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Minerals are essential for life, as they are a vital part of protein constituents, enzyme cofactors, and 
other components in living organisms. Deep sea water is characterized by its cleanliness and stable low tem-
perature, and its possible health- and medical benefits are being studied. However, no study has yet evaluated 
the physical properties of the numerous commercially available deep sea water products, which have varying 
water sources and production methods. We analyzed these products’ mineral content and investigated their 
effect on living organism, focusing on immune functions, and investigated the relation between physiologi-
cal immunoactivities and mineral intake. We qualitatively analyzed the mineral compositions of the deep 
sea water drinks and evaluated the drinks’ physical properties using principal component analysis, a type 
of multivariate analysis, of their mineral content. We create an iron and copper-deficient rat model and 
administered deep sea water drinks for 8 weeks. We then measured their fecal immunoglobulin A (IgA) to 
evaluate immune function. Principal component analysis suggested that physical properties of deep sea water 
drinks could be determined by their sources. Administration of deep sea water drinks increased fecal IgA, 
thus tending to stimulate immune function, but the extent of this effect varied by drink. Of the minerals 
contained in deep sea water, iron showed positive correlations with the fecal IgA. The principal component 
analysis used in this study is suitable for evaluating deep sea water containing many minerals, and our re-
sults form a useful basis for comparative evaluations of deep sea water’s bioactivity.
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Disruption of homeostasis in the mucosal tissue leads to 
diseases such as cancer and infection.1) In humans, this ho-
meostasis is maintained by epithelial barriers, as well as the 
immune system, which can be classified into the innate and 
adaptive systems. Immune homeostasis is established through 
the construction of higher-order immune networks between 
these systems. In the adaptive immune system, immuno-
globulin A (IgA)-producing B lymphocytes (B cells) play an 
important role in maintaining homeostasis and defending the 
mucous membrane. Interleukin (IL)-17-producing T helper 
cells are ever-present in the mucous layer, and contribute to 
intestinal immunity as well.2,3) In the intestine, homeostasis 
is maintained by an enormous number of gut flora. Intestinal 
IgA plays a crucial role in maintaining host–gut flora homeo-
stasis, and is mostly produced T cell-dependently in Peyer’s 
patch germinal centers.4) Probiotics, vitamins, minerals, and 
other components are thought to be involved in the mainte-
nance of intestinal immune balance homeostasis.5)

Aside from the intestinal immune system, general health 
maintenance in humans is greatly influenced by minerals. Bal-
anced mineral intake is essential to the preservation of human 
health, and it is necessary to adjust the amount and method 
of mineral intake in pathological conditions that can disturb 
the body’s mineral composition. The main sources of daily 
mineral intake are food and drinking water. The mineral com-
position of drinking water is therefore important to the body’s 
mineral replenishment.

Deep sea water refers to water obtained from the layer of 
ocean at 200 mor deeper, which is less polluted than the sur-

face sea water and possesses many notable features. Namely, 
deep sea water is characterized by its richness in mineral 
nutrients that are essential to vital activities, its cleanliness, 
as it experiences little exposure to chemical pollution from 
inland waters and atmosphere, as well as its stable low tem-
perature, as there is little seasonal temperature variation at 
depth. Various studies are currently examining the balanced 
mineral and essential trace element content in deep sea water. 
Deep sea water has been confirmed to contain 60 or more 
minerals, including macroelements such as calcium, phospho-
rus, potassium, sulfur, chlorine, sodium, and magnesium, as 
well as microelements such as iron, zinc, copper, manganese, 
iodine, selenium, molybdenum, and cobalt.6) Consumption of 
deep sea water is considered effective for replenishing miner-
als in the body and thus preventing lifestyle-related diseases. 
In medicine and health, deep sea water has been reported to 
help maintain the cardiovascular system,7–9) liver function,10) 
metabolism11) and bone metabolism.12) Pharmacological effects 
have been reported, such as improvement in cases of atopic 
dermatitis13) and fatigue,14,15) suppression of bowel diseases 
including duodenal ulcer,16) and suppression of breast cancer 
metastasis.17)

Our group has also found that deep sea water is effective 
for improving dyslipidemia and arteriosclerosis,18,19) which 
suggests deep sea water’s utility as a stimulator of antioxidant 
system in the body. However, as there are many sources of 
deep sea water even in Japan alone, and commercially avail-
able deep sea waters differ in hardness and production meth-
ods, we consider it necessary to characterize their respective 
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mineral compositions to distinguish the functionality of each 
type of water.

