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Abstract Recently, deep sea water (DSW) has started to
receive much attention for therapeutic intervention in some
lifestyle diseases. In this study, the anti-obesity and
antidiabetic effects of DSW in ob/ob mice were investigated. The animals were randomly divided into two groups
with six animals: control group received tap water; the
experimental group was treated with DSW of hardness
1000 for 84 days. The body weight gain after 84 days in
DSW-fed group was decreased by 7% compared to the
control group. The plasma glucose levels in the DSW-fed
mice were substantially reduced by 35.4%, as compared to
control mice. The results of oral glucose tolerance test
revealed that DSW-fed groups significantly increased the
glucose disposal after 84 days. DSW increased plasma
protein levels of adiponectin and decreased plasma protein
levels of resistin, RBP4, and fatty acid binding protein.
Moreover, GLUT4 and AMP-activated protein kinase
levels in skeletal muscle tissue were increased while
peroxisome proliferator-activated receptor γ and adiponectin were decreased in adipose tissue of DSW-fed mice.
These results suggest that the antidiabetic and anti-obesity
activities of DSW were mediated by modulating the
expression of diabetes- and obesity-specific molecules.
Taken together, these results provide a possibility that
continuous intake of DSW can ameliorate obesity and
diabetes.
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Introduction
Deep sea water (DSW) generally refers to sea water from a
depth of more than 200 m in depth. DSW is characterized
by purity, cold temperature, abundant nutrients, and
minerals. Currently, DSW has been applied to food,
agriculture, cosmetic, and medical field due to its high
contents of unique minerals such as, magnesium (Mg),
calcium (Ca), potassium (K), zinc (Zn), vanadium (V), etc.
(Nakasone and Akeda 1999; Kimata et al. 2001, 2002;
Hataguchi et al. 2005; Katsuda et al. 2008).
The recent life style and eating habits with increase of
glucose and lipid intakes and lack of exercise caused a
major problem of insufficient minerals. In order to replenish
lacking minerals in body, various applications using
mineral of DSW have been tried (Nakasone and Akeda
1999; Hataguchi et al. 2005). Although many types of
health foods related to DSW are commercially available
(e.g. mineral water, jelly, soy sauce, Japanese sake,
confectioneries, salt, etc.), there are limited scientific proofs
for its biological activities.
In our previous study (Hwang et al. 2008), it was
found that DSW has inhibitory effects on adipocyte (3T3L1) differentiation, suggesting a possibility for antiobesity activity of DSW. We also found that an artificial
mineral water containing only Ca and Mg showed also
higher inhibitory effects (82% of original DSW) on
adipocyte differentiation. This suggests that these two
minerals played an important role in inhibitory effect of
adipocyte differentiation.
Emerging research suggests that Ca and Mg intake may
have a protective effect against obesity and diabetes
(Robertson 2006; Sales and Pedrosa 2006). In this regard,
it is worthy to study about the effects of DSW containing
high content of Ca and Mg on antidiabetes and anti-obesity.
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There are various diabetic animal models which can be
used to investigate the pathogenesis and evolution of diabetes
and can possibly be used to screen new antidiabetic drugs
(Shafrir 1992). Animal models of type 2 diabetes are likely
to be as complex and heterogeneous as the human condition.
Some strains maintain euglycemia by mounting a robust and
persistent compensatory β-cell response, matching the
insulin resistance with hyperinsulinemia (Shafrir 1992; Rees
and Alcolado 2005). The ob/ob mouse is a good model
animal for studying both type 2 diabetes and obesity because
it is unable to maintain the high levels of insulin secretion
required throughout their lives and is able to maintain
increased high body weight.
To date, to the best of our knowledge, there is no report
describing the effect of DSW on diabetes, and there is only
one publication on body weight gain. Katsuda et al. (2008)
reported that DSW drinking did not affect reduction of
body weight in Kusanagi-Hypercholesterolemic rabbits
after feeding for 6 months. The objective of the present
study was therefore to assess the effects of DSW on the
lowering body weight and blood glucose levels in ob/ob
mice.

