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PC12 zm i OGD/R #: & , F- i i F) if 4 | % 7 75 % (OGD/R A2 A 248) . Swe 0.1, 1.0 #= 10.0 ymol - L™
(Swe £8) 3, fa b #F PR 25 B35 3 -F 12 umol - L7 (B33 -F-20) . MTT s 40 m) 2o i 5 7% 5 5 X 7 & 4l S8R Bt
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Aiml & PC12 28 it 1 Ca ik B, JC-1 34T # il £ Ak it w42 (MMP) K -F, (2 #3 PC12 4n i, OGD/R £ A
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A8 6, Swe 0.1 pmol - L' 48 49 iz SOD #» CAT #& 1 2 # 3§ 3% , Ji 1 Ca* ik L % ROS 4= MDA 4% 2 # %1%
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MA% , MMP 7K -F 2 % 7+ % , ROS #» MDA 4% 2 % %1%, SOD, CAT #» GSH-Px & & ¥ % 3 5% (P<0.05,
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Swe) J&: M 1 24 2 1 ( Gentiana macrophylla, Pall)
r R FEEIE YRR 2 — . BOUA 2R BAE
H LA REPTR VR O MOR S ORI RO Bk i
B AR, 2 TR K BN SR G 4 ik e i
PRI —E R ER T Swe A B4 e
AL RS 2 BTG PR AR AL T T Y &
M, Swe Xt CIRIY ICR /N EA th & EH] AR
5 PO 2 S I 40 & 2 M & A F 2 (nuclear
factor erythroid 2-related factor 2, Nrf2) , i /> % 1k
N A A 50 B PCA2 4 it S0 #) 2F FEE
(oxygen-glucose deprivation/reperfusion, OGD/R)
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PC12 41 fid ty vf B RE 252 Be B BH 3l W) T 52 i 42
i, K PC12 41 FH 5 10% Jifi 4F 1ML 375 14 1640 15 37
F8 4 5% CO, M 37 Cla iR 74 h 15 55
1.2 AR AFIFEZNEE
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FRZSE]MTT (Fluo-3 AM 2 JEH- BT 55 B 7 vk J32 G
BTG A JC-1 IR LR AR AR 7 A 37
i R A AR AN ] 5 G AR I RN AR
2% [# Gibco 22 F ; JE L Hb ¥ (nimodipine ) {3 41 X ,
75 [¥] Bayer /~ #) ; Earle’ s *F- ffif £k % X (Earle’s
balanced salt solution, EBSS) , Jt. 5t 1# B4 ik Bl
AR s Annexin V -FITC 40 i 8 Tk 7] 2
Fii - Roche 24 ) ; FLI2 )i 2 /i (lactate dehydroge-
nase, LDH) ki i 34 71 & | 8 4204k 9 15 AL 1 (super-
oxide dismutase, SOD ) £ il iz 7 & | 1 A 1k & il
(catalase, CAT) a7 & 4% Dt T Akt 8 Ak Py iy
(glutathione peroxidase , GSH-Px) K57 & .14
% (malondialdehyde , MDA ) Kl 5) & A 48
(reactive oxygen species, ROS) i 7] £ , B 52
HNAY) TRFERT ; PR Bel-2 . Bax it K
F1 i 3 FITE ALK 25 (i 3 22 s oA S Bipi it 48 fk
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MIEEFRA (HF160W) , 1 B4 9 B2 7 Bl 45 oA FR 2
w3 i p7 1 (Model 550) , 3¢ [ Bio-Rad A: iy [ % ™
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Hroltoe A7 BRZS w5 oG I R 48 B il 8% (TCS-SP) ,
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1.3 PC124Af1 OGD/R # B ¥ F1 > R4 24

Hs PC12 20 Jfl K5 248 B, 4wl 5 50,
EBSS &4k 33 , il Aif # 1) EBSS, # 37 Cla &
B4 (95%N, Fl1 5%CO, ) P4 4 h (R4 B )
AR 45 S R U B SR, 5% EBSS, i iUH #1
1640 5 SR iE 1T 15 9% , 76 37°C CO,B5 374 h i 77
24 h(FETE) .

