Cytokine ELISA

Concentrations of cytokines from mice sera were
measured by conventional sandwich ELISA method. A
coating and biotinylated capture antibody was purchased
form Pharmingen (USA): clones JES5-2A5 and JESS-
16E3 for IL-4, and clones R4-6A2 and XMG1-2 for IL5,
respectively. Coating on 96-well microtiter plate was
performed with 250 g coating antibody. Sera sample,
biotinylated capture antibody, secondary antibody and
then streptavidinylated HRP was sequentially added,
incubated and washed. o-phenylenediamine solution was
added for development and 2N sulfuric acid for stop the
development. The absorbance at 490 nm was measured
with ELISA reader at 490 nm.

ROS Assay

Quantitation of cytosolic ROS was measured by
oxidation method of 2’,7’-dichlorofluroscein-diacetate
(DCE-DA) as described in elsewhere”. 12.5 M DCFDA
was incubated with liver, spleen, lung, or brain
homogenate and change of fluorescence was measured at
485 nm of excitation wavelength and 585 nm of emission
wavelength. The relative fluorescence unit (RFU) was
calculated to 1 mg protein in homogenate.

3. Results

Effect of ARW on tumor growth and survival time

Tumor growth was significantly reduced in ARW fed
group. After 10th days from subcutaneous injection of
B16 melanoma cells into flank of C57BL/6 mice, tumor
mass was palpable and thereafter serially measured. At
10 days tumor size was 0.27 cm’ for ARW fed group,
while that of tap water treated group was 0.48 cm’. At
19th day tumor size was 3.32 cm’ for ARW fed group,
and 6.02 cm’ for control group, showing 54% inhibition .

Survival rate was also monitored after intraperitoneal
injection of B16 melanoma cells to C57BL/6 mice. ARW
lengthened mean survival time from 36 days for control
group to 44 days for ARW fed group.

Evaluation of antimetastatic activity of ARW on
lung metastasis of B16

After intravenous injection of B16 melanoma cells to
C57BL/6 mice through tail vein, antimetastatic activity
of ARW was evaluated. 15 days after injection, mice
were sacrificed. Their lung tissues were removed, and
the metastatic lesions were compared. ARW fed group
had fewer metastatic lesions. 257 Black colonies were
counted on the lungs of ARW group and 145 black spots
were shown in the control group, indicating 44%
inhibition against metastasis of melanoma cell.

As melanoma cell is know to exhibit increased
oxidative stress that could support the progression of
metastasis, concentration of ROS was also measured for
each organ of the same B16 melanoma injected mice
using DCFH-DA (Fig. 1). Amount of ROS for lung,
liver, and kidney were very low in ARW fed mice
compared to that of control. However, the spleen, which
is a major organ for immunity, shows very high ROS in
ARW fed group. This might suggest the immune
boosting effect of ARW.
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Fig. 1. Effect of ARW on ROS scavenging in mice.

Evaluation of immuno-modulating effect of ARW

ARW intake invoked systemic cytokines, such as,
Thl (IFN-y, IL-12), cytokines for cellular immunity and
Th2 (IL-4, IL-5), cytokines for humoral immunity (Fig.
2). This suggests that ARW stimulates both cellular and
humoral immunity. Thl and Th2 reached maximal peak
after 2 week of ARW feeding and returned back to
baseline. Cytokines levels of tap water fed control
remained at the baseline.
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Fig. 2. Time Kinetics in serum concentrations of Th1l
and Th2 cytokines in ARW or control mice injected
with B16-BL6 melanoma cells.



4. Discusssion

Recently, electrolyzed-reduced water with high pH
and significant negative redox potential was shown to
have SOD-like activity and catalase-like activity, and
thus, scavenge ROS and protect DNA from damage by
oxygen radicals in vitro. If ARW is actually acting as
antioxidants and protects DNA from damage, it might be
hypothesized that ARW intake would be possible to
show anticancer effect.

Present investigation demonstrates the anticancer
effect of ARW. ARW intake slowed down tumor growth,
and inhibited the intravenous metastasis, leading to
prolonged survival span in B16 melanoma injected mice.
B16 melanoma cell is one of the most frequent tumors in
humans and is characterized by its high capacity for
invasion and metastasis®™ 7. They escape from immune
surveillance and spread more rapidly than any other
tumors using several mechanisms including MHC down-
regulation, increasing reactive oxygen species (ROS)
levels, and thus, expedite the progression of metastasis®.
Our study demonstrated that ARW not only acts as an
antioxidant but also acts as a strong immnuo-moduator,
both of which could be responsible for the anticancer
effect. Thus, ARW is expected to be effective for the
various diseases resulting from low immunity and/or
high reactive oxygen species as well as for the
prevention of cancer.

