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The effects of Ginkgo biloba extract (EGb 761) on Ethanol-Induced
Cytotoxicity in PC12 Cells
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Background and Objectives: The processes underlying ethanol (EtOH)-induced neurotoxicity
appear to be complex, with evidence for both apoptosis and necrosis in vitro. Oxidative stress
has been implicated in the cytotoxic actions of EtOH. We investigated in rat pheochromocytoma
(PC12) cells to see if EtOH-induced cytotoxicity is associated with oxidative stress and the stan-
dardized extract of Ginkgo biloba extract (EGb 761) is able to attenuate EtOH-induced neuro-
toxicity. Methods: We assessed oxidative stress induced by incubating PC12 cells with EtOH
for 30 min by using the 2",7" -dichlorodihydrofluorescein diacetate (DCFH-DA) assay quanti-
tatively. To investigate the neuroprotection effect of EGb 761, cells were pretreated with this
drug and the degree of oxidative stress or cell survival was assessed. Results: PC12 cell cul-
tures exhibited a loss of cells and increase in intracellular reactive oxygen species when exposed
to EtOH. Loss of cell numbers was EtOH concentrationdependent. EtOH-induced neurotoxicity
correlated with oxidative stress as reflected by DCFH-DA fluorescence. Addition of EGb 761
prior to EtOH treatment attenuates the EtOH-induced free radical production and neuronal death.
Conclusions: The present investigation provides evidence that oxidative stress is involved in
the pathogenesis of EtOH-induced neurotoxicity in PC12 cells. Further, the neuroprotective
effect of EGb 761 on EtOH toxicity correlates with the suppression of intracellular oxidative stress.
These results suggest that EGb 761 is beneficial for neuronal cell survival in response to oxida-
tive stress, such as EtOH-induced neurotoxicity.
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A ZASAM E(neural crest cell) [6], PC12 A|XF[5]A =&
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J A= (reactive oxygen species, ROS) &

A =2 Xléﬁé_i}(hpld peroxidation) 7} #ejab= AskA AEH

2~(oxidative stress)[7], caspase-3 A3}l u}2 apoptosis[8,
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1. M= HH

PC12 A e FHUSL At WA fAF MEFE
FoF who} AME5tE AEFE 10% (v/v) fetal bovine serum
(FBS), 2 mM glutamine, 100 U/mL penicillin-streptomycin
o] ¥ RPMI 1640 BjA](GIBCO)ZE HjokatHA gl ¢]
LA A7 S83] 245 96 well black culture plate
(Greiner)ol] $Y8 42 £33 U2 244]7F vl %3l FBS7F &
3= 952 RPMI 1640 BIAIZ ThA] 1224174 9t vt st-
arvation AJZTh MYZAL 37°C, 5% C0:/9%5% airZ 3t4th
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2. HESME FYUSH| #I8F EtOH 04
PC12 AlEF] thet Ade AE &3¢ F28 F 9l Bt
OHY| =52 AA3}7] 93] PC12 A EFo thekst Ex (77}

0, 50, 100, 200, 400 mM)$] EtOHE 1% FBS7} 3% RPMI
1640 WA WFSHRE ol% FAO| e 2AOR A3
AEUAE A AR FEH G FHIEE(HO,) 50
mME P HEZOR olgaiein

3. EGb 7612| PC12 M= 235 &1 HH

2% EGb 761 (Schwabe, Germany) S Hddt Z=HF5] =
oA AHEEFATE 6-well plated|A] PC12 A|2E 7}
1007018 gof 2447+ wjkr1ol A vjeksted Agel o] 8-3lch
200 mM %9 EtOHo| ¥ PCI2 H ¥ %9} FoiEA] ok
M EF] EGb 7612 Z+ZF 0 ng/mL, 50 ng/mL, 500 ng/mL,
50 mg/mL, 100 mg/mL FE& 343} 2447k St ujokr]
oA w3kl

4. MZ MZEE 2M(cell viability assay)

(1) PC12 A EFE 60 mm B FHAlo] wjokatar EtOHS
0-400 mM9] =2 A3}, Fo 24A17F Tol] 27} trypsin
< Adste] F£85199H, trypan blue exclusion assay W
= ARt 7ZF oMo AE AEES ZARIATL U W
s 53] vHgsle] A HHEA s oFFAE T B AE
Tl A 24A17E wi ok o] AE AE Feoll tie %E YERAATH

