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ABSTRACT 
 

 

The bathing effect of electrolyzed reduced water  

in UVB-irradiated hairless mice 

 

 

Kyung-Su Yun 

 

Department of Medical Science 

The graduate School, Yonsei University 

(Directed by Professor Kyu-Jae Lee) 

 

Electrolyzed reduced water (ERW), functional water, has various beneficial 

effects via antioxidant mechanism in vivo and in vitro. However there is no study 

about beneficial effects of ERW bathing. This study aimed to determine the effect 

of ERW bathing on the UVB-induced skin injury in hairless mice. For this 

purpose, mice were irradiated with UVB to cause skin injury, followed by 

individually taken a bath in ERW (ERW-bathing) and tap water (TW-bathing) for 

21 days. We examined WBC counting, GPx activity, cytokine level (IL-1β, IL-6, 

IL-10, IL-12p70, TNF-α, and IFN-γ), score of skin injury, and histological 

(epidermal thickness, dermal mast cell, and collagen fiber) and ultrastructural 

changes of corneocytes. We found that UVB-mediated skin injury of ERW-
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bathing group was significantly recovered in the early stage of skin injury. 

Consistently, epidermal thickening (hyperplasia) as well as the number of dermal 

mast cell was significantly lowered in ERW-bathing group. Defection of 

corneocytes under the scanning electron microscope was less observed in ERW-

bathing group than in TW-bathing group. GPx activity of ERW group was higher 

than that of TW-group. Further the level of IL-1β, TNF-α and IL-12p70 in ERW 

group decreased whereas those of IL-10 increased.  

Collectively, our data indicate that ERW-bathing significantly reduces UVB-

induced skin damage through influencing pro-/antiflammatory cytokine balance in 

hairless mice. This suggests that ERW-bathing has a positive effect on acute 

UVB-mediated skin disorders. This is the first report on bathing effects of ERW 

in UVB-induced skin injury. 

 

                                                                             

Keywords: bathing; electrolyzed reduced water; UVB; skin; cytokine 
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The bathing effect of electrolyzed reduced water  

in UVB-irradiated hairless mice 

 

Kyung-Su Yun 

 

Department of Medical Science, 

Wonju College of Medicine, Yonsei University 

(Directed by Professor Kyu-Jae Lee) 

 

 

I. INTRODUCTION 

 

Ultraviolet radiation (UV) is classified into 3 types: UVA (320-400 nm), 

UVB (280-320 nm) and UVC (200-280 nm) which is blocked at stratospheric 

ozone layer. UVB can cause various skin disorders because the energy level of 

UV is inversely related to its wavelength and UVB has higher level than UVA.
1
 

UV irradiation can induce not only a variety of skin damages including erythema 

(sunburn inflammation), photosensitivity, and DNA damage resulting in immune 

suppression at short-term exposure but also photoaging and carcinoma at chronic 

exposure.
2-6

 UV irradiation also involves invisible changes of cell and gene level 

such as abnormal secretion of cytokines by keratinocytes, decreased Langerhans 
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cells, increased mast cells and DNA damage relevant to pyrimidine dimers and 

photoproducts in skin.
7-9

  

Skin is biological defense barrier and a major target affected by UV-mediated 

damage directly or indirectly. Furthermore, skin is a major target of oxidative 

stress originated from the environmental agent such as X-ray, ozone, UV, air 

pollutants and industrial chemicals.
10-11

 Reactive oxygen species (ROS) and 

reactive nitrogen species (RNS) generated by UV irradiation play a key role in the 

pathogenesis of UV-induced skin damage through both direct DNA damage and 

indirect ROS-mediated oxidative damage.
12-14

 Furthermore, physiologic or 

pathologic dose of UVB irradiation affects local or systemic immunity through 

triggering cytokine production. Of note, cumulative UV-induced skin injury might 

break pro-/anti-inflammatory cytokine balance in skin barrier or even systemically. 

