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Protective Effects of Sosokmyoung-tang Adainst Parkinson’s Model
in Human Neuroblastoma SH-SY5Y Cells

Chan Woo, Ju-yeon You, Chul-yong Jang, Hyo-rin Kim. Yong-jeen Shin, A-ji Moon, Sun-ho Shin
Dept. of Internal Medicine, College of Oriental Medicine, Won-Kwang University

ABSTRACT

Objectives: In this study we made an effort to investigate the protective effect of SSMT on the N-methyl-4-phenyl-1,2,3.6
-tetrahydropyridine (MPTP) -induced cytotoxicity of SH-SY5Y cells.

Methods: The cell viability was assessed by 3-[4.5-dimethylthiazol-2-y1]-2.5-diphenyltetrazolium bromide (MMT) assay.
The fluorescence intensity was measured by using a dye and then with propidium iodide (PI) DNA flow cytometry analysis of
the effects on the cell cycle of the SH-SY5Y cells and were used to measure the fluorescence of intracellular reactive oxygen species
generation by MPTP.

Results: Pretreatment of SSMT significantly suppressed MPTP-induced cytotoxicity, which was revealed as apoptosis
characterized by the reduction of cell viability, the increase of ROS production, and the loss of mitochondrial membrane potential
in SH-SY5Y cells.

Conclusions: These findings suggest that SSMT exerts neuroprotective effects on human neuroblastoma SH-SY5Y cells by
MPTP-induced dopaminergic neurodegeneration.
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Table 1. Prescription of Sosokmyoung-tang
Herbal . -Dosage
name Scientific name ()
B & Ledebouriella seseloides 24
[y Sinomenium acutum 16
A Cinnamomum loureirii 16
Zo Prunus sibirica L. 16
# 5 Scutellaria baicalensis 16
SESE S Paeonia japonica 16
A B Panax ginseng C.A.Meyer 16
JIl. ¥ Cnidium officinale Makino 16
it Ephedra sinica 16
H ® Glycyrrhiza uralensis 16
fff + Aconitum carmichaeli Debeaux 8
OB Zingiber officinale 16
K & Zizyphus jujuba var. inermis 16

Total amount 208

52/ . AZA - 20X - pAS

) AleF 9 717]

RPMI 1640, FBS(fetal bovine serum), A7l
% trypsin 52 A Zefekel] o3k ¥ GIBCO
BRL Co.(Grand Island, NY, USA)ZX¥ T3}
odom, wjok87](24 well plate®} 10 cm dish)*= Falcon
Co.(Becton Dickinson, San dJose, CA, USA)olA]
TFsted ARSI HlE 9 8 G} e o] &
g} slide chamber= Thermo scientific Nunclon Surface
(Thermo scientific Nunc. Rochester, NY, USA)&
He] Fsle] AREsledel. MTT(methylthizol-2-y1-
2.5-diphenyl, tetrazoliumbromide), MPTP(N-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine), SDS(sodium
dodesyl sulfate), DMSO(dimethyl sulfoxide), PI
(propidium iodide) ¥ Ponceus S solution Sigma
Co.(St. Louis, USA) 25 T35, DCF-DA,
DHE, Fluo-3 AM ¥ JC-12 Molecular probes
(Invitrogen. Eugene, OR, USA)2%E st
Nitrocellulose paper(Hybond-C, RPN303C)& Amersham
Biosciences Co.(Amersham, UK)ellA F31stsiet. A
ol AR5 dXF8HA| 2 B-actin, Caspase-3, Catalase,
Cox2 GSK3B, iNOS, Nrf2, PARP, PGC-1a, PMP70

2 Santa Cruz Co.(Santa Cruz, CA, USA)olA 79
34913, B-catenin, phospho-B-catenin, phospho-GSK3
a/B(s-21/5-9), phospho-pd3(s-15)2 Cell Signaling
(Cell Signaling Technology Inc, Beverly, MA, USA)el
A s 23 3B 2 Goat-IgG(Dako, P0449,
Japan), Mouse-IgG(Bethyl, A90-116P, Montgomery, TX,
USA) ¥ Rabbit-IgG(Bethyl, A120-101P, Montgomery,
TX, USA) °1W T3k AHE-EEAH

3) ME

A g "F‘L‘} Atgt AR EZAEZ SH-SYSY Al
X3+ ATCC(American Type Cell Culture, VA,
USA)elM 3k, AE wiokl g 10%
FBSe} RPMI 1640 w§A]+= Gibco Co.(Gibco, NY,
USA)ell A i3] ARS8l
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Atgh MZBEMEE SH-SY5Y MEFQ| npzle Z=of gt/

2. 2
D A& Az
A JMEMS 40 3 208 g€ 3,000 ml
A EeAFe 54 2000 mlet A ¥ o
150:‘?:7& 7bdste] A 4‘%}"-113 S E T
& 5000 rpmeE 3087 ¥

