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[Abstract| Objective To investigate the protective effect of molecular hydrogen against hydrogen peroxide (H,O,)-
induced oxidative injury in primary cultures of rat spinal cord neurons and the related mechanism. Methods Rat spinal cord
neurons were cultured for 7 days and were randomly assigned to four groups with different treatments-(1) Normal medium
(NM) control: treated with NM; (2) Hydrogen-rich medium (HM) . treated with HM; (3) NM+ H,0,: treated with 100
pmol/L H, O, and 15 pmol/L ferrous chloride (FeCly) after pretreatment with NM for 2 h; and (4) HM+H, 0, : treated with
100 pmol/L H, O, and 15 pmol/L FeCl, after pretreatment with HM for 2 h. The respective media were changed every 6 h in
each group, and 12 h later the cells were collected for assays of reactive oxygen species (ROS), hydroxyl radical (HO = ),
apoptosis, and the expression of glycogen synthase kinase-33 (GSK-33) and p-GSK-3B. Results Compared with NM, HM
significantly reduced the H,(.-induced intracellular production of ROS and HO « in purified neurons (P <C0. 01), significantly
decreased the number of apoptotic neurons (P <C 0. 01) and expression of caspase-3 (P <C0. 01), and significantly promoted
phosphorylation of GSK-38 (P<C0. 01). Conclusion Molecular hydrogen has protective effect against H, O,-induced oxidative injury in
primary cultured neurons. The mechanisms might be related to reduction of intracellular production of ROS and HO « , inhibition of

apoptosis in neurons and promotion of GSK-38 phosphorylation.

[#mBH] 2013-09-25 [(EZHHM] 2014-01-02

[BeTA] HEZRHA KRR ¥IES (81200953), & FEEEB <+ 7B B H (CWSL1J121). Supported by National Natural Science
Foundation of China(81200953) and PLA Research Project of “the 12" Five-Year-Plan” for Medical Science Development(CWS11J121).
[fEE®A] X358, 814, E-mail: liufangting0714@163. com

"3l {5 /E# (Corresponding author). Tel; 021-81885822, E-mail; jfjczyy@aliyun. com



e 234 -

TR R 20144 3 LA 35 %

[Key words ]

synthase kinase-33

Jit MBI 45 P B B 5 405 (spinal cord injury,
SCD i 34 1 ki 5# i A0 4 26 il 58, S B0 3 v 8L
L 7K b DA % st 28 il 9 48 WK J it 28 5T 3R AT M SO
1T 7 B 5 TU 43 22 5/ N isf oA BIDRT PR 20 204845 5 | 4
8 P SRR Ty 8 2 IR 2 VR IR L DT 5 AR K R T R
%A (reactive oxygen species, ROS), 1l # %A B & T
) it AL A (hydrogen per-
oxide, H,0,) . % A M 3& (hydroxyl radical, HO + )
AELH L ROS BN A S 304k K 1 SCT R SCHE 2 .
AR R — F 5N QIR B, SO 2 5T ) Be BE A A
T PR TR BB R B Ak S B 4 SCT R
BEATE BEOR I Y OCHEIR T . A TR SR —Fh i
AR RBUEALF Y T AR HO » iR
VAl R 5 FH B 1 (peroxynitrite, ONOO ™) % H A ik
PEPEVE B B8 3 HAS T 30 AR P S AL A B RN L OF
LA 28 37 A ) IS 1) AR TR RT 4™ 80 5 M L 2 hr
R 20 B A S R AL, I LA AE S0 Ak 0 e B o, LA
5 RZHC MBS e E A R BN R B
FREHCT B S R B W AR BN s T
A SR LR K AT A RO BR HO « 1 ONOO ™ 4§
ROS, T XF BT o0 WL /I i 45 2H 2 ke it 75 3
VB R 1 A AR 0 AT R AT A Kk
B 7 R B SCT AL S5 L I s 7 56 1 A &K ] 2 ik
HF Bz sh D ae M s, SR S5 10 15 ) X 4
PRAT A3 I B 28 50 77 At 3 R 8 R B A T B G A O
BL o A DL R 1B, AR B 5 3 o B R S AR AL
X Feton J2 N BT 2504 A6 48 05 #2800 19 OR 97 3L
IO IR0 26 TR AR FIBLR L o &0 50 7 12 7 B AR 4 o
8 I AR IO P 2 (48 8 R A