SIS 4R A0 X B 4] OGD/R #E R 2 | & B i
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I 24 h, Je BT 41 P 0E T 09 R B e 55 H o7
12 umol-L™", Swe 4 FH-3# 73 (1% [a] 1) 4331 Jin Swe 0.1,
1.0 F1110.0 pymol « L™, 2 Jifd X 16 20 46 p ) 44 FH 5%
Ak,

1.4 MTT:#& 0 PC12 MaFER

B PC12 40 i 422 Fh 7 96 FL A , £ FL 6X10° 41
Jl, 4 s OGD/R A5 A+ 1 Fl 43 2H 45 245 W) 1.3, AL
A 20 uL MTT(5 g-L™) , ZEXG AT E 4 h, 5%
W g, iIn A DMSO & 150 uL, %% 10 min
Ji T FRAYAE D% K 490 nm S5 44T T 5 4% 2H 1Ol
JEMH (Ao ) o
1.5 L &£ PC12 4AA0 LDH iF H &

2 s OGD/R #5% 78 ) 2 il 43 41 45 25 [ 1.3, 4%
PC12 2t g 35 T4 B, WOAR 45 20 40 i 35 R
PBS #252 vh Ve 40 M 3 ¥k, 4R J5 FH M g 7 b Wi B 4
JiL, R AN 15 s, BT 3 RIS A A0 3K, AR
LDH A0 G e B iR , bR AE 440 nm
WA T ARG T 5% 3 RCRN A0 B A0 R WO B B
(Auomm) o LDH U 38 (%) =55 IR Ao o (55 T2
Ao P ST Ay o) X100% 6
1.6 Fluo-3 AM 4R $HEMI PC12 4HpE K Ca® ik

V4 240 W P A O L SR R ISR SR L, 40 i
OGD/R BRI A E /321 45 25 1] 1.3, PC12 4l fifs A
B e R vh B, I PBS vk S , £ 5 min, 74 18 545
S UL B HEE, A Fluo-3 AM TAEW 7 30 min, /T
PBS ¥k 3 i , FH 3ot ot 2R W OB AR R I K
488 nm, KEFIE K 527 nm &40 F MBI RAERIE,
Ffl Olympus FV10-ASW4.1 Viewer #il Image J %>
Broe e B, LA G B e 4 i P9 Ca k.

1.7 JC-1 3 HIRETEW T PC12 AR &R M B BB 1L
¥ PCA2 41l g 2 Fh 7 2R A2 L, 41 il OGD/R
MR R 225 2510 1.3 PG FR 3, AR TS
7 G E BH A5 4R AT O 4 JC-1 G 8 T AR, 7E RS
FEAE Y (0 25 min, Z 5 JC-1 Y 0 28 o i vk
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3 i, il A 2 mL 1640 15 57 J: 78 W8 T~ WGk
LG, 2R E L {37 (mitochondrial membrane
potential, MMP) %% & i, JC-1 74 ik rh Il i SR &
Yy, 7oA L A6 5 s MMP 5K AT, JC-1 S B R, 7=
ST WA AL SPGB R
L PC12 4l fifd MMP.,
1.8 Lt &% SOD,CAT #1 GSH-Px #Yi& 4 &
ROS#IMDA&E

V4 20 L B A ZE 35 mm £33 L, 41 i OGD/R
PR R FE A2 2 25 24 TR 1.3 Sk 35 U, 40 i
PBS ¥ 13 . e H ) & Ud I 15 44, R 2o
J6 1146 SOD, CAT #il GSH-Px 47 1 & ROS
ﬂ]MDA/E\io

