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Drinking Alkaline Electrolyzed Water Suppresses the Elevation of Serum Triglyceride

Level in Rats
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ABSTRACT

Rats were fed with the semi-synthetic diet and alkaline electrolyzed water (AEW) made from electrolyzing tap water in
order to examine the effects of AEW on serum lipids level, short-chain-fatty acids contents in the cecum of rats, and the
growth of rats. The triglyceride and phospholipid levels in the serum were significantly lower in AEW-drinking rats than in
tap water-drinking rats. AEW made from ion-exchanged water was also examined for its effects on the serum lipids level of
~ rats that were fed non-oxidized or oxidized diets. The serum triglyceride level was lower in rats taking oxidized diet and

AEW than in rats taking oxidized diet and ion-exchanged water. These results indicate that AEW is capable of suppressing
the elevation of serum triglyceride level of rats. The content of butyric acid in the cecum of AEW-drinking rats was

. significantly lower than that of tap water-drinking rats. No effect of AEW drinking on rat’s growth was observed.

The number of those who drink potable alkaline
electrolyzed water (AEW) made by electrolyzing tap water
is increasing in Japan. AEW is produced by using so called
“Alkali-Ion-Water electrolyzer””
called alkali-ion water. Because of the safety of the
electrolyzer and its ‘\ product (AEW) with the effect of
improving the gastro-intestinal tract conditions, the Ministry
of Health and Welfare of Japan approved the electrolyzer as

a medical device for home use in 1965. Since then, the

, and has therefore been

elecfrolyzer has been commercially available and several
millions of the electrolyzer sets had been used until today.
Japanese people take AEW not only because of its medical
effect, but also because of its good taste”. The electrolyzer
has cathode and anode chambers that are separated with an
ion- exchangeable diaphragm and AEW is produced in the
cathode chamber. In the cathode, electro-chemical reaction
of H,0 results in the formation of gaseous H, and OH".
Therefore AEW shows alkaline pH (pH9-10), rich
“H,-content and lowered oxidation- reduction potential, and

is expected to show an anti-oxidant activityl’3). In addition, it
was reported that AEW drinking significantly suppressed
the increase in the following; the serum cholesterol level
and the content of body fat of hamsters”, the serum
cholesterol level of pigss), and the serum triglyceride level
of mice when AEW was taken together with ascorbic acid @,
It was also reported that so called “Electrolyzed Reducing
Water”, similar to AEW, showed a marked reducing (or
anti-oxidant) activity”, an insulin-like activity on glucose
uptake into muscle cells¥, and activity of suppressing the
serum glucose level of mice”)
antioxidant effects of AEW. Hayakawa and Tsuge reported
that drinking AEW influenced intestinal microflora resulting
in the increased production of short-chain fatty acids in rats
(1994). However, there are still a few studies about the
effects of AEW. Therefore, we examined the effects of
AEW drinking on serum lipids level and short-chain fatty
acids content produced by microflora in the cecum of rats.

. Hanaoka” also reported
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MATERIALS and METHODS

1. Alkaline electrolyzed water (AEW)

In experiment 1, tap water was electrolyzed with an
electrolysis device (Type NDX-210H, OMCO OMC Co.,
Saitama, Japan) consisting of a water purifier and an
electrolyzing chamber having stainless steel-coated nickel
ferrite electrodes as the anode and the cathode that were
separated with a diaphragm. The resulting potable alkaline
electrolyzed water (AEW) flow comes out of the cathode
chamber exit. AEW at pH 9.5 was used in this experiment.

In experiment 2, a batch type of electrolysis device
(Type NP, OMCO OMC Co., Saitama, Japan) consisting of
the electrolyzing chamber with stainless steel-coated nickel
ferrite electrodes that were separated with a diaphragm was
used. AEW was obtained from the cathode chamber by
electrolyzing ion-exchanged water added with 0.01% (w/v)
NaCl for 5 minutes. AEW of pH 10.5-10.9 was used in this
experiment.

Tap water (pH 6.8-7.4) and ion-exchanged water (pH
5.5) added with 0.01% (w/v) NaCl were used as control
water in the experiments 1 and 2, respectively.