. ) .
(superoxide anion, O

1 #EITTE

1.1 F%3#Hh5E2REA HHd 1 drSD Kb
BORERELR Y o, DMEM/F12 1
FRIE R E M (FBS) W H Gibeo 24 7l ; TUNEL 41
JiL 98 T A R & Hoechst33342.,27,77- A%
# AR R (DCF-DA) ,D-Hanks ¥ ¥ W F 28 = K

oxidative injury; hydrogen peroxide; reactive oxygen species; hydrogen; neurons; apoptosis; glycogen

[Acad J Sec Mil Med Univ.2014,35(3):233-239]

AR B R s R OR B 6 R (HPF) W H
Invitrogen/A H) ; B2 H [ #l 222E K (NGF) |
H. O, . FeCL¥W H Sigma A&l ; SRR G 54 5
3B(GSK-3p) LM . e 4T p-GSK-3p HL Ay A Santa
Cruz Al s BPT Bactin YUK BT caspase-3 P,
FHi R 1gG P A Abcam 2 Fl, £ R HEE
(PFA) \PBS 4 HoAth 5 FH i 5 35 58 4 e R 2 Jk
Tl 8 Ao 6 2 W 2 B s AR AL

.2 HA#irzitrsc SHEESYHE A
1.diy SD KRBy k&b s, B A 75% £ BE 15 min,
D-Hanks¥# ik 2 W, JC 18 5% 11 T 2 58 i )5 50
OY S BU R T A D-Hanks WP 85088 T 21
W 3% 10 21 46 L5, PR B9 A 1 mom® /N UR
L 0. 25% & F1BE B 1k 20 min, &1k L5 B O
(1 000 r/min, B4R 13.5 em) 5 min 57 [V,
PLE 20% FBS & 10 ng/mL NGF # DMEM/F12
BRI 5 X 10° 4 /mL 5% B 360 T 0 &
I em’ G 3ER A 12 fLAR A (BB LL 25 mg/mL 2 %
i R A W) . B AL A 300 L, AR R E
1 mL,#&F 37°C.5% CO.MIEMN, & 2 d Hik;
FWL 7T d G T AR bR,

1.3 & &3 4 & (hydrogen-rich medium, HM) #
& LURRIE & R A &L 0.4 MPa WY R
i AE B ML 37 W (normal medium, NM) H 6 h, i &
AORBI R AR A R A R R KR
IKEE2ERE ST AT R4, HM FIE % KR T L 2% 5
F7 T ACUKFR T B R BB 4 1k, 7E% B FE IR
BT 7 dWELA BT A MR 57 (R ED6 h AT
PRI S E 0. 6 mmol/L DL E (A& &V AHE
TR AT R )

1.4 SBoyant® KERAER7dENE
BERZE 5 R 4 4, OF 43 S B W AT LU R A3, (1)
NM X} B4 . DL NM 462285 5% (2) HM 4. L HM
AREERE % (HNMA+H,0, 4. L NM K3 2 h 5,
MmA 100 pmol/L H,O, F1 15 pmol/L FeCl, (R]
Feton/Z ) 4k 2 15 3% 5 (4) HM + H,0, 4. Ml HM



55 3 1. XI5 e AN T Ho O MR AMF S S A 150405 T SRS 8 o 28 1) £ 1 ¢ 235

WAL 2 h 5, iInA 100 pmol/L H.O. 115 ymol/L
FeCLARZ 15 % . WG 5 6 h B3R H 55 77 R M i
IR LA 12 b5 5 Lk AR ER G I #h 22 T Y ROS
Az LKOF 48 B R T B L K GSK-3R il p-GSK-3R
(4 2235 7K

1.5 @A ROS # i)

