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GRE] B8 HITES (H,) SsSB40 22 58 B IR r 20 38 4 i -1 (PARP-1) 4K
PEAUARAET (PARthanatos) FMHIVER , HHEGSHALE . ik B IRARERR 0K RS e 40 % B LB 3R 145
JgZS HRTIRZH (C 4H). H, XTP@H(HZ ) B RHEAL (M 41), BB AL (HG 41) . H, 16)74H (HG+H, 41)5 41,
H, 20 F1l HG+H, 20 JA0 Fl s S0 05 332 5 (7 H, 0.6 mmol/L) 3557, 3 /4N %) IR 21 I B DMEM 555 55 5 (4 5o
5.6 mmol/L) }533% ., HG ZHF1 HG+H2 AN 44.4 mmol/L iz (55 353 B&BiHE 50 mmol/L) 5537, C 40 R H, 4H
IS AR LK, M ADNAE i T aR I, AU ARRIAC B 48 h S A FLER L A (LDH) BeRCR UL M40 i 25
FHBHIBE S 28 0 A (ELISA) I 2 WV il R 2 B S 1~ (ONOO™) il 8— FRFEME 4 5 41 (8—OHdG ) &+ LA Sz 4 Ak
AR N DNA $50493 , 2 11 5 £ 3 B ER A 36 (Western Blot) K6 22 B8 — #i 1% I 15 AZ 8 (PAR) 193K 11363k,
FRPEDO CIERIE T35 2 I F (AIR) A%, R 5 C AAHIL, HG 2R HG+H, 20 24 i eE 4 WA &l 34 in
( LDH B85 : (61.40 £2.89) %, (42.80+2.32) % £, (9.92+0.38) %, P<0.01 ), 40HiP4 ONOO™ Hl 8—OHAG 5
A1 ONOO™ (ng/L) : 853.58+51.00, 553.11 +38.66 1 113.56 + 14.22, 8—OHdG (ng/L) : 1177.37+60.97
732.06+54.29 Lt 419.67 +28.77,34 P<0.01 ), PAR & [ 2315 W1 .34 (B3 A 18 : 0.603 +0.028 . 0.441 +0.010
It 0.324+0.021, ) P<0.01) ; i HG+H, 41 40 i3 %7 . ONOO™ I 8—=OHdG 7 & . PAR F2ih % HG 21 W] i %
fIE (¥ P<0.01), H, B M HETHERS C A HH2: R TGT#R , gsotin, C4l. Hy 4 m 4
AIF S FRAEAM BT s HG 41 ATR WIFERE S Al rh 2258, H AMaR% th ik JC W s HG+H, ZH 4t itz o >
i AIF Rk, UaB ST LU ATR (RS T H, v A fE . 4538 Rbi AL B R S5 4 i mT LA
i H: DNA $440538 i, s H: PARthanatos ; 11 Hy AN AT L2 Z B 40 AY DNA $453 , 25 o] DA il i — 45
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[Abstract] Objective To investigate the protective effects and underlying molecular mechanisms of hydrogen
(H,) on high glucose—induced poly (ADP-ribose) polymerase—1 (PARP-1) dependent cell death (PARthanatos) in
primary rat Schwann cells. Methods Cultured primary rat Schwann cells were randomly divided into five groups:
blank control group (C group), H, control group (H, group), high osmotic control group (M group), high glucose treatment
group (HG group), and H, treatment group (HG+H, group). The cells in H, group and HG+H, group were cultured with
saturated hydrogen-rich medium containing 0.6 mmol/L of H,, and those in three control groups were cultured with low
sugar DMEM medium containing 5.6 mmol/L of sugar, and the cells in HG and HG+H, groups were given 44.4 mmol/L.
of glucose in addition (the medium containing 50 mmol/L. of glucose), the cells in C group and H, group were given
the same volume of normal saline, and the cells in M group were given the same volume of mannitol. Cytotoxicity was
evaluated using lactate dehydrogenase (LDH) release rate assays after treatment for 48 hours in each group. The contents