When rats are fed with a diet deficient in trace elements 
including iron and copper, the content of mineral components 
in the body decreases,20) not only the symptoms of anemia, 
lowering of hemoglobin value but also lipid metabolism 
is affected, It has been reported that various disorders are 
caused.21) Iron deficiency increases liver storage copper and 
copper deficiency increases liver storage iron.22) It is consid-
ered that the two mineral components of iron and copper are 
complementary in the living body. In addition, the influence 
on immunity is similar, and the two mineral components are 
involved in the reduction of T cell number and suppression of 
activity.23)

Against this background, we investigated the relation 
between the mineral composition and immune-stimulating 
effects of various deep sea waters, using an animal model of 
pathology with iron and copper deficiency.

MATERIALS AND METHODS

Deep Sea Water Drinks  Twenty-one types of deep sea 
water drinks with different hardness and production methods 
were used. Drinks were labeled from a to u. Production area, 
hardness, and hardness adjustment method of the deep sea 
water drinks are shown in Table 1.

Evaluation of Properties of Deep Sea Water Drinks
Qualitative Analysis of Each Mineral Ingredient
The drinks were assayed for 72 mineral ingredients using 

Shimadzu technique paste search Co., Ltd. inductive coupling 
plasma mass spectrometry (Agilent7700x, horse mackerel 
Lent technology Co., Ltd. Santa Clara City, CA, U.S.A.), in-
ductive coupling plasma emission spectrometry (ICPS-8100, 
Shimadzu Corporation, Kyoto, Japan), ion chromatography 
analysis (HIC-20Avp, Shimadzu Corporation), as appropriate.

Influence of Deep Sea Water Drinks on Intestinal IgA 
Production in Rat Model of Iron and Copper Deficiency

Materials and Reagents
Based on physical property evaluation, seven deep sea 

water drinks (d: −2.27 −0.79, j: −1.61 −0.51, k: −1.33 0.09, 
n: −0.40 0.70, o: −0.09 −1.24, p: −0.96 6.13, r: 5.52 −0.95) 
were selected, considering the differences in Principal compo-
nent (PC)1 (−2.3–5.5) and PC2 (−1.2–6.1) areas (Fig. 1) and 
differences in hardness (28–1000 mg/L). Iron and copper de-
ficient diet (AIN93G Iron, copper-free diet (solidity) (Oriental 
Yeast Co., Ltd., Tokyo, Japan) was used. Other reagents were 
of the highest grade commercially available.

Animals
Male Wistar rats (Japan SLC Inc., Ltd.) were kept at 

23±2°C for 6 d after initial purchase. The animal experiment 
received approval from the Kochi University Animal Experi-
ment Committee and all guidelines on animal experimenta-
tion set by the Kochi University medical department were 
followed.

Preparation of Iron- and Copper-Deficient Rat Models
Iron- and copper-deficient rat models were prepared by 

administering the iron- and copper-deficient diet for 8 weeks. 
The deep sea water drinks were administered simultaneously 
for 8 weeks beginning with the start of the diet. Fecal samples 
were collected for each individual rat for 24 h after 8 weeks.

Measurement of IgA in Feces
After freeze-drying, 0.1 g of harvested feces was mixed 

with 1 mL of phosphate buffered saline (PBS) containing 
50 mM ethylenediaminetetraacetic acid (EDTA), 1% bovine 
serum albumin and phenylmethylsulfonyl fluoride (Wako Pure 
Chemical Industries, Ltd.), and centrifuged at 10000×g for 
20 min. IgA remaining in supernatant after centrifugation was 
measuring using a Rat IgA ELISA Kit (Bethyl Laboratories, 
Inc., Montgomery, TX, U.S.A.).

Statistical Analysis  Statistical evaluation was performed 

Table 1. Water Hardness and Production Method of Various Deep Sea Water Drinks

Sample No. Production area Hardness (mg/L) Hardness adjustment method

a A 0 Nothing added
b A 10 Bittern derived from DSW and Ca derived from DSW added
c A 15 Raw DSW added to desalinated water
d A 28 Add residual concentration water at dechlorination to desalinated water
e A 50 Add residual concentration water at dechlorination to desalinated water
f B 50 Highly concentrated mineral water from DSW added
g A 76 Raw DSW added to desalinated water
h A 76 Raw DSW added to desalinated water
i A 88 Bittern derived from DSW added to desalinated water
j A 88 Bittern derived from DSW added to desalinated water
k A 100 Bittern derived from DSW and Ca derived from DSW added
l A 120 Bittern derived from DSW and Ca derived from DSW added
m C 150 Bittern derived from DSW added
n A 250 Bittern derived from DSW and Ca derived from DSW added
o C 250 Bittern derived from DSW added
p B 300 Highly concentrated mineral water from DSW added
q A 500 Bittern derived from DSW and Ca derived from DSW added
r A 1000 Bittern derived from DSW and Ca derived from DSW added
s C 1000 Bittern derived from DSW added
t A 1200 Bittern derived from DSW and Ca derived from DSW added
u A 1500 Bittern derived from DSW and Ca derived from DSW added