2. Supplying water to the animals

Each water sample was supplied to rats in polyester
packages equipped with a feeding valve (Musahi Co.,
Saitama, Japan) which does not allow the entry of air or
carbon dioxide during drinking so that the pH of the water
keeps consistent,

3. Animal experiments

Five and 4 week-old male Sprague-Dawley rats (Japan
Clea., Tokyo) were used in experiments 1 and 2,
respectively. In experiment 1, 20 rats were divided into two
groups; AEW-drinking group and control water drinking
group. In experiment 2, 14 rats were divided into two
groups; one taking non-oxidized diet and AEW, and the
other taking non-oxidized diet and control water.
Furthermore, the other 12 rats were divided into two groups;
one taking oxidized diet and AEW, and the other taking
oxidized-diet and control water. These rats were housed in
individual cages and fed the semi-synthetic diets described
in Table 1. To examine the effect of AEW on the generation
of lipid peroxide, a large amount of sardine oil that can be
readily oxidizable was added to the diet. In experiment 2,

the non-oxidized diet contained sardine oil without any -
treatment, while the oxidized diet contained sardine oil that
had been exposed to 30 C for 48 hour in a room. The
feeding terms of experiments 1 and 2 were 28 and 30 days,
respectively. Food and water were taken freely. Body
weight was measured twice and once a week for all rats in
experiments 1 and 2, respectively. Intake of food and water
were recorded every 2 or 3 days in experiment 1 and
everyday or every other day in experiment 2. At the end of
the feeding period, rats were decapitated and then blood was
collected from the neck in experiment 1, while rats were
anesthetized with pentobarbital (Nembutal™) and then
blood was collected from the large vein in experiment 2.
The blood was collected during feeding, because it was not
known whether effect of AEW on serum lipids level reaches
the inside of intestinal tract of rats or remains its outside. All
blood samples were centrifuged immediately. Biochemical

'tests on the serum were performed by the Otsuka Assay

Institute (Tokyo, Japan). Short-chain fatty acids in the
cecum contents were extracted with 2.0% (v/v) perchloric
acids and assayed using a carbonic acid analyzer (S-14,
Tokyo Roka Co., Ltd., Tokyo, Japan).

Table 1. Composition of diet (%)

Constituents Exp. 1 Exp. 2
. Non-oxidized Oxidized

Casein 25 25 25
Sardine oil® 10 10 10
Corn oil 2 2 2
Mineral mixture® 3.5 3.5 3.5
Vitamin mixture' 1 1 1
Choline chloride 0.2
Choline bitartrate 0.2 0.2
Cellulose 3 5 5
Chromic oxide 0.5 0.5
Sucrose | 55.3 52.8 52.8
tert-But

hydroziuinone 0.0014
Total 100 100 100

* Donated by Nihon Suisan Co., Ltd., Tokyo.
® AIN-76™ mixture'”



4. Determination of peroxide and thiobarbituric acid in
oils

Oils in the diet were extracted with ether and the
remaining ether was removed with nitrogen gas. The
peroxide value in the resulting oil extracts was determined
by a titration method using 0.1 M sodium thiosulfate
solution. The thiobarbituric acid value of the oil extract was
calculated from the absorbance at 530nm of the oil extracts
and the thiobarbituric acid solution after boiling for 30

minutes. -

5. Statistical analysis
In expenment 1, data were analyzed by means of .
Student’s t-test. In experiment 2, data were analyzed by

two-way analysis of variance and the significant difference

“was calculated by the t-test. Variables that approximated a

normal distribution are expressed as the mean + SD in
Tables 2 and 3. Logarithmic transformations were adopted
when variables were not normally distributed, and these
serum lipid levels are shown as geometl'ic means with 95%
confidence intervals in parentheses in Table 2. All statistical
analyses were performed using the statistical software
package Ekuseru-Tokei 2000 (Social Survey Research
Information Co., Ltd., Tokyo). A P value of 0.05 or less was
considered significant except triglyceride level in
experiment 2. A P value of 0.08 was considered significant

for triglyceride level in experiment 2.

RESULTS

1. Effect of AEW on growth and serum lipids level of
rats

Two different experiments were carried out to examine
the effect of AEW on body weight, food intake, food
efficiency. ratio, water intake and serum lipids levels of rats
as shown in Tables 2 and 3. No significant differences in
these parameters except serum lipids level were observed
between rats taking' AEW and ones taking control water in
both experiments 1 and 2. The serum triglyceride level of

rats that took AEW was significantly lower than that of rats
that took control water in experiment 1 as shown in Table 2.
On the other hand, in rats fed with the oxidized diet, the
triglyceride level was significantly lower in those taking
AEW than in the others taking control water as shown in
Table 3 (experiment 2). It may be notable in experiment 1
(Table 2) that the phospholipid level of rats taking. AEW
was lower than that of rats taking control water, while in
experiment 2 (Table 3) the non-esterified fatty acid level of

Table 2. Effect of AEW on nutrltlonal parameters in rat.

