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Abstract: Free radicals and other oxidants are toxic compounds in all metabolic processes. Reactive oxygen species
(ROS) react with the main cellular components, causing damage of tissues and oxidative stress. The state of
oxidative stress is initiated by metabolic activation and elevated oxygen consumption, caused by increased
temperature of the environment. So, the stress response functions to enhance the survival of the species.
Antioxidants are necessary for the maintenance of redox homeostasis in organisms. In order to have a proper
physiological function, it is necessary a balance between ROS and antioxidants. Because of its antioxidant effects
and its ability of alkalizing the organism, alkaline water (AW) is in the central focus of scientific interest. Adding
AW and co-treatment of AW with sodium ascorbate (SA) is expected the organism to act preventively to
hyperthermic stress. The aim of our research was to evaluate the effect of AW and SA on antioxidant enzymes,
superoxide dismutase (SOD) and catalase (CAT) during acute hyperthermic stress at white laboratory rats. The
experimental animals used were thirty female Wistar rats, divided into three groups of ten rats each, wheighing 210-
300gr. Oxidative stress was caused by acute hyperthermic exposure at 41°C, for 21 days. The first group is the
control group, the second group is treated with AW, and the third group with AW and SA. SOD levels were
measured using the enzymol method and CAT levels using the spectrophotometric method. All variables were given
with its mean + standard deviation. One way ANOVA was used to analyze the data and the Tukey test was used for
comparison. The critical p value was at 0.05, i.e. the difference is significant if p<0,05. Our results show that acute
hyperthermic stress on the 21% day in the second group treated with AW significantly (p <0.001) decreased SOD
activity as compared to the control group, while co-treatment of animals with AW and SA in the third group
significantly increased the levels of the SOD enzyme on the 7" day (p<0.01), but not on the 21% day, although there
values obtained show a tendency of increase. Treatment of animals with both AW and SA significantly increased the
levels of SOD on the 21* day (p<0.001) as compared with the group of animals treated with AW. On the other hand,
the levels of CAT were decreased in second group of rats, on the 14™ day (p<0.05) as compared to control group,
also on the 21% day the p value is close to significance. Co-treatment with AW and SA resulted in an significantly
increase in the levels of CAT on the 21 day (p<0.0001), as compared to control group. Also, treatment of animals
with both AW and SA significantly increased the levels of CAT on day 14™ and 21% (p<0.001) as compared to group
of animals treated with AW, showing a synergistic effect of these treatments. So, this present study showed that
individual action of AW as well as synergism with SA caused a high protective effect on oxidative damage and
treatment was effective.
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1. INTRODUCTION
Because of their ability to cause damage effects, free radicals and oxidants are in the central focus of scientific
interest. The free radical is extremely reactive, unstable, and has a short half-life (Stohs, 1995). The accumulation of
free radicals in the body results in generation of oxidative stress (Hacisefki, 2009). The imbalance between free
radicals, reactive oxygen species (ROS) and the endogenous defense mechanisms is defined as oxidative stress
(McCord, 2000). ROS are highly reactive chemical molecules and include free oxygen radicals, such as superoxide
anion, hydrogen peroxide, and hydroxyl radicals (Cross et al., 1987). Most ROS are generated as by-products during
mitochondrial electron transport. The increased production of ROS during hyperthermic stress leads to peroxidation
of lipids, oxidation of proteins, enzyme inhibition, damage to DNA and death of the cells (Schieber & Chandel,
2014). The antioxidant defense system can remove or scavenge the increased levels of ROS. This system comprises
of the enzymatic or endogenous and non-enzymatic or exogenous antioxidants. There are several antioxidant
enzymes that neutralize ROS, the most important are: superoxide dismutase (SOD), catalase (CAT), and glutathione
peroxidase. Superoxide radical is converted into hydrogen peroxide and molecular oxygen by SOD, while hydrogen
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peroxide is converted into water and oxygen by CAT and peroxidases (Fridovich, 1995). So, superoxide and
hydrogen peroxide, two potentially harmful species, are converted into water. Moreover, there are also contributions
from exogenous antioxidant molecules, such as: vitamin C, E, A, glutathione, carotenoids, polyphenols, etc. Vitamin
C is a powerful antioxidant, that participates in a variety of metabolic functions. It is an electron donor, a potent
reducing agent and a scavenger of free radicals (Carr & Maggini, 2017). Vitamin C can accumulate in phagocytic
cells, like neutrophils. It is necessary for growth and development, it can strenghten chemotaxis, phagocytosis,
generation of reactive oxygen species, and the microbial killing (Webb & Villamor, 2007). One form of vitamin C
that has sodium components is sodium ascorbate, that can help to lower its acidity levels. In order for the vitamin C
to be easily absorbed and stay longer in the body, the sodium content helps. If the oral intake of vitamin C is
increased, then it would be potentially beneficial in order the oxidative damage to tissues to be reduced, by chemical
reduction of oxidant species (Khassaf et al., 2003). AW has a pH level greater than 7 and is generated by
electrolysis, or by a chemical reaction with alkaline earth metals (Pérez-Hernandez & Pedraza-Chaverri, 2011,
Shirahata et al., 2018). A number of studies have demonstrated that AW is ROS scavenger, especially it can
scavenge hydrogen peroxide, which is thought to be related with protective effects against oxidative stress, such as:
DNA and mitochondrial damage (Franceschelli et al., 2016, Tsai et al., 2009), alloxan-induced type 1 diabetes ( Li
et al., 2011), hemodialysis-induced oxidative stress (Huang, Yang, Lee & Chien, 2003), atherosclerosis and
neurodegenerative diseases (Hayashi & Kawamura, 2002). Shirahata et al., (1997) have previously demonstrated
that the defence mechanism of AW is brought about by active atomic hydrogen, which is a potent reducing agent. It
is reported that the platinum nanoparticles (Ptn) present in AW are scavengers of ROS, and they strength the anti-
oxidising action of dissolved hydrogen. So, Henry and Chambron (2013) have concluded that Ptn have a similar
effect to SOD and CAT.