OB o
rotary vaccum evaporator)el] geo] kst
EAAZ7E HA3] Axsl] 2647
. AE2E 15 ml HHe 100 mg/mlE PBS
35 }‘ﬁ 2500 rpme2 20¥7F YAEE ¥
m filter2 ZEF3I2 1.5 ml eppendorf tubeel
tod W¥5 Basty A A] RPMP 1640 w1 #]
Egste] AHEsHAH

2) NE ¥

Al AARMEZE SH-SYSY MEE ATCC
(American Type Cell Culture, VA, USA)ollA
a3t 10% FBS7F £33 RPMI 1640 Ml Z ik
Noz AE wjek7] (5% CO2 2 37 T)elA 10 ecm
M E wlj ofstel] wickslodet, YFYel 24 HHCE
0.05% trypsin-EDTAE AH8-3ke Alehu]ck 3}
o, wjFl S WA & log phaseell U= HZE
"}*‘lﬁ}‘ﬁ‘;}

3) ME AEE =24

M EZAQZEEE MTT assay(Mosmann. 1983) = o]
L3todch. SH-SYSY MEE 24-wells Al E =l oy
o 1x10° cells/ml® HF3}e] 24A]7F vl ofghol] 3
AA1712, MPTPS} MNEdme v = 2 AIZMER
Ay MTT(0.25 mg/ml)E H7Fskx 37 Col
A 4AIZE BESAI S S-S 7o ZA AlA s
3 AbeRlE AlEel o3 AAE Bt B84
formazane DMSOZ £3l3te] 570 nm jJrZWW
23334 = A (THERMO max, USA)Z &%
Aalolel. 243 formazan BA AEE é 44
‘4]31:4 2t vlarsle] WEE(%) 2 A3

4) NEF7] EA(Cell Cycle Analysis)

MPTP7} SH-SYSY M9 MEF7] v]x]+=

g 3Fe]l T8 HA-2 propidium iodide(PI) & DNA
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£ 9% % flow cytometry(FACS Calibur, BD
Biosciences, USA) & o|-4-3te] 3§39 Al7|E 54
steit. SH-SYSY Ml Eo MPTPS /MEMEHS A
23t o2, 2447t Eol| trypsin-EDTA(0.05%/ml)
2 A= 3l2 RPMI 1640 wiA| 2 w3t o5, 24
3t Al E2)sly PBSE 24 AlH sk AlH 9
A Ze] PBS 300 wlEe ¥ PI&A(01% Triton
X-100, PI 20 pg/ml, RNase 200 pg/ml) 500 pl&
A7kska 2087 weAZl ¥ IXI0HIEE flow
cytometryE o|-&-3te] MEF7|E EAM3A o
o]z AHe] BAL (el Quest Software(Becton
Dickinson Biosciences, USA)E o]-4-35le] £A3513ich

5) AlZ W ROS(Reactive Oxygen Species) &4

MPTPel €]gt Az o] &AL Fe] YA 3
A3l7] $138ked 834 probe 2.7-dichlorofluorescein
diacetate(DCF-DA: Molecular probe) ¢} dihydroethidium
(DHE: Molecular probe)< o|-4-3}3ich. v] 3% &
Al DCF-DA= A= Y hydroxyl radical ¥ =
AbS}pA S3t whgete] 333E wele DCFE ¥
gtelo] A0 S Vet Ax o &AL
%o & SA3] st SH-SYSY Al ZE i
kst MPTPe} /MédmdS Aelsta 2447 &
A 2ZE $8s17] Aol 5 uM DCF-DAS A3tz
37 CollA 307k wiek 3 PBS(pH 7.4) 2 A&tz
0.05% trypsin-EDTAS-e} o2 Hz)sle] HEE 8
sl YAlEeE] = PBSE M| Aste] flow cytometry
(FACS Calibur, BD Biosciences, USA)Z o] -4-3}od
3] M7]Z Cell Quest Software(Becton Dickinson
Biosciences, USA)E o|-4-3te] AXE A3
DHE* A= Y superoxide anionell &J314] ethidium
o2 A AE W DNAe] ’%}"‘5101 35483 nm
exitation/ 510 nm emission) < “ERATH(Bindokas
et al. 1996). M| Z W 43 superoxide anione 3
A8t7] $1ste] DHEE #ioF€ SH-SY5Yel MPTP
o} MESGS AEEla 2447 5 wiAE A A
3 PBS(pH 7.4)&4 02 AH3 gL DHEL

< 1 pg/ml sE2 AZste] AE wjeFr]olA 45



I PBSE AIA F ¥Edn|AdA

6) PlEZ=gel HA S A

nEZelole] A9 WskE ALY 915k
JC-1(10 pg/ml) FAE F8313ich Axe A7
PBSZ 23] A3l RMPI-1640 Wizl 343t JC-1
(10 pg/mh)= A3t 2087 AE wlF7]elA
ke A7l & PBSE A8t Flow cytometry
(FACS Calibur, BD Biosciences, USA)E o] £-3}+
3] A71E EA8lgon, Cell Quest Software
(Becton Dickinson Biosciences, USA)E o] 43}
ARE FAs