42
 This immune dysfunction plus ROS would aggravate the function and structure 

skin barrier, consequently leading to photoaging. 
15

  

In that context, many strategies were developed to prevent ROS-induced 

cellular damage or immune dysfunction in skin barrier. For instance, wide array of 

antioxidant agents has been used in the form of foods, cosmetics and inhalant to 

reduce UV-induced skin damage.
16-20

 However, convenient treatments or 

manipulations of UV-induced skin injury are still limited. 

As a convenient, potential therapeutic candidate against UV-induced skin 

injury, we postulated that alkaline reduced water (ARW), kind of functional water, 

might be usable owing to antioxidant and anti-inflammatory effects.
21,22

 DNA 
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protecting effect from oxidative damage by ROS.
23

 Many reports showed that 

ERW-drinking has been widely used for treatment and prevention of various 

medical diseases such as renal disease and diabetes. 
22, 23, 24

 Despite the beneficial, 

the approved effect of ARW drinking against some medical disease, long term 

intake of ARW is still a limitation to widely apply to clinical settings. 

To overcome this drawback, we attempted new approach, ERW-bathing, as a 

potential strategy for treatment of acute UVB-mediated skin damage. Our 

hypothesis is that ERW bathing reduces UVB-induced skin damage through 

influencing pro-/antiflammatory cytokine balance in hairless mice. To verify this 

hypothesis, we investigated the effect of ERW-bathing through WBC counting, 

glutathione peroxidase (GPx) activity, cytokine analysis, histological examination 

including epidermal thickness and dermal mast cell, and ultrastructural change of 

corneocytes. 
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II. MATERIALS AND METHODS 

 

1. Preparation of ERW   

Electrolyzed reduced water (ERW) was obtained from electrolyzing 

apparatus (WYD35RY1, Ionia Inc., Korea). Electrolyzing apparatus equipped 

with a cathode platinum-coated titanium electrode (0.9±0.1A, 1~2 l/min at 2 

kgf/min) produced ERW by following process: physical filtering of tap water, 

electrolysis and collecting ERW. ERW was adjusted to pH 10.27±0.3 and 

oxidative-reduction potential (ORP) -494 ± 20 mV. We used tap water (TW) for 

control group and it was pH 7.27 ± 0.3, ORP +817 ± 20 mV. 

 

2. Animals    

Male hairless mice (6 weeks old, body weight 30 ± 2 g) were purchased from 

Orient Bio Inc. (Korea). They were housed in stainless steel cages in a controlled 

environment of 12 h light and dark cycle, humidity 55 ± 5% and temperature 22 ± 

2 ℃. After 1 week of acclimation, the hairless mice were randomly divided into 4 

groups (n=11, respectively): normal group with no treatment, UV-control group 

treated with UVB only, TW-bathing control group bathed in tap water after UV 

treatment and ERW-bathing group bathed in ERW after UV treatment. The 

animal use and care protocols for this animal experiment were approved by the 

IACUC (Institutional Animal Care and Use committee), Wonju Campus, Yonsei 

University, Wonju, Gangwon, Korea. 
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3. UVB irradiation and bathing   

UVB fluorescent lamp (TL40W/12RS, Philips, Netherlands) was used to 

induce skin damage. The mice of TW-bathing and ERW-bathing groups were 

exposed to UVB lamp simultaneously with bathing for 30 min a day during 3 days. 

Thereafter, For scoring of skin injury, WBC counting, GPx activity and cytokine 

analysis (IL-1β, IL-6, IL-10, IL-12p70, TNF-α and IFN-γ), the mice were 

individually taken a bath for 30 min a day during 2 days after both UVB 

irradiation and bathing described above. For histological (epidermal thickness, 

mast cell counting and collagen fiber) and ultrastructural examination using 

scanning electron microscope, the mice were individually taken a bath for 30 min 

a day during 21 days.  

