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Neuroprotective Effect of Methanol Extract of Phellodendri Cortex Against

1-methyl-4-Phenylpyridinium-induced Apoptosis in PC-12 Cells

Young-seok Jung, Hye-mi Jung, Un-kyo Seo

Dept. of Oriental Internal Medicine, College of Oriental Medicine, Dong-guk University

ABSTRACT

Background and Objective : The prospects for developing an anti-apoptotic natural component or a compound that
exerts a neuroprotective effect with few or no side effects for the treatment of neurodegenerative disease appear favorable. In
the present study, we evaluated the effects of the methanol extract of Phellodendri Cortex (PC extract) on 1-methyl-4-phenyl

pyridinium(MPP")-induced apoptosis in PC-12 cells.

Materials and Methods : We used the methanol extract of Phellodendri Cortex (PC extract). PC-12 cells were cultured
by RPMZ-1640. We found the PC extract's gene expression (Bax, Bcl-2) by using RT-PCR. We examined the PC extract’s
protein expression (Bel-2, Bax, cytochrome c, poly (ADP-ribose) polymerase (PARP). caspase-3) by SDS-PAGE and Western

blot.

Results : Apoptosis in MPP'-induced PC-12 cells was accompanied by an increased Bax/Bcl-2 ratio, release of
cytochrome ¢ to the cytosol and the activation of caspase-3. PC extract inhibited the down-regulation of Bcl-2 and the
up-regulation of Bax, as well as the release of mitochondrial cytochrome ¢ into the cytosol. In addition, PC extract attenuated

caspase-3 activation and cleavage of poly (ADP-ribose) polymerase (PARP).

Conclusion : These results suggest that the neuroprotective potentials of PC extract against MPP -induced apoptosis can

be, at least partially, ascribed to its anti-apoptotic effects in PC-12 cells.

Key words : Phellodendri Cortex. Parkinson's disease, PC-12 Cell, MPP”
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Hoechst 33342, 3-(4, 5-dimethylthiazol-2-y1)-2.
5-diphenylterazolium bromide (MTT), 1-methyl
-4-phenylpyridinium(MPP"), dimethyl sulfoxide
(DMSO0), anti-B-actin monoclonal antibody(mAb),
skim milk 52 Sigmaiit(St Louis, MO, USA)e] A
T91319ic}. Fetal bovine serum(FBS), RPMI-1640
] 2]= HyCloneiit(Logan, UT, USA) #1&& A%
3kl o, penicillin/streptomycin 242} trypsin-
EDTA+  Gibco BRLit(Div. of Invitrogen,
Gaithersburg, MD, USA)ellA F8)3te] A3}
o} Improm-I1I™ reverse transcriptase$t PCR
Tag-polymerase kit Promegaiit(Madison, WI
53711, USA)ellA 933k 2m,  Affinity-purified
goat anti-mouse bcl-2, bax, caspase-3 pl7 antibodies,
anti-rabbit/ anti-mouse IgGE Santa Cruz
Biotechnologyiit(Santa Cruz, CA, USA)elA +
31992, affinity-purified rabbit anti-mouse cytochrome
¢ antibodyx= BD Pharmingeniit(BD Biosciences,
San Diego, CA, USA) AEL A3}l T, rabbit
anti-mouse PARP antibody= Cell Signaling
Technology Inc. (Danvers, MA, USA)dlA )&}
o] AM-3kgdth Nitrocellulose membrane, ECL
Western detection reagent, protein assay solution,
30% acrylamide solution 5=  Amersham
Bloscienceiit:(Piscataway, NJ, USA)ellA T+t
T, X-ray film#} develop solution> Kodakiit:
(Burnaby, British Columbia, CA)ollA] F8]3}e]
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Ago| AHEE %l 7]7]%= Microplater Reader
(Asys, Sunnyvale, CA, USA), Deep-freezer Advantage
(Queue, USA), Rotary Evaporator(Eyela, Japan),
Thermal Cycler (BioRad Labolatories Inc, Hercules,
CA, USA), Orbital Shaker(Finemould Precision
IN, Co. Gyeonggi-do, Korea), BioDoc It™
Imaging System(UVP, Cambridge, UK), Western
Blot System(Bio-Rad Laboratories, Hercules, CA,
USA), UV-VIS Spectrophotometer (Shimazu, Japan),
CO: incubator(Thermo Electron Corporation, NH,
USA), fluorescence microscopy(Olympus Imaging
America Inc, Center Valley, PA 18034-0610, USA)
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2 L] 80% wlet&(MeOH) = 37 60°C°ﬂ/‘1
3AIZE ek 33 FEIT FE2AE 24 AHA
9} Wathman filter paper® o} #}slo] 344
7](rotary evaporator)olA] 7t - 5538 o}
Azsiele xR 9 23Ee 4

