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[(HWE] Hm U EA UG N (hyperbaric oxygen preconditioning, HBOP ) X A B 7L, UK A2 82 105 Jo 4 i 1) ol S f 7
YER B P2X, Z A6 H AQP4 F3h B, Jjth BRI FRIEARIE I B4l T aliAb 2105 , 3 X B2 | a4 T3 i
ZH (HBOP) | FAAlE A 2H (OGD) | e B AU Tt 17 Gk 0 2H ( HBOP + OGD) o 15 I 5 SR FI3 ¥t X 240 B £S04 00 24 L ] =%,
A2 RG240 M 5% 55 9 TP B ATP #k B, Western blot £ U P2X, 52 {4 Fil AQP4 2 1 335, S5 T 2¢ 56 i PCR U
(RT-qPCR) P2X, 241 AQP4 mRNA [ 5K P, 502  HBOP 4405 IR WP ATP e B 15 4% 46 0 IR o5 22 v T % BB
ZH (P <0.01) ;HBOP + OGD 4140Jf1 24 h J% 48 h TR HL T OGD 41 (P <0.05) ; HBOP 2 4 jiil AQP4 J% P2X, Z{AE M
FEIREFRTERLL (P <0.05) ;HBOP + OGD 414NN AQP4 J R2X, 5Z{&k mRNA & /K P-AEG4 6 h FHIETF OGD 41 (P <0.05) ,
g5 HBOP 1] LHE i K U 2 TP B B A AR A 7= A ATP B BE 1, 38 1 40 ot e AU sl A g 52 g, el b A i 1, B
BB ARG E A . AR HLEI FTRE S FRAK T OGD FHUHAIMIN P2X, 52 & &% AQP4 (1) mRNA #43R7K P4 56

[REBR] m HETUE N ; FURERI2E s A PR A ; AQP4 P2 X, 32 (K
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Hyperbaric oxygen preconditioning protects rat brain astrocytes from hypoxia by
down-regulating AQP4 and R2X, receptor in vitro

Li Yuhong, Zou Yongjie, Cui Gaoyu (Department of Neurosurgery, Institute of Neurosurgery, Key Laboratory of Neurotrauma,
Prevention and Treatment, Southwest Hospital, Third Military Medical University, Chongging, 400038, China)

[ Abstract | Objective  To determine the protective effect of hyperbaric oxygen preconditioning
(HBOP) on rat brain astrocytes against hypoxia and on the expression of R2X; receptor and AQP4. Methods
Cultured primary astrocytes were isolated from neonatal SD rats, primarily cultured and identified by GFAP
staining at passage 2. The astrocytes at passage 3 were divided into control group, HBOP group, oxygen glucose
deprivation ( OGD) group and HBOP + OGD group. The apoptotic rate was detected by flow cytometry at 24 and
48 h after OGD. The ATP concentration in the culture medium were measured by chemiluminescence detection.
The protein expression of R2X, receptor and AQP4 was detected by Western blotting, and their mRNA levels
were determined by RT-qPCR. Results  The expression of AQP4 and R2X, receptor was enhanced in HBOP
group than control group (P <0.05). The apoptotic rate was significantly lower in the HBOP + OGD group than
the OGD group at 24 and 48 h (P <0.05). The protein level of AQP4 and R2X, receptor was obviously higher
in the HBOP group than control group (P <0.05). The AQP4 and R2X, receptor mRNA transcription levels were
inhibited in HBOP + OGD group when compared with those in OGD group at 6 h (P <0.05). Conclusion
HBOP improves the mitochondrial ATP production by rat brain astrocytes exposure to hypoxia, promotes the cell
tolerance to hypoxia and aglycemia, reduces cell apoptosis, and exerts absolutely cytoprotective effect. The
underlying mechanism may be due to the down-regulation of AQP4 and R2X, receptor at mRNA levels after OGD.