of peroxynitrite (ONOO") and 8-hydroxy—2-deoxyguanosine (8-OHdG) reflecting oxidative stress injury and DNA
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damage were detected by enzyme linked immunosorbent assay (ELISA). Poly (ADP-ribose) (PAR) protein expression
was analyzed by Western Blot, and immunofluorescence staining was used to determine the nuclear translocation of the
apoptosis—inducing factor (AIF). Results The cytotoxicity in HG and HG+H, groups was significantly increased
as compared with that of C group [LDH release rate: (61.40+2.89)%, (42.80+2.32)% vs. (9.92+0.38)%, both
P < 0.01], the levels of ONOO™ and 8—-OHdG were markedly elevated [ONOO™ (ng/L): 853.58 +51.00, 553.11 +38.66
vs. 113.56 £14.22; 8-OHAG (ng/L): 1177.37+60.97, 732.06 +54.29 vs. 419.67 £28.77, all P < 0.01], and the PAR
protein expression was up-regulated (A value: 0.603 +0.028, 0.441+0.010 vs. 0.324+0.021, both P < 0.01). The
cytotoxicity, the levels of ONOO™ and 8-OHdG, and PAR expression in HG+H, group were significantly lower than
those of the HG group (all P < 0.01). There were no significant differences in above parameters between H, group as well
as M group and C group. It was shown by immunofluorescence that AIF was expressed in the cytoplasm in C group, H,
group and M group, AIF was expressed in the whole cell in HG group, and the expression in the nucleus was particularly
increased. A small amount of AIF expression was found in the nucleus of HG+H, group, which indicated that high
glucose could promote the AIF nuclear translocation, and that hydrogen-rich medium could prevent the process of
translocation. Conclusions High glucose levels could enhance DNA damage that enhance PARthanatos in primary
rat Schwann cells. However, H, can not only reduce DNA damage of injured cells, but also inhibit the special death

process, reduce the cell toxicity, all of which have protective effects.
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DMEM 53535, T 37 °C. 5% CO, 15 F7 46 vh i BE 1%
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B 3 ARSI LU A S AT A 4R T 5256
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fief ] 55

1.3 S R A3 o e 15 57 U 1 2 e e BR B AT
TR A X IR (C 4, BB AR (M 4H).,
H, XSHEZH (H, 4H). S pab BZH (HG 4H). H, JBI7 4
(HG+H, 1), H, ZHH1 HG+H, £H FH Al s S s 9 3
CZH. M4 . HG 21 F{EAE DMEM 3595 58 (RS
5.6 mmol/L), HG ZH Fil HG+H, 2 Jil 44.4 mmol/L %
ZhE (RE IR & B 50 mmol/L), C 401 H, 40
S AR R K M AU AR H R . A4 5T
K57 48 h G AT HR B AG I

1.4 ZHAREE PRI - PR A 2R e 7 v e
i (caspase) i 57 (Z-VAD-FMK) Fii &b £ 2
L S P 2 R TR, VA B T R 2 O 5 X 10%/mL,
FEFRP T 96 FLML, 1158 B T 20 M 855 57 T A0 25 1 % TR
FL o I X HEFL | 259 Kb BEAFL DA R ) TR
fL, ¥ 3 MR AL, i RFLRR I AT (LDH) X
F &5 (SE[E Biovision A F]) UhHA A3 1L BRERAE , Tk
1+ 490 nm Ab 22 W B (A) i, FF 3155 LDH B
R DL WeAR 2 1 ( LDH BCR (%) = (259 ik
FRFL A —FE ST BRFL A (B / (e KRB I 1 %o R AL
AE—FE X REFL A E) X 100% ]
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1.5 R e 2 W B0 (ELISA ) Az ST fiF fik 5 F)
2 1 (ONOO™) F1 8- ¥£ 5L i 46 & # (8-OHdG) 7
i H Z-VAD-FMK T4 BRAN A 5 43 2 15 77 48 h,
53 ) e HR L Vg A AR R A BR A I ATH A JalCA
28 A ELISA 120 £ 20 BRAa I 40 . L35 ONOO™
H1 8—OHAG )&+,