2. MATERIAL AND METHODS

2.1. Experimental design
The Guiding Principles for Care and Use of Laboratory Animals were applied and respected in all experimental
procedures which were conducted, and this is approved by the Macedonian Center for Bioethics. In accordance with
the International Guiding Principles for Biomedical Research Involving Animals all protocols were approved by the
Animal Ethics Committee of the University “SS. Cyril and Methodius”, Skopje, R. Macedonia, as it is issued by the
Council for the International Organizations of Medical Sciences. Anesthetics were applied in coordination to the
standards given by the guide of the EC Directive 86/609/EEC. An intraperitoneal injection of thiopental sodium
(Rhone-Poulenc Rorer Limited, Nenagh, Co Tipperary, Ireland), was used to anesthetize the animals, 50 mg kg-1 b.
wt. For all protocols were used Wistar female rats (n=30) on the age of 6 months, weighing 210-300gr. They were
maintained on a 12:12 light: dark cycle and fed with standard rat chow and water ad libitum, at a thermo-neutral
temperature of 22°C. The experiment lasted 21 days.

2.2. Experimental protocol
The first group of animals referred to as the control group, who during the entire experimental period were under the
conventional laboratory conditions and received only natural water. A second group of animals, who were treated
intragastically with alkaline water. Third group of animals, who were treated intragastically with alkaline water and
sodium ascorbate. Every morning, at the same time, treatment was applied intragastrically in portions of 2ml. On the
7" 14" and 21 day of the experiment,1,5 ml of blood was taken from the tail of the rats, with its incision, in order
to determine the level of antioxidant enzymes. Blood serum for analysis was obtained after 5 minutes of
centrifugation at 1500 rpm and it was frozen at -80 °C for the required analysis. Five hours after receiving
appropriate treatment on day 21, animals in the respective groups were exposed to a hyperthermic environment until
they reached a stage of secondary hyperthermia (body temperature of 43 °C). The exposure was performed
individually in air chambers at 40 + 1 °C for a duration of 80 minutes. Then, rats were sacrificed by subcutaneous
administration of sodium thiopental. The tissues were perfused in 0.9% NacCl and instantly frozen in liquid nitrogen.
All isolated materials were stored at -80°C until further analysis.

