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Neuroprotective Effect of Hepad S9-1 in MPP+-treated PC12 Cells

Seo-Hee Mok'?, Byung-Jun Park'?, In-Hwan Joo', Jong-Min Park!, Dong-Hee Kim'*

1: Department of Pathology, College of Korean Medicine, Daejeon University,
2: Neuro Young Jin Korean Medicine Clinic

Parkinson's disease is the second most common neurodegenerative disease. Levodopa has a good effect for a period
of two to five years, but long-term use reduces the effectiveness of the drug and accompanies side effects. To date,
there is no strategy that has been able of fundamental treatment of Parkinson's disease. We developed Hepad S9-1
composed of 5 herbal materials (Paeonia lactiflora Pallas, Uncaria sinensis Havil, Spatholobus suberectus Dunn, Panax

ginseng C. A. Meyer, and Glycyrrhiza uralensis Fischer).

This in vitro study was conducted to search a novel

disease-modifying drug, observing the effect of Hepad S9-1, a plant derived compounds on the apoptotic process of PC12
cells which was induced by 1-methyl-4-phenylpyridinium (MPP+). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay was performed to determine the effect of MMP+ or Hepad S9-1 on cell viability in PC12 cells. In
addition, we examined cell protective effect of Hepad S9-1 in MPP+-induced PC12 cells. And gene and protein expression
level of various factors that regulate apoptosis were confirmed by real-time PCR and western blot analysis. As a result of

the study, Hepad S9-1 significantly

inhibited MPP+-induced neuronal cell death. Also, Hepad S9-1 inhibited

apoptosis-inducing Bcl-2 associated X (Bax) gene and protein expression, cytochrome C protein expression, caspase-9,
caspase-7, caspase-3 and poly ADP-ribose polymerase (PARP) activation. In addition, the neuroprotective ability was
objectively confirmed by up-regulating the genes and proteins expression of B-cell lymphoma-2 (Bcl-2) and B-cell
lymphoma-extra large (Bcl-xl) that defend at apoptosis. Therefore, it seems that Hepad S9-1 can be additionally applied to
the treatment of Parkinson's disease to suppress the progression of dopaminergic neuronal cell death.
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ofzfle} ZthTable 1). 108 £Fo] Hepad S9-1(200 g)of 2 L9
EFHSE g0l 100°CoA 3AIZFEQE &SI oH, AR E AHE
ste] £&22 coldsidd. ou” FEEL rotary vacuum
evaporator(EYELA, Japan)E A}235t9 ZgEE5t1  freeze
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Table 1. The prescription of Hepad S9-1

Herbal medicine name Scientific name Origin  weight(g)
HY & Paeonia lactiflora Pallas Korea 4
9 8 B Uncaria sinensis Havil Korea 4
Eo Ny Spatholobus suberectus Dunn  Korea 4
A B Panax ginseng C. A. Meyer Korea 4
' Glycyrrhiza uralensis Fischer Korea 4
Total amount 20
2. A=z v

RE [ I & RS A =x2FQ PCI2 ME §H= NHxF 23
(Korean Cell Line Bank; KCLB)OJA U35t 10%2] fetal
bovine serum(Welgene, Korea)o] #7}5 RPMI-1640(Welgene,
Korea)f x| & At&stlon], g 2E& 37C, CO, & 5%2
A& = AlZg7](Sanyo, Japan)olAl vlgstEict

3. Az BEe 5F

PC12 N|ZZ 48 well plateo] 2x10* cells/well2 E-Z3}o] Hf
Fstgion], 24Xt 3, MPP+o] 23 AZEHE EAsH7] YY)
MPP+E 100, 200, 500, 600 uM =2 A2sto] wjstyn
Hepad S9-19] 93t Nl2=42 £73}7] ¢35 Hepad S9-1& 50,
100, 200, 400 pg/mL =2 Ralsto] 24x7t wjFstct. Eat
MPP+2 QIgt N|ZEXo]| Tjgt Hepad S9-19] N|Z B35 &g 3
Q15t7] 9J5f Hepad S9-12 50, 100, 200 pg/mL SE2 IA|H &
ob ARG $, MPP+E 500 pM =2 A2|3t0] 24X 59t
Fotgct. 2E Higo] F29 ¥, EZ-Cytox(DoGenBio, Korea)ol
7t welld 20 pLR F7lsta Nlmujr)olA 3087t
. 42 & micro plate reader?] 450 nmoX &3S
o, gxo] g WESZ NZAELL BASIYRC

