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(=] a6 FFoERgs o JAmME Z BENEAZ & (o7 nicotinic acetylcholine receptor, o7nAchR) ¥ K Jigi Bz i 1 28
BRI B O T REDL . 2 ok BUARSNBE IR 7 d A9 JEAR I F 4 22 o0 BE LSy 3 4. X HR AL ﬂ%%ﬂ%‘éﬂ\
PNU-282987 (a7nAchR #BIFD 4 . FWHI 354 40 A B #I2F 12 h; PNU-282987 41 PNU-282987 HiAbBEANAM 24 h, SR)5 %A
BFERIZT 12 h, R CCK-8 MIE 3 4K Bz Jl#f 2 A7 2Rl G A6 _E i AL BRI &l (lactate dehydrogenate, LDH) £
T U 2 A0 R R A0 R T S RN S M 4 (reactive oxygen species, ROS) 7= g, 5 [ G EP 325 3 A6 0 af 21 3% 4R 1L
(hemeoxygenase-1, HO-1) .5t iE S F la (hypoxia inducible factor-1a, HIF-1o) FikfE., £ % SHEWHFLHMHL.
PNU-282987 A #5225 ki B2 JTi #h  TO AR5 28 (P<<0. 05) L [k LDH & (P<<0. 05) , I 40 i 5 7= (P<C0. 05) , Ak ROS Fﬁi
(P<<0. 05, [alHfi HO-1 2B 3657 HIF-1o 2B H 8000 (P<<0. 05) . &4 0% «7nAchR B B KM Bz i 4
WERIZFBE A A F AT e S 40 b B O .
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Activation of a7 nicotinic acetylcholine receptor alleviates cerebral cortical neuron injury induced by oxygen-

glucose deprivation

XIN Ru-juan', ZHAO Ting', NI Min®, LI Dong-jie’*, SHEN Fu-ming'*
1. Department of Pharmacology, School of Pharmacy, Second Military Medical University, Shanghai 200433, China
2. Department of Clinical Pharmacy, the 10™ People’s Hospital of Shanghai, Tongji University, Shanghai 200072, China

[Abstract] Objective To investigate the effect of activating «7 nicotinic acetylcholine receptor (a7nAchR) on cerebral
cortical neurons injury induced by oxygen-glucose deprivation (OGD) and the possible mechanism. Methods Cerebral cortical
neurons cultured for 7 d were randomly divided into three groups: control group, OGD group (Cells experienced a 12 h oxygen-
glucose deprivation) and OGD group treated with PNU-282987 (Cells experienced a 12 h oxygen-glucose deprivation with PNU-
282987 pretreatment for 24 h). Cell viability was determined by CCK-8 assay, lactate dehydrogenase (LDH) was examined to
reflect cell injury, apoptosis and reactive oxygen species (ROS) production were analyzed by flow cytometry, and expression of
hemeoxygenase-1 (HO-1) and hypoxia inducible factor-la (HIF-1a) were detected by Western blotting analysis. Results OGD
resulted in cell death, LDH increase, and cell apoptosis. Compared with the OGD group, PNU-282987 pretreated group had
significantly increased cell survival (P<C0. 05), significantly decreased LDH level and ROS production (P <C0. 05), and
significantly inhibited cell apoptosis (P<C0. 05). Meanwhile, HO-1 protein expression was significantly increased and HIF-1«
protein expression was significantly reduced in PNU-282987 pretreated group compared with the OGD group (P<C0. 05).
Conclusion Activation of «7nAchR can protect cerebral cortical neurons against OGD-induced injury, which may be related to
the anti-oxidative stress.
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PR ABET L PR AR5 Mt ot P 453 13 DL ) B
PRAFTEG Y X P e oA I 1 0 1) R A K e R
A EE T, PNU-282987 J& o7 HH5 % Z, 1k AH fik
A Ca7nAchR) B Sl 77 . LB RE BT 4 38 e aod 2k
R ZAE AT o«7nAchR M T4 il 2 AE 4 i 7 11
7 AR A8 S AE BV . B PNU-282987 1]
Wl B 22 A ST T s BRI 7K Jif o D302 0 1) 55 i
If. (subarachnoid hemorrhage, SAH) [/ #ifl 22 T E IR
B AR R R ACE FR 10 E R 2F (oxygen-
glucose deprivation, OGD) K {7 Ji it & JT i A,
5% o«7n AChR 3l 5] PNU-282987 X 40 b I 55 6
P J5 RN B 48 222 70 A4 5 Wi B mT BEAIL A o LA 3 A fiki
SR IALPE AT BRS¢ S SR AT TR AL A

