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ABSTRACT

Article Type:
Research Article

Purpose: This study compared the effects of a mineral water rich in calcium,
magnesium, bicarbonate, and sulfate and a marketed mineral water with a composition
similar to that of urban water on the lipid profile of dyslipidemic adults.
Methods: In a randomized controlled trial, 32 adults received one liter of "rich mineral
water" daily for one month, and 37 adults drank the same amount of normal mineral
water for the same period. Changes in lipid profiles were compared separately in each
studied group at the end of one month.
Results: Results showed that mean cholesterol and low density lipoprotein LDL levels
were significantly decreased in both studied groups after one month of drinking mineral
water (P<0.05); however, no significant differences in high density lipoprotein (HDL)
and triglyceride (TG) levels were seen in either group one month after drinking. There
were no statistically significant differences between the "rich mineral water" and the
normal mineral water groups in any of the above-mentioned lipid levels ( P>0.05).
Conclusion: A one-month intake of mineral water rich in calcium, magnesium
bicarbonate, and sulfate decreased cholesterol and LDL levels but not TG or HDL levels
in dyslipidemic adults.

Article History:
Received: 20 July 2013
Revised: 15 January 2014
Accepted: 15 January 2014
ePublished: 7 February 2014
Keywords:

Hyperlipidemia
Mineral Water
Calcium
Magnesium
Sulfate
Lipid Profile

Introduction
Atherosclerosis, the principal contributor to the
pathogenesis of myocardial and cerebral infarction, is
known to be one of the leading causes of morbidity and
mortality worldwide. An elevated plasma concentration
of cholesterol, especially low density lipoprotein
(LDL), is recognized as a primary cause in the
development of atherosclerosis. Epidemiological
studies have revealed an association between the
increased consumption of antioxidant-rich vegetables
and fruits and a decreased risk of coronary heart
disease.1,2
Among dyslipidemias, an elevated level of low density
lipoproteins (LDL) – cholesterol - has for many years
been considered the major risk factor of
atherosclerosis.3,4 Today’s studies in human
endothelium have uncovered molecular mechanisms by
which oxidized-LDL-cholesterol via the oxidized-LDL
receptor (LOX-1) or other pathways induce the
phenotype of endothelial dysfunction.5 On the other
hand, the role of triglycerides in atherosclerosis had
been neglected for many years as it was a widely held

view that elevated triglycerides do not represent a risk
factor for this disease.6 This notion was challenged by a
number of important clinical studies,7 and today,
hypertriglyceridemia is considered an important risk
factor of atherosclerosis.8-11 Evidence is also increasing
that prolonged hypertriglyceridemia induces typical
features of endothelial dysfunction.12,13 Furthermore,
transient postprandial hypertriglyceridemia may also
induce impairment of endothelial function that
contributes
to
the
risk
of
atherosclerosis
development.14-16 In keeping with data from humans,
hypercholesterolemia in rabbits, mice, pigeons,
monkeys, and other species leads to the development of
atherosclerosis,17-19 and many studies have confirmed
its association with the phenotype of endothelial
dysfunction. In contrast, rats fed a high-cholesterol diet
were resistant to developing atherosclerosis.20-22
Conversely, rats fed a high-fructose diet developed
hypertriglyceridemia insulin resistance and a mild
degree of hypertension – abnormalities that mimic
metabolic syndrome in humans.22,23 Importantly, the
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development of insulin-resistance in rats was suggested
to be linked to the impairment of NO-dependent
function.24,25
Hyperlipidemia has been implicated in atherosclerosis,
which is the leading cause of death among the world’s
population. A high cholesterol diet increases serum
LDL levels and oxidative stress which results in
increased oxidized LDL levels and thereby increases
atherosclerotic plaque formation.2 Efforts to develop
effective and better hypolipidemic drugs have led to the
discovery of natural agents.
The aim of this study was to assess the hypolipidemic
effects of a natural mineral water rich in calcium,
magnesium, bicarbonate, and sulfate on humankind and
compare its effects with those of a mineral water
sample similar in composition to that of Tabriz’s urban
water.

patients received mineral water with physicochemical
properties similar to drinking water as the control group
for one month. The patients were selected from among
workers of an industrial company whose diets were
similar (breakfast and lunch). Their ages ranged
between 30-60 years, and their cholesterol and
triglyceride levels were higher than 200 mg/dl,
LDL>150 mg/dl and HDL< 40 mg/dl.
According to the prevalence of hyperlipidemia, a total
of 69 patients with hyperlipidemia in the age range of
30 to 60 years were selected. Patients were randomly
divided into two groups: the control group which
consumed marketed mineral water, and the case group
which consumed enriched mineral water. Time and
amount intended for the consumption of mineral water
was one month and one liter per day, respectively.
Water samples
Two types of water were used in this study. The first
one was a mineral water available in the Iranian market
with similar physicochemical characteristics to those of
drinking water in Tabriz. The second one was a mineral
water rich in calcium, magnesium, and bicarbonate.
Table 1 shows their physicochemical compositions.

