) atherosclerosis (i.e., cholesterol, triglycerides and 

markers of oxidative stress in blood); (2) gallstones (i.e., BAs in blood, gallblad-

der and intestinal motility; and (3) diet and body weight.

Innovations and breakthroughs
TW drinking has been shown to ameliorate intestinal and gallbladder motility 

and blood cholesterol and oxidative stress markers. However, in previous stud-

ies oxidative stress was evaluated by using methods with poor physiological 

significance in vivo. No data are available on the effect of TW on BA metabo-

lism and body weight. In the present study, for the first time we investigated 
the effect of drinking sulphate-bicarbonate-calcium TW on BA metabolism and 

body weight. In addition, the authors evaluated the effect of drinking sulphate-

bicarbonate-calcium TW on oxidative stress by measuring sensitive and specific 
markers of enhanced oxidant stress in vivo, such as oxysterols, or antioxidant 

defense by measuring α-tocopherol.
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Applications 
The results suggest that sulphate-bicarbonate-calcium water consumption has 

a positive effect on the risk of gallstone development and allows maintenance 

of a stable atherosclerosis risk and body weight despite a high food intake. This 

study might be useful in preparation of preventive strategies for atherosclerosis 

and gallstones in overweight and obese subjects.

Terminology
Oxysterols are oxidation products of cholesterol, and among them 7-b-hydroxy-

cholesterol and 7-ketocholesterol are produced nonenzymatically via a free 

radical-mediated mechanism and, thus, are very good markers of oxidant stress 

in vivo. BAs are steroid acids found predominantly in the bile and, in lower con-

centrations, in serum of mammals. Besides their well-established roles in lipid 

absorption and homeostasis and cholesterol biliary solubilization, BAs also act 

as metabolically active signaling molecules.

Peer review
The study is of particular interest to those involved in practical medicine. The 

authors’ data might be used for the prevention of atherosclerosis development 

and gallstone disease in postmenopausal women and probably for the treat-

ment of these diseases.
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