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(HE] BrY W2k GRGDS M EBERIZE (OGD) $i 5B 5 b ok B 22 40 i (PC12 40 AR Ve L, 43T
HAEFRHUS . 7358 ¥ PC12 A/t B4l . ODG 4. Ttk Z ik GRGDS A7 41, 38 e SR AT DL A & i e ot 32 7 462 47
BEA, FHERRIE (MTT) b6 2R A At A SR I SN 25 o AR R T 10, REEDR S e W B 387 (BLISA) Kol A3 5
PCI12 4 - 75 o S8 0 K1, BRI SRAE N T a( TNF-o)) Al 4BHIA 2% 1BAL-1B) A& H 784k, 25 (B EN5E%E (Western blot) £
MFAETE A CE A RBIE . BR MTT M0 ORI 25 5 R 01, 36 1 2 ik GRGDS 3 B IR 20U #1355 5
PCI12 418 T (P<0.05); ELISA ¥l 45 5 ¢ 1, 1% 1 22 Bk GRGDS B i FRAR 4145 f5 PC12 40 1 3% W+ TNF-o Fl IL-
1B H9% 1 (P<0.05), Western blot 25 & i /R, 1 P 22 ik GRGDS I &t 35 B A 0 21 25 #0054 A9 PC12 41l p-JNK., Bax,
cleaved caspase 3 £ FARIA KT (P<0.01) . £51  1HTEZ K GRGDS X & HHRI R B4 1) PC12 41 i BA P-4 7E L, AL
HIPTRE S PR T PURIEHIA C.
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Protective effect and mechanism of active peptide GRGDS on PC12 cells

damage by oxygen-glucose deprivation
ZHANG Cheng, MA Jianping, SHEN Yuhua, ZHU Wenjun, LIU Helong, QIU Yan(Department of Pharmacy, Pudong New Area
People's Hospital Affiliated to Shanghai University of Medicine & Health Sciences, Shanghai 201200, China)

[Abstract] Objective To study the protective effect of active peptide GRGDS on rat nerve cells (PC12 cells) in oxygen
glucose deprivation (OGD) injury model and explore its mechanism of action. Methods PC12 cells were divided into control
group, ODG group, and active peptide GRGDS treatment group. The injury model was established by simulating in vitro cerebral
ischemia by oxygen and sugar deprivation. MTT and flow cytometry were used to detect apoptosis after oxygen-glucose
deprivation. ELISA method was used to detect the changes of inflammatory factors TNF-a and IL-1p in PC12 cell supernatant after
oxygen-glucose deprivation. Western blot was used to detect the expression of apoptosis pathway-related proteins. Results The
results of MTT and flow cytometry showed that the active peptide GRGDS significantly reduced the apoptosis of PC12 cells after
oxygen glucose deprivation (P<0.05). ELISA test results showed that the active peptide GRGDS significantly reduced the content of
TNF-a and IL-1f in the supernatant of PC12 cells after oxygen-glucose deprivation. (P<0.05). Western blot results showed that the
active peptide GRGDS significantly reduced the expression levels of p-JNK, Bax, and cleaved caspase 3 in PC12 cells mediated by
oxygen-glucose deprivation injury (P <0.01). Conclusion The active peptide GRGDS has protective effect on PC12 cells damaged
by oxygen and glucose deprivation. The mechanism may be related to anti-apoptotic and anti-inflammatory effects.

[Key words] active peptide; GRGDS; oxygen glucose deprivation; PC12 cells; apoptosis
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B RIEE A AFEIE, vT R H T 20T AR e AN
FRg 7 T . ASIRER R PC12 40 MU AASMELADL iR Bk iy
FERL RDHEPEZ Ik GRGDS X U8RI 25 4014 I 14
PCI12 i HA R 1E- .

1

1.1 itk

PCI12 4 LW (1 ATCC 40l i J3, 15 55 16 & A7
10% Jif 4= 13 Y 58 35 3R b, B 12 h Mg —IK
ANAE I A KR A, BF 24 h B d— R A OB SR, FF
A 5] 80% A THEIR.
1.2 #4535

Pk Z I GRGDS (1138 A= Yk A PR
"l )5 i HE DMEM K5 37 i . DMEM JC 8% 15 37 i)
(Gibeo A7) T & . & A B Bt & (-
MR R RAEYEARF IR ED ;s Bk p-Wlsh & (B-
actin) . % °F M & R 1Y K & = R R H K
3(caspase 3). I LAY SRR 1Y K A& AR K
fi# i 3(cleaved caspase 3). MR 1L c-Jun 2 3L A ity
P4 (P-SAPK/INK), Bax 2 (FE[FE CST AF]) .
1.3 ME

