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Neuroprotective Effects of Some Plant Extracts against Oxygen-Glucose
Deprivation (OGD)-Induced Oxidative Cell Death on Neuronal Cell
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ABSTRACT : Cerebral ischemia results from a transient or permanent reduction in cerebral blood flow that decreases oxy-
gen and glucose supply. When the cellular oxygen supply is reduced to critical level, damage to cells and induction of cell
death are occurred by excitotoxicity, oxidative stress and inflammation. Ischemia remains one of the leading causes of death,
but there is no effective treatment that might protect neurons against ischemia by interrupting the cascade of cell death. In
this study, human neuroblastoma SH-SYSY cells are exposed to oxygen and glucose deprivation (OGD) followed by reox-
genation. OGD can mimic the acute restriction of metabolite and oxygen supply caused by ischemia and is widely used as a
model of ischemic conditions. SH-SYSY cells are treated samples at the commencement of OGD to achieve different final
concentrations, and cell viabilities were quantified using the measurement of flow cytometry analysis. Of those tested, the
extracts of Polygala tenuifolia (roots), Dictamnus dasycarpus (barks), Polygala tenuifolia (roots), Eucommia ulmoides
(branches), Eucommia ulmoides (barks), Poria cocos (whole), Sophora flavescens (roots) showed neuroprotective effects, with
ECs values 0of4.5+0.6,7.9 £1.5,10.5+0.7,18.4 £ 1.9,19.6 + 0.3, 21.6 + 1.9 and 30.7 + 3.9 yg/m, respectively.
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1. MIZZHH2E

Hhuman SH-SYSY neuroblastoma cell (ATCC, Rockville,
MD, USA)> 10% fetal bovine serum (Gibco BRL Life
Technologies, Inc., Rockville, USA) 3! antibiotics (Sigma-
Aldrich Co, St. Louis, USA)’} &+F+% Dulbecco’s modified
eagle’s medium (Sigma-Aldrich Co, St. Louis, USA) <]
sloll A w8 Incubators 37C 225 AAIYT 5%
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COy} A& FF=o] AE wjeke] HAs AL ZHAUTh
AEZE 6-well plateel] 15 x 10 cells/wellZ ] 33T}
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AZEE= 20, 4, 0.8, 0.16, 0.032 g/ml o] F= ¥=E plating
2417k Fol Ex=wo] fl= DMEM HIX|Z w3k Fof] )2
slgom 7zt 55 N85 &3+ ECs (The term half
maximal effective concentration)gfS A|E 2 3tod Hlw &
aiich 28] Y vl ¥ S o a3t 45E
carnosine (Min ef al., 2008; Rajanikant et al, 2007)2.=
ARt 7t A RES] ECs
H| 23T AR carnosine= 10% dimethyl
sulfoxide (DMSO, Sigma-Aldrich Co, St. Louis, USA)®ll
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3. SH-SY5Y Cell®] OGD-reoxygenation 2 AZ Xel
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Fig. 1. Time-dependent cytotoxity of OCD on SH-SY5Y

Neuroblastoma cell. Cell viability was determined by the
FACs analysis. The values are mean=S.E. of three
independent experiments.*P < 0.05 vs the control

group.
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SH-SY5Y celke 71¢] X5 oHrak viAl7F 33] A7
HEs ¥ego] gl DMEM WiAE wAls &t wiAE
wAG F, zF AR B Y RS Asiinh 23 Sl
plateE ¥7]-8& €7] (Modular incubator chamber (MIC-101),
Billups-Rothenberg, Del Mar, CA, USA)Z 7|3 95% 2
29} 5% CO, EF7I22 A9 LA & 37C ujdr]olA
20A17F sk 20417 =, ZF wellel] FEE= 45mg/L
2 Xee AXYEIAL, 95% §719F 5% CO, 7H=E
Fohe W2 SAFTOEN 2417 <L reoxygenation 3
U} (Tabakman et al, 2005). FACs analysise 53] &%
H OAEY] AFHES celdl ME AEE(%) 100(%) - AlXE
APE & (%)E YERI T OGDEF reoxygenation®] A]7HE
55.5%° Al AL Yehle 200034 240700 s 77}

A3 (Fig. ).

