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Abstract

Materials & Methods

A

( Ozone gas (0s) is often used for environmental disinfection, in addition, it is also used in autohemotherapy to 3 ( 3
improve various symptoms which has been proven. Notably, the toxicity of ozone (0s) cannot be ignored, if Cell culture
axcessive use might cause cell damage, 5o safety assessment and further evaluation seem o be necess The human acute monocytic leukemia cell line (THP-1) and human acute T lymphocyte leukemia cell line (Jurkat) were
&l e, Y - cultured in RPMI medium containing 100 unit/ml penicillin, 100 pg/m| streptomycin and 10% FBS at 37°C in 5% €O, for
Hydrogen (H;) is the lightest gas in nature. Many research documents have confirmed that drinking hydrogen further experiments
water or inhaling hydrogen can achieve biological effects through the cellular second messenger system and Nb-Oj-water or nb-H;-water
hormone regulation. However, its effects on immune system remain unclear. This study used nano-bubble The nano-bubble ozone water (nb-0y-water) and nano-bubble hydrogen water (nb-H;-water) produced by the equipment
2 of Ocean Technalogies Co., Ltd.
ozone water (nb-Oz-water) and nano-bubble hydrogen water (nb-H;-water) produced by the equipment of iabilinerd "
e & Cell viabilit etermination
QOcean Technologies Ca., Ltd. to explore both affection on survival and antioxidant capacity of human THP-1 ¥ z .

i z Cells were seeded in 2d-well plate and treated with nb-Oy-water or nb-Hy-water for 24 h. After treatment, cells were, then
monocyte cell line and Jurkat T lymphocyte cell line. Results showed that 1.2 ppm of nb-0;-water or 1,200 ppb e 10 1 watet soluble tetracollunivd [WST-8) per well, WST-& can prodice arangs firoduet through reds feachion by
of nb-H-water were not cell cytotoxicity in THP-1 and Jurkat cells. Moreover, both nb-Os-water and nb-H,-water dehydrogenase in living cells. By detecting the light-orange product’s absarbance wavelength at 450 nm. The cell viability is

: H i . directly proportional to the number of living cells was determined.

could effectively reduce the reactive axygen and nitrogen species [RONS), H,0; and NO in THP-1 cells. As THP-1 TN i e :

cells treated with lipopolysaccharide (LPS) can increase ROS, that could be inhibited by adding nb-Os-water or Measurement of hydrogen peroxide (ROS), hydrogen peroxide (H,0,) and nitric oxide (NO)

nb-Hy-water. In the respect of immuncregulation, nb-Oy-water could activate the expression of IL-2, IL-6 and IL- Intracellular reactive oxygen species (ROS) levels were used to present as oxidative stress. We use 2,7 ~dichlorofluorescin
H ;. i g i 3 diacetate (DCFDA) to quantitatively assess ROS, mitochondria peraxy yellow 1 (MitaPY¥1) is a small molecule fluorescent

224 mBNA of Jurkst calllling by which participatad in immune regulation In the other side, -H-water coukd probe used to track the mitochondrial H;0; , and intracellular reactive nitrogen species (NOS) levels were used to present as

activate the expression of IL-1B, TNF-a and IL-10 mRNA of THP-1 cell line, meanwhile, it also could activate IL-6 nitrosative stress. DAF-FM DA is a cell-permeable flucrescent probe for the detection of nitric oxide (NO) in live cells. The

and TNF-q, IL-2 as well as IL-12A mRNA expression of Jurkat cell line that suggests it could regulate bath innate fluorescent (BL1) were detected by flow cytometry. The flow cytometry data was analyzed by FCSalyzer Version 0.9.15-alpha

i program.

monacytes and acquired immune T lymphocytes. In the LPS-treated THP-1 cells, both nb-Os-water and nb-H,- Cuantkative resl time PER anslysis Loper

water could reduce IL-1B, TNF-a and IL-2 mRNA expression, whereas increase the expression of IL-6 + IFN-y and After treatment, total RNA was extracted by using TRIzol reagent according to the manufacturer’s instructions. The 2 g

1L-10 MANA. In the Phorbol 12-myristate 13-acetate (PMA) treated Jurkat cells, both nb-Os-water and nb-Hy- RNA primed with random hexamers are reverse transcribed using M-MLY reverse transeriptase. Double-stranded DNA was

