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The oxidative stress induced by reactive oxygen species (ROS) may play an important role in the
pathogenesis of neurodegenerative diseases. In this study, we investigated the neuroprotective effects
of methanolic extracts of Prunella Spica (PSE) against H.O»-induced oxidative stress in PC12 cells. The
cells exposed to HxO»-induced oxidative stress were treated with various concentrations of PSE; this
treatment resulted in the induction of a dose-dependent protective effect, which was evidenced by the
results of MTT reduction assay, lactate dehydrogenase (LDH) release assay, morphological assay, and
colony-formation assay. Interestingly, we also observed reduction of apoptotic bodies in the Hoechst
staining and flow cytometric analysis. These data show that apoptosis was significantly suppressed
in the PC12 cells that were exposed to HyOs-induced oxidative stress and treated with PSE. These re-
sults suggest that Prunella Spica could be a new potential protective agent against HO»-induced oxi-

dative stress.
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Bo] A A3t 1 A, 8}alZ(Prunella Spica) 3
FEENEH ZEd PC2 AX RE3EAE AT & St
B AT AMSE stz e BEAY thdA E2 ol A
O o]2hS A e RS B, YR OZE triterpenoid,
oleanolic acid, ursolic acid, rutin, hyperoside, caffeic acid &
o] 9lom FelA4gom ANAE, oluie, FAE, B9
S8, FAgAE[51321] Sol FeiA YA sarzd] @
St A EA digt A7 ofF] 2RAR] GAl st
TeEbA B AT E AARLOZTH ABAZE S
e 22S gAY 98 B4 oR HOvt fr =
of sl PC12 A EE B33 sz 2259 g3
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(hydrogen peroxide solution), 3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyl tetrazolium bromide (MTT), dimethyl sulfoxide
(DMSO)& Sigma-Aldrich (St Louis, MO, USA)AI &S 743}
#Hom, LDH (lactate dehydrogenase) release assay kit
Wako Pure Chemical Industries Ltd. (Osaka, Japan)Z -]

HetAch AEZF %S 93] 83 Dulbecco’s modified
Eagle’s medium (DMEM), fetal bovine serum (FBS), horse
serum (HS) ¥ penicillin-streptomycin -2 Invitrogen (NY,
USAJIA P84T 1 S)9) Aoke 25 dF 032 ALE
skt

sl1% FE=(PSE) M=

1% 5 goll methanolS 100 ml 718t} 3L 7 420 A
%3 ¥, Whatman No. 1 filter paper (Advantec, Tokyo,
Japan)& o #st At o] FE o5 40°Cell A A 7“?&%5?—
7](EYELA N-1000, Tokyo, Japan)& ©]-&3t4 stiz<] F
% d9lon, o]& PSEgl B3ttt PSEE 25 mg/mli
DMSO (dimethyl sulfoxide)dl] o] HF3 T2 3|43}
AHE-3E AT

M= bR

£ AFo AMEE M EFE rat pheochromocytoma PC12
2N ST 223 (KCLB) o A #F whol AME-3F Tt Al
W dS 98] DMEM medium®] 10% fetal bovine serum
(FBS), 5% horse serum (HS) % 100 unit/ml®] penicillin, 100
mg/ml9| streptomycing H7}ske] AH8-81 1, 95% 9 £%
7} FA = 37°C, 5% CO, incubator (MCO-18AIC, SANYO,
Osaka, Japan)ol| 4] Hl| %F&} 4o}

Mol HEfstA giat 2iE

PC12 AEo] Fejst#Ql Wsts #2st7] 98] 6-well
plated] 2x10° cells/well £ EF3}o] 24417+ F¢k v Fatdh
PSES FE=HE AT F 05 mM9) HO,2 247 =FA1A
232+ &) F(TS 100-F, Nikon, Tokyo, Japan) 2.2 7} well<]
MEZHS B3k 1008 2 A 233t

o

|ZM=E =5
<2 93] MTT reduction as-

sayS AAEAT A S 1x10° cells/mlZ %33 96-well
plateo] Ztzk 100 wl# 7bste] 2443 FeF v &,
DMSO¢l| =<1 PSEE 50, 100, 250 pg/mle] &= 2 A £t
PC12 Al A2ttt 308 &< W g2 F 05 mM
H,0,2 2] ahe] 24171 w) Oko}i 7} welll PBS $+5-8-9 9|
=2l MTT (5 mg/ml) €4<& 10 pl¥ F7lste] 1417+ 59
oA wl skt 1413 ‘ﬂ'% % formazan A< &2ls}
formazan©] 0|22 FA F5HS K8 AAT th, 100
ule] DMSOE #7kste] =o]al ELISA reader (Model 680,
BioRad, Hercules, CA, USA)E ©]&3}o] 540 nmol| Al 3=
£ S48t PSEE A2stA ¥ A dE2T AEE
100% 2 a3l W] oz AZPESS Feksith