1 ##7E

L1 %¥shdh kAl 4 15~18 d iy SD K
BT b T PG R B S B S A BR A W] Ll 2k 7
VFAMIE'S : SCXK (/) 2013-0016 e fit,
al medium B27 G4 1ML R F B (Gibeo A F])
PNU-282987. £ 5 #i 2 & . BT 4 ML 1 (Sigma 24
), RIS (lactate dehydrogenate, LDH) R,
7#& (Promega 2 7)), Annexin V-FITC & 7| &
(BD 23 m]) . ML AT 3R A AL (HO-1. ENZO 22 5]« ik
AT la(HIF-1a, Abcam A 7)) . GAPDH,, %
PR (ROS KA & CGR = RAEVE AT .
CCK-8 il & (HA R AR TSI o

L2 RARKEEAAYZAGIZR RIS I
2 15~18 d KB, 43 8 R Mg B 5, 4 H B9 A 1 mm®
L2 B, FH 0. 125 %0 R A 37°C 4540 T 1L
8 min, & [A]fF 2 min 88 1 Ik, FBS & 1FiEik)S,
e AT RO, 352 X g B 5 min, 57 EiE. H
DMEM WA TIR AT A0 Mo 8k - T A+ Bobo T 4.
PHEE AN 5 T Sy B TE 1X10° A, e Fh T 35
0.1 mg/mL Z M Z BRI AL 1) 96 FLEE TR EL
6 L35 F5 Ml b (96 fLAR B AL 100 pL, 6 fL AR & AL
2ml), BT 37°C.5% CO, B3 E . THigR36h
TERE TR W AT L H A0 ] b 22 15 Jo 4 ey 48
B, BigR 7 d . IS tHRE H 2 (microtubule-
associated protein-2, MAP-2) BATLRE—PL A& 40,
P —HARIC P40, Hoechst 33258 fric 4%
HEAT G2 DA MLAL 2 3 B

Neurobas-

1.3 REE AP ZTEMERSHHEEE BURR
FE SR KN Bz B R 285G  BEAIL 43 A 1E H % HRZH (con-
troD) \EUBERIZR 41 . PNU-282987 4. 1E M # 51
24 h TEREFEM P N A PNU-282987 , {fi FL 289 i Ny
10 pmol/L, B4 Jo i DMEM 85 32 . 4K J5 45 bR %t
HEZH APy 25 AL A M [ B B8 R E (37°C) A 28 4l
L ELETE LA SAR (90% N.,10% COy) £ 4,
BERIZF S T HEFR 12 h f5 T & s e

L4 KEERRAAZTEEEEN KRR
KK Bz B 22 oo #efh A 96 fLak Hh » 45 fL# b
100 pL fERALAMECH 22T 10° 4>, 7 d J5 . %
M4 R 1E & T RRZH (control) | E HEF L 4H . PNU-
282987 4. PNU-282987 4{jin A PNU-282987 + 10
24 h g ARBERI S B 2200, OF T fE 12 h
FA CCK-8 #6425 40 ML 7% . B LA 10 pl
CCK-8, % 37 CHEFEIEE 1 h, B foy2 A5 ) 1 i B
490 nm P M E G AR . 10N IRA S & 5L
LGRS FE AR T2 N B B 2 T AT 3
1.5 KBE v %4 LDH 4340 5K
TR BRIl H B ph 22 T3 A 96 FLAR o B L3
il 100 pL, AHAS B2 R B 22 T 10° A 432 [ i 7
SAPERIZF 12 h g s IR EVEE LDH &4
1.6 XEEEFAZTATHEN HEARREFRY K
BRI B o 22 TG AR 22 T 10° A 119 200 B 2% B 4
T o fLtr, Big% 7 d I, o3 A 4 25 AT A EOR
F2F 12 h J5 WEANIEER ,  Annexin V-FITC I
P12 iR G Y0, 15 min J5 2 1k R i 2 40 i 1%
SrHT AL T

1.7 KBEFAZAROS =Fkmn 5K
AR BRI A Bz Jot ot 22 e HE A A 6 LAl B LA
2 mL, i B 2 T 10° A, S 4 [A) 78 480
FIZF 12 h g AR AN A 27, 77 -850
w2, g £k (dichloro-dihydro-fluorescein diacetate,
DCFH-DA)F 37°C 6 4L 8, 20 min, 2 - - 7
AU LA 2 L A ROS 751t

1.8 XKJM& &k vt HIF-1a ## HO-1 & G &k 4
IS YN e v e/ S & A
FERH 10% SDS-PAGE 438 I - RS EE W7 2 1l
PREFYER M |- FH 5% BSA F 37°CH M 1 h, it
HIF-1o.HO-1 1 GAPDH 44704k 4°C W58 582 b
AZPUERIFE 30 min, ] Odyssey [ #1447
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A5 HE AR » 2R ELBOG 7T DA SR BR 3k b 45517 1Y
IR S NS R FOR .