875 golglom, & (yield) S 17.5%2 Hebhs ‘:}.
z% 3 FZE2 JFRdse, A 2AY
DMSOdl| k43| =efr] ARE-3lgiet. o] DMSO
T AE AT ke FA AEF A wjoFde
A 001% °lste] v = A HES AREskslHh
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31F (rat)e] ZEFAA A Eo|at WA AME
9l PC-12  cell> American Type Culture
Collection(ATCC, The Global Bioresorce Center ™,
VA, USA)ozXE Fdstglen, 10% horse
serum3} 5% fetal bovine serum., 1% penicillin/
streptomycine ¥38F= RPMI-1640 i #](complete
medium) S WA o2 stod 5% CO, 37TCHI%7]
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PC-12 cell(25 x 10* cells/well) < 96-well culture
plate] RPMI complete medium 0.1 ml 3} 37 3}
Hh o oFst ohg, wekst F=(10~30 we/ml)e)
F2EE AEste] 247 Tt vl ekstdh
MPP'el Wg A Z 54L& 2AFs7] 931
ok %=(10~100 uM)2] MPP'E A ]sted 24
17F ot wiekstsdeh. 2 welll MTT £<H(0.5
mg/ml)5 10 WX H7}ske] 42 7F St vl oFsla A
FAubsE =S F A Asl 2
o] formazan ZAAE L7 f&l 01 m9
DMSO &94& A7lste] 30 #2F wH§3kdct. o5
microplate readerS ©]$-dFe] 550 nmell A “%E‘é
ZAsger gzl dst AE AEE(cel
Vlablhty) 10%% 71E2z oFE ALY "ﬂi
AEES AAssH.

4) M E e st

MPP el 9Js) Al zoll £Abo] 74 Al E AVE o]
dojutA| Hof o] HejAel Wzl FAFHEH
o5 Faldlr] flste] FA A Bo]H QA Ak
¢l Hoechst 333425 AH&-3led Al2E 94 3otk
Z, PC-12 cell(25 x 10* cells/wel) 2 3 em culture
dishel RPMI complete medium 3 ml2} §H74A 8%
wh ookt o2, st H=(10~30 we/ml)e] 3
W FZEE 242 F¢F AAE (pre-treatment) 3}
oo}, o3 7)ell MPP™ 70 umd& H7}ate] o] 244)
b Eeb wjekstdon], MEES $Ast 4%
paraformaldyhyde %ol 2087+ A3} o
< 0.02 md 1x phosphate buffered saline(PBS) &=
39 AHg & Al 2704 Hoechst 33342 £
< 10 we/ml Fo] 1087 Aol A HESAIFAH o]
£ 3 dAn| Aol A 200x v &= A3}k

5 FAA wE AL

PC-12 cellel 4] mitochondria®3-€] cytochrome
c®l FHE fFEFoEH AEAMEE FE3le
pro-apototic moleculeql bax®} °¢]& == anti-
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1-methyl-4-phenylpyridinium(MPP) 2 | & mi7i&to| Az