MRS FRAE L BEAR AL (35 [ Thermo 24 W) ); fIX
I 5 B U ML (75 [ Eppendorf 23 7] ) 5 20 g Bl 480 2%
& (3% [® Billips-Rothenberg 2\ 7 ) ; it 2 41 g 1%
( BDBiosci-ences 23 7] ) ; Western blot [ {5 45 i {X
(£ Odyssey A F]) o

2 7k

2.1 PCI2 #nfeEpE ) 5445 B A 64 22 5

SR R SR AR S SRR (AR SV i e 1 A
AL, B OGD #5 A, FEARHE S o ik B v 9 SE PR (LA
YRR RS o B IG TR e i, et A K
FEMUIE TR 80% LA L, 4 Xof B A 17 855 % 9 48 il T
LS ERESE R IR, OGD 23 RS SR, 15
PEZ Ik GRGDS % 25 41 ¥ il GRGDS 2 ¥ 4b
PRAYTOMERE IR B A 3 A AniE s ol g T
TE RS FRAR TR E 1 h, SR R T 2 R 45 25 40 1)
i M TR AR D, AR A AR (95%N,,
5%CO,), ffi & P e e, 43 5K 4 i i
BEFIGIA 2, 4., 6. 8 h JFHUH, SR A MTT 26 40
LA 0 00 e AR ], 647 I SR g i 5%
22 MTT M2 mpEAh

¥ PCI12 20 it Lk 2.0x10° 4> /ml (1) % & 46 T
96 FLAR 1, #5 BE “2.17 T F )y ik EA TR, FEBRpE |
ISR T, K 205 24 A A0 B P R R A 1 A AN TR ik

19 35 P 2 Bk GRGDS( 10, 1, 0.1, 0.01, 0.001,
0.000 1 pg/ml) (1 TCHERS SRS TR FRAE PG 1 h,
OGD 21 il 44 24 4 — 7] ' F e 08 8 P il 4 4 he
BT S U B IR AR, 7E RS TR A 4L 4
LA A B fL 20 ul 42 i i 45 7Y 0.5%MTT % i
(5 mg/ml), I TEAVELFE LA 37 C fHREE R
Farp, REEFE 4 h 5 b LIE W, T A0
K fR LA 150 Wl — F AR (DMSO) ¥, T
FPRY 5 min, 4 A ZIERUAE 492 nm KA
AL AR RO EAE (4) o

2.3 AKX e e ke

¥ PC12 4HAE4E T 6 FLAR b, 10 40 M I B 5 ks
OGD 41 H 5 3= A5 s TCHE DMEM K535, 452)
2 rp B SR A N A T 1 2 Ik GRGDS 4h B (1)
JobE DMEM 5572, fHIEIF B 1 h 5 B T o e
BEEE 4 h, Bl SRS SRR LT R AR R
W, IR £h 2% il (PBS) W4V 2 WK, VEHE 40 5
T 5% B A5 R0, PR AN S LR (EDTA) A B R
P BES ALRTE AE 1 ~ 2 min. 4% 2H 20 ff B T [+
A, L1200 t/min 250 5 min, 75 FIS W,
FEIA PBS, BT B G PO B A
P FVEWR, B EOE A 500 pl 1Y IR WP
BRERWITIRS, #6404 T & 508 A
5 pd B 20 98 T2 A 3058 (annexin V-FITC), 2 i
WCE 5 min 5, FIA S pl B4 T E (P) YL
W FLMIRARZEIRBOEHCE 15 min, 7400
AGHEA TR
2.4 ELISA # OGD J& PC12 #mfetn 4 X 5% B F
a9 Tk

¥ PC12 20 i 20 R 25 5 B i BT, 4 °C L
300 t/min, #5.0> 15 min, 505 HCEIEWRLA 4 C
VKV TR ARAT, A5 ASBE S ARSI, o8 35 W AE
—20 C BT . F IR & A B B S b
HEINZE, R 45 AR ARIO G, IR IR
2.5 Western blot #2048 % & & 69 & &

