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Effects of magnesium (Mg) supplementation on nine mild type 2 diabetic patients with stable glycemic
control were investigated. Water from a salt lake with a high natural Mg content (7.1%) (MAG21) was used for
supplementation after dilution with distilled water to 100mg/100mL; 300mL/day was given for 30 days. Fasting
serum immunoreactive insulin level decreased significantly, as did HOMAeR (both p � 0.05). There was also
a marked decrease of the mean triglyceride level after supplementation. The patients with hypertension showed
significant reduction of systolic (p � 0.01), diastolic (p � 0.0038), and mean (p � 0.01) blood pressure. The
salt lake water supplement, MAG21, exerted clinical benefit as a Mg supplement in patients with mild type 2
diabetes mellitus.

INTRODUCTION

It has recently been pointed out that magnesium (Mg)
deficiency is related to life style-related diseases, such as dia-
betes mellitus, hypertension, hyperlipidemia, ischemic heart
disease. Patients with diabetes mellitus often are Mg deficient,
expressed by hypomagnesemia and [1,2,3] with which insulin
resistance (characteristic of patients with type 2 diabetes) is
related. Thus, Mg supplementation in patients with type 2
diabetes should be clinically beneficial. “Bitterns” are the main
component of natural salt which is used as a coagulator of
“tofu” (bean-curd) and we focused our attention on bitterns
with a high Mg content as a Mg supplement for type 2 diabetes
mellitus.

METHODS

Subjects

Six male and three female mild type 2 diabetes mellitus
patients, with stable glycemic control by diet therapy alone or

by oral hypoglycaemic agents other than insulin, were selected
for study after obtaining their informed consent. Their mean
age was 51.6 � 2.6 (mean � S.E.) years. Patients with other
Mg metabolism disorders such as renal disease, arrhythmia,
and ischemic heart disease were excluded. Estimated duration
of diabetes was 4.7 � 0.5 years on average, and the average
body mass index (BMI) was 26.1 � 1.1 kg/m2. Six of the
patients had hypertension, defined as blood pressure of 140
and/or 90 mmHg or over, that was being treated by antihyper-
tensive agents. There were five cases of hyperlipidemia, de-
fined as total cholesterol of 220 mg/dL or over, and/or total
triglyceride of 150 mg/dL or over. In addition, there were two
cases of hyperuricemia. Five patients were treated by diet
therapy alone, one patient by an �-glucosidase inhibitor, two
patients by a sulfonylurea, one patient by nateglinide, and one
patient by a biguanaide.

Methods

The components of MAG21 solution, that was used for Mg
supplementation in this study, are shown in Table 1. This is a
low sodium chloride solution from a salt lake with a high Mg
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content, Lake Deborah West, which is located north-east of
Perth in Western Australia.

MAG21, with specific gravity of about 1.3, is a clear, and
slightly viscous, mildly acidic water of pH 6.2. It is salt water
with a high concentration of “bitterns” and a low sodium
content of 0.84% and Mg content as high as 7.1%. MAG21 also
contains small amounts of other trace elements, such as zinc,
manganese, etc. When diluted to 1% solution, it becomes an
ionized alkaline water of pH 8.9. MAG21 is produced in the
“Mg chloride evaporation ponds,” that are filled with lake
water for evaporation by solar heat and concentrated.

In this study, MAG21 as Mg supplementation liquid is
diluted with distilled water so that Mg concentration is 100mg/
100 mL, and 300 mL/day was ingested for 30 days. Fasting
morning blood was drawn before and after the tests. Total
serum Mg and urinary Mg concentrations, potassium (K) and
calcium (Ca), fasting plasma glucose (FPG) and fasting immu-
noreactive insulin (FIRI), glycated hemoglobin (HbA1c), gly-
cated albumin (GA), 1,5-anhydroglucitol (1,5-AG), and total
cholesterol (TC), triglyceride (TG), and high density lipopro-
tein cholesterol (HDL-C) were measured. Insulin resistance
was determined by the homeostasis model assessment index
(defined as HOMA-R � FPG(mg/dL) � FIRI(�U/mL)/405
[4]), which is commonly used for measuring insulin sensitivity.