4. AR WEY 5

PC12 M2 6 well plated] 2x10° cells/well& B Z5lo] Hf
sty om, 24A7t &, Hepad S9-1& 50, 100, 200 pg/mL 5
E2 Aste A ¢ AN &, MPP+E 500 pM =2
A2Jsto] 24X ot vigStitt. ZE Higo] TEE & dHE
gl5lo] 92 A& accuPrep® universal RNA extraction
kit(Bioneer, Korea)& Ar&3lo] RNAE F&sigion, Z&¢H
RNAL accupower® cyclescript RT premix(Bioneer, Korea)2}
&35t PCR cycler(alpha cycler 1; PCRmax, U.K.)S AR&3s}
o] 45°CollAl 602, 95°CollA 523t B3 Fdll cDNAS &/4d5tgl
. 39T DNAZYVE 54 AAS ZIAA A 9
real-time PCREZ ZI3¥st¥om, cDNAQt E4 QAR 9=

primer, SYBR green premix(PCR Biosystems, USA)E &3§ts}

o

=

11 real-time PCR cycler(Exicycler™ 96; Bioneer, Korea)2 A}
&3t 95°ColA 27 F THZAZ|L 95°ColA 5%, 62.5ColA|
30£% 403 §hEoto] 54 RAAE FIAAC. U GATL
gxgel SAA WA J1zoz AU sgon, Agd
primer59] WL Table 29 Zt}.

5. oA WA £4
PC12 NJZ= 6 well plateo] 2x10° cells/well2 B Z=35}o] Hf
st on, 24X7F &, Hepad S9-1& 50, 100, 200 pg/mL =

L2 AYsta 1A 3¢ AXNYF §, MPP+E 500 yM &2
A2jsto] 24A17F SO vlgotitt. BE Higo] TaH T, ML
2]5to] 92 AN ZLL protease inhibitor(Sigma-Aldrich, USA) ¥
phosphatase inhibitor(Sigma-Aldrich, USA)7} =gl RIPA
bufferg '‘do] ©WMAZ FESIct. F&EFF CuA2 BCA
protein assay kit(Thermo Fisher Scientific, USA)ES 0]£35}9
a5t 1 sample loading bufferQt &§3to] 95°CojA 587
YA Zv|etgict. Zuld DA 12% acrylamide gelZ A}
st TWlAZ Hesty 1 o]§ PVDF membraned] o]-FAlH
. S0l £AZ membrane 3% BSAO| G7F 20X 24]
=0l 9r2 XA blocking2 XI5t o0y, TBS-T bufferz AA
132 7t primary antibody(Cell Signaling Technology, USA)e}
4ColA 16AIZFE 9 9Hg AR §H3AI7] membraneZ A& st
secondary antibody(Jackson ImmunoResearch, USA)Q} A0
AN wESAIZeH, ol O] AI¥std  ECL
solution(iNtRON Biotechnology, Korea)o.2 E& Tiulzl.g udbxi
AlZitt ¥t S chemidoc fusion FX(VILBER, France)2 £3f
gl @S 2Astden], AM&H primary antibodysol T
St A YW= Table 33} Ztt

rol'

L ooo
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Table 2. Real-Time PCR Primer Sequences