1.5.1 DCF-DA #& 0l g 79 ROS 4% 1 :1 000 LT
I3 15 IR WG B DCF-DA L AW B 10 pmol /L,
KA 12 h 5 BRI SR, JH D-Hanks Wi 1
WJE A 0.5 mL # B 459 DCF-DA, T 37°C WA
PRCE 20 min, 5 H JC 075 85 R VR 3 KL AT
Iy EBRAVEA I DCF-DA, HJ5 78 26 0% i
B R (X 4005 fluoview 300; Olympus) B % W 2< 3
R LR PEOLIREE

1.5.2 HPF & RHERM LA HO -  HAHAM 12
hJ5 B BRI 52 W, F D-Hanks W38 1 K5 A
0.5 mL 10 pmol/L HPF(#i % J5 1 [f] DCF-DA), T
37°C WA i # 30 min,4x[d DCEF-DA,

1.6 A% 2T el

1.6.1 TUNEL #& K448 12 h J5HEREF
W, LL PBS Ve 1 K5 . H 4% PFA [ 30 min,
PL PBS ¥k 2 WL M A & 0. 1% Triton X-100 [
PBS. VK& 2 min, PBS e 2 W5 & T H BB 1 19
0.3%H, O, WP =R E 20 min, B5 H PBS %
%3, 50 pL TUNEL A0 3 (BC il J7 7% TdT
fitf 20 pL, 26HR LI 480 L, TUNEL KU 500
pL) 37 CHEJEMEE 60 min, PBS YB3 Wa . AL
PTGV R W B 5 T 2¢O6 BAUEE T (X 400) W
ST, B A P 40 7 40 L

1.6.2 Caspase-3 %  Z4IMI8EF T 35 A, M BEJS
T, #4403 12 h J5 B ER K 37 W . PBS Bk
1WJE, H 4% PFA B 20 min, 2L PBS ¥E% 5
min, 0.5% Triton X-100 ZFfL 15 min J5 . H PBS
EEVE 2 . 1% BSA #1430 min J5. 1A 1% BSA
i BB caspase-3 — 9L, F 37°CHE 2 h, PBS
Yk 2 WE, A 1% BSA i BE 9 TRITC-2F 1 %
IgG — 9L, F37CHWE 1 h, PBSEWER 2 K. MAS
pg/mL Hoechst B4 2 min, #F 5 T 2¢ % B8
T OXA400) ML AR, LB I

1.7 GSK-3 #= p-GSK-3p &k K -Feg#em  RH]
B BN AR GSK-38 Fl p-GSK-38 # ik K-,
HHALPE 12 h R BRIE IR, PBS BRI 2 U,
A 100 pL Rippa 8 F 2 W (& 1% PMSF 2 11 i
WHIFD ,F 4°C R 20 min J&,12 000 r/min (B L
4% 13,5 cm) B0 30 min, WHC EVE &, MR
i B B BCA X7 A R BCA i B # & FL L
50+ 1HC & & BCA TAEWK, 4R 5], BCA T4
W 24 h AR . T PBS 58 20 fif 5 RS fE 5
IR BB WE N 0.5 mg/mL, REbp S % 0.1,
2.4.8.12.,16.,20 pL A% 96 L AR 04 b5 o & L b,
B v B BRI AL 2 20 L, I S A BURE A ) 96
FLAR A FE S L AR S AR B AN 2 20 L. £
LA 200 uL BCA TAEW,37°C iU & 30 min, 7E
562 nm b 52 % BE(E (Do, ) o AR A5 7 il 26353
A VR . Rippa 2 1 24 A 8008 B 558 8 Uk
JEEBENAS -5 CBEFR B R 1 X E A L
FEG W, 95°C I F 10 min, BUB & T —20°C %
. 45 30 % RINMBE R H: 8% 7 B I 5 5 %0 Wk 46 Ik
el , 8 11 _EFEJR LK 2 2 h(Bio-Rad protein3 HL ¥k
0, Bl J 4 BE I 9 2 1 36 B 2= PVDF I (Bio-Rad
trans blot HL4{%), PVDF & HBEAE W3k £ 1 h
JE A 1 2 1 000 —H0 (FRHT p-GSK-3p B At bt
GSK-3p bt p-actin), T 4°CHEF K., HPBS-T
VI 3 WG, A 1+ 20000 % 4. ERWE
2 h ¥ M PBS-T WEME 3 Ik, T /f& 1+ 1 M A AB
5 W, 1E Bio-Rad M1k %% & Ot U& X (Bio-Rad
Chemidox) [ 5% . #RJG 43 BT K BEAH , 75 LUK FE &
B,