9 = 4 Al AR T 2 B T

4 PCA2 4t i 422 Fh 75 15 = MLy, 5258 43 Sy 4 i
X R4 (OGD/R BRI | J& 2 1 SF- (BH M X iR 2 ) 4
F1Swe (10 umol-L™)41 . #iis OGD/R # A4 1
252507 1A 1.8, #4218 Annexin V/ -FITC I 7= 6
R Ul B A E AT B AR g PCA2 41 i R
i) PBS ¥ 3 il , FH 400 ul 255 W 8 B 40 0, im A
Annexin V-FITCTE4CA&IFTIFE 15 min, i o
AR A W 5 min, JH I 2 40 i ASCR: 0 43 B
g4 1] R ez
1.10 Western Eli5 %% il Bel-2 71 Bax & B R i%
Bt REEOHE3ENAKTE

4 PCA2 4iffud5 A0 7E 60 mm B85 3R ML, S804y
Sy 4 Xt IR 2 . OGD/R B #4 2l #i1 Swe (10 pmol-L™)
. 41 OGD/R ALK L F1 25 245 J5 1k [A] 1.3, 4%
28R R B G Ul R A, F”Wﬂﬂﬂ@ ﬁHBCAfﬂE
Pz 0 7] 6 R 0 AT i A B T &, 0T 10%
SDS-PAGE HL 1k 7 i 8 H I BN 3 PVDFH;E':J: H
5% Wi Jg W5 i 75 B0 2 h 5 in A—45 (Bel-2 .Bax .
ot R AR 1 3 R A 1 JDE R AR 1 g 3P o il A 1 -
1000, 1: 1000, 1: 800 A1 1: 500 #i £ ) , 4CliF & 1
B IMA Pt (1: 2000 Fi B8 ) EIFF 2 h, ECL W1
Je AN R 2 BRI . A Image J -l
EAFKERSBOCEME, HEREA S NSEAK
R WO BE (B Y LA 2R s H AR 2R 1 By AR 3R 3R
K- FTEALEE A5 R A A B IO A Y
el R B S K-
1.11 Fit=ZoH

S 8BRS x+s Fow , FHl SPSS21.0 A
PEATGETE R AT , Z2 41 18] LR F B R 28 T 25 0 Mt
(one-way ANOVA) , 4 ] FLECR H tha e, P<0.05
hESHAGIFE .

2 FR

2.1 Swe xf OGD/R# {7 I PC12 AR ERK
=210

MTT SZ 55 25 51 (K1) 8o, 5 40 i X B4l
((98.3+1.6)% ) L4 , OGD/R A5 7 2H 21 L 47375 2 i
ZIKE (46+4)% (P<0.01);Swe 1 £110 pmol-L™
ZH 4 L1735 553 )l (58+3) % H1(65.5+1.6)%, JE
T2 (67.7£2.6) %, SARIZ LA, 35 35 T
(P<0.05,P<0.01).
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Fig. 1 Effect of swertiamarin (Swe) on viability of
PC12 cells injured by oxygen-glucose deprivation/reper-
fusion (OGD/R) detected by MTT assay. PC12 cells
were cultured in glucose-free Earle’ s balanced salt solution
(EBSS) and placed in oxygen-deprived incubator for 4 h at
37°C, then the EBSS was replaced with regular medium and
placed back into an incubator under normal conditions to undergo
reperfusion for 24 h. PC12 cells were treated with vehicle (OGD/R
model group),Swe 0.1, 1, and 10 ymol- L~ or nimodipine (Nimo)
12 umol - L™ for 24 h in the entire process of reperfusion. x+s,
n=6. **P<0.01, compared with cell control group; #P<0.05, #P<
0.01, compared with OGD/R model group.

2.2 SweXf OGD/R #{5# PC12 4/ LDH iff H Z
oA

LDH s 1 2846 I 25 2R (K1 2) s, 5 40 fdxof iR
H((5.5+1.1)% ) L%, OGD/R A A1 2H LDH i i} %
BN % (19.4+1.2)% (P<0.01) ; 5 £ %1 41 [ %%
Swe 1 110 pymol - L™ 41 Fl J& 5 i1 741 LDH s H %
A} & 44K ( P<0.05, P<0.01) .
2.3 Swe Xt OGD/R #1757 PC12 4l i@ 14 Ca* ik B

Egul‘]