Gene name  Size(bp) F/R Sequences
Bax 147 Forward ACGTCTGCGGGGAGTCAC

Reverse AGGCCCCTGTCTTCATGATCT

Bel-2 102 Forward GGTGAACTGGGGGAGGATTG
Reverse AGAGCGATGTTGTCCACCAG

Beloxd 125 Forward ATCTTGGCTTTGGATCCTGG
Reverse CCCGGTTGCTCTGAGACATT

B-actin 116 Forward AGATGACCCAGATCATGTTTGAGA

Reverse TCCGGAGTCCATCACAATGC

Table 3. Primary Antibodies Used for Western Blotting

Protein name Molecular weight (kDa) Cat. No. Manufacturer
Bax 20 27728
Bcl-2 28 2876S
Bcl-xI 30 2764S
Cytochrome ¢ 14 119408 o
Cleaved Caspase-3 17,19 9615 CEl Signaling
echnology
Cleaved Caspase-7 20 9491S
Cleaved Caspase-9 17, 38 9507S
Cleaved PARP 89 948855
Beta-actin 45 3700S
6. SAAY

A= meanztstandard error of mean2z UElfoioH,
SPSS Statistics Version 21.0(IBM, USA)S o]&35tgon, HA
T 3§ 719 BAA HliE independent sample t-testS A&
5to] 538519 11 Tukey's HSD test® £3f §9/4%& 0.052 AA
slo] 9o ARsIPon, p<0.05 p<0.0l1 ¥ p<0.0019] 3
7 gel4zEoz thro] BIIsI

2

1. MPP+ % Hepad S9-19] NZA=&

PC12 cello] X MPP+o] oJ3t Al &5 =Qlstr] s Al
BEES &4 ZAa, dzFE 100.05.1%2 UEREES o,
MPP+ 100 pMoflA] 90.8+5.3%, 200 pMoflA 81.1+2.6%, 500 pM
oA 63.5+£2.5%2] M AJE=go| LepgchFig. 1A). E£3§F Hepad
S9-19] AE =42 =Ashr] As A= FEES T 23,
x2S 100.0£4.3%2 UENFS o, Hepad S9-1 50 ug/mL =
ZoJA 100.5+3.2%, 100 pg/mL sZoflA 100.6+1.3%, 200 p
g/mL 520X 102.9£2.6%, 400 pg/mL S=oA 91.1+2.1%2]
A BEgol Yebdth(Fig. 1B). o]o] w2t MPP+= A3t Al
9 542 fE=stt 500 pM FE= HAsHRAL Hepad S9-12 Al
2o i3t 570l YehR] ¢ 200 pg/mL oJste] sx= HEF

sto] o3 A@L AL,

r

Jo

2. MPP+2 &A=l Njxo| 3t Hepad S9-19] AlzHs s
MPP+2 A& £4to] S % AAANE(PC12 cell)oA] Hepad
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S9-19] AEE5S BAAsh] sl A= MESS 5%
Hepad S9-1& 50 pg/mL ©o]Ato] =% oA MPP+ ©EA 2]+
ulal 594 A+ 57t AU CH(Fig. 2), ol &dll Hepad
S9-10] MPP+2 GLElE NZAIEE Ho|st= AAFAEL HS §
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Fig. 1. Cell viability of MPP+ or Hepad S9-1 in PC12 cells. The cells
were treated by 100, 200, 500, and 600 uM of MPP+ or 50, 100, 200, and
400 pg/mL of Hepad S9-1 for 24 h. Treated cells were reacted by
EZ-Cytox for 30 min and then absorbance were measured at 450 nm
using micro plate reader. Cell viability were calculated as percentage
relative to the control. The result were presented by the meantstandard
error of mean from three independent experiments(Significance of results,
*; p<005 ** ; p<001, ***; p<0.001 compared to control). (A); cell
viability of MPP+, (B); cell viability of Hepad S9-1.
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Fig. 2. Protective effect of Hepad S9-1 in PC12 cells on MPP+
induced cytotoxicity. The cells were treated by 50, 100, 200 pg/mL of
Hepad S9-1 for 1 h and were exposed to 500 uM of MPP+ for 24 h.
Treated cells were reacted by EZ-Cytox for 30 min and then absorbance
were measured at 450 nm using micro plate reader. Cell viability were
calculated as percentage relative to the control. The result were presented
by the meantstandard error of mean from three independent
experiments(Significance of results, +++ : p <0.001 compared to control,
** . p<001, ***; p<0.001 compared to MPP+).