UV control group was exposed to the UVB lamp under the same condition 

with bathing groups but no bathed. The total cumulative dose energy of UVB 

irradiated was 400 ± 40 mJ/cm
2
. Water temperature for bathing was adjusted to 30 

± 1 ℃. The mice of bathing groups were submerged up to 90% above of dorsal 

part into water chamber. 

 

4. Scoring of skin injury    

The next day after UVB irradiation, the degree of dorsal skin injury were 

observed at an interval of 2 days for 21 days. The grades were divided into 8 steps 

according to the degree of skin. Score were presented as mean ± SEM. 
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5. Hematological examination  

Two days after UVB irradiation and bathing, mice were anesthetized with 

CO2, and blood samples were collected from the retro-orbital plexus to EDTA 

tube. For hematological examination, the total WBC count, and numbers of 

neutrophils, lymphocytes, monocytes, eosinophils, and basophils were determined 

by an automatic blood analyzer (HEMAVET HV950 FS, Drew Scientific Inc., 

USA) 

 

6. GPx (glutathione peroxidase) activity assay  

GPx activity in plasma was indirectly measured for H2O2 scavenging capacity 

by modified Cayman’s GPx assay.
25

 Oxidized glutathione, produced upon 

reduction of hydroperoxide by GPx, is recycled to its reduced state by glutathione 

reductase and NADPH. The oxidation of NADPH to NADP
+
 is accompanied by a 

decrease in absorbance at 340 nm. Blood were collected from orbital plexus to 

EDTA tube after anesthesia with CO2 gas, centrifuged at 700-1,000 x g for 10 min 

at 4℃ to get plasma. Plasma sample was freezed at -80℃ before using. For 

background, 120 ul assay buffer and 50 ul co-substrate mixture were added to 3 

wells. For positive control, 100 ul assay buffer, and 50 ul co-substrate mixture and 

20 ul diluted GPx (control) were added to 3 wells. For measurement of 

experimental samples, 100 ul Assay buffer, 50 ul co-substrate mixture and 20 ul 

plasma sample to 3 wells. 20 ul cumene hydroperoxide were added to all the wells 
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to initiate the reactions. After shake the plate carefully for a few seconds to mix, 

we read the absorbance once every minute at 340 nm using a plate reader to 

obtain at least 5 time points. GPx activity was calculated by following formula. 

The reaction rate at 340 nm can be determined using the NADPH extinction 

coefficient of 0.00373 uM
-1

. One unit is defined as the amount of enzyme that 

cause the oxidation of 1.0 nmol of NADPH to NADP+ per minute at 25 ℃. The 

GPx activity was calculated using the following formula: GPx activity 

(nM/min/mL) = 
M0.00373/

 /min.A340



 × 
mL 0.02

mL 09.0 × sample. 

  

7. Bio-Plex cytokine assay  

Serum samples were separated from blood by centrifuge of 14,000 rpm for 5 

min and stored at -70℃ before use. For analysis of IL-1b, IL-12p70, TNF-α, IFN-

γ, IL-10, and IL-6, anti-cytokine conjugated beads were diluted 1:25 per well 

using assay buffer, transferred into each plate well and washed on the wash 

platform 2 times. Samples, standards and controls respectively were mixed with 

anti-cytokine conjugated beads, and incubated for 30 min. After washing, specific 

biotinylated detection anti-cytokines were added and incubated for 30min. 

Streptavidin-PE solution diluted with assay buffer A was added to each well, 

incubated for 10 min, and washed 3 times with wash buffer A. 100ul assay buffer 

A was added into each well containing the beads and read in multi-plex bead 

suspension array system (Bio-Plex 200, BIO-RAD
®

, USA). 
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8. Histological process for light microscopy   

For light microscopic observations, dorsal skins of hairless mice (1cm
2
) were 

separated, fixed in 10% neutral buffered formalin (0.1M phosphate buffer, pH 7.4), 

dehydrated through a graded ethanol series, cleared by xylene and embedded in 

paraffin wax (Polyscience, USA). The paraffin sections were cut 4 ㎛ thick by 

microtome (Reichert-Jung, USA), stained and observed under the light 

microscope (BA300, Motic Ltd., Taiwan). 