1.8 “itFa® A SPSS 17. 0 #1748 it 2 4b
SR B L) 7 £ s ROR R R 7 2240 0
I SNK-q #6538 347 20 8] 22 5, K 55 7K () 2 0. 05,

2.1 HM &AL B4 Z T A ROS 2 E 8%
A H,0,(100 pmol/L) I FeCl, (15 pmol/L)
WA Y 12 h J5 .l i DCF-DA 1 HPF 2¢ 6%
JEE A DU E A I N ROS 7K-F-. ROS & (BL DCF-DA
PR B D & HO « B9 & (UL HPF R0 RoR &



+ 236 -

TR R 20144 3 LA 35 %

D NM 45 HM 422 8] 2 7 511242 X ; Feton
NEAE NM 5538 i 4 22 56N ROS B K HO » B9

NM+H202

DCF-DA

Hoechst

1 HM X &EHLBGRE

Fig 1

MEZTH A ROS EEWE I

Effect of HM on production of intracellular ROS in oxidative injured neurons
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NM: Normal medium; HM: Hydrogen-rich medium; DCF-DA: 27,7’ -dichlofluorescein diacetate. Oxidative injury was induced

by 100 pmol/L H;O,and 15 pmol/L FeCl, for 12 h. There was no difference between control and single HM groups, but the

total amounts of ROS were significantly increased by H,O, (P <C0. 01), and was signficanlty decreased by HM (P <C0. 01).

A: DCF-DA stained pictures. Scale bar=100 pmj; B: Data were expressed as the fluorescence intensity of DCF-DA. ** P<C0. 01 vs
NM; 44 P<<0.01 vs NM+H,0,. n=3, x5
NM+H202 HM+H202
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Fig 2 Effect of HM on production of intracellular HO « in oxidative injured neurons

NM: Normal medium; HM: Hydrogen-rich medium; HPF. Hydroxyphenyl fluorescein. There was no difference between con-

trol and single HM groups, but after 12 h H, O,-induced injury, the total amounts of HO -

0.01), and was significantly decreased by HM (P <C0. 01).

expressed as the fluorescence intensity of HPF.
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Fig 3 Effect of HM on the percentage of TUNEL positive neurons after oxidative injury
NM: Normal medium; HM: Hydrogen-rich medium. After 12 h H;O,-induced injury, the percentage of TUNEL positive neu-
rons was signficanlty increased (P<C0.01), and was significantly decreased by HM (P<C0.01). A. TUNEL stained pictures.
Scale bar=100 pm; B: Data were expressed as the percentage of TUNEL positive neurons. ** P<C0. 01 vs NM; #2 P<0. 01 vs

NM+H,0s,. 3, Tk
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Fig 4 Effect of HM on the expression of caspase-3 after oxidative injury
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NM: Normal medium; HM: Hydrogen-rich medium. After 12 h H;O,-induced injury, the fluorescence intensity of caspase-3
was significantly increased (P<C0. 01), and was significantly decreased by HM (P<C0. 01). A. Caspase-3 stained pictures.

Scale bar=100 pm; B: Data were expressed as the fluorescence intensity of caspase-3. ** P<C0. 01 vs NM; 22 P<C0. 01 vs

NM+H;0,. n=3, %5
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Fig 5 Effect of HM on the expression of GSK-3p and p-GSK-3f after oxidative injury
NM: Normal medium; HM: Hydrogen-rich medium. After 12 h H,O;-induced injury, there were no significant differences a-
However, the phosphorylation of GSK-38 was significantly reduced by H,O.-induced oxidative injury
A: The production of GSK-383 and p-GSK-38
* P<C0.01 vs NM; 22 P<C0.01 vs

mong different groups.
(P<C0.01), and HM significantly increased the level of p-GSK-33 (P<C0.01).

was assayed by Western blotting analysis; B: Data were expressed as relative gray values.

NM+H,0,. n=3, 7%
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