The therapeutic regimens of subjects taking MAG21 was
not changed. Prescribed antihypertensive agents were taken at
fixed times. Blood pressure level in the sitting position, at a
given time after taking the drug, was measured 3 times after 10
minutes’ rest, and the average of the three measurements was
used. All the data were compared with regards to the measure-
ments of each parameter before and after the tests. Paired
Student’s t-test was used for statistical analysis, and each value
was expressed as mean (M) �standard error (S.E.). A p value
of less than 0.05 was considered indicative of statistical signif-
icance.

RESULTS

MAG21 did not cause adverse effects such as diarrhea in
any of the subjects. Changes of K and Ca levels were not
observed, but total serum Mg (2.1 � 0.06 to 2.3 � 0.07 mg/dL,
p � 0.01), urinary Mg concentration (5.2 � 0.87 to 9.2 �

1.79 mg/dL, p � 0.01), and urinary Mg excretion rate (2.4 �

0.50 to 3.6 � 0.84, respectively, p � 0.01) significantly in-
creased after supplementation. There was no significant change
in FPG after MAG21 supplementation, but FIRI significantly
decreased (8.08 � 1.84 to 5.89 � 1.03 �U/mL, p � 0.01),
therefore insulin resistance index, HOMA-R, was reduced
(2.73 � 0.49 to 2.05 � 0.29, p � 0.05). None of the three
indices, namely, HbA1c, GA, and 1,5 AG showed statistically
significant differences before and after supplementation (data
were not shown). There was no significant change in TC, while
HDL-C showed a slight increase after the supplementation, but
the increase was not statistically significant. On the other hand,
a marked decrease of mean TG level was noted after the
supplementation, although a change was not statistically sig-
nificant (Table 2). The changes of blood pressure (BP) levels
are also shown in Table 2. The mean BP levels of all the
subjects did not show a significant hypotensive effect after
supplementation, but six patients with hypertension showed
significant reduction of the systolic BP (136.3 � 2.7 to 130.8 �

2.8 mmHg, p � 0.01), diastolic BP (83.0 � 5.14 to 79.0 � 5.9

Table 1. Diagram of Componential Analysis of MAG21 (Pure Natural Concentrated Magnesium Chloride from Lake Deborah)

Magnesium 10,300 mg Selenium 0.73 ppb Calories 0 kcal
Potassium 633 mg Silicon 1.43 ppm Protein 0 g
Sodium 584 mg Phosphorus 0.26 ppm Lipids 0 g
Calcium 4.6 mg Molybdenum 0.15 ppm Carbohydrate 0 g
Zinc 47 �g Iron 0.14 ppm Specific gravity 1.293
Copper 26 �g Chromium 2.7 ppb
Manganese 11 �g Amount Per 100 mL

Japan Food Research Laboratories No. 101031748.

RIKEN (The Institute of Physical and Chemical Research), Japan. No. 11-526.

Table 2. Laboratory Evaluation before and after
Supplementation with MAG21

Before After

FPG (mg/dL) 149.4 � 13.8 147.4 � 12.0
FIRI (�U/mL) 8.08 � 1.84 5.89 � 1.03a

HOMA-R 2.73 � 0.49 2.05 � 0.29b

Lipids
TC (mg/dL) 205.3 � 8.98 207.9 � 12.07
HDL-C (mg/dL) 51.7 � 5.36 53.7 � 4.82
TG (mg/dL) 255.4 � 80.5 178.8 � 38.3

BP (blood pressure) N � 6
cases with hypertension

SBP (mmHg) 136.3 � 2.68 130.8 � 2.79c

DBP (mmHg) 83.0 � 5.14 79.0 � 5.86d

MBP (mmHg) 100.8 � 3.34 96.3 � 3.98e

FPG � fasting plasma glucose, FIRI � fasting immunoreactive insulin, HOMA-

R � homeostasis model insulin resistance index: FPG(mg/dL) � FIRI(�U/mL)/

405 � FPG(mmol/L) � FIRI(�U/mL)/22.54), TC � total cholesterol, HDL-C �

high density lipoprotein cholesterol, TG � triglyceride, SBP � systolic blood

pressure; DBP � diastolic blood pressure, MBP � mean blood pressure.
a p � 0.01 compared to before supplementation, b p � 0.05 compared to before,
c p � 0.01 compared to before, d p � 0.038 compared to before, e p � 0.01

compared to before.
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mmHg, p � 0.0038), and mean BP (100.8 � 3.3 to 96.3 � 4.0
mmHg, respectively p � 0.01).