4. FACs EJL*.

HE Aes 2487 S8l AR A=
25l & 1}7}T 70% olleh&= 20Tl 24*]73 S ZT
©]E1000 rpmol|A] 57+ 94 E8] slal PBSE Aol & F,
40 g/l 2] Propidium lodide (PI, Sigma-Aldrich Co, St.
Louis, USA)Z oA 3087F A8t FAE 247
(FACs, Becton Dickmson, Franklin Lakes, NJ, USA)Z Al
Aokt AlE Abdo] ot A= PI A4

£ PBSZ 33] Al

X AEESS =4

77} 71/\0}04 gutA|Ze} BwE F Ul FE AFE
duplicate® 3743t HaghS AEIIFL AE AEE (%)
100(%)-H13E APEE (%)= UEFATE AlE AEEZHEECs®]

7S table curve ZE 1L o] &3l AAksIT).
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Table 1. Neuroprotective effects of some plant extracts on OGD-induced cytotoxity of SH-SY5Y Neuroblastoma cell. Data shown in the

Scientific name Family name Part used Habitat EC50 (¢g/ml)
Positive Control (Carnosine) 152+ 1.4
AU (Mallotus japonicus) Euphorbiaceae ol Korea >100
A U (Mallotus japonicus) Euphorbiaceae Z7) Korea >100
AHAF V- (Acer tegmentosum) Aceraceae Q) Korea >100
AHAF U (Acer tegmentosum) Aceraceae Z7) Korea >100
AU (Prunus padus) Rosaceae A Korea >100
A Z (Cnidium officinale) Umbelliferae 27 Japan >100
A& (Cnidium officinale) Umbelliferae =7 Korea >100
A3 (Cnidium officinale) Umbelliferae =7 China >100
37 (Angelica sinensis) Umbelliferae LLEC)| China >100
37 (Angelica sinensis) (F+) Umbelliferae m China >100
- (Angelica gigas) Umbelliferae g Korea >100
37 (Angelica gigas) (FAH]) Umbelliferae m Korea >100
w2}k (Paeonia japonica) Ranunculaceae g Korea >100
2Lk (Paeonia japonica) (F+3) Ranunculaceae LLE) Korea >100
) 2ok (Paeonia japonica)(&) Ranunculaceae m China >100
) 2k (Paeonia japonica) (S 71%) Ranunculaceae LEE) Korea >100
) 2}k (Paeonia japonica) Ranunculaceae m China >100
S o}g] (Clematis mandshurica) Ranunculaceae ma) China >100
A} (Gastrodia elata) Orchidaceae =7 China >100
= (Poria cocos) Polyporaceae I3 China >100
= (Poria cocos) Polyporaceae A China >100
2 B4 (Poria cocos) Polyporaceae A China 216 = 1.9
YA (Polygala tenuifolia)(A4) Polygalaceae ma) China >100
A (Polygala tenuifolia) Polygalaceae LR China 4.5%0.6
YA (Polygala tenuifolia) (A4, %) Polygalaceae m China 10.5 = 0.7
A (Polygala tenuifolia) Polygalaceae L Korea >100
W43 (Dictamnus dasycarpus) Rutaceae 25 China 79+1.5
H| 2] (Lespedeza cuneata) Leguminosae A Korea >100
3L (Ligusticum sinense) Umbelliferae ) China >100
& (Angelica tenuissima) Umbelliferae ) Korea >100
% (FEucommia ulmoides) Eucommiaceae ] Korea >100
% (Eucommia ulmoides) Eucommiaceae o Korea >100
% (FEucommia ulmoides) Eucommiaceae 74 Korea 184 =19
F% (Fucommia ulmoides) (%) Eucommiaceae 23 Korea 19.6 = 0.3
7k ¥ (Ribes fasciculatum var.Chinense) Saxifragaceae = Korea >100
23 (Ginko biloba) Gingkoaceae m Korea >100
A% (Acorus gramineus) Araceae 27 China >100
Z# (Aster scaber) Compositae A Korea >100
g3 (Pulsatilla koreana) Ranunculaceae 2 A Korea >100
%;—.—Za} (Siegesbeckia glabrescens) Compositae A Korea >100
A= (Syneilesis palmate) Compositae A Korea >100
37_/}} (Sophora flavescens) Leguminosae ) China 30.7 £39
) (Phyllostachys bambusoides) Gramineae )] Korea >100
o) (Phyllostachys bambusoides) Gramineae Z7) Korea >100
2 %& (Stachys riederi var.japonica) Labiatae A A China >100
S (Ligustrum japonicum) Oleaceae Ql Korea >100

*ECsp : Half maximal effective concentration
*The values are mean=S.E. of three independent experiments.
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Table 2. Neuroprotective effects of polygala tenuifolia fractions on OGD-induced cytotoxity of SH-SY5Y Neuroblastoma cell. Data shown

in the table are ECsp.