A : - g detected by SYBR green fluorescence and analyzed by Applied Biosystems™ 7500 Real-Time PCR System.

water could reduce the expression of IL-1B, TNF-a and IL-2 mRNA, whereas could increase the expression of IL- Statistical analysi

12A mRNA suggesting that both nb-Og-water and nb-H;-water have immune regulation effects. This study shows All data are presented as the mean  standard deviation (5.D.). The differences between treated and control groups were

either nb-0;-water or nb-H,-water has the potential for therapeutic treatment which is valuable and required analyzed using ANOVA. A p value <0.05 was considered as statistically significant difference.

k for further research. )
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Figure 1. Effect of nb-O;-water or nb-Hy-water on
the viability of THP-1 and Jurkat cells.

Cells were treated with 0.3 ~ 1.2 ppm nb-O;-water or 300 ~
1,200 ppb nb-Hywater for 24 h. The viable cells were
evaluated by Cell Counting Kit-8 and expressed as a
percentage of the control value. The data are expressed as
the mean + 5.0, [n=3).
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Figure 5. Effect of nb-O-water or nb-H-water on
inflammatory cytokine genes expressions of THP-1
and Jurkat cells.

The THP-1 cels (A) or Jurkat cells (B) were treated with 1.2
ppm nb-Orwater or 1,200 ppb nb-Hy-water far 6 h. The mRNA
exprassion of IL-1B, ILl-6 and TNF-a were assayed by QPCR,
meanwhile, RPS18 was used as the internal control. Ascorbic
acid (AA) served as a positive cantral, The results are expressed
as the mean £ S.0. (n=3). *: p < 0.05 compared to the
untreated control.

Figure 9. Effect of nb-Os-water or nb-H,-water on the
LPS-induced adaptive immunity relative cytokine
genes expressions of THP-1 and Jurkat cells.

After pre-treated with 1.2 ppm nb-Os-water or 1,200 ppb nb-H;
-water for 1 h, then stimulated by LPS for 6 h. The mRNA
expression of IL-2 (), IL-12A (B) and IFN-y (C) were assayed by
qPCR, meanwhile, RPS18 was used as the internal control
Ascorbic acid (AA) served as a positive control. The results are
expressed as the mean £ 5.D. (n=3). *: p < 0.05 compared to
the untreated control. #: p < 0.05 campared to the LPS group.

Conclusion
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Figure 2. Effect of nb-O;-water or nb-H;-water on
ROS, H,0; and NO level of THP-1 and Jurkat cells.
Cells were treated with 1.2 ppm nb-Os-water or 1,200 ppb nb-
Hy-water for 3 h, then reacted with fluorescence probs and
analysis by flow cytometry for (A) reactive oxygen species
(ROS), (B) mitochendrial H;0s, and (C) nitric oxide (NO). The
results are expressed as the mean & 5.0, (n=3). *: p < 0.05
compared to the untreated control

Figure 6. Effect of nb-O;-water or nb-H,-water on
adaptive immunity relative cytokine genes
expressions of THP-1 and Jurkat cells.

The THP-1 cells (A) and Jurkat cells (B) were treated with 1.2
ppm nb-Oj-water ar 1,200 ppb nb-Hy-water for 6 h. The mRNA
expression of IL-2, IL-12A and IFN-y were assayed by QPCR,
meanwhile, RPS18 was used as the internal control. Ascarbic
acid (AA) served as a positive control, The results are
expressed as the mean £ 5.. [n=3). *: p < 0.05 compared to
the untreated control,
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Figure 10. Effect of nb-O;-water or nb-H,-water the
LPS-induced  anti-inflammatory  cytokine gene
expression on THP-1 and Jurkat cells.

After pre-treated with 1.2 ppm nb-Oy-water or 1,200 ppb nb-H;
-water for 1 h, then stimulated by LPS for & h. The mRNA
expression of 1L-10 was assayed by GPCR, meanwhile, RPS18
was used as the internal control. Ascorbic acid (AA) served as a
positive control. The results are expressed as the mean + 5.0
(n=3). *: p < 0.05 compared to the untreated control. #: p <
0.05 compared to the LPS group.

bubbl

This study di i that the

Figure 3. The effects of pre-treatment of nb-0;-
water or nb-H,-water on LPS-induced damage of
THP-1 and Jurkat cells.