[ Key words | hyperbaric oxygen preconditioning; oxygen glucose deprivation, cytoprotective; AQP4;

R2X, receptor
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PRAPERT B B3R TS N 25 A 1 A 4 R 2= i PR P
SRR 5 4 W& M (hyperbaric oxygen precondi-
tioning, HBOP) ELAF W] i} iy &2 M AR B2 L3, 7R i
IREAREN 2. AR AL, [ HBOP b3t
ikt it EAG Y S B ORAP VR, BB /I JR P 19 P e A
FEARFRI IR IR K I AR 2 P2X, 2 AR M 2848
HPE A BT LR T AQPA MK b R A R
Jr I R I SCHE K TE 3 1, WU AP AR S, AL
AR S5 FH B A A A DK U 2 T e Jo At e, o 1
SR ZF (oxygen glucose deprivation, OGD ) #5 %l | S %%
HBOP 5 B JE e o 20 M Ay it S8 R VR L el P2X, 32 14
1 AQPA iR R Ak, FEXF HBOP SRR WL A 7
WIS, B 1R 7K i P 1 A58 B it

1 LBEMRERZE

1.1 BBy 3k B R

W43 d LA SD FLEL, MEREAR S, (R B i 9 ~ 11 g( i =
FEPE RS S AR AL ) B UKV R BRI IS ERS 0 7, 0BT
SKALFE , AR >F B , BT I MR , 7 40 54 2 5 I, 4% M 28
SULE I RELEER , R 5 10 mL 85045, L 0. 25% i ZE
FIRHRIS L2 4 ~ 5 min, T A DMEM/F12 $% 35 % (HyClone 2%
LA 10% 744 0035 , W TN U 23523 m)) &k ik,
FTEI51JG , DIRSESN I (FL7% 200 wm) 3o 3%, S8R A5 H 2 10 mL
BOEFN,L B0 S min(1 000 v/min)  FE B, TG SR,
J52 52 WA T AT AR LR, 8 T 37 °C 5% CO, B 548 h 22 3
BPAb B 60 min, LR 25 ER A0 BhIFHACH iy I AT e A A . B o
FEH, IR AN A8, 890> 5 min( 1 000 v/min) , % 135 , FH N
ORGSR TR AT, R A0 R, R TR RN, BT
37 °C 5% CO, B Fe i h 75 . Wk H i, 22 % R W BE 3% )
2 TACT- A, AR SE R 7 ~9 d, JUI1E) S J RS 40 B A KA
2 ~3 d g | RS R U L) PBS S VE 1 3R, B
Yo MM MIR A B2 FLITF IR 4 2 AR KR EA T I AL A 1R
WAL ARTINA PBS 3% 2 3 , SR R0 T B 30, 1 )2
L TRARAGLYE . T2 ACANMIEAT GFAP Yeta e | SR TR B4
Al L EE7E 95% AL (P 1) A FIAS 3 AN 7 /5 etk .

E1 SE4&UNERERRRAEREIT GFAP & EE (DAPI %)
(RERHMAB x100)

1.2 %37k
1L.2.1 sS4 A i 4 B I T 440 i 4 o 2 5 5 R
LR 3 ~4 d BIATEIMRUR, 20 4 41 0 IR TR AR s
JiZH (HBOP) | #. 4l ik % 2 (OGD) | oy i % T3 17 ikt L 2
(HBOP + OGD) ,,