W R B0 5 1A LA b 5 4,
T2 B PBS VS VRN 5% BA (55 37, A )
JI¥ 45 AL AN M, BT W04 A RIPA S h 24
fi# 30 min, (EZHAIH AYEE 58224, DL 12 000 r/min,
B0 10 min, B FWE W . BCA & I 5 1257 & il
ERAWE . FAEATIA 20 pl S}FE A LR
M, 100 C & 10 min, 10%SDS-PAGE 73 & &
H, FR, F S 5% IRIRWIH3 A Tris 23141 1 h,
BEE —P0 4 C BT bR, Ml —4t, PERE 31k
(5 min/IR), ZIRAAME T I —H0, #BCHFE 2 h 5k
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JES. f#i ] Western blot G045
2.6 “itF o

FIFA SRR DL (x £ 5) 6w, JER AN &
T MR 2253 . UL P<0.05 HERH G

VRSV
N,

3 F#R
3.1 %% % K GRGDS # OGD ##44 %9 PC12 4 g
o R 3 VE A
R T R A Y SO i AU ], AR S T
A 1507
< 100 =
W o
‘ii EE
& 50 =
% ok
0 T
PO SN SN
0GD

T 2.4, 6, 8h BYmHE] A, 4550 R, 40H0AE A7 RBE
5 SRR s ] 398 4 T S A, S5 0 IR 2 A L
HBEEZER(P<0.01), HERESAE 4 h 400 2
SR, AT B S AR, A0 R A 0 SRR B 50%,
IR A5 238 1 T 25 bR, BB AT B T A Pk
52, HIL, SENERIZFATTA R 4 h S5t 1A
HiPEZ K GRGDS 2525V 0 0.01 pg/ml, A] 5 3%
PR o B4R 4 h 5 PC12 ZHMU 3% 1 (P<0.01) .
DRI, BB B4R 4 h, 45259 0.01 pg/ml 7ER
SCIG ST SR Sk g (K] 1B) .

B 150 ~

- 100 1

HIAHE R (%)
3

04
Q&\& SRR SO QQQ\
AN ) NN

GRGDS (ng/ml)

E1 EM4%BK GRGDS % OGD 5 PC12 4HBEHISLNE (n=3)
AR EEERIZF AT ) BASR] Y GRGDS 259% B (pg/ml)
"P<0.01, 5%} BE4H HLAS; YP<0.05, 5 OGD 41 H A,

3.2 &M %Ik GRGDS K% OGD /& PC12 2 it
B

B AR LL 2.0x10° 4> /ml 40125 BEAR T 6 FLAR
o, 5255 16 h 5, ¥ OGD 20 4 o 14 o 4 15 95 W 46
ICHE Y DMEM 35520, 45 25 2 40 M 1) e il B 77
WA Y 25 3% M £ Ik GRGDS 25 9 4b B %) JC
DMEM ¥i571, 37 °C fEIRBEFRA A 1 h, 64
4 h, T TE X5 FECZE A B A 855 75 W 45 LR 1 v
DMEM 5 R4 2235 55 . Wbl AR 25 5,
AR ASAR I A5 AN T O . 1B 2 B R B,
550 % B H AT, OGD 25 200 i Ay 1 1 28 1 5 14
T (P<0.01), H 1E & X B 20 (2.26+0.61) % L 7t %]

A 1047 104 - 104
103 103] 'l-g‘* 103+
=102 =102 = 1021

1011

100
10° 10" 10> 10° 10*
Annexin V-FITC

100 10" 102 10° 10°
Annexin V-FITC

(12.14£1.69)%. % TTHMHZ I GRGDS 0.01 pg/ml
F e B AL S, AR AR TR B B RRAIG, PR TR R
%(6.94+1.45)%(P<0.01)

33 &M % Bk GRGDS KA% OGD /5 PC12 @it b
A& ¥ TNF-o = IL-1B 49 4%

E 0 BT A0 B E VS WP TNF-a0 1Y 25 55
(27.16£2.69) pg/ml, P ¥ #H kb, OGD 21 41 A H i1
TNF-a &I BHIN(P<0.01), A (54.51+2.89 )pg/ml;
5 OGD i, 44 TifitEZ Ik GRGDS 0.01 pg/ml 7
VR AL T 40 B W TNF-o0 19 75 & 0 35 Ff
1i%, H9(38.32+18)pg/ml(P<0.01, K 3A) . TEH X IRL
AL IH W IL-18 (9% 14 (15.440.11) pg/ml, OGD

B 15 Sk
<10
P 2
2 2R 5 n ‘@ 5
:ﬂ - pac!
0()-[-;-'—:-1—-——-~—-r——--—-———-- 0
10 10' 10* 10° 10* N Q S
Annexin V-FITC @?\y $ C)Q
N ©
A &