Materials and Methods
Deep Sea Water DSW, pumped up from a depth of 1.1 km
and a distance of 18 km off Yangyang (128°56′ 42″ E, 38°
00′44″ N, Gangwon-Do, Korea) by Watervis Co., Ltd.
(Seoul, Korea), was filtered by micro-filter system (polytetrafluoroethylene, pore size 0.2 μm, Woongjin Chemical
Co., Ltd., Seoul, Korea) to remove the phytoplankton and
marine microorganisms. Filtered DSW was passed through
the reverse osmotic membrane (Krosys, Seoul, Korea) and
obtained the brine and the desalinated water. Next, we
mixed the brine and the desalinated water to prepare the
processed DSW having mineral ratio Mg/Ca/K/Na=3:1:1:1.
Generally, the hardness is defined as characteristic of water
that represents the total concentration of polyvalent ion
such as Ca, Mg, Fe, Mn, and Zn expressed as calcium
carbonate (Veríssimo et al. 2007). The preferred method for
determining hardness is to compute it from the results of
separate determinations of Ca and Mg. In this study, we
defined the hardness of DSW focusing on the concentration
of Ca and Mg ions. The hardness values were calculated
according to the following equation (Standard methods for
the examination of water and wastewater 2-37 (1998):
Hardness ¼ Mgðmg=LÞ  4:1 þ Caðmg=LÞ  2:5:
Table 1 shows mineral composition of tap water and
processed DSW of hardness 4000 used in this study.
Elemental analyses of DSW were performed using inductive-
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Table 1 Mineral contents of processed deep sea water and tap water
used in this study
Mineral
Ca
Mg
K
Na
Cl
SO4

Tap water (mg/kg)

Processed DSW (mg/kg)a

1.2
0.2
0.4
1.5
2.6
2.9

270.0
810.8
268.7
264.8
2,147.0
1,466.0

a

Hardness 4000. In this study, we used DSW of hardness 1000 by
dilution with desalinized DSW

