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EE. A RAR AT A AL, A A 8 B E P R(ROS) A AL ARROS#) B, A S bk
&5 A Western blot R 4 flLVEGFAVEGFREG ALK L. LRI, & AASE I, 2R M
69 7% P B % T (P<0.05). 0t A S ROSK-F A KA RROSHK T 42 AL 38 m., 2R
4 0 1E 5 A IR3E T VEGF S VEGFR#) & A T, AR BAAINACKE, 2 IR 40 f by ba i 7 M
FE 5 2.6 hi=Z £12 h413E 5% (P<0.01), M2 3 824 h4LiR 55 (P<0.05). AmAILEANF E6 h4l 512 h
28 2 T IR 40 B 1) B9 ROSE AR A I BALF LB IR, 123424 higy BAL 32 69 2 I 40 i AROS L
R R, WMAIENF G 5 A6 2 IRR 48269 VEGF 5 VEGFR 8 & A Z LA P3G e, {2
FE 3 824 hih, ERIRIR e t9VEGFA2VEGFR & AL Y &3 m, 45 RAEF, EHIRR a0t 3 2
ST AR, 5 S RIFL R4 K, MAEAINACHES £ — A2 5 ERBLAEH AN 5 BT 2 H AR
JR ey d5ifh . vA B4R, AT SR IR 40 R 6 SL EALPR AP 5T AL T vAME AROPIS 77
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The Damage of High Oxygen to Astrocytes and the
Protective Effect of Antioxidants
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Abstract This study aimed to explore the damage of hyperoxia on astrocytes and the protective effect
of antioxidants (N-acetyl-L-cysteine, NAC). Astrocytes were randomly divided into normoxic group, hyperoxic
group (6 h, 12 h, 24 h), normoxic NAC group and hyperoxic NAC group (6 h, 12 h, 24 h). After different periods
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of exposure to hyperoxia, the activity of astrocytes, the changes of mitochondrial membrane potential in cells, the
changes of total intracellular ROS (reactive oxygen species), mitochondrial ROS in cells, the expressions of VEGF
and VEGFR were detected. The activity of astrocytes decreased significantly after hyperoxic culturing (P<0.05).
The total intracellular ROS and mitochondrial ROS significantly increased compared with normoxic group. The ex-
pression of VEGF and VEGFR decreased in astrocytes in hyperoxic environment. After the using of the antioxidant
NAC, the activity of astrocytes increased at 6 h and 12 h hyperoxia groups (P<0.01), but decreased at 24 h hyper-
oxia group (P<0.05). The ROS of astrocytes in the 6 h hyperoxic NAC group and the 12 h hyperoxic NAC group
significantly reduced compared with those in the non-antioxidant group, but no significant changes of the ROS were
observed in 24 h hyperoxic NAC group. VEGF and VEGEFR levels also increased in hyperoxic astrocytes at 6 h and
12 h after the addition of the antioxidant. Astrocytes are damaged under high oxygen conditions and it is related to
the duration of high oxygen. However, the use of NAC can save the damage of astrocytes caused by high oxygen in

the short term to some extent, suggesting that the antioxidant protection of astrocytes after high oxygen stimulation

may be a new therapy of ROP.
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A& SIC- 1A &I B il RAEVHEARE R
nH). GFAPHUAA T &4 H 55 [E Affinity Biosciences
A#] . CCKSAFI G B Fil AR A ER AR A A
MitoSOX | &4 B £ [E| Thermo FisherA ]

