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Abstract: Studies have shown that acetylcholinesterase inhibitors donepezil and galantamine have effects
of reducing neuronal damage caused by glucose deprivation and reducing the cerebral infarction volume of
cerebral ischemic animals, but their effects may not be entirely dependent on its inhibition of cholinesterase
activity. In order to study the effects of donepezil and galantamine on neuronal injury of cerebral ischemia, the
rat neuron-astrocyte co-culture model was successfully established in this study. In this model, we studied the
effects of donepezil and galantamine on neuron apoptosis induced by oxygen-glucose deprivation/reoxygenation
(OGD/R) and investigated the mechanism. The results showed that donepezil and galantamine significantly
reduced the neuron apoptosis, and promoted the synthesis and secretion of BDNF and NGF in astrocytes in
the co-culture system. Donepezil and galantamine activated the PI3K/Akt pathway and ERK pathway, and
promoted the phosphorylation of the nuclear transcription factor CREB. These results suggest that donepezil

and galantamine exhibit protective effects on neuronal damage induced by OGD/R. The mechanism may be
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related to activation of PI3K/Akt pathway and ERK pathway in astrocytes and promote phosphorylation of
CREB, which lead to the synthesis and secretion of BDNF and NGF from astrocytes.
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Figure 1

neuron-astrocyte co-culture (Neuront+AS) system. Neuron apoptosis were examined by flow cytometry analysis.

flow cytometry analysis of neuron apoptosis.
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B: Quantitative determination of apoptotic rate of neurons.
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Figure 2 Donepezil (Don, 1 or 10 pmol-L™") and galantamine (Gal, 1 or 10 pmol-L™") inhibited OGD/R-induced neuron apoptosis in

Neuron and Neuront+AS system. Neuron apoptosis were examined by flow cytometry analysis.

analysis of neuron apoptosis.
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B, C: Quantitative determination of apoptotic rate of neurons.
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Figure 3 Don (10 pmol-L™") and Gal (10 pmol-L™") reduced
cleaved-caspase 3 and increased Bcl-2 expression in neurons
after OGD/R in Neuron+AS system. Quantified results were
normalized to f-actin expression. Values were expressed as
percentages compared to the control group (set to 100%), and
represented as mean+SEM (n=8). "*P<0.01 vs control group;
'P<0.05, "P<0.01 vs OGD/R group
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Figure 4 Don (10 pmol-L™") and Gal (10 pmol-L™") promoted BDNF and NGF synthesis and secretion from astrocytes after OGD/R
in Neuron-AS system. A-D: Levels of BDNF and NGF assayed by ELISA analysis. Values were expressed as mean +SEM (n=6).

#p<0.01 vs control group; "P<0.01 vs OGD/R group
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Figure 5 Don (10 pmol-L™") and Gal (10 pmol-L™") up-regulated
p-TrkA/B expression levels on neurons after OGD/R in Neuron-AS
system. Quantified results were normalized to S-actin expression.
Values were expressed as percentages compared to the control

group (set to 100%), and represented as mean =SEM (n=38). 'P<
0.05, "P<0.01 vs OGD/R group
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Figure 6 Don (10 pmol-L™") and Gal (10 pmol-L™") up-regulated PI3K/Akt and ERK signaling pathway in astrocytes after OGD/R in
Neuron-AS system. A—D: Representative Western blot of PI3K (p85), p-Akt (Ser437), p-CREB and p-ERK, as well as their quantified

results. Quantified results were normalized to f-actin expression.

Values were expressed as percentages compared to the control group

(set to 100%), and represented as mean +SEM (n=8). “*P<0.01 vs control group; 'P<0.05, ""P<0.01 vs OGD/R group
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ZAR AL A AN [FVR B R Ny f CO, IR &SR
EH A 1 1 AR, A R R SRR 5, [R) I 3 <
I 5 ()W 43 AR HOULE A4 o e o 453 £ 0 7, 20—
JEM) OGD T1iJa, W40 & 5% SR M If
B R R R, DU PR VR o 1A A HA
ETTE. TR O FEME S SR .
Annexin V/PI V=40 MOk M 45 SRR W, 5xf f4
FHLE, OGD/R J& S dss I (I 48 o0 3L 774k R
() #h 28 35 H BB B R T, (H S B SR
JUAE L, AR R P AE T TR EK T 17.1%
(P<0.01), UEEALEILR:F7 04 & b B TR I o 48 i xf # 42
TCIR TR % T W1 S i ORAP AR

FE O T R R 1 ph 28 70— 2 T I o0 4 i AL 355 7 4
RIS OGD/R RS BEA |-, #E— D5 T Don
A Gal 75 2 R BT 40 A7 4E T~ %5 OGD/R 5 3l 22
JCRT-MIFER . SRR, 5 phEs R4 ok &
FHEE, 7E 5 TV 5t 4H M A7 ZE ¥ 1% L Don A1 Gal 4 7]
PAE— 2K OGD/R - RMM& uii %, R
Don Fll Gal X OGD/R 32 14 22 7o I T~ (K IR 47 1E H,
o> 5 B IR I BT A A oK .