K 345 5 B s, 55 40 ok BE 21 L % , OGD/R
T St 5 00 B B 9 (P<0.01) , 7= 4i g Y
Ca* ¥ ¥ 7175 ; 5 OGD/R # HI 41 L %%, Swe 0.1, 1
F110 pmol - L™ 21 1 Je 5 iy - 2H £ (2076 D' i J3 i 59
P& Ca® Wk JiE 14 i 2 AL (P<0.05, P<0.01) .
2.4 Swe Xt OGD/R #i15#7 PC12 £H i MMP B9 520

MMP #1045 5 (& 4) 7R , 55 20 i % B 40 L
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25- %5, OGD/R 5 1 41 21/4% 5¢ 5t FU A e 2 B A% (P<

204 o 0.01); 5 OGD/R # # 4 %5, Swe 1 #1110 umol « L™

N o 4L FILE SEHD T 4121/ 9 M 935 7 8 (P<0.05,
PN # P<0.01) .

5 2.5 Swe Xt OGD/R #7 iJ PC12 28 Bl & ¥ Bz 7k
A ﬁ T

© «® @ L0110 100 PC12 4 g S8 AL b KA il 25 2 (1 ) o

o e ¥ Sivelamol " YR X B2 A , OGD/R %14 PC12 i il ROS

& OGDR ’

1l MDA 7K °F- & 2 J} 5 (P<0.01) , SOD, CAT #I
(LDH) GSH-Px {97 4 8. 2 [ ik (P<0.01) ; 15 OGD/R ¢
Fig.2 Effect of Swe on lactate dehydrogenase (LDH 5 4 - s e
leakage of PC12 cells injured by OGD/R. See Fig. 1 RALIL#, Swe 0.1, 17110 umOLL AL Je S
for the cell treatment. LDH leakage (% )=A .0 supematant A0 rm supemetant™ 741 4 s ROS F11 MDA 7K °F- & % % {Ik (P<0.05 s

A0 o intraceliuiar) X 100%. x£8, n=6. **P<0.01, compared with cell ) LT M F S L e
control group; #P<0.05, #P<0.01, compared with OGD/R model P<0.01) »SOD, CAT Fl GSH-Px (19 i ﬁ: . ﬂ‘ =
group. (P<0.05,P<0.01),
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Fig.3 Effect of Swe on intracellular Ca** concentration of PC12 cells injured by OGD/R by Fluo-3 Am fluorescent

probe detection. See Fig.1 for the cell treatment. B was the quantitative result of A. FI: fluoresence intensity. x+s, n=6. **P<0.01,
compared with cell control group; #P<0.05, #P<0.01, compared with OGD/R model group.
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Fig.4 Effect of Swe on mitochondrial membrane potential (MMP) of PC12 cells injured by OGD/R by JC-1 probe

detection. See Fig.1 for the cell treatment. B was the quantitative result of A. MMP=FI./Fl ... XS, n=6. **P<0.01, compared with
cell control group; #P<0.05, #P<0.01, compared with OGD/R model group.
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Fig.5 Effect of Swe on oxidative stress of PC12 cells injured by OGD/R. See Fig.1 for the cell treatment. ROS: reactive
oxygen species; MDA : malondialdehyde; SOD: superoxide dismutase; CAT: catalase; GSH-Px: glutathione peroxidase. x+s, n=6. **P<
0.01, compared with cell control group; #P<0.05, #P<0.01, compared with OGD/R model group.