=l

LDH EFof| oJst M==4 =l

PC12 A9 AE5A &3s FAs7] A PHe=
LDH release assayE 2A13t3th M EE 1x10° cells/mlZ
9 3,100 plB 96-well plateo] FF3hed 24A17F FF B &
gk 5, 50, 100, 250 pg/mle] FE== A X3 PSEE 4o A2
AT 30 ¥ 05 mM HO,E A #fdte] 2417t w4t o,
H A& A2 96-well platedl] 50 pl #3131, o] ufjofeb o]
LDH reagent 50 % H7}ste] 4202 FXA1Z]
ZF 9hEt Gttt §hE-o] &R EW stop solutiond] 1 N HClS
100 W& #7tsle] vkS-S $2)A)17] Z, ELISA readerE o] &
3ted 540 nmolA FRFEE SASATE Ao AxY
LDH 45 sl Wl ddS A A -, 05% triton X-100 8-}
rpm O & 10: 7t shaking Al A A EZH-&
S 2 LDH reagent 50 ulg 7}t

%, 20%

oy EFUH 93 AAAE e F, 540 nm]
A FREE S50 LDHA o3 Al Z 54 Mg
ufj el 7} Aolgle 155 oA % LDH®l| thah uf okl p_i;'—a
Al H0, Ad T3 vl w sk ghs

Colony formation assay
PC12 A AZAEES F57457] 918t colony for-
mation assay S A 3H5T. 24—we11 plated]l 5x10* cells/ml=
platingate] 24417 Bl ¥AIZ1 & PSE 50, 100, 250 pg/mle]
FEE A P8t 0% HH%“]Z_ %, 05 mM HO, 5 A28t
TA] 2X2E BEESAIZ & A28 sl AR 348t 6-well plate
ol 1x10° cells/ml°] ¥ =2 replatingdte] 7~82 &<t 37°C,
5% CO; incubatorell A ¥l &F3atAth. F4H colony= 10% for-
malin® 2 3783k3, 0.01% crystal violet®Z A3}
counting 34tk MEAEES PSES AtA] ¥L U2
He 100%2 Fi AXSAT.

Hoechst 33342 2344
PC12 MX9 apoptosis = 2



Hoechst 333422 MXx9] -5 HA3IAT) 6-well plated]
2x10° cells/wellZ 24A17F E<¢F v sle] PSEE 100, 250 1
g/ml T2 A3 F, 05 mM HO0,E A elste] 2417k uk-g-
&% t}. PBS ﬂ%%qggf; 23] AH}1 10% formaling A ]
sto] 447 13 F A PBS ShEEdoE AFsia
Hoechst 33342 (Sigma)Z 30% &<t 4439tk 44 ¥ PBS
Azgdo g Al FF dAnHOE 7 welld] AIXE &
Asta 40082 ARR #GHTh

Flow cytometric analysis
PC12 M 29] apoptotic cell& Z7317] 98t NEF7|E
A3tk AZZ 6 cm disholl 1.5x10° cells/dish & 24417+
Hjekst & PSEE 100, 250 pug/mle] =2 A st 30%
, 05 mM H;0,5 A #jste] 2X13F v et o, Ffr A2
! trypsin A 2|3 AEZES EobA 4°C, 2,000 rpm o2 523F
A4 EEs &, 70% ethanol 1 mlS Wil AEE G AHTH
PBS ¢F8&doz A% F, propidium iodide/RNase
staining buffer (BD pharlrningenm)—EL 500 ul F7kska, ofF
& &0 1027t staining 3 §, flow cytometry caliber
(Beckman coulter epics XL)E ©]&3to] A 2F7]15 A8t

N‘ﬂ ‘[O{’ = -IIN'

=% SE
EE A5 A= SPSS-PC+ T packageEs AHE-3HA
At 2 FEo) et WS} BFXEEAAHGD)E
T-8}al PSEQ] PCI2 AIE B3 EHE vlwdl7] $13) one-way
HAHEM(ANOVA)S Al d)sto] FEbs 718} Scheff's testE
olgstel Bz 4 7] f914 AolE AFAAL. 5