2.3. Determination of serum superoxide dismutase
In order to determine the activity of SOD, was used the method that was described by Marklund and Marklund
(1974). This method uses the property of SOD to inhibit the auto-oxidation of the pyrogallol. The reaction mixture
was consisted of 50 mM Tris-HCI, pH 8.2, 1 mM diethylenetriamine pentaacetic acid and sample. At the beginning
concentration of 0.2 mM pyrogallol was added to initiate the reaction. The absorbance was measured kinetically at
420 nm, 25 °C, for 3 min. The amount of sample needed to inhibit the pyrogallol oxidation by 50 % was defined as
one unit of activity. The final results were given as U/g hemoglobin.
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2.4. Determination of serum catalase

The method of Beers and Sizer (1951) was used to determine the activity of CAT. This method,
spectrophotometrically, gives the wanted results by measuring the exponential disappearance of H,O, (10 mmol/L)
at 240 nm in the presence of cellular homogenates. The enzyme activity was expressed as pumol H,O, mg protein”

! By diluting 0.15 ml of superoxol (Merck) with 25 ml of 0.05 M phosphate buffer, pH 7.0 was prepared an
approximately 5 X 10 M solution of hydrogen peroxide. In each of four cuvettes 2 ml of buffered catalase solution
was pipetted, except in the control one, in which 1 ml of buffer was added. The cuvette housing unit was covered
quickly. Then every 10 seconds optical density readings were taken. The average standard velocity constant that was
calculated for 1 M catalase, was 2.0 +0.17 X 10 liters mole™ sec™.

3. STATISTICAL ANALYSIS
All variables are given with its mean * standard deviation. One way ANOVA was used to analyze the data and the
Tukey test was used for comparison. The critical p value was at 0.05, i.e. the difference is significant if p<0,05. For

all analyses we used the statistical software package Addinsoft (2021) XLSTAT statistical and data analysis
solution, New York, USA.

4., RESULTS
All analysis that are made, show that there is a significant difference mostly after the 21% day. However the
correlation matrices show that the correlation is absent or positive low and we can see some correlation between the

results of the control group and the results after the 21% day. Serum antioxidant enzymes activities are shown in
Figure 1 and Figure 2.

Superoxide dismutase

The results show that levels of SOD have been decreased in the group of animals treated with AW on the 21 day
after treatment (p<0.001), but not on the 7™ and 14™ day as compared to control group. Co-treatment of animals with
AW and SA significantly increased the levels of the enzyme SOD on the 7" day (p<0.01), but not on the 21% day,
although there values obtained show a tendency of increase in SOD levels in the treated group (Table 1).

Table 1. The comparison of SOD serum levels among groups.

SOD+SD Control P After 7 days P After 14 days P After 21 days
AW 1746.7£207 >0,05 1868+230 >0,05 1947.3+£228.5 <0,05 1533.5+£189.7
AW+SA 1746.7£207 <0,05 2050.1+237.3 >0,05 1912.3£399 <0,05 1985.5£318.6

Figure 1. The level of SOD (U/L) in blood serum in all three groups.
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Treatment with AW significantly decreased the levels of catalase on the 14™ day (p<0.05) as compared to control
group, but there was not a significant change on the 7" and 21% day, although on the 21% day the p value is close to
significance. Treatment with AW and SA significantly increase the levels of CAT on the 21% day (p<0.0001), but
not on the 7" or 14" day (Table 2). These results are shown also in Figure 2.
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Table 2. The comparison of CAT serum levels among groups.
CAT+SD Control P After 7 days P After 14 days P After 21 days
AW 19316.5+4918.7 >0,05 | 16183.9+2440.7 >0,05 | 13958.6+4962.7 <0,05 |[24047.2+5296.3
AW+SA 19316.5+4918.7 >0,05 | 18720.7+4081.2 >0,05 | 20143.8+5247 <0,05 | 33157.8+3728.7

Figure 2. The level of CAT (U/L) in blood serum in all three groups.
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5. DISCUSSION