(2) EGb 7612 =LH=E Fo317 200 mM EtOHS A7}
8 PC12 M EFS}F 78R B2 PC12 A EFE 6-well vl
Aol vl SF BF 244178 3ol ZH2} trypsing A Elsle] 8519
9™, trypan blue exclusion assay “J‘?.ﬂ S AFEEle] 7 ZollA

o] HE AEES AT E°‘§ IH-& 33] whEsle] A
PFXE EtOHY} EGb 761S SR G2 A ETOl A 244
ZFuNSF 39 AAE M E o EHFJ % 2. FERY Q1T

5 2.7 d|chlorod|hydrofluoresce|n diacetate (DCFH-DA)
HYHES 0|85t ML £Y
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PC12 AXE 96 well microplate (Nunk, Denmark)el] 8%
10°/well7/} BF3}to] woFst & Krebs-Ringer buffer (118 mM)
NaCl, 25 mM NaHCOs;, 1.5 mM CaCl,, 4.7 mM KCl, 1.2
mM MgSO,, 1.2 mM KH:PO,, 115 mM glucose, 0.8 mM
EDTZ 2¥ A3 & 25 mg/mL FE2 DCFH-DA7} &+
% Krebs-Ringer bufferS A|Xol H7}sled 37°CollA 3087F
vjokatsitt olw 96 well microplates parafilm© 2 U35}
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H FES0| PC12 HZF0IM 2=201| 2ol 7= ME 40| 0xl= L&

Abael| 9fdt AlslE wholglon, We A dl57) flste o
Aol A skttt wioke] € & EtOHE 2H7] 150 200, 250,
300, 350, 400 mM FEZE ZJE] 3}2 microplate &S #=7](mi-
croplate ﬂuorescence reader, Genious, USA) & ]% 3] exci-

tation 485 nm, emission 530 nm<] oA w] 108 740
2 30% Fek A

2) EGb 76150 &

PC12 AEFE 96 well microplate (Nunk, Denmark)olA]
wjeFet 3 Krebs-Ringer buffer® 2¥ A2 & 200 mM &
E9) 4TI} EGb 761S FLEE Aeslo] 2417 Hok vk
3}3. Krebs-Ringer buffer® thA] 23] A&t A& & 25
ug/mL FE2 DCFH-DA7} 3% Krebs-Ringer bufferg
Azl FH7yste] 37°CeollA 307 BT old 96 well
microplater parafim 2 BE3lo] 2o 93t AkslE o}
FRoH, WS Ags| 7] flate] GAA wiFatsiTt. v el
£ ¥ microplate 3% #5718 ]3] excitation 485 nm,
emission 530 nm¢] TNA wj 108 7402 308 Fo &
stk
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Fig. 1. Survival rate of PC12 cells after exposure to ethanol for 24
hours. Each bar represents percent of cells survived compared
to cells without any treatment. Cell survival was measured by try-
pan blue exclusion assay. The error bars represent the standard
deviation.
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Fig. 2. Survival rate of PC12 cells after exposure to EGb 761 for
24 hours. Ethanol (200 #M) was used as a positive control. The
blanked circles are for those of 24 hours exposure. The error bar
represents the standard deviation.
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1. €32 = EGb 761 F0{0i 2|st PC12 MEFS
M=g TA|
Hj o} % PCI12 AZFE Ao R sEEE 4FE = EGb
761 B2 24A)7k0] AR 39 HE AEEL trypan
blue exclus1on assay WHOE ZARITE Al X3 50, 100,
200, 400 mM FE9] ¢FELE A5, Fo 24417 T2 A

X AEES YIES A Tl & Azl visiA 7t
7+ 752, 671, 554, 412%% JEFRtHFig. 1). AEF 25, 50,
100, 200 mg/mL %9 EGb 7618 H#dlx, Fol 24X7¢
T A E AEZEE EGb 7615 FoIahA] & Al Eto] HleiA]
z+z} 108.4, 105.3, 101.2, 89.7% 5 YeF)tHFig. 2).