A foRe 5% FElN B,

PCi2 MZE ES
HOr= Al E ol 4
A dF, 5, B 58 23 A%
3o, A9 AA4AA A4 10°-10" M
A ek AT T (Cu’ )t H(Fe™)o
droxyl radicalZ H3ts|o] Abs}d ~EH A
NEESS doA Had 217443 o ‘:«]
0717 BrH1,1828]. B AFAE HO.7} 2 s} A
2EYAZHE Y PCI2 A X5 B 3535l= PSEQ 695 3
317] 9l MTT reduction assay W& o]&3te] B4
H0; A7 283 HO:¢ PSEE TEHE A 48T
& Hlwsgeh 2 23, Fig 1A9 20] H0, A2 AZA
E88 A vl 306%= ol H oy PSES 50, 100, 250
ug/ml«] TEE XY PC12 MEY MESL 465, 64.8,
BI%E & JEAHOZE NEIAEEC] FEHE S &4

m@
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MTT reduction (%)
LDH release (%)

- - 50 100 250
PSE (ug/ml)
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- 50 100 250
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H,0, (0.5 mivl)

Fig. 1. Protective effect of methanolic extracts of Prunella Spica
(PSE) on the HyOx-induced oxidative stress in PC12 cells.
(A: MTT reduction assay, B: LDH release assay, C
Morphological assay) The cells were pretreatment for 30
min with various concentrations of PSE and then treated
with 0.5 mM of H,O;, for 2 hr. (A) After MIT assay,
the MTT reduction rate was calculated by setting each
of control survivals in the absence of H;O, and PSE. (B)
As the results of LDH release assay, data were normal-
ized to the activity of LDH released from vehicle-treated
cells (100%). ***significant vs. H,Oo-treated control group
(p<0.001). (C) Morphological changes were monitored for
2 hr. (a: control, b: 0.5 mM HO», ¢: 0.5 mM H;0,/100
ug/ml PSE, d: 05 mM H0,/250 ng/ml PSE).
Photographs were taken with a phase-contrast micro-
scope at 100x magnification.

& g A

PSES] 7441 PC12 A|¥ B3 EHES 918l7] 9)3}0]
MTT reduction assay$} &9 ¢+ 2713t A LDH (lactate de-
hydrogenase) release assay& A3ttt LDHS #4374
S NEEA ATE Folde v = sUE A XY LDHE
setro sy AEdaos A deolmR AlEuj el
A W&d LDHY 24 A=< A& Axe) vl A
7HAA Ak H0p7t A2 € PC12 Al 9 PSES 50, 100, 250
ng/mlE Agste] HO, Agw¥ vludt 45, H0, &
Aeto X e 557% LDHE W&dte s $1d & 9,1%
o] wks| PSE A2l = LDH 5
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3o Fgwe FEoE IEHAGE S AT F
THFig. 1B). HO7F A E e &4 713 wheh Al xe
2 913] LDH W&%o] £ w% Hx2 02 PSE A2+
T T YEH o2 HOy} frEste AtsHA 2EH 2R
NEEA0 ZHE PCI2 AE % B35 gl wpat Ao
DH WE&FS 7AA7e 2 9T 5 it o] 43
PSE7} Hy0y9] AbeHA ~EHY AR fE5HE AZAE
7&%}711 ‘—’4%1]8&@% A& AARSEL o

T 95 @7 nzeA A5
7%% Al AZAF %Eﬂﬂ ﬁé

S

2
%
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—
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o_u -L.-4
A
o

AT /‘ﬂj%"é

¥ ollet 717k A
o7 & Wt f =
100, 250 pg/ml A2 A7 ol
PCI2 AlZo] AEE AT 5
M9 colony Aol o]H gt 3 Gotr 7] 9
3 colony formation assayS A A8 th(Fig. 2). 1 23,
H0,& AH23t9& W9 colony 435l B3| PSES 50, 100,
250 pg/mle] FE2 e 9S w 56.1, 653, 681% 2 F

colony Bd%5< &4 + A

120

—_
g o O
o o O

Survival (%)
I
o

n
o

o

50 100 250

PSE (ug/mi)
H,0, (0.5 mM)

Fig. 2. Protective effect of PSE on the H,O»-induced oxidative
stress in PC12 cells. The cells were exposed to the 50,
100, 250 pg/ml of PSE and then treated with 0.5 mM
of HyO, for 2 hr. After colony formation, the survival
rate was calculated by setting each of the control survival
rates. After 7-8 days, the formed colonies were fixed with
10% formaldehyde, stained with 0.01% crystal violet, and
counted. Significant vs. HxO»-treated control group (*:

P<0.05; **: p<0.01).