The present study evaluated the potential protective effects of AW and co-treatment of AW with SA against
oxidative stress caused by hyperthermia in white laboratory rats. It was demonstrated that AW is a potent
antioxidant and can defend the organism from oxidative damage (Shirahata et al., 1997, Li et al., 2011, Henry &
Chambron, 2013). The scavenging ability of AW for ROS is thought to be complicated. AW contains hydrogen
molecules and mineral nanoparticles. Active hydrogen and hydrogen molecules are considered to be new redox
regulation factors, that have the ability of inducing the gene expression of antioxidative enzymes. To manifest more
potent reducibility of hydrogen molecules, they may be converted to active hydrogen by catalyst action of metal
nanoparticles (Shirahata, Hamasaki & Teruya, 2012). Also, Shirahata et al., (1997) demonstrated that AW can
destroy ROS, especially superoxide radicals (O®) and hydrogen peroxide (H,0,), in the same way as the action of
SOD and CAT. These reactions can occur if is present dissolved hydrogen, but also it must be active in its atomic
form. However, it was supposed that the activated hydrogen has been stabilized by Ptn, that are released during the
process of degradation of the electrodes (Shirahata et al., 2002). The results of our study are in accordance with the
previous studies, which report that such properties of AW are shown in the second group, where acute hyperthermic
exposure on the 21% day significantly (p <0.001) decreased SOD activity, but not on the 7" and 14™ day, as
compared to control group. Co-treatment of animals with AW and SA significantly increased the levels of the
enzyme SOD on the 7" day (p<0.01), also the values on the 21 day show a tendency of increase in SOD levels in
the treated group. Moreover, treatment of animals with both AW and SA significantly increased the levels of SOD
on the 21 day (p<0.001) as compared with the group of animals treated with AW, showing a synergistic effect of
these treatments. SOD and CAT are the most important antioxidant enzymes, that form the front line of defense
against oxidative damage (Landis & Tower, 2005, Younus, 2018). CAT use hydrogen peroxide as its substrate and
maintains cellular redox homeostasis (Buettner, 2011). The results of our study show that the levels of CAT were
decreased in second group of rats, on the 14" day (p<0.05) as compared to control group, but there was not a
significant change on the 7" and 21 day, although on the 21% day the p value is close to significance. Interestingly,
co-treatment of AW and SA in rats resulted in an significantly increase in the levels of CAT on the 21% day
(p<0.0001), but not on the 7™ or 14™ day, as compared to control group. Also, treatment of animals with both AW
and SA significantly increased the levels of CAT on the 14™ and 21 day (p<0.001) as compared to group of animals
treated with AW, showing a synergistic effect of these treatments. This increasement could be due to the expression
of CAT, which can be induced by some kinds of stresses, especially from peroxide stress (Zaidi & Banu, 2004).
Vitamin C is a potent non-enzymatic antioxidant, reacts with a wide range of biological oxidants, inhibits the
formation of lipid and protein peroxidation and DNA damage (Fraga et al. 1991). For reducing the stress and
especially its negative effects, a vitamin C or AW treatment are demonstrated to be effective (Paul, 2019, Shirahata
etal., 1997).
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6. CONCLUSION

The exposure to high ambient temperature leads to increased production of oxidative stress indicators and to the
reduction of the activity of antioxidant enzymes, leading to oxidative damage. SOD and CAT are a first line defense
antioxidants and they have the most important role in the total defense mechanisms in living systems. This present
study showed that individual action of AW as well as synergism with SA, were effective in increasing the SOD and
CAT levels in Wistar rats during hyperthermic stress, causing a high protective effect on oxidative stress. But, the
effect of oxidative damage is less presented in rats treated with AW and SA, of course because they have a stronger
antioxidant defense that prevents oxidative modification of all biomolecules in the body.

REFERENCES

Buettner, G.R. (2011). Superoxide dismutase in redox biology: The roles of superoxide and hydrogen peroxide.
Anticancer Agents Med. Chem., 11(4): 341-346 .

Carr, A. C. & Maggini, S. (2017). Vitamin C and Immune Function. Nutritiens, 9 (11): 1211.

Cross, C.E., Halliwell, B., Borish, E.T., Pryor, W.A., Ames, B.N., Saul, R.L., McCord, J.M., & Harman, D. (1987).
Oxygen radicals and human disease. Annals of internal medicine. 107:526-545. [PubMed] [Google Scholar]

Fraga, C.G., Motchnik, P.A., Shigenaga, M.K., Helbock, H.J., Jacob, R.A., & Ames, B.N. (1991). Ascorbic acid
protects against endogenous oxidative DNA damage in human sperm. Proc. Natl. Acad. Sci. USA 88,11003-
11006.

Franceschelli, S., Gatta, D. M., Pesce, M., Ferrone, A., Patruno, A., de Lutiis, M. A, Grilli, A., Felaco, M., Croce,
F., Speranza L. (2016). New Approach in Translational Medicine: Effects of Electrolyzed Reduced Water
(ERW) on NF-kB/iNOS Pathway in U937 Cell Line under Altered Redox State. Int J Mol Sci.1;17(9).

Fridovich, I. (1995). Superoxide radicals and superoxide dismutases. Annu. Rev. Biochem. 64, 97-112

Hacisefki, A. (2009). An overview of ascorbic acid biochemistry. Journal of Faculty of Pharmacy. 38(3):2330255.