1.6 5 S % BN iR 56 (Western Blot) K6l £ 5
TR MR AR (PAR) SR - I Z-VAD-FMK
AL FRAN I )5 43 4L 55 57 48 h, IEEAN L, >R FH BCA
PN E e . B S0 ul ZE AR S, ZRBE A FLIK |
BERS B A A—P . PR EEEE,
PEENIE AL K (ECL) B8 | &5, R ARG 43 i
F A, UHWERSHSR g -ahiEr
(B —actin) 2577 AL A (H AR B E AR R
iKIKF-o

1.7 SREDOCIER A T35 5 I F (AIF) A% 5%
¥+ Fil Z-VAD-FMK Tl &b B 40 Jifg )5 73 2 85 3% 48 h,
2 T ToK S A | M X-100 287 B I
I, A BIMA—PUR B E g ohve . B A,
P AR T WAL AIF BIAZRE AL TR

1.8 GEitefarr « (1 SPSS 21.0 B4 E A5 B
B, TR GOR AR + B2z (x+5) Fon , Z410H]
Fe 3R FH B R 2 22 53T (one—way ANOVA), B 9
LU AR AR ST FEAS ¢ K56, T 25 571 ok e/ i
F#4E(LSD), P<0.05 N2ERA G %E X,

2 & B

21 HAMMEFHERRE D5 Cc4Mit, HG
ZH RN HGA+H, 2 4 #5157 (2 HG+H, 4140
W BE A HG 20 W i B AR (33 P<<0.01) 5 1 H, 41,
M A5 C AR RG24 L (¥ P>0.05),

61.40+
2.894

LDH Bl (%)
5 3

[}
=]

c4l Hy 41 HG 41
4151

HG+H, 41 M4l

T C 4N FIGHIRAL, H, 400 A SO IRAL, HG 41N 5
AEBLL , HG+H, 4R SIRY74L, M 4L B iRl ;
5 C 4 H, A, *P<0.01 5 5 HG 4 ILEE, PP<0.01

1 H, XWEbii ok B LA 48 h 5 402 1 s

22 FSHANMIN AR AR (R 1) 5 C A
AHE, HG 4 A1 HG+H, 4120 fE N ONOO™ & = ¥
B £ (¥ P<0.01), {5 HG+H, 2H 40 Jifi 1§ ONOO"
T HG AW B (P<0.01); M Hy 2l M4l
LN ONOO™ 5 CHZE R LG it #m X
(¥ P>0.05), VLI ONOO™ A& i £ () 3= 5 7]
O AR =, R AR R L AT DA R
EVHHA S ONOO™ 1942,

2.3 KM DNA 05 LhA (3R 1): 5 C4IAH L,
HG 1A HG+H, 24NN 8-OHAG & BRI £,
{0 HG+H, 41 % HG 2 W3 B 8 /> (34 P<0.01) 5 1
H, 4 M AY CHERIGI#E () P>0.05),
Vi B R ] LS 2040 DNA #5453 , 1 H, XA
PRI ER

24 AN PAR EARAILE(EK1;E2):
5 C A, HG 41 HG+H, 2H 40 Hu N PAR & M
Feik P H B 4 2 (0 HG+H, 2% HG 41 B 5 A%
(¥3P<0.01); 1 H, 4. M5 C 2R TG H2F
B X (B P>0.05), iR BT LI 40 PAR
IR H, AT LA Rk .

£1 H,NSHEFSKREMMAM 48 h FEW ARG .