2.6 Swe Xt OGD/R #i{7 ) PC12 4 AE = KIS0

2 i 3 T I 25 R (1K1 6) S, 5 4 Bt X B ]
LA, OGD/R HE TR 2 4t ff e i P8 T S RN 20 i st T %
I @ 38 (P<0.01) ; 5 OGD/R #& U 44 %5 , Swe
10 pmol - L™ 1 J& B b - 18 35 B AR 41 A L 3 0 7o
FHMISET -2 (P<0.01)

2.7 Swe Xt OGD/R #5315 i PC12 4 i1 Bel-2 1 Bax
EARERMREAEEIF N AKEHNZME

Western E[J i I 25 5% (&1 7) &7, 5 40 g X6
W40 He %5 , OGD/R 4 £ Bel-2/Bax F {f I i F& A%
(P<0.01), Be R & 1t 315 LK 1B i 755 (P<0.01)) 5
S 14, Swe 10 umol - L' 4 Bel-2/Bax L £

A Cell control . OGD/R+Vehicle B 20-
10" J@suC Dead 1072 35 v Dead .
4% 6{&4 0.1% o % **
109 q&"" 108 s 154
K%)
L 10° £ 10;
1045 1028 & ”
103 104 % 5 #h
npONDtlf r-%o’ptohc L |J—|
102.1 2'0;?}"" T I' e 1021 LBLELEI L S E R AR 0 —
104 10° 108 1072 1040 10° 108 1072 .
C e
i OGD/R+Nimo ., OGD/R+Swe 10 pmol-L" T
1072 J550r Dead  10™JesUrC Deac 154
0.2% gﬁ 0.8% 7. %I <
108 ’ Ko
! ) £ 104
_10° £
= 10% 8 54
[]
Apoptotic npomotlc 0 :
1021 T e e Cell control Vehicle  Nimo
10 0 10 107 1040 10° 108 1072 OGD/R

Annexin V-FITC

Fig.6 Effect of Swe on apoptosis of PC12 cells injured by OGD/R by flow cytometry. See Fig.1 for the cell treatment of
OGD/R. PC12 cells were treated V\ﬂth Vehicle, Swe 10 umol-L™" or Nimo 12 umol-L™" for 24 h in the entire process of reperfusion. B and
C were the quantitative resuts of A. xxs, n=6. **P<0.01, compared with cell control group; #P<0.01, compared with OGD/R model group.
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B 5 T =5 (P<0.01) , e K 25 1 Bl 3 16 Ak 7K~ B fa %
i (P<0.01).
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Cell control Vehicle Swe

A :
Bol-2 [ — — 2
Bax A 2

B-ACN — A— A 0 [

B 2.0
I
1.5
S 1.0
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0.5 T
Cell control Vehicle Swe
OGDIR
c OGD/R
Cell control Vehicle Swe
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e — 1T KU
caspase 3

Caspase3 JEG_G_ A S 35 (U
B-AC A— A 1

2.0+ *%

O
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1.0 T

Cleaved-caspase 3/
caspase 3

0.5

Cell control Vehicle Swe

OGD/R

Fig.7 Effect of Swe on expression levels of Bcl-2 and
Bax and activation level of caspase 3 in OGD/R

injured PC12 cells by Western blotting. See Fig.1 for the
cell treatment of OGD/R, and PC12 cells were treated with Swe
10 pymol - L™ for 24 h in the entire process of reperfusion. B and
D were the quantitative results of A and C, respectively. x+s, n=6.
**P<0.01, compared with cell control group; #P<0.01, compared
with OGD/R model group.
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LDH i H A 45 SR 0H , Swe L AN AAF 15 R IH . Tt
7, LDH i 5 f FAIG, 15 ] Swe AT %41 OGD/R
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R iOER AR €L i

2R A T g A5 5 AR AL L 8 DIAR OG o i i
I PV R 2515 S AR U, i ROS /K34, ek
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I R A 455 B2 T, MMP A [ I d5e 28 5 25 41 it O
T R, HERRANA PN Ca /K P A it MMP i)
PIF#A OGD/R 515 PC12 40t {5 . AHF5E 45 5%
W], Swe i F M OGD/R #1455 PC12 4 Jifd
Ca* i3k, = MMP /K- 158 Swe figldi/> OGD/R
5 PC 12 41l S A S 4 R R (R T R