Hayashi, H., & Kawamura, M. (2002). “Clinical Applications of Electrolyzed-Reduced Water”. Animal Cell
Technology: Basic & Applied aspects pp 31-36.

Huang, K.C., Yang, C.C., Lee, K.T., & Chien, C.T. (2003). Reduced hemodialysis-induced oxidative stress in end-
stage renal disease patients by electrolyzed reduced water. Kidney Int. 2003;64:704-714. doi:
10.1046/j.1523-1755.2003.00118.x. [PubMed] [CrossRef] [Google Scholar].

Khassaf, M., McArdle, A., Esanu, C., Vasilaki, A., McArdle, F., Griffiths, R.D., & Jackson, M.J. (2003). Effect of
vitamin C supplements on antioxidant defence and stress proteins in human lymphocytes and skeletal muscle.
J Physiol 549(Pt 2):645-652. https://doi.org/10.1113/jphysiol.2003.040303.

Landis GN, Tower J. Superoxide dismutase evolution and life span regulation. Mech Ageing Dev. 2005;126:365—
79. [PubMed] [Google Scholar]

Li, Y., Hamasaki, T., Nakamichi, N., Kashiwagi, T., Komatsu, T., Ye, J., Teruya, K., Abe, M., Yan, H., Kinjo, T.,
Kabayama, S., Kawamura, M., & Shirahata, S. (2011). Suppressive effects of electrolyzed reduced water on
alloxan-induced apoptosis and type 1 diabetes mellitus. Cytotechnology. 63:119-131. doi: 10.1007/s10616-
010-9317-6. [PMC free article] [PubMed] [CrossRef] [Google Scholar]

Henry, M., & Chambron, J. (2013). Physico-Chemical, Biological and Therapeutic Characteristics of Electrolyzed
Reduced Alkaline Water (ERAW). Water 2013, 5, 2094-2115; doi:10.3390/w504209.

McCord, J.M. (2000). The evolution of free radicals and oxidative stress. Am J Med 108: 652-659.

Paul, E. M. (2019). Vitamin C: an essential “stress hormone” during sepsis . doi: 10.21037/jtd.2019.12.64.
http://dx.doi.org/10.21037/jtd.2019.12.64

Pérez-Herndndez, E.G., & Pedraza-Chaverri, J. (2011). Antioxidant properties of electrolyzed reduced water and
hydrogen. Rev Esp Cienc Salud. 14(1):5-13.

Schieber, M., & Chandel, N.S. (2014). ROS function in redox signaling and oxidative stress. Curr Biol.
24(10):R453-R462. doi:10.1016/j.cub.2014.03.034.

Shirahata, S., Kabayama, S., Nakano, M., Miura, T., Kusumoto, K., Gotoh, M., Hayashi, H., Otsubo, K., Morisawa,
S., & Katakura, Y. (1997). Electrolyzed-reduced water scavenges active oxygen species and protects DNA
from oxidative damage. Biochem Biophys Res Commun. 234:269-274. doi:
10.1006/bbrc.1997.6622. [PubMed] [CrossRef] [Google Scholar]

Shirahata, S. (2002). Application to medical treatments of reduced water with scavenging ability for reactive oxygen
species. Kyushu Univ. Instrum. Anal. Cent. News 5, 7-21.

Shirahata, S., Hamasaki, T., & Teruya, K. (2012). Advanced research on the health benefit of reduced water. Trends
in Food Science & Technology, 23(2), 124-131.

Shirahata, S., Hamasaki, T., & Teruya, K. (2018). Newest Research on the Health Benefit of Electrochemically
Reduced Water. Department of Bioscience and Biotechnology, Faculty of Agriculture, Kyushu.

