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ARTICLE INFO Abstract

The antitumor effect of hydrogen nanobubble was evaluated in vitro and in vivo. Cancer 
cell growth was inhibited in the hydrogen nanobubble-containing medium compared to 
the non-containing medium (in vitro). Tumor growth was significantly suppressed in the 
middle stage of transplantation (in vivo). We reported that hydrogen nanobubbles is a ROS 
scavenger, therefore apoptosis due to ROS reduction may be induced in these results.
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Introduction 
Hydrogen is known to have a strong antioxidant effect, derived 

by its high reducing property [1]. However, hydrogen is difficult to 
dissolve in water. Thus, an exclusive device is required to generate 
the hydrogen water [2,3]. To clear this problem, we investigated the 
stable supply of hydrogen by nanobubbes. In our previously report, 
hydrogen nanobubbles eliminated the superoxide as compared to 
other gases in cell-free systems [4]. In this study, we examined the 
effect of hydrogen nanobubbles on cancer growth in vitro and in 
vivo.

Materials and Methods

Cell Culture

Rat cancerous gastric mucosa cell-line (RGK1) was established 
by exposing 1-Methyl-3-nitro-1-nitrosoguanidine to rat gastric 
mucosal cells. RGK1 was cultured in Dulbecco’s modified Eagles/ 

 
F12 medium without L-glutamine (Sigma-Aldrich Japan K.K., 
Tokyo, Japan). Mouse Lewis lung carcinoma (LLC) cells were 
obtained from Riken Cell Bank (Tukuba, Japan). LLC was cultured in 
RPMI1640 medium (Wako Pure Chem. Ind., Ltd., Osaka, Japan). The 
culture medium contained 10% heat-inactivated fetal bovine serum 
(Biowest, Kansas City, MO, U.S.A.) and 1% penicillin/streptomycin 
(Wako). Cells were cultured in a 37°C incubator in an atmosphere 
of 5% CO2 in air. 

Preparation of H2-Medium and H2-Water

The 99.99999% hydrogen gas was bubbled into water for cell 
culture (Millipore, Billerica, MA, U.S.A.) using a pore type porous 
ceramic sparger, which has 500 nm of mean pore diameter for 30 
min. Using this water, H2-medium was prepared with Dulbecco’s 
modified Eagles/F12 medium (Sigma-Aldrich) and 14.3 mM 
NaHCO3 (Wako). H2-water was prepared using Gas & Water Double 
Hydrogen Bottle® (WOO co., Ltd., Tokushima, Japan).
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Cell Viability Assay

Cell viability was examined using Cell Counting Kit-8 (CCK-8) 
(Dojindo, Tokyo, Japan) according to the manufacturer’s protocol. 
RGK1 was cultured on 96-well plates at 2.5 × 103 cells/well and 
incubated overnight. The supernatant was aspirated, and the 
medium replaced to H2-medium. Cytotoxicity was determined by 
incubating cells at 37°C for 24h. Cells were incubated with 10% 
CCK-8 reagent. Absorbance at 450 nm was measured by a DTX880 
multi-mode microplate reader (Beckman Coulter, Brea, CA, USA).

Animal Protocol

Eight-week-old male C57BL/6 mice were used in vivo assay. 
Mice were purchased from Japan SLC Inc. (Hamamatsu, Japan). 

Animal protocol was approved by the University of TSUKUBA 
Standing Committee on Animals. Mice were injected in the flank 
subcutaneously with LLC cells (2 × 106). After tumor implantation, 
mice were obtained free access to water or H2-water. The tumor size 
was measured at 13, 16, 19 and 22 days after tumor implantation. 
The tumor volume was calculated as follows: Volume (mm3) = 
length x width2 x 0.5. On Day 22, mice were euthanized, and tumors 
were calculated.

Results and Discussion
We investigated that the effect of H2-mediun for cancer cells. 

Compare the culture medium (Control), cell viability of H2-medium 
was significantly decreased (Figure 1A). Thus, H2-water can inhibit 
cancer cell growth. 

Figure 1: The effect of H2-medium or H2-water
a)	 Cell viability assay in RGK1. 
b)	 Time dependent of tumor volume in tumor bearing mice.

The time dependent of tumor size in tumor bearing mice is 
shown in Figure 1B. The tumor size in the H2-water group was 
smaller than that of the control group, and a significant difference 
was observed at 19 days after tumor implantation. From this result, 
H2-water can inhibit tumor growth. In this study, we indicated the 
anti-tumor effect of H2-medium and water in in vitro and in vivo. It 
has been reported that tumor growth is suppressed by hydrogen 
nanobubble [2,3]. Compared to these methods, our method is more 
convenient for producing nanobubbles using a pore type porous 
ceramic sparger for hydrogen supply. We considered that we can 
provide a more accessible method to obtain the antitumor effect 
by hydrogen nanobubbles. We have investigated the effects of 
antioxidants such as monascus pigment and curcumin [5,6]. These 
antioxidants inhibited the tumor growth. As a result of the reduction 
of acid ceramidase due to the reduction of ROS, it has been clarified 
that the accumulation of ceramide is increased, thereby inducing 
apoptosis [7-9]. Hydrogen nanobubbles are also considered to be 

due to this mechanism because they have high scavenging ability 
to superoxide.

Conclusion
The hydrogen nanobubbles induced inhibition of cell growth. 

The mechanism of this effect suggested the induction of apoptosis 
by ROS reduction.
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