PSEQ| apoptosis M| S}

Apoptosist THIEZ A& A €] programmed cell deathE
YBE ol AT 5o #HHo| sFHoE dojuh=
HZY F5 H4 F sftolrt. 230 FelE AAAY Hhol
g 5o AEHAS v o3 AAs ] AT HA 9
B E EA8E7] A Holr|e s 24, hA 9] £3, 24,

R84 Tox #olE g} Apoptosis7t AUH HEE
HAWS-S do A, 39 condensation & DNAZ} A% =
712 2A4uUe 4 HRste XA & AxA7|R Y Hl
It el A9 Wyt dAEte] AE7E APEEHA He A
del A QTH10). FH2oll A AFdse] FEz & 0}‘4
2 4H A GAAAF 0] apoptosisE e Zlo] B R
o we} EAJ4+AF T} apoptosisehe] A o iE) FA o] A
Ae A e A7 I Ak 4FshA 2EH 29
FAQ SANMATE AEo| A E4S dodle AEs
4 EAE AL W oy, apoptosisE 3= EHAZE
dHA Aok SANET T UEHOE AEUA Fo] W
AHE HO® Ty 23 22 dolF4 uhs3lA ge
At AoZ Ao i A MESE FHE F Je
o2 gRAF w2 A7 Ul 9331 fenton ¥H-E 535+
hydroxyl radicalZ 235 o] 2134 ~EHAE F7HAF L
Z QA rIEZEgo} B E TAAA HEZEZ o} U

ZIA

T

Jhl-

9] cytochrome ¢ &< 1A caspase-99} caspase-3°]
84385 53| apoptosisE FL3HA FTHS,14].

HO,ZF-E 9] PSEY| apoptosis HAEHE ZH4317] 93t
o] apoptosis®] FEISFA 54 T sl o] W3}, F AE
o 57 §502 3 dojuh= apoptotic bodyE 23}
71 a4 S DNAC] Sol s Agtste F4 G444
Hoechst 333425 AM8-3l4 8& dA8ta P33 dn|Hoz
HE3 A th(Fig. 3A). L A7 HO, Hel+9 X3 con-
densation?} fragmentation©.Z 1+ apoptotic body7} 3
ol Yelue AP A< apoptosis 54 Hol= HHd 100,
250 pg/ml =] PSEE A2 W &= frAtstA &
A 249 3 ke vehle AS 29T + At
Y 205N A flow cytometryE o] 83t NEFVE
2% A, Fig. 3BSH 2] HO, ©5 A Al 623%Z con-
trolel w3} 208 ol 7}7k-g- sub—G17] A ZE7L ElE Hhdo|
H,0,9} PSE 100, 250 pg/mlolA ] sub-G17] ME+= 29.9,
16.6% 2 7HAshe AS FAT 4= 3130 Apoptosise] T4
& 54 T sl sub-Gl A EF7F A os AL gt
Z9 st 4% F st HOy7t =3k apoptosisZ 5
B PC12 A9 AEARE AAlsta gtk AbRETh
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Apoptotic cells (%)
S &

100 250
PSE (ug/ml)
H,0, (0.5 mM)

Fig. 3. Protective effect of PSE on the HO»-induced oxidative stress in PC12 cells (A: Hoechst staining, B: Flow cytometric analysis).
(A) The cells were treated with PSE and then stimulated with 0.5 mM of H;O; for 2 hr. Cell staining with Hoechst 33342
(10 pM) and examine by fluorescence microscope (Magnification x400, a: control, b: 0.5 mM H;O,, ¢: 0.5 mM H;O,/100 ug/ml
PSE, d: 0.5 mM H;0,/250 pg/ml PSE). The arrows indicate apoptotic cells. (B) Flow cytometric analysis of H,O»-induced
apoptotic PC12 cells exposed to PSE and then treated with 0.5 mM of HyO, for 2 hr. Apoptotic cells were determined by

flow cytometric analysis after staining with propidium iodide.

oliFe] AREHE sfixe H0,9 4H5H4
B fr=He AE543 apoptosiss 7&3’3} ]
PCI2 AEXE HE3t1 lthe A& G & 91229_% OJ%L
sl fiol Frtsta de HAA A4

_]N
é
= [>
LU
_‘

A% Azl
el d # e ez Hede ANEsT
PAIN I
o] =EL 20089% ARAD(LFAHAAR G&ATZ
Ao 2 BN AT AL ol ATHYL

(KRF-2008-331-F00068).
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