Materials and Methods
Patients
In a case-control and descriptive-analytical study, the
effects of mineral water and drinking water on lipid
profiles were evaluated. Totally, 32 patients received
mineral water rich in sodium, calcium, magnesium,
bicarbonate, and sulfate as the case group, and 37

Table 1. The Physicochemical composition of water samples used in study

Physicochemical characteristics

Mineral water rich in minerals

Mineral water in market

Total Hardness (mg/l as CaCO3)

805

54

HCO3 (mg/l)
2- SO4 ( mg/l)
NO3 (mg/l)
3PO4 (mg/l)

1350

29

165

20

3

3

0.15

0.4

pH

7.2

6.7

Na(ppm)

150

5

K(ppm)

9

2

Mg(ppm)

48

1.7

Conductivity(µs/cm)

2100

95

Ca (mg/l)

250

7

As(mg/l)

0.01

< 0.01

Turbidity

0.3

0.03

2+

Biochemical analysis
The equipment used in this study included an autoanalyzer device made in Switzerland used to measure
the chemical factors by the enzymatic-photometry
method, a centrifuge device made in Iran, and Pars
Azmoon company kits. Blood samples taken from the
patients were centrifuged for 5 minutes. Test tubes
containing supernatant and cholesterol oxidase enzyme
were placed in the analyzer device. Oxygen released
from cholesterol in the presence of cholesterol oxidase
enzyme, antipyridine, and phenol forms kinonimin. The
amount of kinonimin was measured by the photometry
method and was directly proportional to the cholesterol
304 | Advanced Pharmaceutical Bulletin, 2014, 4(3), 303-307

amount. The level of triglycerides was measured by a
similar method. The direct method was used to measure
HDL.
Statistical analysis
Data are presented as Means ± SE. The SPSS statistical
package for Windows (version 15.0) was used to
analyze the data. Student t-test was used for data
comparison. P<0.05 was considered significant.
Results and Discussion
The results of this study showed that means of
cholesterol and low density lipoprotein (LDL)
Copyright © 2014 by Tabriz University of Medical Sciences
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significantly decreased in patients in both groups
(P<0.05), but a group comparison showed that these
differences were not statistically significant. This
reduction for mineral rich water was clinically
valuable. Neither water had a statistically significant
effect on TG or high density lipoprotein (HDL) levels
in plasma (P>0.05). The results are shown in Table 2.
Mineral-rich water could provide an important
supplementary contribution to total calcium and
magnesium intake according to the results of a French
study.26 The suggested mechanisms are related to the
moderately alkaline nature of the study mineral water

and an osmotic effect that may affect fat and
cholesterol absorption and/or increase bile acid
excretion. It is known that the rate of fatty acid and
cholesterol absorption from the micellar solution
formed in the small intestine desires a lower pH27-29 and
that the action of pancreatic enzymes and bile salts is
increased by the addition of pH. Therefore, an increase
in luminal pH induced by the mineral water may
decrease the uptake of both cholesterol and fat. Various
mineral waters are able to increase the excretion of bile
consumed with or without a meal.30

Table 2. The results for consumption of drinking and mineral water consumption in patients with hyperlipidemia before (a) and after (b) treatment

Lipid profile
a

CHOL
b
CHOL
a
TG
b
TG
a
HDL

Case (mineral water)
Mean±SE
250.75±6.88
224.47±5.52
197.75±17.49
207.72±23.23
37.50±1.81

HDL
a
LDL

b

39.44±1.7
174.35±6.29

b

150.31±5.34

LDL

Control (drinking water)
P value
0.0001
0.5019
0.148
0.0001

Mean±SE
236.24±6.42
218.65±7.02
244.08±25.25
217.32±20.86
38.68±1.54
37.38±1.17
157.40±6.94
138.48±6.94

P value
0.0006
0.1006
0.1843
0.0047

CHOL: total cholesterol, TG: triglycerides, HDL: high density lipoprotein, LDL: low density lipoprotein, a: before treatment, b: after treatment

Other authors have also showed reductions in
gallbladder volume with the consumption of mineral
waters that are rich in sulfate and calcium,31,32
bicarbonate and calcium,33 and sulfate and
bicarbonate.34
Fiorucci et al. approved the effects of increasing
concentrations of NaCl solutions and found that a
significant reduction in gallbladder volume was seen
when hyperosmolar saline was delivered into the
duodenum.35 Evacuation was not produced when the
solution was infused into the gastric antrum or the
ileum.
Therefore, it is possible that mineral waters with very
different ionic compositions all effect the stimulation of
biliary flow into the duodenum due to their high
osmolality. In fact, laxative waters generally contain a
high ionic concentration.36 The mechanisms by which
mineral water lowers serum total and LDL cholesterol
levels could simulate those of soluble fiber. Many
published reports have presented the adjustment of
cholesterol metabolism in response to dietary fiber
consumption. Soluble fiber reduces cholesterol
absorption, mainly due to viscosity, and also interacts
with the enterohepatic circulation of bile acids; both are
believed to change cholesterol homeostasis by two
related mechanisms: a decrease in the delivery of
dietary cholesterol to the liver through chylomicron
remnants, resulting in a direct reduction in the hepatic
cholesterol pool, and increased loss of bile acids in
feces, which may stimulate the liver to produce more
bile acids from cholesterol.13,37-39 Consequently, hepatic
receptors of LDL increase, and serum LDL cholesterol
Copyright © 2014 by Tabriz University of Medical Sciences

declines. Consumption of soluble fiber has been
associated with increased hepatic LDL receptor
expression, reduction in hepatic Apo B secretion, and
decreased numbers of intermediate-density lipoproteins
and LDL. Phytosterols, alone or in combination with
soluble fiber, have similar effects.40,41
Another similarity comes from hypocholesterolemic
drugs, such as cholestyramine, that are also typical bile
acid sequestrants. They act as ionic exchange resins
rich in ammonium groups that are considered basic
because they interchange with the negatively charged
hydroxide ions from bile acids.
Conclusion
This study shows that consuming 1 L/day mineral
water reduces cholesterol and LDL. Further
investigation is needed to establish the mechanisms
involved. It is also recommended that the consumption
of mineral water be continued for a longer period of
time.
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