ARW not only has high pH and low ORP, but also
contain some magnesium ion. Recently, magnesium was
shown to be effective for the prevention of various
diseases®. We cannot exclude the possibility that the
magnesium in ARW might have contributed to the
anticancer effect.

Water reaches every tissue of human body within 30
minutes after drinking. It even flows through blood brain
barrier with no obstacle, and has almost no side effect.
Taking ARW could be an ideal way to maintain health.
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Abstract: Electrolyzed water accelerated the healing of full-thickness cutaneous wounds
in rats, but only anode chamber water (acid pH or neutralized) was effective.
Hypochlorous acid (HOCI), also produced by electrolysis, was ineffective, suggesting
that these types of electrolyzed water enhance wound healing by a mechanism unrelated
to the well-known antibacterial action of HOCI. One possibility is that reactive oxygen
species, shown to be electron spin resonance spectra present in anode chamber water,
might trigger early wound healing through fibroblast migration and proliferation.

Key Words: Wound healing— Electrolyzed water— Anode water— Cathode water—
Hypochlorous acid.

Electrolyzed water, in a variety of forms and made by a variety of different
processes, is widely used in



Japan as a topical disinfectant (1,2). We describe
here our findings that some types of electrolyzed
water appear to accelerate the healing of full-
thickness cutaneous wounds in rats.

Materials and methods

Six different types of water were made and tested.
The first, ultrapure water (resistivity = 18 M{} - cm),
was produced by a sequence of treatments applied to
city tap water: charcoal filtration, reverse osmosis,
and ion exchange. One group of experimental ani-
mals was treated with this ultrapure, nonelectrolyzed
water. Four types of electrolyzed water were made
from this ultrapure water. In each case, the water
was electrolyzed (voltage gradient 13 V and appar-
ent current density 200 mA/cm?) while being
pumped (500 ml/min) through a 3 chamber device
(Coherent Technology, Tokyo, Japan) (3). One
chamber contained a platinum-plated titanium an-
ode. Usually, the middle chamber was filled with a
saturated sodium chloride solution made with the
ultrapure water. The third chamber contained the
cathode, also made of platinum-coated titanium.
Proprietary ion-exchange membranes separated the
chambers. The following 3 types of electrolyzed wa-
ter were made using the Coherent Technology de-
vice in this configuration (all measurements made at
25°C). The first, acid pH water, Ac(+), was taken
from the anode chamber [pH 2.50-2.63, oxidation-
reduction potential (ORP) 1104-1191 mV, concen-
tration of residual chlorine (determined by the
o-toluidine method) 80 to 100 ppm]. Neutral pH
(7.40) anode chamber water, N(+), was made by
adding NaOH (1N) to the electrolyzed water taken
from the anode chamber [pH 7.4, ORP 749-784 mV,
concentration of residual chlorine almost the same
as in the Ac(+) solution]. Alkaline pH water, Al(-),
was taken from the cathode chamber (pH 10.65-
10.85, ORP 212-297 mV, residual chlorine only a few
ppm). Replacing the platinum cathode in the Coher-
ent Technology device by one made of carbon and
replacing the center-chamber solution by 5 M citrate
(organic acid; citric acid) in ultrapure water allowed
us to make a fourth type of electrolyzed water. This
acidic water [Ac(-)] was taken from the cathode
chamber (pH 3.86-3.87, ORP 212-297 mV, no re-
sidual chlorine). Finally, hypochlorous acid (HOCI)
solution was made by electrolyzing 0.45% NaCl in a
single-chamber device (Omuko Co. Ltd., Tokyo, Ja-
pan) (Voltage gradient, apparent current density,
and pump rate were the same as for the Coherent
Technology device.). The pH and ORP of this solu-
tion were 7.45 and 780 mV, respectively. When

stored in PET bottles, the pH and ORP of all 6 types
of water remained stable for at least a month.