1.2 5%

12,1 EBAmiesibie KBEMRRAE
2 1103 /mLAEF T4 A € 1) LR o #4 if
I 2)50% )5, W 6L R Ak, FIPBSIEVE2X .
TEHIR T H 1 mL/FLI 4% 2 5 H I [ 5 41 B2 20 min,
PBSI&EWE31K. F10.5% TritonX-10078 75 20, =5 I i
H 15 minfTfL, PBSIEVE 3K F 5% 1E 8 1L Mg &
PHVR 78 d AN, SR E 30 min. WT VR, SN
PRI —PlE S BRI A LA, 4 CiFE i
L, $%1:2001) Lt 51 %% —i(anti-GFAP antibody). T
37 °CIEIGAE 1R 45 min, PBSTEVE3 K. DL N 1R1ES)
TR A T, S HOEAT, =i, AR
B PiESME, TEERFE 1 h. W2Ohmc i
T HURREEL BN 1:200, PBSTEYE 3. HHTEER R
DAPI(1 ng/mL)4st%, T %8 N & 5 min, PBSIE 3
Mo BT B — PRI K], BT U
PR KGR — 42 55 B4 Oy B3 A,
T A R T A R PG KGR . SO AR AT I
BHEREE I 7K 35 3 7, KB 26 ML) .
122 ZRgawbhEi  FHAKRS R4
BEML A Nw E 4. =46 hy 12 hy 24 h). HHA
NACZH A= ENACA(6 he 12 h. 24 h). Fr4Hfiu%H
W Z180%NT, 3857, F TR IPBS S Vi e % 2
MR, A S B AN 0.5% L7 155 75 5
ARG hy 12hy 24 HEANEFHS5% 0, 5% CO,
() v G TR A T o A R FR6 hy 12 hy 24 hy
AL E N3T °C. 5% CO,. M A T (1 85 9% 4 vh
7724 ho HENACH S EHHENACH (6 hy 12h. 24 h)
A 8 % 3 ONNACHR B 2M0.312 5 mmol/LIF£70.5%
M RS FREE, 42 Bk 7 U5 9%

123 @mieEregan RN, 1%
A, LI} 10°/ mLIK B e d T 96 FLIE R b, B RS
I, Fron MG EE ) A kG ik 80% Ao A I, 4% iR 4y
PO EAT S, R E R AL, BHRENEAL,
AkaL1E3%24 hm, BEFLINN10 uL CCKS, F 217746
P B 30~60 min, BRI Gkl {X ££450 nm¥g &
Ab - FLIR S BE(D)YME, T 540 Mo vE P, FH Graphpad
8.0 AT B M 2= 7 HT

1.2.4 #@jeR % ROS. ZAIKROSHIAEN LA
2x10°N /mLEF T 6fLAR 1, BL<“1.2.27 50 3 4105
EIEAT S . BUAEE N 1 mmol/LE) DCFH-DA” 4%
WA TG MG Ry PR, PR AR N 10 umol/LI
DCFH-DA TAEM; 2BR4uMul F2, FHPBSHESR 1IX,
BN 37 °CTiiR i DCFH-DA TAEW, T-37 °C R E
30 min; 2R DCFH-DA G4 TAEWR, FTiti (1) PBSHE
% 31X ; H Tryple-expressil b DCFH-DA 44 {4 5 {148
FfL, P00 () PBS B 3UK , 4 S (3 =5 2k 4 it , A
PR M EL A I N L ROS & B . % IIREE 50 pg
MitoSOX ¥ AR N 13 L DMSOFRC ] /% 5 mmol/LK]
MitoSOXHL (I %, 4 4L o fift &N 2 DMEM
HHEC R TN S pmol/L I e 8 TAEWE ; 25 b4 ks
FE, FPBSHEVS 1R, Il I MitoSOX L . T.AF
Wi, 137 °C R #EYEIE & 10 min; Z2FEMitoSOXHL(h T
YEWR, FHPBSYES3IK; FH Tryple-expressiH £ MitoSOX
ety J5 4R MD , FHTRIE I PBSTRIS 37Kk, B0 5 FH4H
i G ey E AR A B, FH ' S B W 4T i P 2R
fAROS T & .

125 mefRafiien  $Z2x10° N /mLFT-65L
PR, $51.2.27T00F 4 41 7 VAT S5 . BIC-1R)
KIBEFRIEDMSOH, ALKk FE 2.5 mg/mLIFfig A7
Wio F% M8 TAE IR N2 nmol/LKs i& B it 779 L
PG M 77 0N B T 1 G i i 5 7R S
W B 6 LR P 1 70, FHPBS TR A1k, 24541
1 mLINA et TAEWR, 7537 °C #6507 H30 min.
% E 45 e X bR B, F TR rIPBSHE 2K
Tryple-expressiH A4 Ji AL 41, FH ¢ )t i il % WL %2
AR P e

