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Hydrogen protecting spermatogonia from ionizing radiation by reducing reactive oxygen species production
and inhibiting mitochondrial apoptosis

MA Long', CAI Shan-lin>, HAO Wei’, GAO Fu’, LI Bai-long’, GUO Jia-ming’", YAN Hong-li""

1. Department of Reproductive Medicine, Changhai Hospital, Naval Medical University (Second Military Medical University),
Shanghai 200433, China

2. Department of Marine Radiation Medicine, Faculty of Naval Medicine, Naval Medical University (Second Military Medical
University), Shanghai 200433, China

3. Department of Endocrinology, Changhai Hospital, Naval Medical University (Second Military Medical University), Shanghai
200433, China

[ Abstract ] Objective To explore the protective effect and mechanism of hydrogen (H,) on ionizing radiation injury
of mouse spermatogonia. Methods Mouse spermatogonia GC-1 cells were divided into 4 groups: control group, H, group,
irradiation group and irradiation plus H, group. The cells in the irradiation group and the irradiation plus H, group were
given single “Co v ray irradiation with a cumulative dose of 8 Gy (dose rate 0.897 Gy/min). The cells in the H, group and the
irradiation plus H, group were cultured in a H, cell culture system (75% H,, 20% O, and 5% CQO,) for 1 h before irradiation.
Cell counting kit 8 (CCK-8) and flow cytometry were used to detect the effects of irradiation and H, treatment on viability and
apoptosis of GC-1 cells 24 h after irradiation. The 2’,7’-dichlorodihydrofluorescein diacetate (DCFH-DA) and mitochondrial
membrane potential JC-1 fluorescence probes were used to detect the effects of irradiation and H, treatment on intracellular
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reactive oxygen species (ROS) and mitochondrial membrane potential of GC-1 cells 2 h after irradiation. Western blotting
was used to detect the effects of irradiation and H, treatment on the expression of mitochondrial apoptosis pathway proteins
(B-cell lymphoma-associated protein x [ Bax ], cytochrome c [ Cyt-c]and cleaved caspase 3 [an activation product of caspase 3])
in GC-1 cells 24 h after irradiation. Results CCK-8 results showed that H, significantly increased the viability of GC-1
cells after irradiation (P<<0.01), and flow cytometry showed that H, significantly reduced the apoptosis rate (P<<0.01). The
results of specific fluorescent probe staining showed that H, reduced the increase of intracellular ROS and inhibited the
decrease of mitochondrial membrane potential after irradiation (£<<0.01 or P<<0.05). Western blotting results showed that H,
inhibited the expression of mitochondrial apoptotic proteins (Bax, Cyt-c and cleaved caspase 3) in GC-1 cells after irradiation
(P<<0.01 or P<<0.05). Conclusion H, can protect mouse spermatogonia from ionizing radiation injury of “Co vy ray
irradiation by reducing ROS production, protecting mitochondrial membrane potential, and inhibiting mitochondrial apoptotic
pathway.
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Fig 2 Apoptosis rate of mouse spermatogonia GC-1 detected by flow cytometry
PI: Propidium iodide; FITC: Fluorescein isothiocyanate.
Control group H, group 8 Gy irradiation group 8 Gy irradiation+H, group

White light

o - - . .

& 3 DCFH-DA R E &N RIE

R4MA GC-1 1 ROS 7K (200X )

Fig3 ROS level in mouse spermatogonia GC-1 detected by DCFH-DA fluorescence probe (200 <)
DCFH-DA: 2°,7’-dichlorodihydrofluorescein diacetate; ROS: Reactive oxygen species.
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Fig 4
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Mitochondrial membrane potential of mouse spermatogonia GC-1 detected by JC-1 fluorescence probe (200 X)

2.1740.10) &K (P<<0.01) , &SN H, 4140 i
IR A7 (JC-1 AW/ 24K 1.65+0.04 )
BT THE (P<<0.05) . 45930 H, fEZZ it
BRI 10 GC-1 4 P 2R 5 Ha 457 BRI

JC-1 monomer Merged




oM. o e, ARG

T YR D A A A AT R A 1 AT X /N BEURE SRR A ) PR g A 8 P 4 * 1089 -

2.5 H, %R )E GC-1 ta e &K =8 %
Faeykiastg HEREEERIER (& 5)

B, FAFZH GC-1 40 g v Bax, Cyt-c il cleaved-
caspase 3 Y £ ik K F (43 H 2 0.4940.03,

0.4940.03, 0.76+£0.04) T X B4 (4351
0.26+0.03. 0.11+£0.02. 0.24+0.02, P¥J<0.01) ,
M B O i H, 20 40 g 5 Bax. Cyt-c F1 cleaved-
caspase 3 M RIKAKF (435078 0.40£0.03, 033+
0.03. 0.530.02) ¥ET MG (P<<0.05 5 P<
0.01) . IR H, BEZ R HL B4R IS GC-1 4ii i
H AR A T3 B AR 1 Y R T

Bax —

Cleaved-caspase 3 — . T

Cytochrome ¢ —

B-actin —|

5 EBRELEERN/NRBRAM GC-1 F
SREATEEEANRIE
FigS Expression of mitochondrial apoptosis pathway
proteins in mouse spermatogonia GC-1 detected by
Western blotting

Bax: B-cell lymphoma-associated protein x.
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