= PC12 M= AHZ0 CHet EGb

1% FBSE X3k RPMI 1640 jkeio]x EGb 7615 7}
7+ 0.05, 05, 50, 100 pg/mL FEZ A8 PC12 Al g‘L_Z,ioﬂ
200 mM EtOHS #H7}ste] 24A17F w70 A vl ekst & A X
AZEE AT AZY) 2L EGh 7619 & &4
02 ZUKIYEd EtOH @ T3t A|ZFo] vjs| oF 8-30%
g AE AEE T7H Ueith(Fig. 3).

PC12 AIXE 96-wello] vFet & Krebs-Ringer buffer®
Al F st *ﬂ“—'} % DCFH-DAE #H7}ste 304 Fo tpkst
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Fig. 3. Effect of increasing concentrations of EGb 761 on PC12
neuronal cell viability determined in the presence of ethanol. PC12
cell were treated for 24 hours with the indicated concentrations of
EGb 761 in the presence of 200 mM ethanol. The error bar repre-
sents the standard deviation.
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I 7%, 2 ROS dH 2o F981A =718t tHFig. 4).

4. EGb 76101 2|8t &Mt Za

—

A2
&
239

wjeksly DCFH-DA HPEOE ROS WA ALE =AE
0 A
G2 e

ROSS] ¥HAL 1-10 mg/mL T9] EGb 761914 E
A9 50-200 mg/mL EEME 238 Ztee A
Wok(Fig. 5).
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EGb 761¢} EtOHe] 15,—04 Hj gkl o 4] PC12 MEE 2
7k

o #E

EtOHd| &3] fE5& T5474A19 &4 71d¢d= NMDA
849 A (overstimulation) [16], AFeF AE# A (oxi-
dative stress), 7F223}A A3} (activation of caspases)$} 1]
EZE=go} 7]15A)(DNA damage and mitochondrial dys-
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Fig. 4. Effects of EtOH on the amount of reactive oxygen species
(ROS). PC12 cell were treated with increasing concentrations of
ethanol and the amount of ROS was measured by DCFH-DA inten-
sity. The error bars represent the standard deviation.
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function)[17] & Tk A3 cascadet #Hofsl=dl 53]
g 2EH 27 23 9 sl oy ARV ™Y
Atk ¥ 2 I T4+ EtOH FE=H ROS
o] R EH tgE 3H 0 Z 3hikg} Hho(antioxidative de-
fense) 717¢] oFstE R ate] Absld 2EH A 70l H ok

S YERIT AaE SFoA HE AR FEAEA BE §7]
A REAY] A3 F5A AAR] FAl, whX
7HA] ROSES TAAIA Azl AEAQA &4
o] FtH18]. ROSE 2, A4, it 5 T3 A L&A
of &4 3w, Alzheimer's disease, A, WU, o =
23Fal thoksl AW 3} ischemia-reperfusiondl] 9|3k Al E &
w3} 5 o A AES oIt Alshd AEF A
A SEFIAN A FAHER WASE ROS <Jsl W+
COFAHoRE =& 9k Ak, gam-
ma-ray ZAL A WAL Fitsles, Abs-Ed 3 22
(redox-cycling agent), Holg< ol =Z=US o e
T A=, d7)el= oy /Y free radicale] #Jdtiy &
HA4 ok g4I&L B 1‘}5} ol AsS &4 & 9o 23
AkE &t E4=S SV AtH19]. EtOHS 4

= T/ 71 & AEAPEI AEZRA] GA T 71d0] FA
o Z&3le] PC12 MES £48 dozin20]. webA EtOH
A Alx APE9] 7)-ol= ROS WA 2 A& #8}7) ol s}
= 2 2EYA[7]7F F2.8kH o] 9]l caspase-3 B/ wt
Z o}XEA|A 7]# (apoptotic mechanism)E Hojdh= A0 E
g2 A ATHS, 9].
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Fig. 5. Effect of increasing con-
centrations of EGb 761 on cell
free radical production in PC12
cells in the presence of ethanal.
PC12 cells were treated for 2 ho-
urs with the indicated concentra-
tions of EGb 761 in the presence
of ethanol. Treatment with EtOH
(200 uM) was used as positive
controls. Controls refer to no tre-
atment. The error bar represents
the standard deviation.
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A2 scavengerdl] 98] BFE A7F Yo 77} dojur g g}
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o= Z93 #7lo]l & AojtH24]. Keston 52 2/, 7'-di-
chlorodihydrofluorescein diacetate (DCFH-DA)ZE A ¥ v
ool H7bslA HH ME Yo Eiknd o8 AstRg s B