ly coupled plasma atomic emission spectroscopy (IRIS
Intrepid II Duo, Thermo Fisher Scientific Inc., Waltham,
MA, USA). The emission intensity measurements were made
under the following conditions: RF Power 1,350 W, nebulizer
flow 25 psi, and auxiliary gas 0.5 L/min. The calibration
graph for each element was built with solutions prepared from
1 mg/mL stock solution (SCP SCIENCE, Ltd., Quebec,
Canada). Determination of nonmetals such as Cl and SO4
were analyzed by ion chromatography (861 Advanced
compact, Metrohm AG, Basel, Switzerland) under the
following conditions: column, A Supp5 150; flow rate,
0.7 mL/min; pressure, 7.3 MPa; temperature, 20°C.
Animals and Breeding Conditions All experiments were
performed on male C57BL/6J ob/ob mice purchased from
Japan SLC, Inc. (Hamamatsu, Japan) and left to acclimatize
for 2 weeks before the experimental period (84 days). The
animal breeding room was maintained under a constant
12-h light/12-h dark cycle with temperature 23±2°C and
relative humidity 55±5% throughout the experimental
period. They were given free access to standard pellets
(Samyang Co., Seoul, Korea) and either DSW or tap water
(Table 1). These experiments were approved by the
Committee for Laboratory Animal Care and Use, Daegu
University. All procedures were conducted in accordance
with the “Guide for the Care and Use of Laboratory
Animals” published by the National Institutes of Health.
Experimental Design All the animals were randomly
divided into two groups with six animals in each group:
the control group received tap water; the experimental
groups were treated with processed DSW (hardness 1000)
for 84 days. Fasting blood glucose levels and body weight
were measured after fasting the animals for 4 h (starting
from 10:00 A.M.). Blood glucose levels were determined
from the tail vein blood samples at 2:00 P.M. using a
Glucose Analyzer (Lifescan, Milpitas, CA, USA).
Oral Glucose Tolerance Test Oral glucose tolerance test
(OGTT) was performed on day 84, by fasting the mice for
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15 h, followed by an oral administration of glucose (2 g
glucose/kg body weight). Blood glucose levels were
determined from whole blood samples from the tail vein
at −30, 0 (prior to glucose administration), 30, 60, 120, and
180 min after glucose administration.
Analytical Methods The body weight gain and food intake
were periodically measured. Blood samples of the experimental animals were collected in tubes treated with 0.1 M
ethylenediamine tetraacetic acid as anticoagulant, and
plasma was separated by centrifugation at 3,000×g for
10 min. The total cholesterol and triglyceride levels were
measured using an enzymatic colorimetric assay (YD
Diagnostics Co., Ltd., Seoul, Korea). Differences after
OGTT were also analyzed with respect to each time point
adjusted area under the curve (ΔAUC). A result of a test
was statistically significant if the P value was less than
0.05.
Immunoblot Analysis The levels of the adipogenesisspecific proteins of interest were analyzed by Western blot
analysis as described below. An aliquot of plasma (100 μg)
was diluted in 2× sample buffer [50 mM Tris (pH 6.8), 2%
sodium dodecyl sulfate (SDS), 10% glycerol, 0.1% bromophenol blue, and 5% β-mercaptoethanol] and heated for
5 min at 95°C before SDS-polyacrylamide gel electrophoresis (PAGE) gel (7.5% and 12%). Subsequently, they were
transferred to a polyvinylidene fluoride (PVDF) membrane
and incubated overnight with 5% blocking reagent (Amersham Biosciences) in Tris-buffered salt (TBS) containing
0.1% Tween 20 at 4°C. The membrane was rinsed in four
changes of TBS with Tween 20 (10 mM Tris–HCl, 150 mM
NaCl, 0.1% Tween 20, pH 8.0), incubated twice for 5 min
and twice for 10 min in fresh washing buffer and then
incubated for 2 h with blocking solution containing 1:200
dilution of primary antibody (anti-goat fatty acid binding
protein (FABP), Santa Cruz Biotechnology, Santa Cruz,
CA, USA; anti-mouse RBP4, ABNOVA Co, Taipei,
Taiwan; anti-mouse Resistin, R&D Systems, Minneapolis, MN, USA; anti-mouse adiponectin, BioVision,
Mountain View, CA, USA). After four washes, the
membrane was incubated for 2 h with horseradish
peroxidase-conjugated anti-goat IgG, anti-mouse IgG,
and anti-rabbit IgG secondary antibody (1:1,000, Santa
Cruz Biotechnology) and developed using enhanced
chemiluminescence (Amersham Biosciences). The proteins from skeletal muscle and adipose tissues (100 μg
each) were isolated immediately after sacrificing the mice
(on day 84) and diluted in 2× sample buffer (50 mM Tris
(pH 6.8), 2% SDS, 10% glycerol, 0.1% bromophenol
blue, and 5% β-mercaptoethanol) and heated for 5 min at
95°C before SDS-PAGE gel (12%). Subsequently, they
were transferred to a PVDF in the same method
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described above, in which primary antibodies used were
as follows: anti-rabbit p-AMP-activated protein kinase
(AMPK), Santa Cruz Biotechnology, Santa Cruz, CA,
USA; anti-mouse adiponectin, BioVision, Mountain
View, CA, USA; anti-mouse peroxisome proliferatoractivated receptor γ (PPARγ), Santa Cruz Biotechnology,
Santa Cruz, CA, USA; and anti-rabbit GLUT4, Santa
Cruz Biotechnology, Santa Cruz, CA, USA. The Western
blot was analyzed by scanning with a UMAX PowerLook 1120 (Maxium Technologies, Akron, OH, USA)
and digitalizing using an image analysis software
(KODAK 1D, Eastman Kodak, Rochester, NY, USA).
Statistical Analysis All experimental results were compared
by one-way analysis of variance (ANOVA) using the
Statistical Package of Social Science (SPSS, ver. 14.0)
program, and the data were expressed as means±SE. Group
means were considered to be significantly different at P<
0.05, as determined by the technique of protective least
significant difference when ANOVA indicated an overall
significant treatment effect, P<0.05.

