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Objectives: The purpose of this study was to evaluate the neuroprotective effects of donepezil and 33
kinds of herbal extract combinations in SH-SY5Y cells with AB2s-35 treatment.

Methods: MTT assay was performed to measure the cell viability of each herbal extract combined with
donepezil against AB-induced neurotoxicity. The most active extracts were then subjected to assess
the effects on CREB phosphorylation and COX-2 expressions through the western blot analysis.
Results: There were eight herbal extracts representing significant increase on the cell viability: 1)
Erycibe obtusifolia, 2) Polygonum multiflorum, 3) Polygala tenuifolia, 4) lllicium verum, 5) Santalum
album, 6) Loranthus parasticus, 7) Platycladus orientalis, and 8) Zanthoxylum piperitum. Especially,
when Santalum album and donepezil were treated together, the phosphorylation of CREB significantly
increased and COX-2 protein expression was significantly inhibited.

Conclusions: Among the screened herbal extracts, combination treatment of each of the eight herbs
and donepezil showed neuroprotective effects in SH-SY5Y cells. Additionally, the combination of
Santalum album and donepezil suggested cognitive improvement by up-regulation of p-CREB and
down-regulation of COX-2.
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Ao AREH kS Table 194 ERIT 4= 9lomH,
Bl g rd K Daegu, Korea)ollAl 45T dlejd o=
WK EFER)2 TFS Corporation Ltd. (Nedlands, Aus-
tralia) SAERE AFTHE A o] 85I FE2E52 oF
A 100 g Aldstod 30% oflehE 1 Lojl il A2of4 30
B 2] & 100°CollA 2% 10082 F 30% ollgkE 300 ml
F7F % 00= Aot FE2HZ 50 ~mellA oSkl of
HBZ -60°C olstollA] AR} w57 & xsto] ARAAE

AFg3HAe,

2. MZ ¥

1) MIZB{RE

Ag]of] AR&3F SH-SY5Y A ZE(neuroblastoma cell line)
£ American Type Culture Collection (Rockville, MD,
USA)OlIA Y51t SH-SY5Y AlEE 37°C, 5% CO;
incubatoro|4] 10% Fetal Bovine Serum (FBS; Invitro-
gen, USA)°] g-7-H DMEM (Invitrogen, USA) BJAE A}
&5to] vigkstoitt. 29 HWAE Ao FBAZ 100 unit/
ml penicillin, 100 #g/ml streptomycin (Gibco/BRL, USA)
2 71519, Trypsin-EDTA (Gibco/BRL, USA)YE A&
sto] Ao sigstict. viRl= 2~3drith meksto] 9L
o}, RS AFst7] Sl vt Qli= SH-SY5Y A=
£ 1x10°/well 9] 7§42 24-well plate (Corning, USA)
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Table 1. List of Tested Herbal Medicinal Extracts with Donepezil and Their Neuroprotective Effects against ABs-ss-induced Neurotoxicity in SH-SY5Y Cells

‘ o Cell viability (%) Characteristics
Herbs screening Scientific name Part used : -
10 ng/mL 50 rg/mL 200 r«g/mL Four properties  Five flavors

Control 100.0£2.0

AB 25 uM 76.6x4.7
TR Erycibe obtusifolia Caulis 71.5+5.0 76.9+1.5 91.0+0.3* warm pungent
== Polygonum multiflorum Radix 73.7£5.0 70.6+0.8 93.7+2.3* slightly warm bitter
hit Rehmannia glutinosa Radix 69.7+4.0 77.8£2.5 69.4+2.5 slightly warm sweet
Il Dioscorea batatas Rhizoma 68.2+2.1 66.6+3.1 69.9+2.3 moderate sweet

D5 uM 92.4+38*

Control 100.0+3.9

AB 25 1M 732=0.5
[ Coriandrum Sativum Herba 75.3+3.7 75.6£4.3 772£52 warm pungent
HILE Nardostachys chinensis ~ Rhizoma 67.8+1.2 66.0+1.6 75.8+1.3 warm sweet
R Polygala tenuifolia Radix 745+19 87.4+1.5%%  62.4+24 warm bitter
Bis Prunus mume Fructus 73.3+2.0 70.3x1.5 71.2+0.7 moderate sour

D5 uM 90.8+3.2**

Control 100.0+9.7

AB 25 uM 78.3+10.0
=R Drynaria fortunei Rhizoma 75.0+2.3 815+37 85.6+4.6 warm bitter
B Selaginella tamariscina Herba 73.1+8.1 74.7+6.8 90.5+7.9 moderate pungent
NS llicium verum Fructus 89.5+3.6 105.7£2.9* 102.5+5.4* hot pungent
T Belamcanda chinensis Rhizoma 75.6=3.9 71754 71.0+2.6 moderate bitter