DNA {55 PAR RiZHIZM (x +5)

T FEARL  ONOO™ 8-OHAG  PAR/B —actin
(fL) (ng/L) (ng/L) (BUrA(H)
A 3 11356+14.22  419.67+28.77 0.324+0.021
H, 41 3 10467+ 746 40229+ 724  0311+0011
HG 4 3 853.58+51.00% 1177.37+60.97" 0.603+0.028°
HGHH, 4 3 553.11+38.66% 732.06+54.29% 0.441+0.010™
M4l 3 11997+2143  443.84+40.06 0.320+0.019

T C A A IR REAL, H, 40 S0V IR, HG 41 R 2
H, HG+H, 4UNE AP , M 4N EBXHRA 5 ONOO™ 4 lEfsiR
FEBIE -, 8-0HdG 2y 8- FRILMISA ST, PAR 2 H M AR 1T 1%
B, B -actin A B-IEA; 5 C 4. H, K, *P<0.01; 5 HG
HILE, "P<0.01

AR5y

CH. M4l HGH4 HG+H, 4l M4l  FikE

PAR 120 000

C 4078 N R, H, 2SO R, HG 4k snpi b Bl
HG+H, 410 ES0ATT 4, M 4B xR ; PAR
LI RIS, B —actin N B - NIBIEH
B2 HAFGEENITRE (Western Blot) #0 H, X}
A SRR SRR 48 h 5 PAR FkA9540A
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SERRAIMI . 2 IR

SN IRZH (H, 41, B) FEB X BEZH (M 26, E)ALF Y7EANf R b ik, RE TR l‘ﬂéé}féﬂ]ﬂﬂ@ﬂiﬂq&u_,w?f‘EéLIﬂiéﬁ(HGéﬂ,L)
A% *ﬂémmﬁqﬂi@ﬁ ATF 3k, HANMR T ATF F650 B8 T C 4455

AT H(HGHH, 4, D) AffAZ b AIF 358 W55 T HG 24,

A S T 5 E AN B2 1 caspase AN ] i i
5 Z-VAD-FMK T4k Bl S5 , mf ik B 5 e
AP EE ONOO™ A LW 8800 AU 25 A
JINE] DNA #5473, Kot 33k PAR, fEfl AIF #5647,
5| % PARthanatos, & MAH AT . T4 H, KbHS,
— o AR [ HH A, EBH H, X PARthanatos E.
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AHEHAAEERT P XHIGEREE

Z e EUIHE s (multiple organ failure, MOF )
R HE O WL (septic myocardial depression, SMD )
HIENNSRIAY 795 5 (intensive care unit, ICU)
75 AR (volume expansion, VE)
B E] (thrombin time, TT)

B M8 USR] (prothrombin time, PT')

YR I LTS B EE (prothrombin activity , PTA)
C-Jz W % H (C-reactive protein, CRP)

1% 55 55 A1 —xB (nuclear factor—-xB , NF-xB)
TJEg SR HE A (tumor necrosis factor, TNF)
5480375 A7 (hypoxia—inducible factor, HIF)

FLIR A il (lactate dehydrogenase, LLDH) St
SRR Bk P43 (Glasgow coma scale, GCS)
BIHaFL LA (cecal ligation and puncture, CLP)

kAR 7R L O HE I

(pulse—indicated continuous cardiac output, PiCCO)

Ji%

N

e - s - G -

2B RANE N ZEAAE (systemic inflammatory response syndrome, SIRS )

248 B IRER AT ZEAAE (multiple organ dysfunction syndrome, MODS)

JHEREE A RN (sepsis associated encephalopathy, SAE)

PRECHE L4 PEEIL ( disseminated inravascular coagulation, DIC)

75 58— A A A (inducible nitric oxide synthase , iNOS)

Ak KA F - B1 (transforming growth factor— 81, TGF-B1)

EEA R 1 B1 (high mobility group protein B1, HMGB1)

2 BAZ N EE 1134 (mitogen activated protein kinase , MAPK)

AR AME SR G (extracellular signal-regulated kinase, ERK)

PAAZ AR IR T -1 (monocyte chemoattractant protein—1, MCP-1)

TE LR B ML S TH] (activated partial thromboplastin time, APTT)

BT ( sequential organ failure assessment, SOFA )

SOAP 1T #5% (Shock Occurrence in Acutely ill Patients,
APETRE S H RS R AT )

ProCESS #5% (Protocolized Care for Early Septic Shock,

JerER e FIR AR TR ST )