Scientific name Part used Habitat Fraction ECso (1g/ml)
Hexane 1.4 +0.2*
. Chloroform >100
1A (Polygala tenuifolia e China
A (Polyg ) el Ethyl acetate 3.6 0.7
H,O >100
*The values are mean=S.E. of three independent experiments.
491 9l =L &
E-LI- = = 80 - —&— Polygala tenuifolia (roots)
—O— Dictamnus dasyearpus (barks)
N —w— Polygala +
% (Eucommia ulmoidesys 25% 467}A|2] A<k} F-9 78] 2 Gomosine (Posive comvl)
W R Aol7h Bol U F9] 7 2918 MeOH F2EL o] =5 Fmmi it 5 ot

oz gen, ¥ AIEE2 hY el &) <kart
G = A AAT 2HE (AA)E ARESEAY, FobA
ARSSIAY (&), T AlEE &) g aRdx, =
o B2 F FEA He FR)TY WHeR 77 a3
£ dotudth °olE Z47ke] A&7} human SH-SYSY
neuroblastoma cello|A] AA-Z e A &5 X AP
HAE ¥ B3 33= ECsits AEE sho] Blasl WSk
ot Z+ Ak A]E ZcamnosineS ZHzE 20, 4, 0.8, 0.16,
0.032 ug/ml °] FEE ME YEELS testd 2 779 F
EFEM s= o] 2A §3E ¥l Human SH-SYSY
neuroblastoma cello]] 2FA-¥5F AFPO 7 FEEE &40
gt B3 &8 1T 5 AT (Fig. 2). X vl
2% pure compound®] carnosineS ARSI O ECs,
15.20 pg/ml 7v ko XA (Polygala tenuifolia) (F-2]), B
i dasycarpus)  (73]), YA (Polygala
tenuifolia) (71.,%2) CEEl), F% (Eucommia ulmoides) (71A),
5% (Eucommia ulmoides) (%) (573), AEH (Poria
cocos) (AA), 34 (Sophora flavescens) (E2]) 52 MeOH
FZEEo|A 77t 45+06, 79+1.5 105+0.7, 184+19,
19.6 %03, 21.6 +1.93} 30.7+3.9 g/l ©] ECsy 3+ 3=
Bk o] Aokse] st SEES ©Astaa), WA
= Bogdo] 7 U DA (Polygala tenuifolia) (BF2])
9] MeOH FZ%E<S n-hexane, chloroform, ethyl acetate %
o] AR FYEOE o] AHa-EEY Ao

goll it B35 248 S48 Table 20014 ¢F ZFo] 4]
9] hexane?} ethyl acetate S|4 1.4+0.22F 3.6+0.7 pg/ml
o] ECsopts Hol dA9] AN 2gElA ¥ BHE 84 3
28 R T UNen BHYELS Fopfax 4L Al
8o ATE NP oA olnt. &g o] WA S E F=
BdoA tixmd ME AP dig oA a5 7HAE A
o7 dHF 24t (Sophora flavescens) (B2]) (Park et al.,

2009) & ALl YA YA R AF- £ FE=] HE
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Fig. 2. Neuroprotective effects of seven plant extracts and
carnosine on OGD-induced cytotoxity of SH-SY5Y
Neuroblastoma cell. Cell viability was determined by the
FACs analysis. The values are mean = S.E. of three
independent experiments.
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g3 AT Foll Jrh 2EA B AFAA] A ATE
ol FERde aavt dS5E AR T, 10 wy/ml B}
W2 FLolA ECs 48] 8BS HAFE YREES TER
dojxe] g3t s A= o Hof WAe] i vAES
o] g3t MA-xrd Ay f= ZdZ (Mosmann, 1983;
Siqueira et al, 2004), MCAO (middle cerebral artery
occlusion)Z =¥ ¥ 318 TE Rdo|= (Longa et al,
1989) 2-&-s}3L2} gt

o] & YA (Polygala tenuifolia) BF2]), W3] (Dictamnus
dasycarpus) (3), YA (Polygala tenuifolia) (A, =) G
2])9] MeOH FEE29] 7% I carnosine®] ECsik
2l 1520 pg/ml B} B FolA ECy #hel &35 B3,
5% (Eucommia ulmoidesy> 53| 714 F-EoA =& &4
BHE HIloW Fu F9le Folx ARES oA a9E
Ko, 9to = 7} AR EEES AE Aol g ol o
& 54 24T AHE AN ARE 19 oot 18
3L HEH (Poria cocosy A8 AllA W& (Atractylodes
macrocephala), 37 (Angelica sinensis)?t T A2 7,
A 2EHAR e s He P tigk RS gFe} Hx
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