8 T 2 A e L PR R AN AT T R U
— o ZHMLIE T AZ 98 T AH OC HE [ Bel-2 A1 Bax (1 4
T, R U TR S TOE R EINEOR B R
ALFRE IR T TR DR B B 3 TS A TS TR Y
JoE R B A 3, DA 51 DN A 35475 R 200 B 0 7 1Y
FrAEetel SRR IE , 190 Bel-2/Bax HL A, 304 e
KA A 316 ALK AT U /D A i T2 AR
FEH, OGD/R 52 AU ZH 241 i )5 154 it , Bel-2/Bax B
S REAR, e R AR F G 3 1% Ak /K SF-BH S 34, Swe 1] i
/> OGD/R 51 PC12 4l ffLH T

Zi b ridk , Swe X PC12 4l OGD/R i {4 B A
PRy 16, B Swe 94 28 - 474 F 5 30 1 4204k 1
PR 20 R T G, BE I SE A5 R S T AR ICR
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Protection of swertiamarin against oxygen-glucose deprivation/
reperfusion-induced injury in PC12 cells and mechanism
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YANG Jia-me#?, LIU Ning®®, YU Jian-giang®®
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Abstract: OBJECTIVE To explore the protective effect of swertiamarin (Swe) on oxygen-glucose
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deprivation/reperfusion (OGD/R) injury in PC12 cells and the related mechanism. METHODS (1) PC12
cells were placed into an anoxic incubator for hypoxia and glucose deficiency for 4 h before being
placed into a CO, incubator for 24 h of normal culture to establish an OGD/R model. During reoxygen-
ation, PC12 cells were maintained with vehicle (OGD/R group), Swe 0.1, 1 or 10 umol-L™" (Swe group)
and nimodipine 12 ymol-L™" (Nimo group). The survival rate of PC12 cell was detected by MTT assay,
and the lactate dehydrogenase (LDH) leakage rate was detected by the LDH activity assay kit. The content
of reactive oxygen species (ROS) in PC12 cells was detected by the DCFH-DA fluorescence probe.
The activities of superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GSH-Px)
and the content of malondialdehyde (MDA) were determined using the colorimetric method. The Fluo-3
Am fluorescent probe was used to detect Ca** concentrations in PC12 cells, and the JC-1 probe was
used to detect mitochondrial membrane potential (MMP). @ A PC12 cell OGD/R model was established
that was maintained with vehicle (OGD/R model group), Swe 10 umol - L' (Swe group) or Nimo
12 umol-L™" (Nimo group) along with reoxygenation. The level of apoptosis was detected by flow cytom-
etry. Western blotting was used to detect the expression levels of Bcl-2 and Bax, as well as the activa-
tion level of caspase 3. RESULTS (1) Compared with the cell control group, the cell survival rate was
decreased, the leakage rate of LDH was increased, the Ca* concentration in PC12 cells was
increased, the MMP was decreased in the OGD/R group, the activities of SOD, CAT and GSH-Px were
decreased, the content of MDA was increased, cell apoptosis was increased, the ratio of Bcl-2/Bax
was decreased and the activation level of caspase 3 was increased in the OGD/R group (P<0.01).
Compared with the OGD/R group, the activities of SOD and CAT were increased in PC12 cells, the
Ca* concentration and the contents of ROS and MDA were decreased in the Swe 0.1 ymol-L™" group
(P<0.05), the cell survival rate was increased, the leakage rate of LDH was decreased, the Ca** concentra-
tion in PC12 cells was decreased, the MMP was increased, the activities of SOD, CAT and GSH-Px
were increased, the contents of ROS and MDA were decreased in Swe 1 and 10 umol-L™" groups and
Nimo group (P<0.05, P<0.01). @ Compared with the OGD/R group, cell apoptosis was decreased in
the Swe 10 umol-L™" group and Nimo group (P<0.01), the ratio of Bcl-2/Bax was increased and the acti-
vation of caspase-3 was decreased in the Swe 10 umol - L™ group (P<0.01). CONCLUSION Swe
protects PC12 cells from OGD/R-induced injury, and this effect is associated with inhibiting oxidative
stress and reducing apoptosis.

Key words: swertiamarin; PC12 cells; oxygen-glucose deprivation/reperfusion; neuroprotection;
oxidative stress
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