Bl FZ2E aHE AR H8 reverse
transcription-polymerase chain reaction(RT-PCR)
& skl PC-12 cell(@ x 10° cells/nl) S 3
cm culture dishell 3F54F wiekslar ohoFst F=(1
0~30 we/m) 3 FZ2ES AHEste 2/ F
ok wjoFatsiet. od71e]l MPP™ 70 umd& #2]3}ed
24A17 Fob wiekgtoEn AE AFEE FEI
ol 7k A E£E 73k 5000 rpmel A 5587 A4
28 & cell pellet &2 HE TRIzol AloFS o] &
3o total RNAE #2131} ¥21% RNA(L w)
o oligo-(dT) primerst Improm-1I™ reverse
transcriptases ©]843ked 25TeollA 104, 42TClA
604, 70CeNA 158 272 & DNAS A

5 cDNAd 3 44 $3u-(PCR)&
F33t7] $8 $lelM mRNAZHE A=
¢DNA(1 we)oll specific primers(10 pmd) 1 w, 10x
buffer(10 mM Tris-HCl, pH 8.3, 50 mM KCI,
0.1% Triton X-100), 250 umd dNTP, 1U Tag
polymerase 5= £33 % denaturatione $Isf 9
4ClAM 30%, annealingS $18l 55-60ColA 30%
9l extensions $J8] 70CelAM 602 ZAeA
30-35 cycless 43 3}si

PCR uF$-¢] %% djZ-(internal house keeping
gene) 2 GAPDHsE AH&-3l9ith. PCRE $l8l AH%-
= specific primers= Table 19 7]4&3}5ic

Table 1. Primers for PCR in PCI12 cells

Primers

Sequences

Sense 5-CAC C(;C TGG CAT CTT
CTC CT-3

Antisense 5-GTT G/}C GCT CCC CAC
ACA CA-3

Sense 5-GCA GGQ AGG ATG GCT
GGG GAG-3

Antisense 5-TCC AGA ,CAA GCA GCC
GCT CAC G-3

Sense 5-CTC GTG GAG TCT ACT

GAPDH G.GT GT-3
Antisense5-GTC ATC ATA CTT GGC
AGG TT-3

bel-2

bax
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6) A e zAb

PC-12 cell2¥E AzZAE 3 o Eql
bel-2, bax, cytochrome ¢, poly(ADP-ribose) polymerase
(PARP). caspase-3 52| &do] djst sk ==&
o] 35 2ARP| S8 A 4s zab v
9l SDS-polyacrylamide gel -electrophoresis(SDS-
PAGE)¢} Western blots 433t &, PC-12
cell(2 x 10° cells/ml )& 3 em culture dishell =heat
TE(10~30 wue/m)e 3 F2ES A st 24]
7 5ot wlekskdeh o37]el MPP' 70 umd& )
shod 2417t Fok Wik EN AE AEE fE
stsich PC-12 cell& 4738k 1x ice-cold PBSE
F W A -3 o lysis buffer(l md Tris-HCL 5
md NaCl, 05% Triton X-100, protease inhibitor
cocktail) 100 WS ol A EZ ¢hAs] L3l (Iysis)
Al o] E 14000 rpmell A 2087 A H2l3)
o] Abzdl & 3438 o2, Bradford protein assay
4-ol5} bovine serum albumin(BSA) ZF £o&
o]-g3le] whlA ok ATt HelEl A
Z 20 e AL 10% polyacrylamide gel ©]
43t SDS-PAGEE AAIsII2H, o] % gel&
23te] nitrocellulose(NC)  membranee] 7]
(transfer), 5% skim milkZ Al2elA] A7} %<
membranes blocking 3tg=. 7+ membraned] %
2 oAl )3t AU x}3HA| (primary antibody) =
150 mM NaCl# 05% Tween-20°] A7+ 10 mM
Tris-HCHTBS-T) $H 22 314314 (1:3000) ¥+
F 4ToAAM 354 ukesldeh oh2d, membrane
£ TBS-T 4422 33] A3z TBS-TE 3|4
=1(1:5000) horseradish peroxidase-conjugated ©] =}
3}4 (secondary antibody) S o] A2eA] 1A|7F
HH-A A o5 oA TBS-TZ 33 A4 3 oh&
enhanced chemiluminescence detection system< ©]
438ted Xeray filmell ZH3AZ e 2F <A o] W
Foks nwsl7] 93 HEFOE house keeping
proteingl B-actinol] W8t UA}FA S o] L3lod 9
o} FUg oz AYHE Sy
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5 A