Forty-two Wistar rats (8 weeks old) were ran-
domly assigned to 6 experimental groups, housed in
individual metabolic cages at 25°C, and fed rodent
chow and water ad libitum. Under pentobarbital an-
esthesia, the back was shaved and two 1.0 cm square,
full-thickness cutaneous wounds were made, one be-
hind the other and 1.5 cm apart, on the back of each
animal. In each rat, 1 wound (selected randomly)
was treated twice a day for 7 days with 1 of the 6
types of water described previously; the other wound
was left untreated. The rat was observed carefully
until the water was absorbed by the wound to ensure
that no spillage occurred. The first treatment was
administered immediately after surgery. All wounds
were allowed to heal without dressings. For 17 days
after surgery, wound areas were measured daily by
planimetry, using digital video camera images dis-
played via a personal computer.

Acid and neutralized anode waters were studied
by electron spin resonance (ESR; JEOL-JES-RE2X;
Nihon Denshi, Tokyo, Japan) with the addition of a
spin trapping agent [5,5-dimethyl-1-pyrroline-N-
oxide (DMPO, Sigma, St. Louis, MO, U.S.A.)] using
a flat cell of 1 mm width (4). This was carried out 24
hr after the preparation of the electrolyzed water.
The duration of the incubation of the electrolyzed
water with DMPO was 2 min. The magnetic field was
of 335 + 5 mT. Signal strength was compared with
the signal derived from Mn>* (as a control).

All protocols were approved by the Animal Re-
search Review Committee of Teikyo University
Medical School.

For each group, the results are presented as mean
wound area = SD. The comparison between the ar-
eas of water-treated and nontreated wounds was
performed using a paired Student’s ¢ test. The com-
parisons among the experimental groups were made
using a one-way analysis of variance. When statisti-
cal significant was detected, Dunnett’s test was used
to determine which values differed significantly from
those obtained using the nonelectrolyzed ultrapure
water. Values of p < 0.05 were considered significant.

Results

As shown in Table 1, both types of anode chamber
water [acidic and neutral: Ac(+) and N(+), respec-
tively] accelerated wound healing (when compared
to the effect of nonelectrolyzed ultrapure water) (p <
0.05). This acceleration of wound healing was evi-
dent from as early as postoperative Day (POD) 1 in
Ac(+) or POD 2 in N(+). The alkaline water from
the cathode chamber [Al(-)] showed a slight, but
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TABLE 1. Comparison between the areas of water-treated and nontreated wounds, and comparison between

experimental groups
POD 0 1 2 3 4 5 7 9 11 14 17
b b b b b b b b b
Water (n = 7)
Mean 1.0399 1.3117 1.3082 1.1325 1.0894 0.8760 0.6588 0.3165 0.2280 0.1525 0.0839
SD 0.0777 0.1889 0.1559 0.2135 0.1194 0.1133 0.1203 0.0348 0.0801 0.0159 0.0202
NT
Mean 1.0931 1.1958 1.1007 1.0242 0.9849 0.8509 0.6558 0.3208 0.2000 0.1685 0.0795
SD 0.0839 0.2697 0.2186 0.2407 0.1832 0.1154 0.1554 0.1189 0.0664 0.0609 0.0416
AC(+) (Il — 9) a,c a a a,c a,c a,c a,c a,c a,c a,c
Mean 1.0347 0.9213 1.0904 0.9001 0.7937 0.6248 0.3709 0.1597 0.0878 0.0225 0.0040
SD 0.1105 0.2005 0.2187 0.1868 0.1832 0.1578 0.1783 0.0868 0.0330 0.0225 0.0083
NT
Mean 1.0876 1.1913 1.3229 1.2836 1.1969 1.0530 0.7255 0.3509 0.2114 0.1225 0.0430
SD 0.1815 0.2506 0.3939 0.3362 0.3535 0.2524 0.2738 0.1552 0.0967 0.0399 0.0351
N(+) (n —_ 6) a a a a.c a.c a,c a.c a,c a.c a,.c
Mean 1.0457 1.1577 0.9918 0.8878 0.7846 0.6214 0.3754 0.1960 0.1122 0.0230 0.0151
SD 0.1076 0.2757 0.1751 0.1926 0.1775 0.1438 0.1273 0.0957 0.0700 0.0239 0.0371
NT
Mean 1.0972 1.4260 1.3473 1.3465 1.2990 1.1729 0.8549 0.4755 0.3371 0.1447 0.0811
SD 0.0494 0.2773 0.1889 0.1699 0.1379 0.1614 0.2917 0.1421 0.1781 0.1191 0.0719
Al(—) (n — 6) c a a c c
Mean 1.0151 0.9611 0.9970 0.8861 0.8052 0.7372 0.4776 0.2692 0.1221 0.0368 0.0305
SD 0.0595 0.1277 0.0876 0.1099 0.1335 0.1400 0.1461 0.1524 0.0280 0.0227 0.0251
NT
Mean 1.0488 1.0272 1.1619 1.0939 1.0963 0.9781 0.7044 0.3958 0.2025 0.1406 0.0720
SD 0.0643 0.1376 0.3234 0.3316 0.2564 0.2191 0.2431 0.1335 0.0843 0.0510 0.0442
Ac(-) (n = 6) ¢
Mean 0.9723 1.1173 0.9656 0.9082 0.8789 0.7429 0.5517 0.2316 0.1471 0.0979 0.0763
SD 0.0642 0.2219 0.3055 0.2881 0.2423 0.2130 0.2021 0.0842 0.0584 0.0482 0.0311
NT
Mean 0.9374 1.0732 1.0655 1.0394 1.0151 0.8215 0.6636 0.3369 0.1941 0.1110 0.0795
SD 0.0682 0.1278 0.1326 0.1958 0.2027 0.1632 0.1818 0.1109 0.0440 0.0487 0.0318
HOCI (n = 8) ¢
Mean 1.1368 1.1986 1.2423 1.1403 0.9823 0.8702 0.6797 0.3585 0.1802 0.0961 0.0509
SD 0.1941 0.2300 0.3154 0.2580 0.2814 0.2474 0.2628 0.1830 0.1005 0.0563 0.0407
NT
Mean 1.1909 1.1885 1.3253 1.3231 1.2036 1.1455 0.8468 0.3892 0.1901 0.1488 0.0660
SD 0.2448 0.3144 0.3970 0.3555 0.3412 0.2983 0.2766 0.1555 0.1103 0.1155 0.0559