R T FEH, caspase 3 #7 AN E S & BT T 44
178, T Bel-2 85 5T 05 ) o 47 ) SR A4 R T B0
TR EZERT -, K Bel-2 RAPUHTEH,
M Bax BA MM T/EMA. Don 1 Gal ] L& T A%
OGD/R JGfHZJC N cleaved-caspase 3 HJ/KF - H2 5
PUR T E A Bel-2 BIRIAT KM A T TIEM .

T 2 I A0 AR S i 42 Je A7  AE KAk
T SCBR (0 78 F7 A0 SRR ™, B2 0 1 R 40 T 4 3 %2
R 475 - K7 (NTFs), 4% BDNF. NGF 1 NT-3
S XL E RN PB4 0 R TH R R M2
IREESr, 0 Trk AR p75 2R, HE— D
JGW PI3K/Akt F1 MAPK JE B4, M52 4 28 T
TP AR SRR, E & 0 R 40 i
HE IRk R, 5 OGD/R 4HAH ., Don A1 Gal 7] LA
B3 1 BDNF A NGF [#)& Bofl 40 i, (Hix—id
T2 2 R AR AR BRI R 4 M Hp o 1 7E B 77 e
JLEE T B4 L, Don AT Gal {2 #k BDNF 11 NGF
B SRS . 8 OGD/R )5,
28705 BV R S A M 09 A EAE XY Don F1 Gal 4
BDNF #1 NGF B &l 7 K IEHELENER . thah,
LI Don Al Gal 7] LA T+ OGD/R 5 3L#5 5%
AP MAEITCRITEE Trk ZARRIEKT, it
—3BiESE T Don A1 Gal X%f OGD/R J& #1478 F: K1
[ 3 FL AT B BRI

CE W FL R Y, CREB & —Fh 5 2 (1) 41 iz 4
R, o Ser133 7 5 AUBERR L2 SE L T3 3 1)
HERR, RAMS S@EE RN CREB 1B 1L K%
52 P L D B e s, b R EE R A E IR I 1
BDNF 1 NGF 35 p sl ', Rk, ¥ 5ex
F Western blot ¥£% %% 7 Don 1 Gal ¥t OGD/R J5 3t
Bk R B A N 52 L. CREB (p-CREB)
KL . 5 OGD/R HAHEE, Don #1 Gal ¥ LB
B RS AR R AN p-CREB K%
iE/KF . XU Don Al Gal {2 #f OGD/R J& L £ 7514
Zh R IR R4 N p-CREB IR IEKFE, AR &
B3 i BDNF Fl NGF 5 % o

CLE1 CREB MBS RR 1k 1T 52 2 5% A5 5 i it 1 42,
PI3K/Akt i % Fo b B B — Zk il % . PIBK & —Ff
P P9 T R TR UL 0 I, PR VAT P 3 p8S RN Ak 3
pl10 5k, Hy RIS, oI~ B 5 S M EH
5. 8 E S T H5ARNKNGET ST Ak 854
HBERR AL Serd73 £ s, M HBUE, MHERRLI Akt
AJEE— 25 #% CREB!'"Y., 54k, ERK /& MAPK 5 j
M— R, BEAMEIERT R G 8 2R AR KT 2 AR
Fi% R R K (1 B 52 18, 4 Raf-MEK-ERK 225 53
7% ERK, #1743 KF (W CREB. STAT #l c-Myc
8y KB EGTEYE, (R0 A B R BE AN BT A R
AHFFLHHE%E T Don 1 Gal X OGD/R J& 3L 859714k %
oh B TR B 40 I P9 PIBK/Akt AT ERK 38 6 5416 o 45
REW, 5 OGD/R AL, Don Al Gal #7] L & |



A HGAE 20 ZRWIR S AN =2 At REOGT SR ) </ S 4 3 B e 2 T 45 0 B R 7 1 A LA

* 935 -

PWHLRE IR R B LR 41BN PI3K (p85). p-Akt
M p-ERK HJRIEIKF.

PL_E 45 B2 0, Don A1 Gal 7] DL 223 OGD/R
Ja 4 - B R AN R LR FR ik R P 208 R I T
BDNF Fl NGF {44k, H AP AT 6828
i s BRI R 4 PISK/Akt JB Al ERK 38,
B ER b CREB [3RIE/KF, MIfifE Rt 2K R
Yl & %A1 433 BDNF 1 NGF

AL, AR i G Kv2.1 383 ) HEK293 41
L F T 9T 721312 B Don 4 OGD S B T [F FE HL
HRYER, JH5 Kv2.1 A EMEER, X
YLEATEHERR T IHB AR R SR, Don A BEidE i 7
il Kv2.1 318 A AE sk i 5 (R4 . 8 B, & F
fF U415 B R P 4 661 7 40 A e AR . Dony Gal
AR BBV T R #2208 B T od i B A FH TR A
Uk, $27~ Don Al Gal ] A 38 o 8 55 38 40 & 4 Mo e 1f.
WA E R, P& OGD/R J&1EH AT fE 5 2T
BT AN b ) Ky 3@ o, (EAHRHE FU A ek — 8
.

28 LFTiA, Don 1 Gal %} OGD/R S EHI#H4 IC
0 B A B R AR AR A, IR R R A A1 R AL ) ]
RE = 25 B0 B Y RS 40 1) PI3K/Akt i 2
ERK il %, {5 K+ CREB B R AL, dEmmife
Ht BDNF I NGF & A5 A 5%
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