El2 EM%AK GRGDS % OGD /5 PC12 HHRAT-RMEN (n=3)
AL BRI T LA
“P<0.01, 5XF R4 LA #P<0.01, 5 OGD 4 Hb#s .
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SEMHZ Rk GRGDS X OGD J§ PC12 #ff_E5& &+ TNF-a #1 IL-1p BIS20E (n=3)

A.TNF-o &; BIL-1B & &
"P<0.01, 5% 2 LA #P<0.01, 5 OGD 41 bk

YA I IL-1B A7 54 (35.99+2.25) pg/ml,
Wi ML, OGD iy IL-1p & & . (P<0.01) .
5 OGD b#, 45 7ifitEZ ik GRGDS 0.01 pg/ml 5
v B A P A 4 AR VR IL-1B B R S R
fi%, }(21.84+1.18)pg/ml(P<0.01, [¥] 3B).
34 &M% % Ak GRGDS %1% OGD /& PC12 4m fie.
¥ p-JNK. Bax. cleaved caspase 3 %& & #9 & ik
ARSHG KGN T MAPKs {5538 # HF Y INK {5
S B P R LRI R, 25 RN 4 PR,
PC12 #4283 SR R 45 J . AL P A9 p-JNK
Bax. cleaved caspase 3 & 13155 1E % X IR 41 41 iy
FHECES 2 T (P<0.01); 45 TG #: 2 Ik GRGDS

A B
OGD + 2.0
GRGDS : = .
p—JNK - = g 1.5 "
Bax T e % 1.0
cleaved caspase 3 & 054 —
Caspase 3 === e== ==
B-actin e — — 0 .
&‘4&’ OGQ @Q%
F &

& 4

0.01 pg/ml 71 &3 B AL S, ] BH 5 B A S0 21 25
5145 J5 i A p-JNK., Bax, cleaved caspase 3 75 [
235 (P<0.01) .,
3.5 &M %k GRGDS K4k OGD J5 PCI2 %8 it ¥
N INK 474 %) p-INK, Bax %& & #) & A

B4 IR e BE SR 10 mmol/ml Ay INK 31 i 5
(SP600125) Fi B/, 10 umol/ml (¥R EE A ] PC12
20 A b, RO Bk 4R S 4R A i B 3 A p-
INK JH Tl Bax 85 IR IATHNL . S5 R & 5
fr7~, OGD @40 ifg p-JNK ., Bax FJE R A 5 1E
"B X R 4 LA LT 2 i (P<0.01) 5 45 T T
Z Ik GRGDS 0.01 pg/ml 5 ¢ B DL K INK #7461

£
$2.0 220
% ek 5 ok
315 215
< (<o}
210 i % 1.0 #
o —_ —
305 2,05
g 9 -
(&}
%‘?@ QQQ C)Q% @‘& QQQ C)Q%
» & ' &

SEMZ Rk GRGDS X OGD f§ PC12 #Affich p-JNK. Bax. cleaved caspase 3 & HFRIEMNFMW (n=3)

A. p-JNK, Bax, cleaved caspase 3 #& [ Western blot Z:8L[%]; B. p-JNK, Bax. cleaved caspase 3 #& [ K E(H
"P<0.01, FIEE X IRA LA P<0.01, 15 OGD LA

A 0OGD — 4+ 4+ & BL5, wx 2.0
GRGDS — — *+ # 510 £ 151 **
— —_— — + o 1.0 4
SP600125 i % Lol e
_JNK R :
p Zos z #
Bax - — - — o 0.51
P-actin m—— a— 0l 0 “
H P & O & P & &
&\r ) &< ‘QQQ >§R O %0 bQQ
S F S S

& s

SEM % BK GRGDS % OGD B PC12 4NN INK #1$)5/F p-JNK. Bax EAFIEMNEE (n=3)
A. p-JINK, Bax &1/ Western blot

2 ML B, p-JNK ., Bax & 1K E{E

"P<0.01, 51EH % R H; #P<0.01, 5 OGD 4 g
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FIALPRS, p-INK | Bax £ 4 i #£ 357K F5 OGD 41
AH LG8 B 0 B IR (P<0.01) o
4 g

it LA P 2 A L 2 5 | RS ) i I Y A
IR P2 R G407, B, BURFER R, A
SRERHLE] o3 2%, HETE 2% LA 17 2 A 500
RIT TR . AEEEE 0 I BB, A E T BE
SRR SR — B A FROR RO, A B TR
B AEAT . SR, LE SRy BB I i) A 43 1A
PR L AR R VORI AT Y R 2 S B
IRFEL