“p < 0.05 vs the area of the NT wound (paired Student’s ¢ test).

> p < 0.05 among the groups (one-way ANOVA).

¢p < 0.05 versus water (Dunnett).

Values are cm?. POD: postoperative day (wounds were made on Day 0), Water: nonelectrolyzed pure water, NT: nontreated wounds,
Ac(+): acid pH anode water, N(+): neutral pH anode water, Al(-): alkaline pH cathode water, Ac(-): acid pH cathode water, HOCI:
hypochloric acid.

insignificant, tendency to increase healing (com- Discussion

pared with the ultrapure water), but the acidic water
from the cathode chamber [Ac(-)] and the HOCI
solution were both ineffective. All the wounds in all
animals were free from signs of infection.

As shown in Fig. 1, no significant ESR spectrum
was observed for untreated acidic anode chamber
water. However, when we added a small amount of
ferric salt to the anode water (5) to mimic the in vivo
experiment, 4 lines suggestive of hydroxyl radicals
were observed in the spectrum. Similar ESR spectra
were observed for neutralized anode chamber water
(in the absence or presence of ferric salt, respec-
tively).

The bactericidal action of various types of anode
chamber water in the past has been attributed to
their HOCI content (1). Since our HOCI solution
was without effect on wound healing, we suggest that
the anode chamber waters tested here may have a
mode of action unrelated to any antibacterial HOCI
produced by the electrolysis. One possibility is that
free radicals, generated in the anode chamber waters
by contact with the wound (Fig. 1), may be respon-
sible for the very early effect on wound healing seen
in this model. This interpretation is supported by the
known effects of free radicals on inflammation as
well as by what is known of the role of inflammation
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—— Acidic anode chamber water

Ferric salt added

330 335 340

MAGNETIC FIELD (m T)

FIG. 1. Shown are electromagnetic spectra of acidic anode
chamber water. The upper line is for untreated acidic anode
chamber water. There was no significant ESR spectrum. Note
that the lower line, the spectrum of the same water with ferric salt
added, shows 4 lines suggestive of hydroxyl radicals.

in the initiation of healing (6) in this model. In our
study, differences in pH could not account for the
significant difference in the acceleration of wound
healing between acidic (pH about 2.5) and neutral-
ized (pH 7.4) anode chamber waters on the one
hand, and acidic cathode chamber water (pH about
3.8) on the other. Furthermore, there was no differ-
ence in pH or ORP between neutralized anode
chamber water (pH 7.4, ORP 749-784 mV) and
HOCI (pH 7.45, ORP 780 mV). Thus, ORP presum-
ably did not substantially affect wound healing in our
experiment.