 

9. Measurement of epidermis thickness    

To measure epidermis thickness, the sections were stained with hematoxylin-

eosin (Sigma, USA). We measured 5 fields of epidermal layer per mouse using 

Motic Images Plus 2.0 program (Motic Ltd., Taiwan) at 400 magnifications of 

light microscope (BA300, Motic Ltd., Taiwan). Epidermal layer was defined from 

stratum basale to stratum granulosum because stratum corneum was severely 

separated and the space between stratum granulosum and stratum corneum 

irregularly widened by bathing. 

 

10. Observation of collagen fiber   

The sections were stained according to Masson's trichrome stain method. In 

brief, deparaffinated and hydrated sections were incubated in Bouin solution for 1 

h at 56 ℃, stained with Weigert iron hematoxylin solution (Sigma-Aldrich
®

, 
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USA) and Biebrich Scarlet fuchsin solution (Sigma-Aldrich
®

, USA) respectively. 

The sections were dipped in phosphomolybdic-phosphotungstic acid solution and 

aniline blue solution (Sigma-Aldrich
®

, USA) in the order. They were treated with 

1% acetic acid solution. Collagen fiber was observed under the light microscope 

(BA300, Motic Ltd., Taiwan).  

 

11. Observation of mast cell    

The sections were stained with 0.5% toluidine blue solution (pH 4.5) for 20 

min and washed. Water on the slide was removed by filter paper, dehydrated in 

acetone, cleared with xylene and mounted. From each section, five randomly 

picked areas were used to count mast cells in dermal layer without knowing the 

treatment group at 400 magnifications under a light microscope (BA300, Motic 

Ltd., Taiwan).  

 

12. Scanning electron microscopy (SEM)    

For scanning electron microscopic observation, the specimens were fixed in 

2.5% glutaraldehyde for 2 h at 4℃, washed in 0.1M phosphate buffer (pH 7.4) and 

then postfixed in 1% osmium tetroxide for 90 min. The specimens were 

dehydrated in the graded ethanol, exchanged through isoamylacetate, and critical 

point dried. The specimens were coated with gold-palladium and then examined 

in a scanning electron microscope (TM-1000, Hitachi, Japan). All reagents were 

purchased from Polysciences, Inc. (USA). 
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13. Statistical analysis    

All data are presented as mean ± SEM. Statistical analysis was performed 

using unpaired Student’s t test. A P value of less than 0.05 was considered to be 

statistically significant. 
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III. RESULTS 

 

1. Scoring of skin injury   

The next day after the last UVB-irradiation, back skin injury scores showed 

significant difference between experimental groups: UV-control group < ERW-

bathing group (p < 0.05 vs. TW-bathing group) < TW-bathing group. However, 

on the third day, ERW-bathing group (p < 0.001 vs. TW-bathing group) showed 

the lowest score compared to the other groups: ERW-bathing group (p < 0.01 vs. 

TW-bathing group) < UV-control group < TW-bathing group. Since then until the 

21th day, the score was generally decreased but not different at the end of 

experimental period. Collectively, UVB-mediated skin injury of ERW-bathing 

group revealed a significant recovery in the early stage, whereas that of UV-

control group was rather deteriorated (Fig. 1). In addition, lumps were observed 

inside dorsal skin in 5 hairless mice of UV-control group, in 3 of TW-bathing 

group and 1 of ERW-group. 
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Figure 1. Scoring of Skin Injury after UVB-irradiation and Bathing 

Simultaneously. The grades were divided into 8 steps according to the degree of 

injury by naked eyes. UV-control: only UVB irradiated group, ERW-bathing: 

simultaneously UVB irradiation and ERW-bathing group, TW-bathing: 

simultaneously UVB irradiation and tap water-bathing group. Data were presented 

as mean ± SEM. 
*
P<0.05 vs. TW-bathing group, 

**
P

 
<0.01 vs. TW-bathing group. 
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2. WBC counting  