Results
Effect of DSW on Body Weight Gain, Food and Water
Intake A total of 12 ob/ob mice were grouped into control
(n=6) and DSW-treated group (n=6) having almost equal
body weight and blood glucose levels. All mice had free
access to either tap water or DSW during the entire
experimental period (84 days). Obesity status was monitored by measuring diet intake and body weight because
diet intake is generally greater in the obese state. Control
group (tap water-fed mice) showed increased body weight
gain which is one of the characteristic features of obesity. In
contrast, a significant reduction in body weight gain was
clearly observed from the first week of experiments as
shown in Fig. 1. The final mean body weight of DSWtreated mice was decreased by about 7% compared to
control mice. These results indicate that DSW is effective in
reducing body weight gain (P < 0.05). There was no
significant difference in food and water intake between
the control and DSW-treated mice (Figs. 2 and 3),
suggesting that body weight reduction in DSW-fed mice
was not a consequence of reduced food intake.
Effect of the DSW on Fasting Blood Glucose Levels Normally
ob/ob mice, in addition to increased body weight, also
exhibit chronic hyperglycemia, a characteristic feature of
diabetes. In our study, control group had elevated blood
glucose levels while the treated group showed its attenuation during the course of DSW treatment, which was
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Fig. 1 Effect of deep sea water on the body weight gain in ob/ob
mice. All data were expressed as mean±SE. (*P<0.05). Filled circles
control group, filled squares DSW-treated group

Fig. 3 Effect of deep sea water on water intake in ob/ob mice. All
data were expressed as mean±SE. Filled circles control group, filled
squares DSW-treated group

statistically significant at P<0.01 on 84th day onwards
(Fig. 4). This trend was almost constant till the end of
experiment. As shown in Fig. 4, all ob/ob mice had high
blood glucose levels from the starting day to day 35, and
thereafter the levels were slowly decreased for both groups.
Overall, the blood glucose levels in ob/ob mice were lower
than those in control mice. When treated with DSW, the
final fasting blood glucose levels decreased by 35.4% after
84 days, compared to the control mice (P<0.01).

body weight). Compared with control mice, DSW-treated
mice showed a remarkable improvement in overall glucose
response. Although all groups showed a significant increase
in the blood glucose at 30 min, the glucose levels in DSWtreated mice returned approximately to baseline after
120 min. In the course of OGTT, ΔAUC blood glucose
response was also reduced by about 14% (P<0.05) as
compared to control mice (inside panel of Fig. 5). Taken
together, these results clearly suggest the ability of DSW to
reduce blood glucose levels and to increase glucose
tolerance.

Effects of DSW on the Oral Glucose Tolerance Test After
84 days of DSW treatments, glucose tolerance was
examined for the two experimental groups using the OGTT
methodology. Figure 5 shows the changes in the levels of
blood glucose and ΔAUC during OGTT (2 g glucose/kg

Effect of DSW on Plasma Lipids The effects of DSW on
plasma lipid concentration were studied after oral administration for 84 days. As shown in Fig. 6, the total triglyceride
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Fig. 4 Effect of deep sea water on blood glucose levels in ob/ob mice.
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control group, filled squares DSW-treated group
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Effect of DSW on Adipogenic Proteins in Muscle Figure 9
shows the differential plasma levels of AMPK and GLUT 4
in control and DSW-fed mice. The protein levels of both
AMPK and GLUT4 were elevated in response to DSW
treatment.
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Fig. 5 Blood glucose levels and ΔAUC during oral glucose tolerance
test in ob/ob mice (2 g glucose/kg body weight). Difference between
control and EPS-treated groups are significant with *P<0.05. Filled
circles control group, filled squares DSW-treated group

levels were decreased in DSW-fed mice (P<0.05, P<0.01)
compared to control mice.
Effect of DSW on Adipogenic Proteins in Plasma To
identify differentially expressed proteins in response to
DSW treatment, the immunoblottings were conducted for
four proteins (adiponectin, FABP, RBP4, and resistin)
which are well known for obesity disorder. The plasma
level of adiponectin was increased, and those of other three
proteins were decreased in response to DSW treatment,
which were statistically significant (P<0.05, P<0.01) when
compared to control (Fig. 7).