BE AY AFE 33 PRAYe] DI HFE

2 }(standard error of mean: SEM)Z Hepi gl
o, EA A BAE SPSSE AAFH] pghe] <
00590 A% o140l ol Aoz B,

T
[e]

. #% %

A Z A Z5( l viability: %)< &A3 A3}, 1
0~30 ug/me] Fxoa] sl FZE-2] PC-12 cell

c
of AT S dxL 100%5 71Eez 47
105.0642.89%<F 102.12+3.16%2 ZAHe] FA ¢
9e Aoz etk (Fig 1A).

g, MPP'ell o3 HME H4& FA A
70 ymd MPP'E 24417t AHed Al ZoME A2
AEEC] 80.214224 %2 A ERE wioFat A Sl ¥
8 20% A= FHasdoh(Fig. 1B).

=3k MPP ol oJgt Az HEE Zhiel gt
} 259 F4 23 A A3 10 we/nl
7 30 ug/m4 ) FZHEE 70 umd MPP'o 9
d HME AEE] a7 PC-12 celll A 344l
< o, 47 89.57i 96%2 92.90+2.60%=% ZA =
o 71ER e 47 oF 93%. °F 127% A= 7t
3k9lch(Fig. 1B).
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Fig. 1. Cytotoxic effect and protective effect of
the methanol extract of Phellodenari
cortex (PC) in PC-12 cells.

(A) The cells were treated with different
concentrations of PC for 24h, after which the
cell viability was measured by MTT assay.
(B) PC-12 cells were pre-treated for 2h with
10 or 30 ug/ml PC extract prior to exposure to
70 uM MPP" for 24h.

#P0.01, ***P0.001 vs. MPP" alone.

2. MPP E R E ME o Hslof CHst &H F=
29| 33}

A% Sepas 22 A5 AED AL A2
Azdel P Buge 52 44 P
(oval shaped round)® 34 3Fo] AAFHA 1}
ehbe A BFschFig 20). B9, 70 pmad
MPP'2 24417 Aelg AEe] de Ao o
AT FEAA WaRon, AZA] Lolid
x{]gg %_]u}xJo] ‘3:]/\]-0] 3 o] 75]—_7_ X]ﬁHZ]_‘:_ ok/\L
S BFsdcH(Fig. 2B). b, 3 255 10

=30 we/nl FER AA] T A EME MPP'
of o3t Wby} Zase] BE g3} ge AL
2 Jelytoh(Fig. 2C & 2D).

l-E‘ ml

3. MZAIY EXIS0| Cfst &l S=&520| =X 3}
1) bel-29}F bax®] F42} wadel] o3t &3

reverse trasnceiption-polymerase chain reaction
(RT-PCR)= 433t Az}, Al =Znt wisksial s o
T bel-2 FAARE] W o] hax ot A W=
ote] anti-apoptosisE A3} ¢l HbE, 70 umd
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1-methyl-4-phenylpyridinum(MPP) 2 S E& mjzl&ol Al

o] MPP'& Aejstg s o

& 72313 bax®] A HYE F7lske] MPP”

7} apoptosis®  FEdhE Aoz yelhgdth(Fig
3A). Wb, 3 FE2ES 108 30 w/nl FER
gt M Eol| M & bel-29] FAA Weo] Fx 9
ERor Z/lstA, baxd wHS 7HAs)ed]
MPP el 93] 4= AE Apde] JAFHE= Ao

2 Jephdh(Fig. 3B).

Fig. 2. Morphological analysis of nuclear chromatins
in PC-12 cells as determined by Hoechst
33342 staining.