1.9 %it5a42® KM GraphPad Prism 5 #{4-A4E
AR RIS A3 A T EL 2R 1R) L AR FH B IR 2R T 2
70T Cone-way ANOVA)  Kidig L x5 /R, ke gk
#fECa) N 0. 05,

2 7% R

2.1 KARRKRKRIEERAPELE L PIEFRET d
B ZTT , AT S0 IC ) MAP-2 HitfAx] 1577
R 20 Jf AT B HE O e £, JF Al ] Hoechst 33258
PRicdniEe, L MAP-2 FHE40HE 5 Hoechst 33258
e (2 2 L% L A5 AT DR Ik B2 JBT el 8 TG 1) 40 BE M
nE 1 FrR s Hoechst Y (a4 it S i (2.5 5 s MAP-2
YL R ¢ (5 5 ' merge BT 20 S 4l B2 48 7 25
TR R G B b 2 e Al FE TE 95 %0 DA

Hoechst

MAP-2 Merge

B1 KBRKEERBETEE
Fig 1 Identification of cultured rat cerebral cortical neurons
MAP-2. Microtubule-associated protein-2. Original magnifi-
cation; X100

2.2 PNU-282987 #% & A% 3| 4 147 iF 3 09 K
BRAYZAAER SXEAMLL, SR#ZF 12 h
ARG B R [ (42. 81, 6)% vs (100. 0+
2.9 %, P<20. 01, $ 75 0B #I 25 e % 5 B0 B 1
Kiki Bz Jo ph 22 o640 403 s 25 T PNU-282987 b3 )5 , 4
WA 3 EFH(50. 6£1.2) % vs (42. 8+1.6) %,
P<20. 017,32 PNU-282987 X & 4l 3] 25 451 143 11 K
G B o i 2 TG B PR AT

2.3 PNU-282987 MeAKEME R &5 % 509 K I
KRAv %A Eih LDH 4% HAM#HE 12 h
Ji RN FLRE 37 13 o LDH, 45 5 & B 0 #1025
A S BRI B R Al 2 o0 LDH B i (1. 92+
0.18 vs 1. 000, 09, P<<0.01), 7 PNU-282987 #]
i 4200 R 25 45 405 ol 4200 LDH [/ B ik (0. 80 &=
0.10 vs 1. 9240. 18, P<C0.05),

2.4 PNU-282987 MeAKEME R &5 4 509 K I

REA %A MR Annexin V-FITC 3241 {1
YRR (B 2) BR 5 1E X BRALAH L, AR5
s 12 h J5 U8 T 40 M KB e o [(27. 70 £
8.500% wvs (6. 30 £ 0. 83)%, P <0. 011,
PNU-282987 4524 ) nJ B I 9ok 2 S0 381 25 5 | k2 1) 20
Mg T [(12.30+£1.98) % vs (27. 70 £ 8. 50) %,
P<20. 05]. 45 5 W 2 1k PNU-282987 4b 5, K
I B Jo 1 28 TG T AE R R 2 1 T A2 1 B R R i

Cirl OGD PNU
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Annexin V
B2 PNU-282987 f&{R EHERIFR5G15 S8
KB Rt TR T &
Fig 2 PNU-282987 decreased the apoptosis rate in
cerebral cortical neurons exposed to OGD
Ctrl; Control; OGD: Oxygen-glucose deprivation: PNU.
PNU-282987; PI. Propidium iodide

2.5 PNU-282987 M4k B4 R &34 % F 09 K I
BRA 2 A ROS =& fi U AR 75 B 4t 2R (&
3) 7 USRI A0 A5 ] (s DR B B pl 25T ROS 7
AN (1. 2440, 02 vs 1. 0040, 04, P<<0. 01);
PNU-282987 1 41J i %0 8% 51 257 43 45 #f 22 5€ ROS 7
EATHE (0.9940.03 vs 1. 2440, 02, P<<0.01),

. Citrl . OGD . PNU
.| W ¥ v ¥ v
= 84 3 |
5 8
D) 84 89 8

FITC-ROS

B3 PNU-282987 &R EMERIF MG F S0
KR BtR4z T ROS =8
Fig 3 PNU-282987 reduced OGD-induced
ROS production in cerebral cortical neurons
Ctrl; Control; OGD: Oxygen-glucose deprivation; PNU.
PNU-282987; ROS:; Reactive oxygen species

2.6 PNU-282987 MAk e F) & Hi 45 #F F 69 K
FRAY %70 HIF-1a & & & ik .3 m HO-1 & 8 &
ik SN R b g, OB 35 S R R R M & 0T
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HIF-1o 2 2261 (12, 944, 24 vs 1. 00£0. 04,
P<0. 05), HO-1 #H [ &k > (0. 1540. 08 vs
1.0040.01, P<C0. 01), 5 % H 3 25 41 #H Hb .
PNU-282987 #52% J5 HIF-1a 5 (k00 (1. 4+

Ctrl OGD PNU Mr

37 000
" A

GAPDH

0.09 vs 12. 944, 24, P<<0.05), HO-1 & 9 £ iL1Y
JC0. 4740. 07 vs 0. 1540. 08, P<<0.01), 45H3%
B PNU-282987 ] 41 il 48 Ak 1 38 % #ft 22 o0 B A
PEM. BRI 4.