3|4 2', 7'-dichlorofluorescine 2 HW3}E = o] A o] FHg kA
SEE 59 Bele B3P AERA BINLE FS A3

A e PHS BUSGEH[25]. £ A3e o5 ¥
WS W ste] S B AEE ZAE KT

2 A7 BAE PCI2 AEFA 23 FEE0] ¥3&
o o3 s ROS WA 9 MEAME vX& E4E 3
k= Aol & Ao A dakst AR AME-3 Ginkgo biloba

o] EF FEEQ EGb 7612 AAME BE g3je} shits}
BHE EA9) Jehll=d[26], AAE superoxide anion, hyd-
roxyl and peroxyl radicals, nitric oxide 3 7 At 2
Z(free radical) & A= 7]5°] $3IEH 271

£ 95 A3} EtOH+ PC12 A|ZFoA 5 9EHOE A
I AEES 7HA AFHT DCFH-DA 83 7le:= =71x7th

6L o

olg|gt A= Li 528]¢] PC12 MEFE U)o 2 3t 49
Aol Y= A0 EA EtOH7}F AU ROSY A4S F&
93-S duidit) EtOHO) 23t AAME APE AL Tea)

A e 7128 AT ATl s ol EA A0} A|ZFHAL 7]
F7F #olg = A 229, 301, 2y o Aol A=
caspase-3 AL 9] Ao} Terminal deoxynucleotidyl Trans-
ferase Biotin-dUTP Nick End Labeling (TUNEL) g4&
AleJatA] ool EtOHe o ¥ AEAPE 713e] o} X EA|
29 #HA oRE & F NS Y EtOHS] AlX 57d0] 4HshA
ZEY 2o ogt AAE AT F UUTE EtOHO] &gt AlX
Gb 761 £oZ 3Ho] = & ZA}
d QA YERAE 2%t &, EtOH 200 mM
£ T3 PC12 MEFo| EGb 761 d7k8t ¥ DCFH-
g4 J= S443% A F59 EGb 761 1-10 ug/mLo]
A B3 et foleA A =i ol EGb 761¢] ROS
AA & S A o] Oyama §[27]1¢] A79 &
AFsHAl EGb 7619 A4 A& = flavonoid 847} VERd A
el AA g kst 2ge] o3k 2w Azt 1y
EGb 7619 &2 FTo|AE DCFH-DA &3 7}wrl 2319
S7kle Ade Jepsistl ol EGb 761 FAl HAlA
S =R @ 3l AR ginkgolic acidd] FEE
S =olA Q%] WEY A E FAFTL Ginkgolic acidss
dHAE FEst, AESY 9§42 (genotoxicity) & 1
Rl 7% goi{31]. oj2|et F248 el Ginkgo biloba F=
B8 o]43t kR A2 &7} FA A ginkgolic acidsS] H T
&8 FEE 5 ppm °J8tE AAT A& FASAL Sl 5 ppm
0]3}9] ginkgolic acids FEt QAo Fal5HA] %S AoE A
Zhahut 2187921 o] Edo] 717k AA A& o HFHHT
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Ho §—er7]' Ao] ol
JA[10] T3+ Alzheimer’s disease (AD) 3z}e] <1#]
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, 27 oA (ER), ©f
HPO]“— 71344 H71% Aol A&
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—ﬁé’“ ARNE G 1 Z3¢ A gls AL
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< & AYE APRIEY £33 opd2o|= # e (amyloid
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2 9uql 42 24T o2
lax), spin trapper alpha-phenyl-N-ter-butylnitrone (PBN)
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75 4 29 A0T. BT olF 2% U 24 A
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