1.2.2 mEETEEN A HBOP RAIZMAE A8 (&
VKECSEIR) A7) AR 2 WG I BT R A M 5 5% 3 d Ja Bl
A BB AR IR 25 ~ 28 C 47 TR O, AT,
AR 10 min(A AR S L/min) |, fEAE P MK > 98% ,
AR, AR H i, T 15 min NZAEANE % 0. 15 MPa,
FaHs 1 h fg, 538 20 min R 2H K, 1 k712 h,dt 4 5k Xt
FEZH K OGD ZH{0H 4 M B T v R AR I 1 b R 34T I s
1 %&/12 h, 44 %,
1.2.3  OGD 58I ph ) 45 HBOP 52 {5 24 h, % OGD 24
HBOP + OGD ZH#f 8 A PBS {32 it , 5 46 Sy Jol 15 F7 2 ( Gib-
co ] NIRRT ), ABEUIEAE 15 % (37 C,1% 0,
5% CO, ,94% N, ) , F-AE T2 I AH fCK A R BCLL , EA 7 )5 A6
1.2.4 AMIESRI AT SRIE %I % HBOP 4141
TR 5 4 IR S A e B R, X HRZE 20 R 4
JEASBEAT IR AL S8, HBOP 41 4 M SO A %5 UM 47 HBOP 4k 3
1 h 5 B ACHE RS E46, T HBOP S8 U5 19 0.6 .12.24 h, iR
2 HAHMIAY G FR, B0 L BT % R = R ATP R AR &
UL FEAT 40 LB FR Y ATP & 7
1.2.5 4 TS 4 A AL 3 24 48 h,H OGD 21 %
HBOP + OGD ZH ZH M BB , 5 JR b 3t AR AR W B AR R Rl 42
BEE Annexin V-FITC I8 Tk AT G U AT AR , W7 A AR
WNF < WO 5 SR P I YR 46 40 e NG B 4 gk 8 31 A — 4
MERKE.C,4 °C,1 000 1r/min, 10 min, 3 FiE—HA 1 mL i
¥ PBS, B G (AN 7E —4 °C,1 000 r/min, 10 min, 3 |-
15 (D BRI LU RS 15 BRI ) —200 wL Binding Buffer
HREMMF A 10 pL Annexin V-FITC $2429R 2, it 2 i %
R 15 min—Jiil A 300 wL Binding Buffer } 5 wL PIJE%),F 1 h
VA LA e A A SRS TN , A5 T R 200 pum 575 ) 38 918 o
1.2.6  Western blot ¥l P2X, 21K & AQP4 {14 ik 7K
F HBOP 52 85 %) 24 h, B BE 41 &% HBOP 41 41 ffd #47
Western blot #lll P2X, 32 {& & AQP4 {3 [ # ik, B-actin
Z, TGRSR IO A B AR 1 — 8 R B SE —SDS-
PAGE H1JK—# Il —PVDF fEEELE B ——$1 4 CIHE K
(B-actin 1: 1 000,P2X,3Z{A& 1:1 000,AQP4 1: 1 000) —TBST %k
JEE— Z IR B 0 2 h—TBST P& i A G, 76 5 I8 AL
B HT R G U B TR R LUK T AR P2X A2 4 AQP4 FiI
B-actin 257 K BE(EAH LL , 13 B 45 LR A X 6% BE A K JE LA,
AT T 50
1.2.7  SEBP5E i PCR KU ( RT-gPCR) K60 P2X, 32 4 &%
AQP4 ) mRNA %% 5% T AL F T 6,12 .24 h, I 4 OGD
J¢ HBOP + OGD L4, K] P2X, %A [z AQP4 f) mRNA ik
Ko A GenBank iy AQP4 P2X, SZ K41, SR I
519, AQP4 EiiF5|%): 5’ -CCCCGTGCCAACTGCTAATGC-3,
TUE5I Y. 5'-GGCGGAAGGCAAAGCAGTATG-3', 3 3 F= ¥ |
BR/NH 213 bp; P2X, 324K iS4 5'-CCGCCTCTGTGCCTT-
TAACGTCC-3", FiiE51 4 : 5'-CGCTCTTCCCCTCTCTTTT-TCTC-
TA-3' 8471 v BER /N Ry 127 bp; B-actin /E N2, LiF5]
¥ .5'-ACCCCGTGCTGCTGACCGAG-3', FiiE5| 9.5 -TCC-CG-
GCCAGCCAGGTCCA-3' , ¢ 1a7r=8 Bt K /N Ky 249 bp, 20 L (1
Y AR Z :cDNA 2.0 pL,P2X, Z K K& AQP4 [y | il 14
434 0.3 pL,2 x SYBR Green Realtime PCR Master Mix
10 pl,H,0 7.4 pL, WA 94 CHAEYE 5 min—94 CARE:
30 s—57 CiB k30 s—72 C #Eif 30 s (332 MEF) —72 C 4
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i1 10 min, BEAMEGAFAT 3 W, B e 27220 4 1S HEAT A
X FIK T
1.3 it 5

BURLL & +5 7%, B SPSS 17. 0 Seit-# 4, 4 18] 2% 5247
PR T 2087

2 #R
2.1 fmpeidik ATP R E
X BE 21 K HBOP ZH 4l B 1% 772 N ATP ¥ i 15 7 o i Ak 21

JE B 12 h KBS, G 2T MR HBOP 41 41 fift % 37 Wi
ATP ¥ J5 76 3 A I B AR 5 35 8 2 8 T X R4l (P < 0. 01,
K2), LA L4655 4R 7R . HBOP A L 3 3 42 5 40 it 28 ok {4 7= A
ATP HIBE ST .
00T g a
350F OoHBoP 4 a {'
300F
250F a
200 a
150}

ATP % (nmol/L)