Cells were pre-treated with 1.2 ppm nb-O,-water or 1,200
ppb nb-H-water for 1 h, then treated with LPS for 3 h and
followed by reactive oxygen species (ROS) detection. The
results are expressed as the mean  S.0. (n=3). *: p < 0.05
compared to the untreated control. #: p < 0.05 compared to
the LPS group.
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Figure 7. Effect of nb-O;-water or nb-Hy-water on
anti-inflammatory cytokine genes expressions of
THP-1 and Jurkat cells.

The THP-1 cells (A) and Jurkat cells (B) were treated with 1.2
PP nb-O-water ar 1,200 ppb nb-Hy-water for 6 h. The mRNA
expression of IL-10 was assaved by qPCR, meanwhile, RPS18
was used as the internal control. Ascorbic acid (AA) served as a
positive contral. The results are expressed as the mean £ 5.0,
(n=3). *: p < 0.05 compared to the untreated control.

Figure 11. Effect of nb-O;-water or nb-H;-water on
the PMA-induced IL-1B, IL-6 and TNF-a genes
expressions of Jurkat cells.

After pre-treated with 1.2 ppm nb-Os-water or 1,200 ppb nb-H,
-water for 1 h, then stimulated by PMA for 6 h. The mRNA
expression of IL-10 (&), 1L-6 (B} and TNF-a [C) were assayed by
qPCR, meanwhile, RPS18 was used as the internal control.
Ascorbic acid (AA) served as a positive control. The results are
expressed as the mean + 8., (n=3). *: p < 0.05 compared to
the untreated contral. #: p < 0.05 compared to the PMA group.

Figure 4. Effect of nb-O;-water or nb-H;-water on
anti-oxidant genes expressions of THP-1 and
Jurkat cells.

The THP-1 cells (A) or Jurkat cells (B) were treated with 12
ppm nb-Oy-water or 1,200 ppb nb-Hy-water for 6 h. The
MRNA expression of superoxide dismutase (SOD), catalase
and glutathione peroxidase-1 (GPx1) were assayed by aPCR,
meanwhile, RPS18 was used as the internal control. Ascorbic
acid (AA) served as a positive cantral. The results are
expressed as the mean + 5.D. (n=3).

Figure 8. Effect of nb-O;-water or nb-H-water on
the LPS-induced inflammatory or cytokine genes
expressions of THP-1 and Jurkat cells.

After pre-treated with 1.2 ppm nb-Os-water or 1,200 ppb nb-
Hi-water for 1 h, then stimulated by LPS for 6 h. The mRNA
expression of IL-1p (A), IL-6 (B) and TNF-a (C) were assayed by
QPCR, meanwhile, RPS18 was used as the internal control. |
Ascorbic acid (AA) served as a positive control. The results are
expressed as the mean £ 5.0 (n=3). *: p < 0.05 compared ta|
the untreated control. #: p < 0.05 compared ta the LPS group.

Figure 12. Effect of nb-O-water or nb-H,-water on
the PMA-induced IL-2, IL-12A and INF-y genes
expressions of Jurkat cells.

After pre-treated with 1.2 ppm nb-Os-water or 1,200 ppb nb-
H-water for 1 h, then stimulated by PMA for 6 h. The mRNA
expression of IL-1p {A), IL-6 (B) and TNF-a (C) were assayed by
qPCR, meanwhile, RPS18 was used as the internal contral.
Ascorbic acid (AA) served as 3 positive control. The results are
expressed as the mean £ S.. (n=3). *: p < D.05 compared to
the untreated control. #: p < 0.05 compared to the PMA
group.

ozone water (nb-Oz-water) and nano-bubble hydrogen water (nb-H;-water) could increase

antioxidant capacity and regulate immune function of human THP-1 monocyte cell line and Jurkat T lymphocyte cell line without cytotoxicity at

1.2 ppm of nb-Os-water or 1,200 ppb of nb-H,-water. That indicates both nb-Os;-water and nb-H;-water can effectively change the innate and

adaptive immune functions with or without stimulants of LPS or PMA.
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