The number of total WBC, neutrophils, and monocytes in the ERW-bathing 

group tends to decrease compared to TW-bathing group, while that of lymphocyte 

slightly increased. All the measured parameters had no significance between the 

groups (Table 1).  
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Table 1. WBC counting 

Groups Normal UVB control TW-bathing ERW-bathing 

Total WBC 4.64 ± 0.95 6.70 ± 1.71 7.41 ± 3.21  7.13 ± 2.82 

Neutrophil 1.32 ± 0.22 3.00 ± 1.10 4.20 ± 2.44  3.89 ± 2.18  

Lymphocyte 2.94 ± 0.69 3.22 ± 0.69 2.67 ± 0.65 2.80  ± 0.66 

Monocyte 0.35± 0.14 0.43 ± 0.13 0.40 ± 0.12  0.39 ± 0.12 

Eosinophil 0.02 ± 0.01 0.08 ± 0.06 0.04 ± 0.03  0.04 ± 0.02 

Basophil 0.01 ± 0.01 0.01 ± 0.01 0.01 ± 0.01  0.01 ±0.01 

Normal: no bathing and no UVB irradiation, UVB control: no bathing and UVB 

irradiation, TW-bathing and ERW-bathing: bathing TW and ERW respectively 

and UVB irradiation.  
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3. Glutathione peroxidase (GPx) activity  

H2O2 scavenging capacity in plasma was measured by the principles of 

glutathion peroxidase (GPx) activity decomposing H2O2 induced by UVB. GPx 

activity of ERW bathing group was higher than that of TW bathing although there 

was no significance (Fig. 2).  
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Figure 2. Plasma GPx activity of TW-bathing and ERW-bathing group. 

Increased GPx activity of ERW-bathing group indicates increased H2O2 

scavenging capacity. ERW-bathing group was higher than TW-bathing group.  
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4. Bio-Plex cytokine assay  

Overall serum levels of IL-12p70,  INF-IL-6, and IL-10 in bathing groups 

were higher than those of non-bathing groups. Of non-bathing groups,  serum 

level of IL-1β, INF-TNF-α, and IL-6 in UVB control group were higher than 

that of normal unbathed mice. Comparing cytokine levels between bathing groups, 

ERW-bathing group showed lower level of proinflammatory  cytokines (IL-1β, 

TNF-α, and IL-12p70) as well as higher level of anti-inflammatory cytokine  

(IL-10) than TW-bathing group (Fig. 3).  
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Figure 3. Bio-Plex cytokine analysis. Normal and UVB-control groups were non 

bathe, while TW-bathing and ERW-bathing groups were bathed in tap water and 

ERW respectively, and UVB-control, TW-bathing and ERW-bathing groups were 

exposed by UVB simultaneously. 



 

21 

 

5. Histological observation of skin   

In the microscopic observation, dorsal skin of UV-control group showed 

excessive epidermis thickness accompanied by hyperplasia of stratum spinosum 

and stratum granulosum, severe inflammatory cell infiltration in dermis layer 

compared to the other groups. ERW-bathing group showed relatively decreased 

inflammatory cell infiltration compared to TW-bathing group (Fig. 4). 

Comparing between bathing groups, epidermis thickness showed in the order 

of UV-control group > TW-bathing group > ERW-bathing group. In particular, 

epidermis thickness of ERW-bathing group was significantly decreased compared 

to that of TW-bathing group (p<0.001) (Fig. 5). Thickness and structural changes 

of collagen were not significant among the groups (Fig. 6).  