Fig. 6 Effect of deep sea water
on plasma total cholesterol and
triglyceride in ob/ob mice. Difference between control and
EPS-treated groups are significant with *P<0.05 and
**P<0.01
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Effect of DSW on Expressions of Adipogenic Proteins in
Adipocyte Tissue Differential expression of the three
important proteins (adiponectin, PPARγ, and AMPK)
involved in adipogenesis event in adipose tissue between
control and DSW-treated mice were analyzed by Western
blotting. As shown in Fig. 8, DSW treatment decreased the
protein levels of adiponectin and PPARγ, while it increased
the levels of AMPK (active phospholylated form).
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In the present study, we addressed the anti-obesity and
antidiabetic potentials of DSW. To date, there have been
few studies on application of DSW to biotechnological
fields (Matsubayashi et al. 1994; Fukami et al. 1997).
Recently, some scientific evidences of therapeutic and
preventive effects of DSW have been provided by Japanese
research groups, which include alleviation of hyperlipidermia, atherosclerosis, hypertension, atopic eczema/dermatitis
syndrome, and allergic skin responses (Kimata et al. 2001,
2002; Ueshima et al. 2003; Yoshioka et al. 2003; Miyamura
et al. 2004; Hataguchi et al. 2005; Katsuda et al. 2008). In
particular, DSW was effective in the prevention of
hyperlipidemia and atherosclerosis in cholesterol-fed animals. A possible mechanism for this effect has been
proposed: increased glutathione peroxidase activity and
suppressive absorption of cholesterol in the small intestine
played roles in these effects (Yoshioka et al. 2003;
Miyamura et al. 2004; Katsuda et al. 2008).
Among many kind of minerals, Ca and Mg were proved
to play pivotal roles in inhibitory effect on adipocyte
differentiation (Hwang et al. 2008). The role of Ca in
mediating multiple cellular functions has well been established by many investigators (Zemel 1998; Worrall and
Olefsky 2002). More importantly, intracellular Ca acts as a
second messenger in many signal transduction pathway. It
has become clear that oral Ca supplementation could
improve cellular insulin metabolism and partially correct
insulin resistance in both animal and human patients (Choi
et al. 2005; Barba and Russo 2006). Insulin-mediated
glucose transport is affected by increasing the intracellular
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Fig. 7 Western blot analysis for
plasma protein levels of adiponectin, FABP, RBP4, and resitin
in ob/ob mice in response to
DSW treatments. Band density
was digitized with software and
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statistically significant (*P<0.05
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levels of Ca (Draznin et al. 1987). Recent human and
animal studies indicated that a higher Ca intake was
associated with reduced body fat or less gain of body fat
over time, and possible mechanisms of intracellular Ca for
fat metabolism have been demonstrated by Zemel and his
group (Zemel 1998; Zemel et al. 2000; Xue et al. 2001).
These studies showed that high dietary Ca intake is
associated with reduced 1,25-vitamin D levels which in
turn act in decreasing Ca influx into the cell and, thus, the
intracellular levels of the ion: these modifications eventually
stimulate lipolysis and inhibit lipogenesis in the adipocyte.
In contrast, high intracellular Ca levels (low dietary Ca) are
associated with increased fat synthesis and reduced lipolysis
via Ca-dependent mechanisms. Dietary Ca could influence
fat metabolism not only by modulating it within the
adipocyte but also by increasing fecal fat excretion, as has
been shown during a high Ca diet (Jacobsen et al. 2003;
Papakonstantinou et al. 2004; Barba and Russo 2006).
Intracellular Ca also modulates de novo lipogenesis in both
rodent and human adipocytes, thereby representing a key
therapeutic target for the control of obesity (Zemel 1998;
Worrall and Olefsky 2002; Wagner et al. 2007). Increase of
Ca in a variety of cells, including murine and human
adipocytes, stimulates both the expression and activity of
adipocyte fatty acids synthase and increase triglyceride
accumulation in a Ca-dependent manner (Zemel 1998). The
mechanism by which Ca might modulate body weight is
unclear, but researchers hypothesize that increased intakes
of dietary Ca result in decreased levels of intracellular Ca,
triggering increased lipolysis (Zemel et al. 2000; Venti et al.
2005). As mentioned above, many studies have shown an