Parameter ' Control : AEW
Initial body weight o () 15442 154+2
Final body weight (®) 36155 349+6
Food intake  (g/day) 1840.3 17£0.2
Food efﬁeiency rat:'io1 K - (%) 4240.4 42+0.9
Water intake o - (g/day) 25+1.6 23+2.7
Serum lipids level | o
~ Total-cholesterol (mg/dL) 71(63-80) 65(59-71)
Triglyceride ~ (mgdL) 150(113-198) . 100(77-131)"
‘B-Lipoprotein (mg/dL) 13(10-18) 13(8-20)
Phospholipid (mg/dL) - 131(114-150) 109(98-120)"

Nonesterified fattyacid ~ (uEq/L)

898(714-1,130) 829(679-1 ,010)

* Peroxide lipid (nmole/mL) 17(15-19) 17(15-20)

Ten rats were used for the experrment

Values are mean +/- S.B.M. or geometric mean with 95% reliable range (parentheses).
S1gn1ﬁcantly dlfferent from the control water group by 5% (P<0.05).

{Body welght galn (g) / food intake (g)} x 100.



Table 3. Effect of AEW on nutritional parameters in rats fed with non-oxidized or oxidized diets.

Non-oxidized diet Oxidized diet
Parameter Control AEW Control AEW

Initial body weight (2) 106+2 105+3 107+2 107+2
Final body weight (2 354+9 349411 35949 350+10
Food intake (g/day) 18+0.7 18+0.5 19+0.4 19+0.6
Food efficiency ratio’ (%) 49+0.8 46+1.0 47+0.9 46x0.5
Water intake (g/day) 26+3.0 26+2.6 24+1.9 25+1.8
Serum lipids level ’

Total-cholesterol (mg/dL) 74(61-89) 66(54-81) 68(59-79) 71(57-90)

Triglyceride (mg/dL) 186(129-267) 120(52-278) 200(121-330)*  104(53-205)°

B-Lipoprotein (mg/dL) 11(10-12) 11(10-12) 11(10-12) 12(10-14)

Phospholipid (mg/dL) 156(140-173) 137(113-166) 148(123-178)  143(118-172)

Nonesterified fatty acid (nEq/L) 1,100(719-1,660)" 986(755-1,290)7  727(537-984) ' 548(425-707)%

Peroxide lipid (nmole/mL)  9.2(4.7-18.1)° 3.2(2.3-4.3)° 4.42.1-9.5)° 4.4(2.3-8.4)°

Seven non-oxidized diet group rats and six oxidized diet group rats were used for the experiment
Values are mean +/- S.E.M. or geometric mean with 95% reliable range (parentheses)

! {Body weight gain (g) / food intake (g)} x 100

® Values in parentheses with superscript letters of ab were significantly fluctuated by 8% (p<0.08)
“Values in parentheses with superscript letters of cd were significantly fluctuated by 5% (p<0.05)
*&hy/alues in parentheses with two different superscript letters were significantly fluctuated by 5 % (p<0.05)

rats taking AEW was significantly lower than that of the rats
taking control water, regardless of feeding the non-oxidized
diet or the oxidized one. AEW did not lower the generation
of peroxide lipid in both experiments 1 and 2. No significant
differences were observed in other serum lipid levels
between the control water group and AEW group in
experiments 1 and 2.

2. Short-chain fatty acids in the cecum of rats in
experiment 1

The short-chain fatty acids level in the cecum of rats
was examined in experiment 1 as shown in Table 4. The

butyric acid content in the group taking AEW was.

significantly lower than that in the group taking control
water. The total short-chain fatty acid content of the group
taking AEW seemed to be lower (not so significantly) than
that of the group taking control water. No significant
differences were observed in the other short-chain fatty
acids content in the cecum between the AEW group and the
control water group.

3. Effect of oxidation on the values of peroxide and
thiobarbituric acid in oils in the diet
The values of peroxide and thiobarbituric acid in oils

_Table 4. Cecum short-chain fatty acids content

in rats that received AEW or control water in
experiment 1.