12.6 %955 Kk A Western blotix VLI VEGFA2VEGFR
Fix 2} 10 /mLEER TR A TEF i 6 LI
F502. 2700 N o AT TSRS . BEFR24 W, 4
] 52, BT S Y b, —HUINVEGFHUARIVEGFR
otk , HAbBIE <1217, 85 FE6MASFMEF, H
PG RBIAT BB IR . #22.5¢10°/N/mLizEFh T
6 cm¥EFRILAR, $41.2.27 10 N 40 20 20347 5288 J5,
ARIPAZH A T VK E22# 15 min, 12 000 r/minf
215 min, §L_E . BCAVEE &5, H20 pe it 25 H
12% 5 TR A4 Tk e s P2 i Je FL ik 20 19, PR 22 B —
ORI, 5% MR =R A 1.5 he TIANE Y
WE ) —$T (VEGF. VEGFR. GAPDH), T 4 °CHif
B, TBSTHEE3 K, F:XS min, HIA ZH0 % IR 57
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H1.5h, FFHTBSTHEE3X, £S5 min, LKL
R K 5 - F AlphaEaseFC 2T 2% Hr 1K FEAR
1.3 GitZENH

gt vt Ho s T P9 RE A 248 2 1A] B %% FH Un-
paired Student’s #-test, FH T 2 F A 5 {H < 8] b ik
FOne-Way ANOVA. It 5 4t it 73 # 4 & FISPSS
22.0F1GraphPad Prism 8.0 17 AbFE . FiT A SLI6 340
SLEEBIR, P<O.05R R ERBAG AR L.

2 R
2.1 ERRKRMEMINEE
G5 e UG TR, I 95%e A& H 4T th ek 4

I, PRI T A 4l B H (glial fibrillary acidic pro-
tein, GFAP)FH1A, B FHERAT 1557 (142 B TR s 4B 1 1)
2.2 ERRFRZEMERYZEAE M R &R A B R L

SRR N =R=S A i B R R oR R N
(P<0.05), PR AR CPE(E2) . AE A
PEMTFG, EENACL(6 h)FEENACLL(12 h)
i S PE R ANACZL B 58, 1 = NACZL(24 h)
R SE NACH RS , $&78 NACTEH A Y 8 95 1 hin
B TR o A M, A R AR v SR L A B
(E3).

JC-155 B, B A5 U ) 38, 2R 898
S JE G, PR SRR T I BE IR 5 A A 2k

GFAPYE#i [ Alexa Fluor 647 i I WAL (158 5%, E18i i Alexa Fluor 488 il RIS, 150 ERRII .

GFAP showed red fluorescence while using Alexa Fluor 647 secondary antibody, and showed green fluorescence while using Alexa Fluor 488 second-

ary antibody. The blue fluorescence showed the nucleus.

E1 EFMRRAMIIGFAPLEE
Fig.1 Identification of astrocytes by GFAP

R
éo&\ QSS

EIWIRANAE A 46 hy 12 W24 W A% IR R ARG TE, #P<0.05.
Cell activity of astrocytes cultured in normoxia and hyperoxia for 6 h, 12 h and 24 h, *P<0.05.
E2 SERSTEMRRMAMEENS

Fig.2 Astrocyte activity after hyperoxic process
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A RS F A7 o o vy 4 0D B TRD 38 I T B T AR I
NAC/E, & ANACH (6 h) % = A NACL (12 h)4 (4
P63 A A A (6 h) S A 2 (12 hyFEAR, T = 4R
NACH (24 h)&k (0520 5 = U 4H.(24 h) L W] & 2% =
(E4).
2.3 2RISR

(6 h) 5 A H SR AARE M A o W B 22
M = S8 4L (12 ) F i S8 4124 hyAH B T3 SR A £ R Ak
TR . IIANACSE, HENACZ(12 h)f
EANACHL (24 h) I SRR TE R AU R A 412 hy &
A AL(24 h) B R FR(ES).

o A A B S A PR P PR T T R B S e S T
BTG . FAENACL(6 h) K mANACHL(12 h)
BORIIANACHKS 3 in %/, T =8 INACA. (24 h)i
11 P S 3 P AR AN AC 2 B 5 38 i (11 6)

2.4 EFRRRMVEGFXVEGFRARIA

B A TR s N, SR I R A AR ) VEGEF J¢
VEGFRZFEE BT T 4. NACALFE S, m%ANACZH (6 h).
FEAEINACHL (12 hyf) VEGF A #4455 C NACKL R A 4
T, AT s TR R T B, T Ry NACE (24 h)
LR (24 h)I) VEGFRIA BT 2210 (B 7). S
NACZH (6 h) X A INAC (12 hyf{) VEGFR B i 2 1

CCKS8

NACTIAL B 5 RIS AN AE 3 5 %86 e 12 h/&%24 hak AR5 37 T AN T, *P<0.05, **#P<0.001 .
Cell activity of NAC-pretreated astrocytes cultured in normoxia and hyperoxia for 6 h, 12 h and 24 h, *P<0.05, ***P<0.001.
B3 mMAREAFINSERS T 2R RMEMENE

Fig.3 Astrocyte activity after hyperoxic process with the addition of antioxidants

Normoxia 24 h Hyperoxia 6 h

Control

NAC

pm

EWM!||||||!!!!