435


https://www.ncbi.nlm.nih.gov/pubmed/3307585
https://scholar.google.com/scholar_lookup?journal=Annals+of+internal+medicine&title=Oxygen+radicals+and+human+disease&author=CE+Cross&author=B+Halliwell&author=ET+Borish&author=WA+Pryor&author=BN+Ames&volume=107&publication_year=1987&pages=526-545&pmid=3307585&
https://www.ncbi.nlm.nih.gov/pubmed/12846769
https://dx.doi.org/10.1046%2Fj.1523-1755.2003.00118.x
https://scholar.google.com/scholar_lookup?journal=Kidney+Int&title=Reduced+hemodialysis-induced+oxidative+stress+in+end-stage+renal+disease+patients+by+electrolyzed+reduced+water&author=KC+Huang&author=CC+Yang&author=KT+Lee&author=CT+Chien&volume=64&publication_year=2003&pages=704-714&pmid=12846769&doi=10.1046/j.1523-1755.2003.00118.x&
https://doi.org/10.1113/jphysiol.2003.040303
https://www.ncbi.nlm.nih.gov/pubmed/15664623
https://scholar.google.com/scholar_lookup?journal=Mech+Ageing+Dev&title=Superoxide+dismutase+evolution+and+life+span+regulation&author=GN+Landis&author=J+Tower&volume=126&publication_year=2005&pages=365-79&pmid=15664623&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3080478/
https://www.ncbi.nlm.nih.gov/pubmed/21063772
https://dx.doi.org/10.1007%2Fs10616-010-9317-6
https://scholar.google.com/scholar_lookup?journal=Cytotechnology&title=Suppressive+effects+of+electrolyzed+reduced+water+on+alloxan-induced+apoptosis+and+type+1+diabetes+mellitus&author=Y+Li&author=T+Hamasaki&author=N+Nakamichi&author=T+Kashiwagi&author=T+Komatsu&volume=63&publication_year=2011&pages=119-131&pmid=21063772&doi=10.1007/s10616-010-9317-6&
http://dx.doi.org/10.21037/jtd.2019.12.64
https://www.ncbi.nlm.nih.gov/pubmed/9169001
https://dx.doi.org/10.1006%2Fbbrc.1997.6622
https://scholar.google.com/scholar_lookup?journal=Biochem+Biophys+Res+Commun&title=Electrolyzed-reduced+water+scavenges+active+oxygen+species+and+protects+DNA+from+oxidative+damage&author=S+Shirahata&author=S+Kabayama&author=M+Nakano&author=T+Miura&author=K+Kusumoto&volume=234&publication_year=1997&pages=269-274&pmid=9169001&doi=10.1006/bbrc.1997.6622&

KNOWLEDGE - International Journal
Vol.47.3

Stohs, S. (1995). The role of free radicals in toxicity and disease. J. Basic Clin. Physiol. Pharmacol. 6:205-228.
doi: 10.1515/JBCPP.1995.6.3-4.205. [PubMed] [CrossRef] [Google Scholar]

Tsai, C.F., Hsu, Y.W., Chen, W.K., Chang, W.H., Yen, C.C., Ho, Y.C., & Lu, F.J. (2009). Hepatoprotective effect
of electrolyzed reduced water against carbon tetrachloride-induced liver damage in mice. Food Chem
Toxicol. 47:2031-2036. doi: 10.1016/j.fct.2009.05.021. [PubMed] [CrossRef] [Google Scholar]

Webb, A.L., & Villamor, E. (2007). Update: Effects of antioxidant and non-antioxidant vitamin supplementation on
immune function. Nutr. Rev. 65, 181. [CrossRef] [PubMed]

Younus, H. (2018). Therapeutic potentials of superoxide dismutase. International Journal of Health Sciences, Vol.
12, Issue 3.

Zaidi, S.M.K. & Banu, N. (2004). Antioxidant potential of Vitamins A, E and C in modulating oxidative stress in rat
brain. Clin. Chim. Acta, 340(1-2): 229-233.

436


https://www.ncbi.nlm.nih.gov/pubmed/8852268
https://dx.doi.org/10.1515%2FJBCPP.1995.6.3-4.205
https://scholar.google.com/scholar_lookup?journal=J.+Basic+Clin.+Physiol.+Pharmacol.&title=The+role+of+free+radicals+in+toxicity+and+disease&author=S.+Stohs&volume=6&publication_year=1995&pages=205-228&pmid=8852268&doi=10.1515/JBCPP.1995.6.3-4.205&
https://www.ncbi.nlm.nih.gov/pubmed/19477216
https://dx.doi.org/10.1016%2Fj.fct.2009.05.021
https://scholar.google.com/scholar_lookup?journal=Food+Chem+Toxicol&title=Hepatoprotective+effect+of+electrolyzed+reduced+water+against+carbon+tetrachloride-induced+liver+damage+in+mice&author=CF+Tsai&author=YW+Hsu&author=WK+Chen&author=WH+Chang&author=CC+Yen&volume=47&publication_year=2009&pages=2031-2036&pmid=19477216&doi=10.1016/j.fct.2009.05.021&