1001

50

0 0 6 12 24

I (o/h)
a:P <0.01, %5 2 AL e
B2 X8RER HBOP AT M8 R MAE iR ATP iKE

2.2 mpATR

5% B L, OGD 41 2 HBOP + OGD 20 40 S e 47 it
SN BRI B2 i S P ) AE I, 20 M R TR R T, DA
SRR AL B BT B ST AN AT B S AR A5 5 1T A A
AR A, OGD ZH 4T 7 S 0 T2 %247 = T HBOP + OGD 2] (P <
0.05,[F3) . #&7% HBOP W] L) e 4t % 200 ) 250 PR AR 1 if 52
1, 1 ELR A5V FH I 2 St 4 B i) A9 A i T 48

0T mx L

45r mOGD 41
40} OHBOP+OGD 41

A 1] (2/h)
a:P<0.05,%5 HBOP + OGD 411b4%
B3 3tEE4H .OGD ZEF1 HBOP + OGD 48 0 7E R F At 4B S 1Y
M RRATE

2.3  Western blot #] P2X, % /K& AQP4 49 & kA

7 HBOP 52 i 24 h, HBOP 41 41l jifi 8 (9 # 1k K F-E #aFa
o SXFIRYIAHEL , HBOP 20 41 d i) P2X, 52 & AQP4 FE 3%
KK B TR (P <0.05,3 1) ,$2/R8 HBOP 4b 68 B 242
R TR A P2X, 324 e AQP4 i Rk KT,

&1 HBOP AS5XRAMM P2X, ZH K AQP4 EBRIEKTE

205 AQP4 P2X,5Z (4
X HE2H 0.120 +0.004 0.180 +0.011
HBOP £1 0.200 £0.014° 0.240 +0.0012

a:P<0.05, 5 B8 20t 4

2.4 RT-qPCR #&m P2X, 4k % AQP4 ¢ mRNA #53%
HBOP 5¢ 5 24 h, HA 4T OGD £h3E (R OGD 0 h) i,
HBOP ZH 41l P2X, 3Z 4 e AQP4 i) mRNA A%t 4% oK -5 T
YT A, (HAE AT OGD AbHL )5, ¥4l OGD 2 i) P2X, Z 1k K
AQP4 [¥) mRNA FHXF 5 5K P-AE B4 6 h i Rk E 04 AE, B &8
%F HBOP + OGD 41 (P <0.05,[& 4.5) , 7 HBOP + OGD #4111
P2X, 52K J AQP4 (1) mRNA A% 57 K S W AR B4 12 h B A
IRFNEAE . el W, HBOP | LA RAR 2 I I i 40 it A Bl 4 3R
BT P2X, 324k 2 AQP4 [y K-, HAEIR — 3% mRNA ()54 5%

—‘[%—mko

L6 oytnag
mOGD 4 4
L4+ sypop+oGD 41
WHBOP 41

K] 1.2F

=N
IAHL
—_
o
T

& mRNA #
=

0.6

b

P2X;
o
~

<
to

(=]

L N\ L
0 6 12 1
A1) (¢/h)

a:P <0.05,35 HBOP + OGD 6 h b3z
B4 550.6.12 24 h 5t 4 A P2X, Z {4 mRNA &ERKF

Ny

2.07 oxtiEz
1.8 ™OGCD 2l 2
| SHBOP+OGD 4
1.6} THBOP 41
=3 L
r“ﬁ) 14
® 1.2t
% 1.0}
£ 0.8f
)
9 0.6
04+
0.2+
0

A1) (2/h)
a:P<0.05,%5 HBOP + OGD 6 h (b4
5 H$50.6.12 24 h i 4 AZAEH) AQP4 mRNA #RKFE

3 itig

AURBZH 1 ) 52 560 3 iF 92 45 R & W 4 HBOP
AERH RIS/ B MCAO J5 i & D) RE 24450405 , 4 /N
FEARTR, Ja /b o 22 240 JEL ) 9 T, B WD S 1 s £ B 4
FN o et A 58 R S0 T T B A 0 i K
i, S A B 5 A A 7K 3 DT B R A i 55
T2 3% 1 1 i 57 2 ( blood brain barrier, BBB) , |fij
BBB 1 A Bz 41 M B2 I 5 40 i 3t ] 4 ik 2 B
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“units” , AQPs J&5/KIE F H K %, Hh AQP4 Y fiki
FR) g e, B E BBB A i i 45 ] R ki
S TR LT I R AN JE 2 LA R L - 6 B B )
ZE AR . T P9 R 4 RN S R R O AQP4, K 4y
FEEE A R RO R s (D E ) e AT
52 I 240 D) = 3 5 L 5 ) AQPA i S PR (2
TR BEHR) , R, B e 3 240 fifg 2 28 1 B RE X F 4E 5
BBB (3l B HA EEAEMT . DR R B, 18 ik i
MR, AQPA (143 1K i 25 S5 1M B ) 4iE < 71 3% 97 434
S e s AT I G Bt 1 R A A Y A i A
TRPER KI5 AQPA (& MEAR G, KL, B IE I i
N e He AQPA [y A7 I K Fifrps B A B 3ok R b oA 2
W BB AE