Hyperoxia 12 h Hyperoxia 24 h

7, i

\ . 00 pm ;
LDCIIRIC- IELRI R N IR, PORLRI AR AL . SRS IEIRIC- UM AR, TR LR IR A SRR, SRR 2ok M v A LR

The accumulation of JC-1 in mitochondria was suggested by the red fluorescence, which indicated that the mitochondrial membrane potential was high-

er. Green fluorescence indicated that JC-1 was a monomer and could not accumulate in the mitochondria, indicating that the mitochondrial membrane

potential was low.

B4 SERESTEMANRELFEERRRARIC-13258
Fig.4 JC-1 of astrocytes after hyperoxic process and with the antioxidant addition
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Normoxia 24 h Hyperoxia 6 h Hyperoxia 12 h Hyperoxia 24 h

Control

2185 RN Mitosox i LR H (K1 S A ) 4L, SR 2ok i Sl 2 1 I . I D e om A A% (o

Red fluorescence indicated that Mitosox had been oxidized by superoxide in mitochondria, suggesting a significant increase of reactive oxygen species

in mitochondrial. Blue fluorescence indicated nuclear location.
E5 SERETRMNRENTIEEMAR AR E M E S0

Fig.5 Mitosox assay of astrocytes after hyperoxic process and with the antioxidant addition

Normoxia 24 h Hyperoxia 6 h Hyperoxia 12 h Hyperoxia 24 h

100 um --

OO FEN N A FTDCFH-DAY A AL E B DCF .«
Green fluorescence indicated that DCFH-DA entering the cell was oxidized and transformed to DCF.
Elo SERETEMARENFEERRRARDCFH-DASLL
Fig.6 DCFH-DA of astrocytes after hyperoxic process and with the antioxidant addition

Control

NAC

Normoxia 24 h Hyperoxia 6 h Hyperoxia 12 h Hyperoxia 24 h

N ‘ ” -
2 m m

NAC

-

SRETRMAIMENTEEMRRMAEVEGFRIA

Fig.7 VEGF expression of astrocytes after hyperoxic process and with the antioxidant addition

am

L4056 KRR VEGE, T A2 6 R e .

Green fluorescence represented VEGF, and blue fluorescence represented the nucleus.
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Normoxia 24 h Hyperoxia 6 h Hyperoxia 12 h Hyperoxia 24 h

Control

NAC

LI 6756 FRNVEGFR, # (5 FRn X .
Red fluorescence represented VEGFR, and blue fluorescence represented the nucleus.

E8 SERETSTRMARENTIEERMKRMEVEGFREIA

Fig.8 VEGFR expression of astrocytes after hyperoxic process and with the antioxidant addition

1.5
- NAC()
- NAC(H
1.0
=
Q
sl
>
0.5
0 T T T T
> A > >
A \{b‘o N ) O
& Sl & &
© & & &

F9 SERTTERMARENFEERKRHEMVEGFRIA

Fig.9 VEGF expression of astrocytes after hyperoxic process and with the antioxidant addition

2.0
- NAC ()

1.5 - NACH)

VEGFR
s
1

E10 SERETEMARELTIEERKRARVEGFREIA

Fig.10 VEGFR expression of astrocytes after hyperoxic process and with the antioxidant addition

Jin, M ENACAH 24 FIVEGFR A A A A 24h) 3 1518
REIEIN(E8). Western blotSEES 7R, AP G I HIT B K I 7L 36 B, ROPR W £ Z2 40 A
VEGF X VEGFRFIZRIA RO A (ORI 10). B B, BB G 5 A L A B A G 0 <
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M AR 1, 2K T A0 A JEE I A 7 2 4
FECHE S TR B, o1 A 0 0L R R A, AR
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59, [FIINVEGF 73 Wb 335 ksl FATIA 3% 2 4 1 #L
WIS L5 R 7 1) E R SR K], BPROPIRI S — P B, s
FEAZBY BOAS BEA R PH L BRE 225 9 2 Jee, I A5 AR KA
JEIZWRE, T BTG N, JA IR ) ik A
VEGF 73 A5 1, ROPHENHE B BL, 5t 8 (L
A e LA A A M B, B 2 T e B A P R T
Bo ARMAEATINATUEEAL TG R I RE AL — EfE
JE b A5 RO T i 5 40 i i R T, 45 RO VEGF I 23
WHEHL, X ROPHYH- TG MG YT S BB AK 4 .
{ELHT A7) B 998 ROBOR A7 AE BR A1, 224 sy 280 (] 3k
F24 h, IOANGUEALT AT H IS PR ES WS PR
BINFIVEGFR & Jk /b I 4, $n PrA L FINAC
AR PSR Bt —E R TR 1