3. AlZ Al wal 9Ax} W

MPP+g {&% N ZEAME] tfsto] Hepad S9-19] B3 s
157l 95 MEAIES xAS:=  bel-2-associated X(Bax),
B-cell lymphoma-2(Bcl-2), B-cell lymphoma-extra large(Bcl-xl)
AR WAFS S5t 1 A Hepad S9-1= AZAES
Exsts Bax 94Xt WHAS MPP+ TERZ0] Hlo) S04
A ZAAFOHW, NEAHL AASH= Bcl-29} Bel-xl SAA} w
#FZ MPP+ TEA2Fo] HIs] 394 A F7MAIZHFig. 3).
4 A% AT BA U LA

MPP+2 S5l NZAIHO] tfsto] Hepad S9-19] S
2 Fasty] Yol AEARE RPsHeCR BUESY W
EAst9ct. 1 A3}, Hepad S9-1- SRA @Y Antel &
S AZAEE SRSH: Bax Do) WAFS MPP+ TSR
o vls] 54 QA ZaAF ey, NRAEE AAst= Bel-2
o} Bol-xl A wHS MPP+ GEXal 2o uls] S04 A

ot job
e mo &

Z7}AZAtHFig. 4A, 4B). T3t cytochrome c2 H|E3H 243}
(cleaved)¥! caspase family(caspase-3, 7, 9) ¥ poly ADP-
ribose polymerase(PARP)9] ¥dak2 ZASH A}, Hepad S9-1
L og guidEo] wrdake MPP+ WEX 220 s 3o14 9
Al ZaAZHFig. 4C, 4D).
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Fig. 3. Effect of Hepad S9-1 on apoptosis-related gene expression
level in MPP+ induced PC12 cells. The cells were treated by 50, 100,
200 pg/mL of Hepad S9-1 for 1 h and were exposed to 500 pM of MPP+
for 24 h. The mRNA expression level were measured using a real-time
PCR. The result were presented by the meantstandard error of mean from
three independent experiments(Significance of results, +++ : p<0.001
compared to control, * ; p<0.05, ***; p<0.001 compared to MPP+).
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Fig. 4. Effect of Hepad S9-1 on apoptosis-related protein expression
level in MPP+ induced PC12 cells. The cells were treated by 50, 100,
200 pg/mL of Hepad S9-1 for 1 h and were exposed to 500 pM of MPP+
for 24 h. The mRNA expression level were measured using a western blot
assay. The result were presented by the meanzstandard error of mean
from three independent experiments(Significance of results, +++ : p
<0.001 compared to control, * ; p<0.05 **; p<001, ** ; p<0.001
compared to MPP+). (A, C); protein expression level (B); graph image
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H(substantia nigra pars compacta, SNpc)2Q]

o, AN gi7bR] At 3 54 LR 50-70%2]
ZHE £Ao] dojgct”® miaye AFHAol A4 7Y
+ A7 o, AFHEE AAAZIAY F8A7I= AY
7 WP R] 29 (disease-modifying therapy)o] ™astcH?. 12
7R Ay 3 WP aHola U gy glon,
7P BEAoR AMEEE FUAY YR e
E825 A&t &t gastog YAt 58FE 52 oF of
Jo] ot Freng [ Eo]4S(levodopa-induced
dyskinesia, LID)& YAAI7|= 5 &