DSW: Deep Sea Water.
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using R Version 4.1 with p<0.05 considered to indicate sig-
nificance. Principal component analysis (PCA) and orthogonal 
partial least squares discriminant analysis (OPLS-DA) were 
performed as multivariate analysis. The correlation test was 
conducted by Pearson’s moment correlation analysis. Differ-
ences in fecal IgA concentrations in each group were made by 
multiple comparisons by the Bonferroni method.

RESULTS

Qualitative Analysis of Mineral Composition  Of the 72 
minerals assayed for, 32 were present in quantities above the 
detection level. Some minerals were only present in quantity 
above the detection threshold for water taken from particular 
sources, for instance, selenium at source A, manganese at 
source B, and vanadium at source C.

Principal Component Analysis of Mineral Compositions  
Principal component analysis was performed on 21 of the 
minerals detected in the tested drinks as a result of the quali-
tative analysis, revealing a contribution rate of 61.8% (Fig. 1). 
Drinks from source B were limited to PC2: 3.7–6.1, and others 
drinks were limited to PC2: −2–1. In source B contained zinc 
much compared with other groups. Zinc was plotted above the 
PC 2 axis because zinc is a mineral with a large factor load-
ing in the positive direction with respect to PC 2 axis. Drinks 
from source C was influenced by minerals with a large factor 
load in the negative direction of the PC 2 axis such as vana-
dium detected only with C, and was plotted below the PC 2 
axis. Calcium and magnesium both contribute to hardness and 
were loaded highly on PC1; hard waters were thus plotted in 
the positive area of PC1. Drinks with the same water source 
were plotted close to each other.

Effects of Deep Sea Water on Intestinal Immunity
IgA Concentration
Seven deep sea water-derived drinks were selected based 

on principal component analysis result: d, j, k, n, o, p, and r. 
Rats’ fecal IgA concentration was lower in the negative con-
trols that received distilled water compared to the deep sea 
water drink group (data not shown). Comparison within the 
deep sea water group revealed a trend of lower IgA values for 

those drinks that were plotted further into the positive region 
of PC1. We performed discriminant analysis to identify the 
minerals in deep sea water drinks that contribute to the dif-

Fig. 1. Principal Component Analysis Scores Plot Based on Qualitative Data

Fig. 2. Fecal IgA Concentration in Rats on Iron and Copper-Deficient 
Diet and Administered Various Deep Sea Water Drinks

Results are expressed as the mean±S.E. of the data from six animals. * p<0.05, 
** p<0.01 compared multiple (ANOVA followed by Bonferroni method).

Fig. 3. OPLS-DA Scores Plot Based on Qualitative Analysis Data and 
IgA Concentration
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ferences in the IgA-producing ability. We conducted multiple 
comparisons by the Bonferroni method, divided the drinks 
into high fecal IgA group (d, j, k, p) and low group (n, o, r), 
and then performed orthogonal projections to latent structures 
discriminant analysis (Fig. 2). R2 value was 0.989 and Q2 
0.797 (Fig. 3). The two groups were clearly distinguished. 
Evaluation of the relation between the fecal IgA concentra-
tions and deep sea water drinks’ mineral components revealed 
that out of the 32 minerals detected, only iron was positively 
correlated with fecal IgA (Fig. 4).

DISCUSSION

In this study, we performed a comprehensive mineral 
composition analysis on commercial deep sea water-derived 
drinks and investigated the effect of these drinks on intestinal 
immunity in an animal model of iron and copper deficiency. 
We analyzed the drinks for the presence of 72 minerals, and 
found that 32 minerals were present in detectable quantities. 
Principal component analysis with the mineral content as vari-
ables allowed for visual analysis of the differences in mineral 
content by water source. Principal component analysis is a 
method for summarizing the information contained in multiple 
dimensions to a reduced dimension, and is used in the search 
for diagnostic markers, root cause analyses of diseases, and 
quality evaluations of foods and crude drugs. Principal com-
ponent analysis is also suitable for evaluating deep sea water 
drinks.