FEAS SIS, FRATTOR FH i A 4 35 1 R BRCEL R
TEI AN M AT 4 2H AR I . 25 5 W, HBOP REHH i
i 1o LT G0 I 4 L ot 4R 0 2 TR 32 0, D2 A A O
T2, FLAT B 0 4t e O 4 4 . [RIBst & 31, OGD 4
ALY AQP4 mRNA #% 57K - 4R 2 F HBOP + OGD
A, HAEGRSE 6 h B IK 3 5% 5% 0 5 1 HBOP + OGD 21
A AQP4 mRNA 5t /K- ZE B4 12 h A 3] ik i
{E. X ULHH HBOP X B T e Jot 200 it A Bl S A/ F T
e S REREL A G BT AN AQP4 )38 1k S k3R H:
FIRFIEA Ko

ATP R NINEZ G50 7, ARG
REREMEM, EAMANT, ATP @it T s e
SR 2 5 Ak AT B, 06 5% 1l 1 D R O MEE % 2 A
P TR R AME A 208 FR e . B REZ K
P e B 2 PL A P2 B S, o P2 324K
43k P2X RN P2Y 24k, P2X 2@ Be A 45 B Tl i
RUSZAR A6 7 AN A B P2X, ~ P2X,  iF 5% & 3 P2X,
~P2X, 2RI R4 A A A 2200 b, R2X, 24K A T
AN T AN AT AR TR IS R AN . AR BEAT
R2X, S2AA%} K* \Na*  Ca* A PEA5 M 1 3 5 76 (e 7
2 MRS F M iR ATP FR2 ol BT, BETE AR
A LA A X 43 7 B A 900 it R B R i, 1)
SEANMEIRIE M T . BFST & B HBOP wf ] i 42
EIRAZU ATP He B, A LR AR S e/ ] .
AT RE AL Sy « A8 I e it W2 W% — A% 7 iR ( nicotinamide
adenine dinucleotide ,NAD) i 517 NADH 7£ HBO /g
R AL G i 5% B H TR 8 5555 /b NAD
NAD * HA #F = 2 BRAG 3 (0 T e, DT 34 5 1 £k
Tk ATP iyt FeAiTxt HBOP 41 40 fa itk AT ATP
K, % B8 HBOP fif RE HH I 3 v AL JF e o 4 A 7= A=
ATP (RE ST, 20T b8 BT TR 4 P2X, 32 (A () 2k
K- BAEEBERIZFIREE T, 5 OGD i M H A, HBOP
+0GD 4 P2X, 3 1A mRNA [)#5 5% =G IER

25 Lk , Ao 45 SR R B, HBOP X i Iy i S P
IG5 47 A 4 1 2 L 3 B R o AH SE BIF 5T 2R B

P2X, AT BEAL T4 215 5 e b 0 9 981 5 37 5, ik
30 SRR IC 75 A1 B T 40 L 8155 4 M S 7 5 W 4 i
R U T4 Th BRI Bl 0 R 240 E s R AR
TR e, 3R AT42 B T HBOP-ATP-R2X,-AQP4
XA RER TR AL, (H P2X, ZK-AQP4 ix — i 4%
HLRLR A AL 2 b A 15 B A G I E
HBOP 7 B 5@ i HoAth i 55 i 42 5% B HE T AQP4 [y 32
IRHEF TR 35X — Za A i) B 7 7 LA 1 S 6 v i —
AT, HBOP X iR 7K I 14 45 371 VE FH 0 i 8 %, 72 I
VR I AT B S8 B 5, (B 7 5 i W e S A
A5 DT X H 107 B 7 2 — 5 B R A SR A SR
JIF R R ) P AR BISIE S, DU AT AT B8 %45 ok 5 3t 25 4 %o
R2X, ZAA-AQPA 342 T Fil i B T3 Io7 T i 7K il 119 28
S AT MR K BRI R T RS SRS %
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