MR ) I 5 L8 5 7 0 A B B TR
A B IS B AE B B, T ROP A AN 2 2 2 A2 I
EREN B, 5L AN EI R R AR R, S
P04 s A 2 A T 1 m , AT B K 52 E4
i, gk SRR B, 251 EROPANN . I
BT AR B IR BERR 5 B TR 5T 40 AN R )
2T R I 4 L P R AL 4R N AR DR B, A0 A s A 22
54} (retinal ganglion cells, RGCs) 73 F I /N YR
A K[ -F- (platelet-derived growth factor, PDGFA)]
VR RSBV R AR T I o 40 PR I 6%, AT I a2 470 20
1L NI e T Cre S B ML /NI B AR K BT 52
& (platelet-derived growth factor receptor, PDGFRA)
FR R0 LT 58 4R B 1 AR I I 22 T 24 B e A B i )
PRI R R 1o B T IR 400 L ) 5% £ P A
PR LT Y2 2 A8, T2 B TR o 40 i ) 4%,
MV E RV R A 2 K, T BRI L
B ARG, 1KLL BT Al ML 7 8 B VEGFAR 1]
RERZE 4T H SO I B R R EE R K. K
B ARR, BRI AN R VEGEX T L& K

BREKEECT, F4, UEMURAZEIVL I, IR
AMAE M R KT RIB A 4eiE . A4uiERE
FI AR IR 21 P [F) 1 I 45 & VEGFAL R 51 5 N Bz 41
MUERS | 21 43 B A R DR Bk S 5 i LA T 7% 17
SRR, BRI 5T 4H 0 AT B A D E AL S A4 O 1
R B SR SCRE, s A e 51 R TS A0
BRI T, AR T ANR IS 6 A TR A, X P] A 2
HE K BRI ERZ .

VEGFi# i VEGF/Notch{s 5 i 6 5 i L% &K
B EIEWMMBEMLE R GRS, I8 N 40
FAAES I 5 ZEFR I MOS0 B A 40 g W] LAAE P A
TR, SIS R B . Rim AN
2 i 75 18 VEGFR2(vascular endothelial growth fac-
tor receptor 2) X VEGFR3(vascular endothelial growth
factor receptor 3), X} VEGF¥K ¥ B sk, [A] il
1 Notch 5 5 38 % 41 1 o] [ 25 AT 235 A B 4l i R ik
VEGFR1(vascular endothelial growth factor receptor
1), VEGFR1E A i Y sz Aid P FI/E A, (R LR 6% 41
il ZE BB A N B A0 B 1) 2R i T A e i o R v 41 i e
g il I 2 VEGFIRJZ 51 S U K B J7 [ U2, R
VEGF7E R P JI5 rv 1~ 3 58 6 52 19 A i 1E xQAE S, {5
VEGF mRNATE J& A0 W R ik s i B IR v
Yt VEGF 8 VEGFHE BRI, VEGFIK &5 5 52 1|+
YU, ME DG 2R Dy A2 90> AT -5 BUMLE 3 e I
el

1E 480155 S A0 I 22 (oxygen-induced retinopa-
thy, OIR)/INREEEE T, 1= AR B (1) /N BRAR 9 [ VEGF
TR R FE AN, 1L RS ARG, DL A 15T
PR B TON AR T B, VEGFE 5 T i &
B g R B I AR e T AR R BT A A
o E AR Y 0 [ AR PO I TR S 4 o
VEGF{E4ERF ML A5 € 77 A EEZAEH, X a5
ROPAH K P, A S AR A 858 40 3 /5 110 2 T M o 4
MTE = B A ST, &L BT, BRL
MEHAARE IR L HE N B A T s A, BRI o 4
PRSI BT I 2 A, XA A % ROP AL ke
BRI, JUHAE B IR 40 L VEGF 1 2RIE AL
VoA J% 0L/ ) 4 R) SRR T, [R) I AT R F 4
W — BRI BGRB8
IR, AL S5 A BT PR AR YR 5 40 A
ROPF 1 F2 v R 42 (W AE FH L, J 29 ROPH TRy
ST R AL S0 AR
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