The cells were treated with MPP' in the
absence or presence of PC extract. (A), control
conditions: (B), after exposure to 70 uM MPP”
for 24h: (C) and (D), cells displayed condensed
chromatin sand apoptotic nuclei. PC-12 cells
were pretreated with different concentrations of
PC extract for 2h prior to exposure to 70 puM
MPP” for another 24h. Photographs were presented
a fluorescence microscope at 200x magnification.
Representative data shown were selected from
three independent experiments. The arrows
indicate apoptotic cells.
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Fig. 3. Effect of PC extract on the mMRNA

expression of bel-2 and bax induced by
MPP™ treatment of PC-12 cells.

The cells were treated with MPP” in the
absence or presence of PC extract. (A)
RT-PCR was then performed to determine
the bax and bcl-2 mRNA levels. (B) The
bax to bcl-2 ratio was determined by
densitometric analysis. GAPDH transcripts
are shown as an internal reference for
amplification of ¢cDNA.

*P<0.0001, *PL0.05. **PL0.01 vs. MPP" alone.

) bel-29} bax®] wiA el gt =3}
SDS-PAGE$} Western blot& 433 ZH3},
bel-2¢] =i e 2 fAAtel A e Ao} {Ab
A 70 umd®] MPP'E A3l = dAA3] 7
A8 vbd, baxe] FAAF HHL foHez £}
sto] A}A 02 bax/bel-22] HHEn]Eo] Z7}E <)
T (Fig. 4A), MPP"ol| 93] #-=% bax/bcl-29]
WA 0y wge ke 3 F2E 10 w/n
30 we/ms A W, bel-29] W3- ¢7}3}
W ga gt Ao
o] foHoE ZAFNUTH Flg.

3, bax9
bax/bcl-28] H]&
4B).

3) caspase-3, PARP, cytochrome c
&3}

SDS-PAGE®} Western blot2 433t A3}, A
b ujokslol & Wl n|EEea]ol2 RE cytochrome
o Eu|7} A A dgron 70 umde] MPP'E
A2sle s W mEZ=olelM cytochrome ¢

el o3



wu7h SUbE AL 3 FE2EE A4 10 w/nl,
30 we/nlE A3 A Ee| A= cytochrome c2 £
H7F & wE B A A H o (Fig. 5A).

A 3}El caspase-3(active caspase-3)E A ERL
W oFstol & W vis- vl o] FEE=
MPP'E 2417t A3t & o, A3 ¢d
MR, 3 22ES A7 10 w/nldt 30 w/
nZ A2 HEME % E&ZHOZ active
caspase-32] W& o] 7143kl o™, PARPE Al E9H
wjoFalal & W vl v @@ EE wbd, MPPT
o] Aol o3 FAFE= caspase-3o] 23
116-kDacll ] 89-kDa2] ¥4 2 2| (cleavage) =3l
2, 3 2258 47 10 we/nld 30 we/nlE A
g3 AzedME FE EHoz §9-kDad
PARP cleavage7} ZFa= ik (Fig. 5B).
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Fig. 4. Effect of PC extract on the protein
expression of bel-2 and bax induced by
MPP*-treatment of PC-12 cells.

(A) Western blot analysis was performed to
determine the bax and bel-2 protein levels.

Y4 - Zoo] - M2

(B) The bax to bcl-2 ratio was determined
using a densitometer and then plotted.
#4P0.001, vs. MPP" alone.

(116kDa)
Cleaved PARP B el
(89kDa)
aan P P W WP
(43kDa)
PCexiract ° o 10 30
(rz/ml)
MPP* - ¢ 5 + +

Fig. 5. Effect of PC extract on the release of
cytochrome ¢ from the mitochondria into
the cytosol and on the caspase-3
activity and PARP cleavage induced by
MPP™ treatment in PC-12cells.

(A) Cytosolic proteins were prepared from cells
that were or were not pretreated with PC
extract for 2h prior to incubation in the
presence of 70 UM MPP" for 24h. Western blot
analysis was then performed to evaluate the
release of cytochrome ¢ from the mitochondria
into the cytosol. PC extract blocked the release
of cytochrome ¢ from the mitochondria into the
cytosol. (B) Attenuation of MPP -induced
caspase-3 activity and PARP cleavage by PC
extract as determined by Western blot analysis.
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