Reactive oxygen species were shown to affect
DNA synthesis and proliferation in fibroblasts. A
low level of these species stimulates DNA synthesis
and cell division while a high level inhibits DNA
synthesis (the cytotoxicity induced being propor-
tional to the level of reactive oxygen species) (7-9).
Moreover, in small amounts, reactive oxygen species
were shown to be involved in the mechanism under-
lying fibroblast chemotaxis into sites of injury or in-
flammation (10).

To our knowledge, there is no report clearly ex-
plaining the direct beneficial effect of HOCI on
wound healing. HOCI generates not only chlorine
gas, which is the main cause of the bactericidal effect
of HOCI, but also singlet oxygen, which is a reactive
oxygen species whose physiological effect is still un-
known (11). Kozol et al. demonstrated that sodium
hypochlorite had toxic effects on wound modules

(e.g., on neutrophils, fibroblasts, and endothelial
cells even at dilute concentrations of 2.5 x 1072% to
2.5 x 17*% (12). Furthermore, wounds created on
mouse ears and treated with 0.25% sodium hypo-
chlorite showed delayed epithelialization and neo-
vascularization (13). This might be the reason that
HOCI was without effect in our wound healing model.

In conclusion, acid and neutral anode chamber
waters accelerated the healing of full-thickness cuta-
neous wounds in rats. This effect might be caused by
the generation of reactive oxygen species; however,
further study is necessary for the elucidation of the
mechanism underlying the effects of electrolyzed
water on wound healing.

Acknowledgement: The authors owe grateful thanks to
Dr. Yuko Nishimoto for valuable discussion.
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shows pH:9.2 to 10.6 between 40 moi'l and
102 mol I'! and in NaHC@ , pH:7.2 to 8.7
between 10® mol1* and I¢ molt , respec-
tively, [17]. At 25 °C, 1.15x10"2 mM carbon
dioxide is dissolved in pure water. As mentioned
above, when sufficiently dilute electrolyte solu-
tions are used for the reduced water, carbonates
cannot be neglected. ORP is the oxidation reduc-
tion potential and it can be estimated from the
Nernst equation as follows,

Ey=E9+2.30RT /nFlog(ox)/(red) (28)

Where,E,, E, R, T, n, F, (0x) and(red) are the

oxidation reduction potential, standard potential,
Fig. 12. Effect of electrolyzed water on hydroquinott¢Q) gas constant, abso“flte tempergture, number  of
induced DNA damage. Lane 1: Negative control; Lane 2: Con- electrons transferred in the _rgactlon, Fafad?){ con-
trol; Lane 3: HQ+Cu(ll); Lane 4: HQ+ Cu(ll) +KOH solu- stant, product of the activities of the oxidized
tion; Lane 5: HQ+Cu(ll)+2 mM KCI solution (0 A), pH species and product of activities of reduced spe-
6.30; Lane 6: HQ—Cu(II)+eIectr0Iyzed reduced WatéOA Cies’ respecnvely ThUS, |n the case Of reduced
A), pH 10.47; and Lane 7: HQCu(ll) +electrolyzed reduced o401 a5 oxidation and reduction are included for
water (0.8 A), pH 10.74. b . .

oxygen in the original water and hydrogen in the
evident in the H Q /Cu (Il) and the HQYCu (Il) reduced water, the ORP equation will be shown as

systems(lane 3. Densitometric results, expressed Eq. (29)
as the fraction of DNA converted to open circular
and linear forms, clearly showed that reduced Ey=Ey+(n)pH+ (m)olog[Oz] + (m) Hog[H]
water significantly inhibited oxidative stress (29
induced DNA damage in both H £Cu (II) and
HQ/Cu (II) systems(lanes 6 and ¥ compared to
the control solution passed through the apparatus
with no voltage appliedlane 5.

Where,(n), (m)o and(m), are coefficients relative
to pH, O, and B [18]. Therefore, ORP is the
parameter indicating the concentrations of oxygen
and hydrogen dissolved in the reduced water. As

4. Discussion DO and DH are the concentrations of oxygen and

hydrogen in the reduced water, they are parameters
4.1. The characterization of solutes in the reduced relative to solutes in it. Those solutes will be
water generated by the process of electrolysis.