FOFr i oE W, 16 Z Ik GRGDS Al #0614y
T2, A2 UF 20 i 3 K A R, TR L
JIk GRGDS X} F PC12 4iffd i -5 # i) — R 5 5 iE
JEAE I A WA 408 o PRI, AS SRS T
G PEZ K GRGDS 4= 5 411 PC12 4 i
TR T RO AR E L, IR0 HEnT e AE
(25 R 25 550U o 1 o, ST EURERIZE R
PC12 2 A Y, [] B A [] 24 24 50) 4k B 0 345
PEZ Ik GRGDS #EATAbBE . 45 5 % B, 1% Pk £k
GRGDS A 7] 7 24 551 2 e J3E ] A3 003 ] 4200 3
ZF PC12 4 f i 473, IF H 476 4 2 Ik GRGDS 14
FI B K 0.01 pg/ml I 2590V FHRBCR fefE o ik
B2 0.01 pg/ml MR EEAE AHLIIFR i .

TNF-o, & —Fp i R Pk 2 504 i I 7, BiF 98 3
B, TNF-o A L3 £ 33006 5% 5% [ F NF-xB [ HL i
FH IE 22 e FE T 508 T2, A TT5 R Mn-SOD #il
Bel-2 (A, TNF-o 78 Kk & B i Fe i & 54
NATFRIVER, &% 2 5RRIMNAE 538 1, s E
IV 411 o 28 J T A L, AR E P R R W = A, JF
A sh i A PR T B At T R TL-1B PR —
i S S AN G e VRPN M K 7, AT 7E 2 A1 S 5 K
B AR AL . BFSE IR, R A 1 2 Bt P 1 (IL-
1B. TNF-0.) 25 iy it i 134 33 163 4% )5 i 40 e 1 17
TORIARZEO, PR R T 42U S 47 PC12 2
JL - 3E W, A5 R, AERISF S PC12 4iiif
T TNF-a 1 IL-18 & &3, 4 Tistk 2
Kk GRGDS 0.01 pg/ml 5 5 % AL PR 5, - 3 v
f) TNF-a F1 IL-1p 2 BH SRR

A 5E 45 R B, 4k AR R 2 W )
PC12 20 g (%) 1 T A& W S 386 in, 1 45 T 96 M &2 K
GRGDS 0.01 pg/ml 7] 5 ¥ & 4 B 5 PC12 41 i 1)
AT TR, XA T I5EZ K GRGDS 1l g
WP PC12 AT I RS ER- . BT

L5 22 Ik GRGDS J& A5 3 1 HT 0 -1
FHESEXS PC12 4 A ORAP AR, A 25615085 X
=15 538 B Y p-INK, Bax. cleaved caspase 3 &5
AHOCHE IR IR AT TR . HiitiA, caspase 3 J2
20 L 3 T R A DB 3, R AR T 15 S A AR
. caspase 3 W] BEIH T bR NI M FIBETS 32
PR =Fh R AR BOE AN AEE P RSE TR S SR
A — e o5 DEAR N 2R R 4t R ¢ B REIL
FEL caspase 3 HUFRIA | FETE AL, DA RN B
T, TEAMEAET- TR TR T, cleaved
caspase 3 fUFIASHAINMY, WF9E &, MAPK 7] L)
Z: 55 205 Sl i S U A e T, i Al
B INK 2315 | G il it L 107 380 2 1 A4 448 I O o, i
TNKC A1 i) 500 7 Jik e P8 V45040 I i ko 22 L 4
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B B LRI AP i 2 T S 32 A B T A, T
V- 1] Bax o 5 5% A8 2 5 R BRI 375 5 A o 22 4
MO T: o AT SR B, R85 PCl12
UM p-INK., Bax. cleaved caspase 3 &5 H 3R iA
IR TR, 2 T A B SRS I S 5 46
J& PC12 AR T Y4524, RG22 Ik GRGDS
A BB S0 8 T4 i Y INKY/Bax 55l
%, R ] 2R R S0 Y PC12 dffLYE T S,
AR ER

AR EERELH, M Z K GRGDS 0.01 pg/ml
70 B e P T L B A o] SRR S5 0 ) PC12 2
P T, B AR AN M b 5 W h TNF-o0 F1 IL-1B A9 35
I3 3 P45 INK/Bax {5 538 % £ 1 0 2 31K & F5 pf
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