In mast cell observation, the number of mast cell in dermis as well as the 

degree of degranulation showed a significant decrease in both bathing groups 

compared to the UV-control group, and furthermore that of ERW-bathing group 

(p<0.001) was significantly decreased compared to TW-bathing group (Fig. 7). 
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Figure 4. Micrograph for observation of inflammatory cells in dermal layer 

of skin. A: normal group, B: UVB-control group, C: TW-bathing group, D: ERW-

bathing group, hematoxyline-eosin stain, 200 magnifications.  
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Figure 5. Epidermal thickness between stratum basale to stratum 

granulosum in skin. N: Normal group, A: UVB-control group, B: TW-bathing 

group, C: ERW-bathing group, 
**

P<0.01, 
***

P
 
<0.001. 
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Figure 6. Light micrographs for collagen observation in skin. A: Normal 

group, B: UVB-control group, C: TW-bathing group, D: ERW-bathing group, 

Masson’s trichrome stain, 100 magnifications.  
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Figure 7. The number of mast cells in dermal layer. Mast cells were counted in 

five fields per under the light microscope of 400 magnification. N: normal group, 

A: UVB-control group, B: TW-bathing group, C: ERW-bathing group, 
***

 P
 

<0.001. 

  



 

26 

 

7. Ultrastructural changes of dorsal skin surface by SEM   

On the observation of dorsal skin surface by scanning electron microscope, 

UV-control group showed a lot of defective corneocytes which was severely 

distorted and separated each other. However, the degree of defection of both 

bathing groups was lower than UV-control group. Specifically in ERW-bathing 

group, the number of defected corneocytes and ultrastructural changes was 

markedly lower than TW-bathing group (Fig. 8). 
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Figure 8. Scanning electron micrographs of the skin surface of dorsal part in 

hairless mouse. (scale bar = 10 μm). A: Normal group, B: UVB-control group, C: 

TW-bathing group, D: ERW-bathing group. 
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IV. DISCUSSION 

 

This study shows that ERW-bathing significantly reduces UVB-induced 

skin damage through influencing pro-/antiflammatory cytokine balance in 

hairless mice. This evidence stems from histological examination such as 

scoring of skin injury, the epidermal thickness, dermal mast cells and 

ultrastructural change of corneocytes, as well as glutathione peroxidase (GPx) 

activity and cytokine analyses.  

To prove our hypothesis, we designed in vivo skin injury-healing model: 

first step is UVB irradiation into the dorsal skin in hairless mice followed by 

simultaneous bathing in ERW and TW and next, is to bathe mice in specialized 

chamber for 30 min a day during 21 days. Prior to histological study, first we 

examined the clinical score of UVB-injured skin in mice. We found that after 72 

h of UV irradiation with bathing, the scores of UVB-inflicted injuries were 

significantly lower in ERW-bathing group than TW-bathing group, and were 

significantly different over the next 12 days. 

Next to obtain the histological evidences, we sequentially measured the 

different, reliable parameters of skin injury: the epidermal thickness, the 

numbers of inflammatory cells and dermal mast cell, and ultrastructural change 

of corneocytes. 

First, as we anticipated, the epidermis thickness of ERW-bathing group was 

significantly decreased compared to that of the normal control mice (Fig. 5). In 
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UVB-irradiated skin, the epidermis reactive hyperplasia might occur through 

ROS, particularly superoxide and hydrogen peroxide. Thus, the resultant 

prooxidant state in skin barrier accelerates epidermal hyperplasia as well as 

corneal thickening and melanization. Therefore, the lesser epithelial hyperplasia 

in ERW-bathing group might reflect more effective skin protection of ERW 

from UV-induced oxidative stress. Higher GPx activity of ERW bathing group 

might support such a skin protection. However, further skin GPX activity would 

be better correlated with. 