The electric potential at each level of electric
The parameters related to solutes in water current was higher in NaCl solution than that in
reduced by electrolysis are pH, ORP, DO, DH and KCI, and MgC} solutions, which was higher than
EC. pH is the indicator which shows the hydrogen in CaCl, solution as shown in Fig. 2. It is assumed
ion concentration. When electrolysis is carried out that the difference in ionic mobility between cati-
in electrolyte solutions such as NaCl, KCI, ons and anions will be proportional to the electric
MgCl, or CaClL the pH of the reduced water potential. For example, the ratio of Cl ions to
produced in the cathode compartment will be Na* ions is 0.767, that of Cl ionstoK ions is
measured as hydrolysis of carbonates of those0.987, and that of Cl ions to Mg ions is 0.713
electrolytes. Therefore, the pH value depends onand CI ions to C&" is 0.799. It is strongly
the initial concentration of the carbonates and the suggested that the higher the ratio of anions to
parameters of hydrolysis. For example, ,Na{LO cations, the lower the electric potential gradient.
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Results for electrical conductivity were contrary to dissociation of protons at the 3rd functional group
those for electrical potential as mentioned above. of AsA, dissolved in the reduced water accounts
This is a reasonable result. Furthermore, pH, ORP for the significant difference between the reduced
and DO also changed as expected in proportion to water and the control solutions. This property is

the magnitude of the electrical field energy. due to water molecules as solvent and also a very

stable molecular structure. As described in a pre-
4.2. The enhancement of superoxide dismutation vious paper, the increase in dissociation activity of
activity in reduced water the reduced water is due to the process of elec-

trolysis [10]. When a sufficiently large electric
Reduced water prepared from all of the electro- field is applied to the boundary between the
lyte solutions(NaCl, KCI, MgCl, and CaCl) had  electrode and the electrolyte bulk solutions, a very
higher superoxide dismutation activity, when meas- high electric potential will be generate@bove
ured using AsA as an antioxidant indicator, than 107 v cm~1). If a sufficient amount of reduced
the corresp_onding control solutions adjusted to the water is taken into the body, it will increase the
same pH(Fig. 7). AsA has the structure of a 2,3-  gissociation activity for the water-soluble antioxi-
enediol which is a kind of saccharic acid, and it gant substances of relatively lower dissociation
plays a role in the protection system against ycvity. As a result, we speculate that their anti-
oxidative stress in animals and plaht9,2d. The  qyigant capacity will be enhanced. It is quite

O"é a';] the an? fléngti]?nal _grom:p hasl(ah=11.79 possible that many useful phenomena related to
ZnZStIfaA}\ "X t eddrd tunct&onadgro?p ag’a3= irol reduced water will be found to be the result of the
.I t S hl'sﬁ € (()j_retuget V:ﬁ eran cor;'ro increase of dissociation activity of water as solvent
tsr?eurggjcgj I\(/:vatZ:e tﬁejui;on Oon fh:ag: gf th?as by electrolysis. The enhancement of the reduced
X , the p : ; water will depend on the ionic properties of the
3rd functional group will react with the OH ions . L
solutes such as species and membrane or ionic

of the reduced water and the OH ions in control o

solutions, and will be neutralized because the OH mob|l|ty [23,24. When a'non-charged membrane

of the 3rd functional group of AsA is dissociated Is used _for the prqduptlon Of reduced Watgr a

as shown in Eq(30), greater_dlffere.nce in ionic moblllty_betw_ee_n catlo_ns
and anions will produce higher dissociation activ-

—OH-> O +H* (30) ity as shown in Fig. 8. In general, the dissociation
activity of water depends on the temperature and

Furthermore, it is considered that proton in OH Pressure. The ionic product of watetk,) has
of the third functional group of AsA will be used been calculated in a wide range of temperatures
for the neutralization of the alkaline reduced water (0—600 and densities by H. Sato et 4R5].
and proton in that of the 2nd functional group of ~ The difference between (fP)g, for reduced
AsA which has very low dissociation activity at a water and IP)cs for control solutions is shown
pKa=11.79 will be used for the superoxide radical in Eq. (31).
dismutation reactiofi21,29. If AsA is mixed with
reduced water, the dissociation activity will
increase because of the higher dissociation activity Ap(1P) = p(IP)cs— p(IP) ru (31)
of the reduced water. The higher dissociation
activity of the reduced water increases the disso-
ciation activity of substances with lower activity.
As shown in Fig. 9, when the neutralization titra- It is considered that the enhancement of anti-
tion was carried out at several different pH levels oxidant effects for superoxide radicals will increase
in reduced water and the control solutions of 2 in proportion to the increase dfp(IP). Therefore,
mM NaOH, there were significant differences at Ap(IP) for reduced water as solvent is the essential
each pH. It is considered that the increase in parameter.
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4.3. The estimation of pIP and entropy produced
by electrolysis in NaCl, KCI, MgCl, and CaCl,
solutions