NEANEL A3A Aol 29 §4 5 shUE, ey
Entglgd AAN R AmAHo] ST AL F
BA9 B4 EoA AFHRIL BEoHA m2adddgie A
(natural death)@ 4 == st FasH FFoJA|W, 1 %
ojdo] AIIWA Yoy AFUPL Fxsto|wy, ol
o1& ZM A3}=(amyotrophic lateral sclerosis, ALS)2 H|
3 okt ohd A7 ESY A2 P AEAIRS xS
+ ANAQ GHA L bel-2 family proteino]d, o]52 A7HA|
stel#oz ®RE 4 A+=d pro-survival THAQA  bel-2
sub-family(Bcl-2, Bcl-xl, Bcl-w, Mcl-1, Ala), pro-apoptotic
chulzlo] BH3 sub-family (Bad, Bid, Bim, Bik, Blk, Hrk, Noxa,
Puma), 18] bax sub-family(Bax, Bak)o|c}*®. Pro-survival
SHAEL AZAMES JAdeRA NEIF BEF £ JEF o}
+d, &d3te bax®t bak® BH3 domaindt ZEste] o]E9
pro-apoptotic Z-&& AAste 7]1FA& BdlAolH, Bel-2, bel-xl
+ Bax9} BakZ A FPYAIA 4 U&= BH3-only GHAS 53t
sto] AZAES 9t 4 Aot HEATHo] dojut: T JHA] H
29 UQd FRe 98 FEe oYY =oulyd AFA=E
o] Aty S-S Ao ooy, Rl FR7T mRixyel W
Hat 13PoA ojd AF-Z sheAle o] #HoHAl FRIT, U4
Az oJFt NHAE AF"O 71" AAE] WA Aok,

M=ZAIE Al3o] 95 bax, bak?t 72 pro-apoptotic Tl
Ho] &/dste]d nEZcajof 9o 7|3 Ui 1 ZHit nEEE
2ot 9t FolA  ANZAFZ  cytochrome c7t WEEY
cytochrome c7} apaf-13} A%t apaf-1/cytochrome ¢ 238H]
o] 93] {H=% procaspase-9+= WA RG] (proteolysis)E
caspase-902 &/J3lE|n], o] caspase-3, caspase-6,
caspase-7g AT, ol2fgt AP caspaseSol 23]
A 52571 o]FAIHA M EAIER o]ojXit}. DNA 50 o
sto]  Amo] M=o Q3 @49 poly ADP ribose
polymerase(PARP)= &A3}5l caspased] 93] Eaj&E=d, L
A3 DNAQ| 80| o|Yx|A] £5tAA A mAFEo0] Lojct 29,

2 AFolA A2 Hepad S9-12 mI2yZ X &st7] Hal
Aol A AHEET e APer, M3 AFoA AFNE B35
o] Bugl HEZE, HMEE BmEE, AZE HEJ T2 H|&E ]
FElo] ot & A7+ Hepad S9-19] A7 Az BS54 A=
AHE A 53tE &Rlstz] sl in vitrodlA PC12 Ao H A
2§t ¢ MPP+ Az2jsto] MEAIE T A|mo| WHIE FAolof
dz7a 825ttt Hepad S9-12 400 pg/mlL s=5 ALt
BE AE 5o Nx5/do] YEA] It MPP+o]] 9§t A
IAIHEE 50 pg/mL %04 10%, 100 pg/mL =TofA 17%,
200 pg/mL =X 21% olF AA|stTh(Fig. 3). MEAIEZ
ok UMY bax? {AAL W A WE2 200 pg/mL 5
Lo 747} 50, 40% ol Z4aEgod, uEEZEgo} YRe v
E5o] AFHE FAoh= cytochrome co] WA WP FA] 45%
ZAEAY. EF 200 pg/mL s=o)A NEAES Aot UA
9l bcl-29} bel-x19] §AA WS 242t 1.5, 1.3u]2 FI7HAZ L,
Tl W@ g 77t 2.5, 1.2802 F57HAZC URHe2 cleaved
PARPQ} caspase T WH2 Frol&EXoa oI5t ZAis)

&

=

my

o Q
T O

Lo

|.

S oo g O ooX o opx 2 ool o

3

o] cleaved PARP9} caspase-92 50 pg/mL sxoA Zz}
60%, 50% o] Ztast@on, 200 pg/mL =oAL 27zt 70%,
68% o]Ar 7Z+4stgct. 200 pg/mL =% oA cleaved caspase-3
L 64%, cleaved caspase-7+= 44% ©O]A} Z¥AE]o] Hepad S9-1
o o3 MPP+2 {=H ANxZAIHEo] &iatFlog AAEHJZTS &
Qlsteict.
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