Next, the examination of dermal mast cells with WBC counting showed 

that ERW-bathing significantly reduced the number of dermal mast cells and 

mast cell degranulation (Fig. 7), and decreased the number of total WBC and 

neutrophils in blood (Table 1) compared to that of TW-bathing. Mast cell plays 

an essential role in the induction and the persistence of inflammatory skin 

reactions.
25,26

 High dose UVB exposure can directly or indirectly (oxidative 

stress) damage the cell membrane of mast cells, release of large number of 

biologically active substances such as vasoactive substances, chemokines, 

enzymes and structural proteins, and result in immunosuppression.
27,28

 Given 

these, these celluar data  might be the direct evidence that ERW might exert 

anti-inflammatory effects in skin barrier.  
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Taken together, ERW might affect the mast cell function, stabilize the 

skin inflammation persisted by mast cells and influence immunological 

homeostasis. To further delineate the plausible anti-inflammaory effect of 

ERW bathing, we attempted serum cytokine profiling to gauge pro-

/antiflammatory cytokine balance. In ERW-bathing group, lower level of 

proinflammatory  cytokines (IL-1β, TNF-α, and IL-12p70) as well as higher 

level of anti-inflammatory cytokine  (IL-10) might be compatible with 

celluar- and histological results. Cumulative evidences showed that UVB leads 

to a shift from the production of proinflammatory cytokines such as IL-1, IL-

12, IL-8, TNF-α and IFN-γ to the production of anti-inflammatory cytokines 

such as IL-4, IL-10 and IL-13.
29-31 

Breakdown of pro- and anti-inflammatory 

cytokines leads to various skin disease such as atopic dermatitis, rheumatoid 

arthritis and psoriasis. Based on cytokine profiling, ERW-bathing definitely 

restored such a pro- and anti-inflammatory cytokine imbalance evoked by UV 

irradiation. . UVB irradiation on the skin would induce alteration of antigen 

presenting cells including Langerhans cells and imbalance of a cell-mediated 

immune response. Interleukin 10 is known as an important immunoregulatory 

cytokine to downregulate inflammatory responses and the regulate 

differentiation and proliferation of several immune cells such as T cells, B cell, 

NK cells mast cells and granulocytes.
32,33

 In that context, this 

immunomodulatory effect of ERW-bathing might justify the clinical 
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therapeutic usage for skin inflammatory disorders characterized by cytokine 

imbanace.
34  

Surprisingly, ERW bathing reduced the number of mast cell in dermis to 

the level of normal control. Last, to elucidate ultrastructure of ERW bathed 

skin, we performed the scanning electron microscope on the number of 

defected corneocytes. Specifically in ERW-bathing group, the number of 

defected corneocytes and ultrastructural changes was markedly lower than 

TW-bathing group. This result confers the ultrastructural clue to uncover the 

mechanism of ERW bathing.  This is the first report on beneficial bathing 

effects of ERW on the UVB-induced skin injury.  

However, our study had some limitations: the lack of molecular 

mechanism for the effect of ERW bathing and the absence of functional study. 

For instance, further study on time-course and dose–effect relationship would 

be warranted since different doses of UVR may give rise to different 

manifestations at different time intervals in the cellular oxidative stress. 
35,36,37

 

Our preliminary human study revealed that ERW-like hot spring bathing group 

revealed significantly lower ROS concentration in blood than TW-bathing 

group at the same water temperature and bathing time (data not shown). This 

experiment suggests that current results from ERW-bathing might be closely 

associated with ROS scavenging activity of ERW.
38

 In line, GPx activity of this 

study showed that ERW-bathing might scavenge ROS although there is no 

significant. Likewise, our histological and immunological evidences of ERW 
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bathing study strongly suggest that the ROS scavenging effect of ERW. Current 

evidences showed that hydrogen in ERW plays key role for antioxidant effect of 

ERW.  

Ohsawa et al.
39

 demonstrated that hydrogen molecules rapidly diffuse across 

cell membranes followed by selectively scavenged hydroxyl radicals in vitro. 

Fukuda et al.
40)

 demonstrated hydrogen inhalation had therapeutic potential on 

hepatic ischemia/reperfusion injury in vivo through reduction of oxidative stress. 

In this study, hydrogen dissolved in ERW might be a plausible molecule to 

explain protective effect of ERW against acute UVB-mediated skin injury. 

Another merit of our study is to provide the rationale that ERW bathing might be 

a convenient, potential therapeutic candidate against UV-induced skin injury. 