Fig. 10 shows estimates off)x\ for reduced
water made from NacCl, KCI, MgGl Cagl, and
control solutions using NaCl and KCI. These
results showed significant differences between
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ence of each electrolyte solution at 0.8 A
(AS®)a_os— (AS®) a_g). The entropy increased in
proportion to the increase afp(IP),,. The increase

of entropy means that the reduced water became
more active and offered a higher reaction field for
dissolved substances. Thus, if substances of lower
dissociation activity are dissolved in the reduced
water the dissociation activity will increase com-

reduced water and control solutions adjusted to the pared to non-electrolyzed water.

same pH and initial concentration as the reduced

water before electrolysis. In general;° is related
to the dissociation constark and the electric
potential E° at the equilibrium state as shown in
Egs.(25) and(27), can be shown as Eq32)
AG®°= —nFE® (32

E° and hydrogen ionic concentration can be shown
as Eq.(33).
E°=(RT/mnF) In[H*] (33

Wherem is the coefficient of the correction of the
relationship betweei® and pH atkK,, =10~

log IP=2.303RT /mnF) log[H*]+C (39
Thus, pIP is described as E@5).
p(IP)rw=(0.059Y/m)pH+ C (35)

The plot of {IP)rw VS pH is a straight line
with a slope 0f(0.0591/m) and a constant. The
constantC will depend on the properties of elec-
trolytes and m will depend on the properties of

4.4. The inhibitive effect of reduced water on the
single-strand breakage of DNA by using H,0,/Cu
(D) and HQ/Cu system

In the present study, the effects of reduced water
on oxidative DNA damage were investigated by
using H,Q,/Cu (II) and HQ/Cu (lI) systems.
Induction of single-strand breaks in the supercoiled
double-strandedPX174 plasmid DNA leads to
formation of open circular DNA, while the for-
mation of a linear form of DNA is indicative of
double-strand breakEl5]. Cu (Il), H,O, is able
to cause strand breaks in isolated DNA. As such,
H,0,/Cu (II) has been widely used as a model
system to induce oxidative DNA damag#6,2q.
Although the exact reactive species remain to be
chemically defined, a bound hydroxyl radical or
its equivalent derived from the reaction of,H,O
and copper has been suggested to participate in
the oxidative DNA damagé¢l5,26. The addition
of reduced water to H ©@Cu (Il) resulted in
marked inhibition of conversion of supercoiled
DNA to open circular forms, suggesting that
reduced water is capable of protecting against the
H,0,/Cu (Il)-mediated DNA strand breaks. To

the membrane and the interaction between the further determine the inhibitory effects of reduced

membrane and the ions or solvent. TH&R s of

the control solutions did not change with a change
of pH from 9.8 to 10.88 but that of all sample

solutions changed linearly with a change of pH
from 9.9 to 10.9. The @P)gy of the reduced

water on oxidative DNA damage, HQCu (Il)
was used in the present study. It has been previ-
ously shown that the H@QCu (II) system is able

to induce DNA breaks, with both CUl)/Cu (1)
redox cycle and B @ being critically involved.

water decreased in proportion to the increase in Similar to what was observed with the, H,Cu

pH. This change will depend on the magnitude of
the applied electric current. Therefore, the disso-

(11, the presence of reduced water also markedly
protected against DNA strand breaks induced by

ciation energy depends on the electric current usedthe HQ/Cu (lI) system. Therefore, the results

during electrolysis.
Entropy is estimated by Eq(31) using IP
instead ofK,,. Table 1 shows the entropy differ-

suggest that reduced water can prevent oxidative
DNA damage possibly by enhanced antioxidant
effects against superoxide anion radicals as shown
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originally by S. Shirahata et al[27]. Thus, (it
appears that consumption of electrolyzed reduced
drinking water may potentially serve to prevent
DNA damage induced by oxygen free radicals
produced by the mitochondria due to the rise in
oxidative stress.
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