Control

DSW

Resistin

inverse relationship between Ca intake and human body
weight (Zemel 2004; Zemel and Miller 2004). However,
many recent experiments have failed to find this relationship (Shapses et al. 2004; Paradis and Cabanac 2005; Venti
et al. 2005; Duengler et al. 2006; Wagner et al. 2007).
Mg affects many cellular functions, including transport
of potassium and Ca ions, and modulates signal transduction, energy metabolism, and cell proliferation (Corica et al.
1999; Saris et al. 2000). There is an increasing interest in
the role of intracellular Mg in preventing and managing
disorders such as hypertension, cardiovascular disease, and
diabetes (Lopez-Ridaura et al. 2004). Several studies have
shown that, among patients with diabetes mellitus, the
frequency of hypomagnesemia is higher than expected and
that it is correlated with the degree of severity of
hyperglycemia (Saris et al. 2000). In type 2 diabetic
patients, daily Mg administration, restoring a more appropriate intracellular Mg concentration, contributes to improve insulin-mediated glucose uptake. It has been shown
that oral Mg supplementation improves the control of
diabetes (Sjögren et al. 1988; Paolisso et al. 1992). A poor
intracellular Mg concentration may result in a defective
tyrosine-kinase activity at the insulin receptor level and
exaggerated intracellular Ca concentration (Paolisso and
Barbagallo 1997) because Mg concentration is critical in
the phosphorylation of the tyrosine-kinase of the insulin
receptor as well as all other protein-kinases. That is, the
lower the basal Mg, the greater the amount of insulin
required to metabolize the same glucose load, indicating
decreased insulin sensitivity (Barbagallo and Dominguez
2007). Taken together, it is believed that a lack of
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magnesium leads to increased insulin resistance, and thus,
low magnesium levels are an important risk factor for
diabetes (Tosiello 1996). In this regards, DSW can be a
beneficial agent to alleviate obese and/or diabetic status.
Although Mg supplementation seems to have beneficial
effect in diabetic patients, no rule about dosage and
duration of the treatment with this mineral has been
established until the moment (Sales and Pedrosa 2006).
Therefore, for application of DSW to therapeutic purpose
for diabetes in the future, more detailed guidelines are
essentially required.
Many metabolic disorders such as obesity and diabetes
are associated with dysregulation of adipocytokines (Zou
and Shao 2008). For example, there are several reports with
significant negative correlation between body mass index
and plasma adiponectin levels (Arita et al. 1999; Cnop et al.
2003). Elevated plasma resistin levels were observed in the
obese serum whose major sites of production in rodents are
adipocytes while in humans, immunocompetent cells
(Haluzik and Haluzikova 2006). In our results, a significant
elevation of adiponectin and reduction in the plasma levels
of resistin after DSW treatment implies increased insulin
sensitivity. The elevated plasma RBP4 levels are also
associated with metabolic syndromes such as obesity and
type 2 diabetes (Graham et al. 2006; Gavi et al. 2007).
Indeed, RBP4 augmented hepatic gluconeogenesis and
attenuated insulin signaling in skeletal muscle. With this
connection, our immunoblotting results clarified the effect
of DSW on serum RBP4 attenuation, thus exerting its effect
on insulin sensitivity and reduced glucose level.
AMPK provides an attractive target for therapeutic
intervention in metabolic disorders such as obesity and
type 2 diabetes. Indeed, experiments with animal models of
type 2 diabetes and the metabolic syndrome show that
activation of AMPK can reverse many of the metabolic
defects in these animals in vivo (Iglesias et al. 2002).
Coincidently, our results indicated that AMPK system
could serve as the probable target of antidiabetic action of
DSW.
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It has been reported that the impairment of glucose
uptake by adipose and muscle tissues in insulin resistance
and obesity is associated with the reduction of cellular
GLUT4 content (Zorzano et al. 1998; Huang and Czech
2007). Since the amelioration of abnormal glucose metabolism in type 2 diabetes is shown to be largely due to an
increase in the glucose uptake in muscle and adipose tissues
(Wing et al. 1994), the alteration in GLUT4 expression or
in its translocation to the cellular membrane is regarded as a
potential targets in the treatment of diabetes. In conclusion,
it has been demonstrated that DSW might play beneficial
roles in glucose metabolism in ob/ob mice via activation of
AMPK and GLUT4 in skeletal muscle.
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