D5 uM 95.1+3.4%

Control 100.0£5.9

AB 25 uM 76.9+9.3
L Piper longum Fructus 77.9+3.5 80.4+1.1 78.4+6.1 severely warm pungent
IE Salvia miltiorrhiza Radix 789+15 80.4=5.1 88.5+0.7 slightly cold bitter
HER Angelica gigas Radix 78.6+2.7 775+2.3 83.9+4.5 warm sweet
BiEE Santalum album Lignum 78.0+0.4 88.3+6.1*  108.1£32**  warm pungent

D5 uM 94.6+5.1*

Control 100.0+6.1

AB 25 M 71.2+3.0
BB Dipsacus asperoides Radix 77.7+1.2 79.4x4.9 76.9+5.4 slightly warm bitter
R4 Loranthus parasticus Ramulus 746+3.3 75.2+0.6 86.0+1.2%* moderate bitter
REH Tetradium ruticarpum Fructus 71.8£5.5 72.6+2.1 71.3£7.7 warm pungent
EER Dimocarpus longan Avrillus 776+34 67.3+0.4 77.3+8.4 moderate sweet
£AK Morus alba Radicis Cortex ~ 72.0+2.0 73411 73.8+4.3 cold sweet
B Fritillaria cirrhosa Bulbus 69.3£4.2 67144 70.4+5.1 moderate pungent
HEF Kochia scoparia Fructus 67.2+6.9 737147 64.1+1.6 cold bitter

D5 uM 90.4+3.5**

Control 100.0+4.1

AB 25 uM 73.9+3.2
RIFZE Platycladus orientalis Folium 72.4+2.0 80.4£9.5 86.4=0.6% slightly warm bitter
ST Morus alba Fructus 71.9+7.4 64.0£4.5 78.1£6.4 cold sweet
RrE Poria cocos Sclerotium 75.56+13.6 67.6+3.8 66.9+3.2 moderate sweet
BT Cuscuta japonica Semen 743+5.3 72.8+3.0 73.8+12.3 moderate sweet
I Zanthoxylum piperitum Pericarpium 73.8+7.3 774154 95.4+4.4% warm pungent
NEE Artemisia argyi Folium 68.6=0.6 746137 71.5+71 slightly warm bitter
1Lk Crataegus pinnatifida Fructus 71.8+6.2 75.3+10.7 79.6+5.9 cool sour

D5 uM 94.8+5.6*
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Table 1. Continued 1

‘ o Cell viability (%) Characteristics
Herbs screening Scientific name Part used : -
10 pg/mL 50 rg/mL 200 zg/mL Four properties  Five flavors

Control 100.0=3.8

A B 25uM 69.5+29
K i Cirsium japonicum Herba 70.6+3.9 68.5+2.4 712+36 warm sweet
AN Cephalonoplos segetum ~ Herba 69.4+4.7 71.9+3.6 71.6+3.5 warm sweet
®EAF Lespedeza cuneata Herba 69.8+3.7 72.6+1.9 77.7+7.0 moderate sweet

D5uM 87.4+51**

Effects of the herbal extract with donepezil on the viability of SH-SY5Y cells with A 82535 treatment. Values are expressed as percentage of control (means+standard er-

ror; *p<0.05, **p<0.01 vs A8 25 1M; Student’s t-test; n=3). D: donepezil.

ol §7A473 theg Aol FBS7H 519K 9 WX 16
Az o AR F F kR Hefskoich

2) NEEEE SHY(MTT assay)

MTT (3-(4,5-dimethylthiazol-2-y])-2,5-diphenyl tet-
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MTT assay= 941 12 well plated]] SH-SY5Y AlE
(5x10° cells/wellyE 12417 ¥i%3t & FBS7H Q= HiA]
2 wehsto] 16AIRE &2 HFEStA71AL, 25 M 5=l A
B2} of7] F=9] FES H7ste] 2441t B2t HiElSl
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580 nm<] oA microplate reader (Molecular de-
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3. Western blot analysis

SH-SY5Y AlEL 1x10°/well o] 7H4=2 6-well plate

(Corning, USA)Ol &AFIL OF A2 244 &, 2 &
3A1(62.5 mmol/1 Tris-HCl, pH 6.8, 2% SDS, 20% glyc-
erol, 10% 2-mercaptoethanol)& ARg5to] Thifzs &2
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< ERISkAL 0.1% Tween 20& EFoR= Tris-buffered
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blockingsl3itt. Anti-phospho CREB, COX-2 (Santa-
Cruz Biotechnology, Inc. CA, USA), actin (Cell signal-
ing tech. USA)¥} $HA] 4 AJ0o)lA] 16A17F B2t ¥R2A1]
3 22 TBS-TolA 1024 33] AlA_E & blotZ 22+ A
OF T 1A1ZE SESAIFT 22F A BRS & 9k AL en-
hanced chemiluminiscence system (ECL, Pierce)2.&
Yohs S 7HASIeIGITE TEide) 7hAlel 9 ARk 2
2L image AH](LAS-3000, Fuji)E o853t
4. SAXE

RE A7 gkt EFQ X mean+standard error)
= HASIAL, A9 Aol tieh SAHA -F2ld2 Student's
t-test® HS019] p-value’l 0.05 oJ5k] F9-5 f-2lgt
ZoF WASIHH*p<0.05, *p<0.01, **p<0.001).