This hold the clinically or industrially important implication: clinical 

application of ERW bathing for the control of skin barrier disease, the possible 

application of ERW-like hot spring. Further study to uncover the molecular 

mechanism of ERW bathing is underway. 
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V. CONCLUSION 

 

Collectively, our data indicate that ERW-bathing significantly reduces UVB-

induced skin damage through influencing pro-/antiflammatory cytokine balance in 

hairless mice. This suggests that ERW-bathing has a positive effect on acute 

UVB-mediated skin disorders. This is the first report on bathing effects of ERW 

in UVB-induced skin injury. 
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ASTRACT (in Korean) 

 

알칼리환원수 입욕이 UV 조사에 대한  

무모쥐(hairless mouse)에 미치는 영향 

 

<지도교수 이 규 재> 

 

연세대학교 대학원 의과학과 

윤   경   수 

 

기능수의 일종인 전해환원수(ERW)는 동물실험과 세포배양 실험 등을 

통하여 항산화기 전에 의한 다양한 효과들을 인정받고 있으며 주로 

음용에 관한 효과가 보고되어 있다. 본 연구는 전화환원수에서의 

입욕이 UVB 조사에 의한 피부손상에 어떤 영향을 미치는지 조사하기 

위해 실행되었다. 이를 위해 입욕과 동시에 UVB를 조사하여 피부손상 

이틀 후 피부손상 정도, 백혈구 수와 glutathione peroxidase (GPx) 

활성, 사이토카인 분석(IL-1β, IL-6, IL-10, IL-12p70, TNF-α and 

IFN-γ)을 시행하였으며, 21일 동안 매일 입욕을 시킨 후 피부두께와 

비만세포 수 측정, 콜라겐 섬유 및 각질세포의 미세구조적 변화를 

관찰하였다. 그 결과, 과산화수소 소거능을 관찰하기 위한 GPx 활성 
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실험에서 유의성은 없었으나 전해환원수 입욕군에서 더 높은 활성을 

보여주었고, 전체 백혈구와 호염기구의 개수도 수돗물 입욕군에 비해 

더 높게 나타났다. 또한 면역학적 실험에서, Th1 세포매개성 

사이토카인인 IL-1β, TNF-α and IL-12p70는 실험군이 대조군에 비해 

낮아지는 경향을 보인 반면 Th2 세포매개성 사이토카인인 IL-10은 높게 

측정됨으로써 UVB에 의해 증가된 Th1 면역반응을 억제하고 

면역항상성을 유지하는데 유리한 것으로 나타났다. 전해환원수 

입욕군의 UVB에 의한 피부손상 정도는 초기 단계에 수돗물 입욕군과 

비교하여 현저히 낮았다. 표피 두께와 진피층의 비만세포 수 또한 

전해환원수 입욕군에서 유의하게 낮은 결과를 보여주었다. 

주사현미경에 의한 각질세포의 미세구조 관찰에서 전해환원수 입욕군은 

수돗물 입욕군에 비해 세포의 손상과 분리현상이 감소하였다. 이와 

같은 결과들은 전해환원수에서의 장기적인 입욕이 손상된 피부의 

회복에 긍정적인 효과를 나타낸다는 것을 시사한다.  

결론적으로, 연구결과들은 전해환원수에서 무모쥐의 입욕이 pro-

/anti-inflammatory cytokine 의 균형에 영향을 미침으로써 자외선으로 

인한 초기의 급성 피부 손상을 감소시키는 것으로 나타났다. 이것은 

전해환원수에서의 입욕이 자외선으로 인한 급성 피부손상에 긍정적인 

효과를 갖는다는 것을 말해준다. 본 연구는 입욕요법에 의해 
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전해환원수의 피부개선효과를 입증한 첫 번 째 보고라는 면에서 중요한 

의의를 갖는다. 

                                                                             

핵심단어: 입욕; 전해환원수; 자외선; 피부; 사이토카인 

 

 