Short-chain fatty acids (umole) Control AEW
Lactic acid 3.9+0.8 2.7£0.2
Formic acid 2.1+0.3  2.9+0.7
Acetic acid 69+4 61+6
Propionic acid 2242 1842
Butyric acid 1522 95412
iso-Butyric acid 1.9+0.1 1.7£0.2
Valeric acid 2.1£0.2  2.0+£0.2
iso-Valeric acid 2.0£0.2 1.8+£0.2
Total acids” 11848  100+9

Ten rats were allowed each water type.
Values are means = S.E.M.

) Significantly different from the control water gro
by 5% (P<0.05).

? Total acids =lactic+formic+acetic+propionic+but

+iso-butyric+valeric+iso-valeric aci

extracted from diets without oxidation treatment were 10
mmole/Kg-oil and 10 pmole/g-oil, respectively, whereas
those of oils extracted from the diets after the oxidation
treatment at a 30°C room for 48 hours were 80
mmole/Ke-oil and 180 umole/g-oil. resnectivelv.



DISCUSSION

AEW made from tap water by a commercially
available potable AEW producing electrolyzer was
examined for its effect on rats in experiment 1. As results, it
turned out that levels of triglyceride and phospholipid in the
serum were significantly lower in rats taking AEW than in
those taking tap water. In addition, levels of cholesterol and
non-esterified fatty acid in the serum of the AEW-group rats
might be lower than in the tap water-group rats. It has been
reported that the short-chain fatty acids produced in large
quantities in the cecum are introduced into liver and reduce

the cholesterol production in the liver'™'? and consequently

reduce the serum cholesterol level™'?

. Therefore, we
investigated the short-chain fatty acid content in the cecum
of rats in experiment 1. However, we could not obtain the
data supporting these reports. There were no significant
difference between AEW-group rats and control water
group rats in terms of the serum cholesterol level and the
contents of short-chain fatty acids except butyric acid. Since
we could not rule out that impurities such as minerals and
retained chlorine might be contained in tap water, their
influence may be included in the results of experiment 1. To
eliminate these possibilities, effects of AEW made from
jon-exchanged water were examined in experiment 2. On
the other hand, Gulati et al.” reported that the intake of
oxidized oil elevated the serum triglyceride level of rabbits.
However, since we did not determine the level of oxidation
of sardine oil in the diet in the experiment 1, interaction of
oxidized oil in the diet and AEW was not clarified.
Therefore we investigated the effect of AEW using diets
containing oxidized and non-oxidized sardine oils in the
experiment 2. Whereas the results indicated that levels of

serum lipids except peroxide lipid were not substantially

different between AEW-group rats and control water group
rats when fed with non-oxidized diet, the level of serum
triglyceride was significantly lower in the AEW-group rats

taking oxidized diet. However, since the serum triglyceride
level was not significantly different between rats taking
oxidized diet and control water and those taking
non-oxidized diet and control water, wé could not conclude
that AEW significantly reduce the elevation of-the serum
triglyceride level of rats when the oil in the diet is oxidized.
Suzuki et al® reported that AEW lowered the serum
triglyceride level of mice only when the mice drank both
AEW and ascorbic acid as a reducing agent. This result
should suggest that the antioxidant activity of AEW may be
a reason of the lowering effect on serum triglyceride level.
Therefore our result also may suggest that the interaction

“between AEW and the oxidation state of the diet might

lower the serum triglyceride level of rats. It had been
reported that AEW has a lowering effect on the serum
cholesterol level in hamsters® and in pigss), and also has a
diabetes preventive effect’. Though these reports did not
show the level of oxidation of diet when hamsters or pigs
took AEW, these findings may support our result. Those and
our results may suggest that the antioxidant activity of AEW
is related to the lowering effect on serum triglyceride level.
The serum peroxide lipid levels in experiment 1 were two to
five fold higher than those of rats in experiment 2 and those
of rats taking non-oxidized diet and control water was
higher than those of other rats in experiment 2. However,
we have no'reasonable speculation for these differences.
Since AEW exhibited no significant effect on the final body
weight, food intake, food efficiency, and water intake of rats,
AEW should have no effect on the growth of rat. Though
data were not shown, the spleen weight of AEW-group rats
was lower than that of the control water rats in experiment 2.
However, we have no reasonable speculation for this,
although a similar effect of AEW on spleen Wei‘ght in rats

was reported by Hayakawa1 9,
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