. Zat

1. ABZ REE HUBE=Y0| et grefol MEES

St

w3 Foldl o] 7HA] SR AR R
H AFARZ S0 tisl 2e avEs 7HR=A] HESH]
fI5te] MIT assays =35ttt THIHAE 5 uMiat 21249
S 2259 s 47 10, 50, 200 1g/mi¥ Z3kgt
EIAAE SH-SYSY AE Hdo] x2|slo] NZAYZSS
7% 2 ABE sl AAHUE AlZAEEC] 724
QA Szt SeFAl= 55T AH) 200 r2g/ml (p<0.05),
SRR 200 «g/ml (p<0.01), VAIGES) 50 rg/ml
(p<0.01), HhalFHAE®E) 50 rg/ml (p<0.05) L 200 rg/
ml (p<0.05), WHHEMEE) 50 ~g/ml (p <0.05) %
200 rg/ml (p<0.01), A7VIEEH) 200 1g/ml (p<0.01),
SR AN 200 ~g/ml (p<0.05), (&) 200 rg/
ml (p<0.05), & 8%°|UHTable 1).

oF 8% Tk GRS AR, E7I(caulio) B
o

S Song, QF Liu, M Hong, G Kim, B Koo 203

(folium), Fvi4 & (pericarpium)E thFsict. T3 (B
FEAERE))S 71202 7u|Gak)ol el ERolE
H, RS 449 ok A7, wlABk)et A4de] oko

= ool o] Qlglom, /() ke BFE,
A, Wk}, 27} A9, SA(EME) ok tiEigke] 9l
o}, QRS -0 ok QUQict. Qu|(Fink) FollA
55, B, ek, 201 AuEERE, sk,
A, A7, SR Io|ER)E 7HIT A

o= Ty B8 Folsiele o A3ES By}
oAl ool vehd gtk 9 1 oAe] Al EgEES
Aeelste] HlwstirKFig. 1). o] FolME A4HE S ant
7F S 7P fYotA HolE 22 Wegoldtp<
0.001). Wikt T o] E3t Fofof] ofgt aik= =Y
Tl s Aejo] visiE fefgt i a3kg BYlthp<
0.01).

M xQ

v9)
e
=
fon

2. WEtst 9 ST W8 S0{7t CR
% COX-2 THE Walof Ojxl= 9

0%

F(radix), Em(fructus), AA(ignum), 7F(ramulus), Wik} Y|Ed HE Foj7t AV ) 2 U
ok
120 - . 1
*%k sk
100 + % *k * ** .y
~ x *% * :;: _fi I _I_
& 80 A
2
5 60-
>
8 40+
20 -
O_ \/ \/ \, T T T T 1
N VY T Ve VN VIR
P A A S A A A AR A
VY Y Y oY oY oY oY oY oY oY o
v P @ S 639 5P o
E R A O
SR\, S Ve A - O
& & Q S \/Qfa Q9 /‘/Q\
D5uM
AB 25 uM

Fig. 1. Effects of the herbal extract with donepezil on the viability of SH-SY5Y cells with A o535 treatment.

Values are expressed as percentage of control (means+standard error; *p <0.05, **p <0.01, ***p <0.001 vs A 3 25
#M; Student’s t-test; n=3). E. obtusifolia: Erycibe obtusifolia, P multiflorum: Polygonum multiflorum, P tenuifolia:
Polygala tenuifolia, I. verum: lllicium verum, S. album: Santalum album, L. parasticus: Loranthus parasticus, P orientalis:
Platycladus orientalis, Z. piperitum: Zanthoxylum piperitum, D: donepezil.



204 /n VitroScreening of Herbs Combined with Donepezil for Neuroprotective Effects

A 300
*
Control AB S. album+D D & 250 _I_
g
PCRES I wn S O | 5 ° 200 |
e - 54
coca i D Wl W o
2 e ™ ar el < o
ACt e G S - T 100 1
o @
¢ 50
0

T
Control

¢ 300
* 250 A
£a <
o i
2 o 200
53
g 8 150 A % .
T ©
2 @ 100
Q@
50 A
T T O T T T
AR S.album D Control AB S.album D
+D +D

Fig. 2. Expression of p-CREB and COX-2 in SH-SY5Y cells. (A) To evaluate the protein level of p-CREB and COX-2 expression, cells were incubated
with 200 «g/ml S. album and 5 «M donepezil. For the control, non-incubated cells were analyzed. The level of (B) p-CREB and (C) COX-2 in cell ly-

sates was measured by immunoblotting.

Values represent means=standard error (*p<0.05vs A 8 ; Student’s t-test; n=3). A B: A B35 25 M, S. album: Santalum album, D: donepezil 5 1M.
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