DISCUSSION

It has recently been pointed out that magnesium (Mg)
deficiency is related to life style-related diseases, and this
chronic deficiency of Mg is speculated to play an important
role in the increased incidence of the diseases. These diseases
have drastically increased in Japan today. A notable change in
diet during the past 50 years in Japan is an increase of fat
intake, in addition, various factors have contributed to chronic
Mg deficiency among the Japanese including: (1) decreased
intake of food grains rich in Mg; (2) discontinuation of intake
of various minerals, Mg in particular, from the sea salt, because
of the abolishment of “the Sea Farm law” in 1971; (3) vege-
tables grown on nonfertile land nowadays; and (4) decreased
consumption of seafood. As a consequence, the amount of
decrease of Mg intake in the Japanese population seems to be
speculated as at least 100mg/day compared with 50 years
before.

Diabetes mellitus is the most common disease, in which a
high frequency of hypomagnesemia [1,2,3] due mainly to an
increase of urinary Mg excretion, is often detected, as is the
pathological state of insulin resistance, that is especially com-
mon in patients with type 2 diabetes. In this study insulin
sensitivity estimated by HOMA-R [4] in patients with mild
type 2 diabetes was significantly improved with supplementa-
tion with MAG21. The mechanism by which insulin resistance
develops is complicated and still remains unclear, but de-
creased tyrosine kinase activity due to Mg deficiency is re-
ported as one of the mean by which insulin resistance is
expressed [5]. Mg supplementation with MAG21 may have
increased enzyme activity.

Although there was no significant change in the level of
three glycemic control indices before and after supplementa-
tion, the HbA1c and GA levels after supplementation were
either similar or showed a tendency to decrease in five patients,
and 1,5-GA level after supplementation was either similar or
showed tendency to slightly increase in five patients. If the
supplementation period were much longer, more favorable
results might have been seen.

The average level of TG markedly decreased after MAG21
supplementation in patients with a higher level of TG before
supplementation. Since decreased activity of lipoprotein lipase
(LPL) due to Mg deficiency causes hypertriglyceridemia in
diabetics [6], the reduced TG levels after Mg supplementation
with MAG21 might reflect its increase of LPL activity.

The change of blood pressure in patients with hypertension
was statistically significant. Antihypertensive effect due to Mg
supplementation may have been caused by the antagonistic
action of Mg on calcium [7] mainly through the reduction of

insulin resistance [5]. Reports of clinical studies on Mg sup-
plementation have focused mainly on hypertension, and Mg
oxide [8], Mg hydrate [9], and Mg aspartate [10] were often
used in the studies. We could find no references reporting the
effect of Mg supplementation with this pure natural Mg chlo-
ride, the main component of “bitterns.” In this study, the effect
of short-term Mg supplementation at 300mg/day with MAG21
was assessed in diabetics. Although the daily quantity of Mg is
considerably lower and the supplementation period is also
shorter than those used in other studies, favorable effects have
been demonstrated. The reason may be that MAG21 is pure and
already in solution, so that Mg absorption from the intestinal
tract may be relatively high.

Mg is an essential mineral, that tends to be chronically
deficient in people today, so its Mg supplementation must be
clinically useful, in particular for patients with life style-related
diseases. We hope that the clinical effect of supplementation
with pure natural Mg, such as MAG21 will be studied further
in the future.

CONCLUSION

Salt lake water with a high Mg content, MAG21, has shown
clinical benefit, as a Mg supplement in patients with mild type
2 diabetes.
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