Possible effects on intestinal immunity were studied by col-
lecting the feces of the pathological model animals and mea-
suring IgA content. IgA has been studied extensively as an 
intestinal immunity index. Various stimuli, such as microbes, 
can induce release of T cell-dependent IgA from Peyer’s 
patches.4) Once secreted into the intestinal lumen via the epi-
thelium, IgA reacts to exogenous antigens such as gut flora to 
modulate their impact on the body. T helper cells, which play 
central roles in the immune response, are present in Peyer’s 
patches. T helper cells are classified into four types (Th1, 
Th2, Th17, and Treg) depending on the cytokines they pro-

duce. These cells maintain immune homeostasis by exerting 
controls over each other.24,25) We used seven kinds of drinks 
based on principal component analysis using iron and copper 
deficiency disease model rats, and evaluated the influence on 
immunity using IgA in feces as an indicator. The iron and 
copper deficiency disease model was administered iron and 
copper deficient diet for 8 weeks, and various deep sea water 
drinks were administered. In previous studies, mineral defi-
cient pathological animals were produced at 4–8 weeks26,27) 
and beverages were evaluated at 4–12 weeks.28,29) In this min-
eral deficiency pathogenesis model, significant pathological 
weight loss was observed in disease model rats compared with 
normal rats over 8 to 12 weeks. Considering that continuation 
for 12 weeks is highly invasive to experimental animals, con-
trary to the animal experiment guidelines, the administration 
period was set to 8 weeks.

Compared to healthy animals, iron and copper-deficient 
negative controls were found to have lower fecal IgA value 
(data not shown). Iron and copper are essential for maintain-
ing homeostasis in the body and also play important roles in 
immunomodulation, which is likely why negative controls 
showed diminished IgA. Furthermore, all deep sea water-
administered iron and copper-deficient animals showed higher 
fecal IgA levels compared to their negative-control counter-
parts, regardless of the types of deep sea water administered.

We performed OPLS-DA to identify the mineral component 
in deep sea water contributing to this effect and successfully 
divided the drinks into groups that resulted in high- and low 
fecal IgA concentrations. In mineral containing deep sea 
water drink, the mineral component showing a statistically 
significant positive correlation with fecal IgA concentration is 
only iron, and this time iron has the most influence on intes-
tinal immunity in iron/copper deficiency pathology I guessed. 
The standard error of the group r was smaller than that of the 
other groups. The reason for this is presumed that deep sea 
water drinks drunk in group r were due to the iron concentra-
tion considered to have the most influence on intestinal tract 
IgA concentration was below the detection limit. The mucosal 
immune system is modulated through the interactions of vari-

Fig. 4. Correlation between Iron Concentration and Fecal IgA in Each Deep Sea Water Drink
Pearson’s moment correlation analysis was used to test for the presence or absence of correlation.
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ous immune system-related cells. Recent studies have reported 
that increased IgA is the result of enhanced immune response 
due to activated antigen-presenting cells and lymphocytes.30) 
Iron deficiency is associated with diminished number of T 
cells, decreases in IL-2 secretion, macrophage migration-
inhibitory factor production and neutrophils, and lower NK 
cell activity.31) In particular, in cases of iron deficiency, IL-6 
reduction has been reported immunologically.32) In the pro-
duction of IgA, the action of Th2 cells is involved, and the 
IgA-producing plasma cells differentiate under the stimulation 
of IL-5 and IL-6 produced by Th2 cells. Decrease in IL-6 is 
thought to indicate a decrease in function of Th2 cells, and 
even in the pathology model used this time, functional dete-
rioration of Th2 cells leads to a decrease in IgA concentration, 
supplementation of iron component by deep sea water drinks 
I believe that the reduction of intestinal tract IgA concentra-
tion was suppressed. However, even in the drinking water r 
in which the iron concentration was below the detection limit, 
the IgA concentration in the feces shows higher than the nega-
tive control, so the mineral component affecting the IgA con-
centration in the intestinal tract in the iron/copper deficiency 
disease model is I guess that it is not just iron.

The immunomodulatory effects reported thus far for deep 
sea water are immunosuppressive effects, as in anti-allergy 
effects,33) and immune system stimulation following increased 
serum IgG value.34) Both effects are thought to be caused by 
the minerals contained in deep sea water. These results add 
new knowledge to deep sea water’s immune system-related 
functions via the augmentation of IgA secretion; this could be 
considered as an activation of the adaptive immune defense’s 
humoral response caused by deep sea water.Further research 
is needed on the relation between Peyer’s patch immune func-
tion control and minerals. Furthermore, it is necessary to 
elucidate the overall picture of the immune system in Peyer’s 
patches via the minerals’ ability to regulate biological func-
tions through identifying the target immunocompetent cells, 
the receptors thereof and their subsequent actions.
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