Ctrl OGD PNU Mr

GAPDH—

Bl 4 PNU-282987 3t EHERI FH G E SR AR R#HEZ T HIF-1a(A) F1 HO-1(B) & B RiZHI 00
Fig 4 Effect of PNU-282987 on expression of HIF-1¢. (A) and HO-1 (B) protein in cerebral cortical neuron exposed to OGD
Ctrl: Control; OGD: Oxygen-glucose deprivation; PNU. PNU-282987; HIF-1a: Hypoxia inducible factor-la; HO-1:

Hemeoxygenase-1

RIS i I

ARSI R FH ARG 7 K B i Bz o pft 285, 42
A P 0 LA A R T R0 R 2 A TR AR A
T 5 A e i e 453 475 A = 5 20 RS TR, 2 400 i K S
E G IR ATV E Ny 7 A i = 1§ 7 1K 3
P03 KB BT At 2 FIGREE 1 DT H 1 172
1, IR M 2o i 2 A A IG R .
ofr 28 O30 AT BEL AT G it P 45 ) AN [
B FN ARG RS o B B i 5 5 5 R i R S
N ALHE X4 PE S IR 71k R AL ] AR Ak L R 1
AR o N e U e 137 | -2a o) = =W ik
R 9D o IS B0 P AR AL B R T o i R A P
R E /L F Ry . T AE I 0 I 5 | TG A R
RN, P A R R AR AT 5 R AR . LDH
YERZ SHURRE AT TG, 2 40 i 32 24507 1 20
LR %, LDH i 2 40 f b LDH ¥ B 8 5,
WL SZ 450 05 2 2 Bk . R, LDH. 9 3 Pk 2l
AR AN A Ao it B B 1) — A AR AR bR .
WFSE 7, pl 28 ST 8 % 27 12 ho B 48 g 0 T
B, PNU-282987 78 A B #1125 4 F 10 pmol/L
NEAEHREET . A 7T 45 R W, 78 K B o 22
JCHH ML A BER#2F 12 h J5 LDH & &3m0, i PNU-
282987 RER&(IL LDH &,

G2 2 A AR B o R BRI A L E B e
FAASE A AR /D, Rl 1 U8 58 4 MO T I v 4 it 1y
SRRV 25 R 1 A ARG RBE s DRI X St i R 445 497 4 Oy
Uk, R & AR S 7 AR R KR LR 5 | A A R

. TS | E AN AL TS, Binienda ™ #F 58 3IE 52, 4
T AT R I e EZER T XL I
RT3 5 S R S 400 473 1) A — 3 L P 22 TE A
Ko DR a1 ) o R ot 450 4% 0 1 1 T B A R AR A 22
BT, b Z I Lo . AR A R
NSRRI S AT TS, PNU-282987 Fikk
PG AP T R R U] PNU-282987 A il 44
BRI 2515 F A e T

i i A 53 £ e 3550200 L 0 T 9 R 2 o A
W SR A O PR . SRR R B A 5 | A
ZTCHM N 7 A K R R S U AR N B 7 A
ROS, ROS 15 4 it P 852 19 45 18, AT 36 1k 2 A
S L T A A A £ P 4 HIF-1a FH
HO-1 {55 &= . HIF-1o J& 800 US04 5%
- B2 R U8 R, M 5 5 o
SRR PR AL B ARG TEH S50 HIF-1a BYRIK
AR iR s o S BEAE SRy B0 11 A T A 40
NS B RS A R — ARG 1k 45 A IR E AL
IO TG e AN AR R i R R 5 S, HO-1
YE Ry HIF-1o $BFEDR AT 25 5 240 B 0 1 R0 7 0 22
HAFek W LA/ b 4 i A8 T L B 1 A Ak B g o i 4
b BT EEAL I O Bi 28 T 453 L I A O T
fESEANMEIE A . ARSI A5 R BN AR E R
W Kl e Bl 2290 HIF-1o 1323538 m, HO-1 /&
12 A AL, PNU-282987 AT Sz 45t P e AR S0 M 1) <5
P 175 T 10 K I B #4808 HIF-1a 3236, 34 0
HO-1 FA#L, X3 PNU-282987 AJ i i FEAK
HIF-1o 3k 39 HO-1 3K, 9l S8 A0 R e 4 »
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