7) HE A $E

SH-SY5Y MEE
cells/ml 4 #53 o,
ol AHE-3kdc. MPTPS} /MEM G
24X 7E Wi okst = A E W Aol HH& A
3}7] $J8led 333 probe Fluo-3 AM(Molecular Probes,
Eugene, 08)& o]&sladch A2® MZel 5 uM
Fluo-3 AME A3l AlZ wiekr]olM 3087t
wjeF & PBSE AMHsl3 4% paraformaldehide®
A2 A 1587 2A s IAE A el M A E
W 24 5=% Flow cytometry(FACS Calibur, BD
Biosciences, USA)E o|-4-3te] 3§39 A7|E 54
slgiom, Cell Quest Software(Becton Dickinson
Blosmences USA)E |43t ARE EA3

8) EAIA

FAE A 33 oA H3AQ AfAHE
A EA A& Student’s t-testell F3hed Az}
Hdom, p-valueZt A 0.05 #9kel A$-E F-2
g Aoz A3,

g 55

6 cm ME ujoFatel 1X10°
24X 7 HA 37 F
e i

=4

J ru

1. MPTPSt /Jifanis0l 28t SH-SYDY MELEZ

of s}

971&8 & $iksl= MPTP7F SH-SYSHY Al

- Zolx| - MM T

of wlAE BHE dohrr] she] vkt 5
MPTPZE 24A)17F 22]ted MTT assayi H]ﬁl—fﬂz
5 FA3% MPTP 5571 &
gEA oz fo3H (p0.06) A ZAE *‘*01 Kipats)
Aot 53] 25 mM o8] sl 41.9% ol

stel AZAEES B Fig. 14).
R 2 e B0 Feizg)
SH-SY5Y M ZA&EEol n|XE= ks dolR v}
7o B]—lﬁ_i xﬂ_.l__/\gz_o o zzqz;}oal;]. 300 ug/ml
77}2]-”— 07% o)A AEEL B oL} T oAy
FEAME A ZAEE] A3k (Fig. 1B).
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Fig. 1. MPTP and SSMT-treatment increases cytotoxicity
of SH-SY5Y cells in dose-dependent manner.

Cells were treated with various concentrations of
MPTP and SSMT for 24 hr. Cell viability was
measured by MTT assay. Results represented as
the mean (%)+S.D. of three independent expriments.
* p<0.05 by student’s t-test, compared to control
group.
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At MHEZMEZ SH-SYSY M=EFo| mZle 2o oyt /)

HEZAEE vA e MEGES £3E golry]
98] SH-SYSY Al Zel| whofdt s=o MM S
A7 AAYE 2 mM 52 MPTPE 24417+
Aeste] NEAYEES a—ﬂ 3.

MPTPel| oJal] 71.6% ol3t=2 ZrAE AR A EA
&) MiGHE FxE=E AA T Al 200
ug/mle] FEANME oF 928% 77
velliglont 300 pg/ml(86.4%) olAke] F=elA
= A ZAEE ] 2HAE ] 500 ug/mlc‘ﬂfﬂl‘* 60.7%
2 Yepgddh g B 479 HA 2702 )
s 150 pg/mls AEste] o] 3] Ags 73y
3t9dH(Fig. 2A).

=3 A w2 N EZAEE WIS golry)
%%H MPTPE 2417 3} 48A17Ee.2 o] 2]
AEAYEES BA8IAY 2 A3 Azt 9
*14 o2 A :uﬂ E&o] Fradte Hoz ey
MPTPH 2] & 24X17bell 64.8%, 48417l 39.9%2)
NEAZES Jeblo] &5 SH-SYSYA ZelA
MPTPAZ] ¥ 24A17+& A9 z71o2 Al
o] 9] AgS A &5t (Fig. 2B).
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Fig. 2. Action of different effects in accordance
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with concentration of SSMT in Human
neuroblastoma SH-SY5Y cells.

Low dose of SSMT protects MPTP-induced
cytotoxicity of SH-SYSY cells but not high-
concentration treatment. Cells were treated with
various concentrations of SSMT for 24 hr. Cell
viability was measured by MTT assay. Results
represented as the mean (%)+S.D. of three
independent expriments. * p<0.05 by student’s
t-test, compared to control group and # p<0.05
by student’s t-test, compared to MPTP-treated
group.

w

|\B&%0] MPTPOY| 25t MZ=7|off D|Rl= H&
el S fEshe ez g#sl MPTP
o5t NzF7| W3E Felstaa PIgAY S
o] &3te] A& Pty FACS BAHE Edt9 A
EF715 EAslge 2 A3 SH-SY5Y AlZelA
MPTPel &8 Gl arrest7} A== Aoz e}
wom, MiEme AAEE 23 Gl arrest7} o

-

2N ]:/].1/1-
& Zraske Aoz vepyio(Fig. 3).
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Fig. 3. SSMT protects MPTP-induced G1 arrest in
Human neuroblastoma SH-SY5Y cells.

Cells were treated with 2mM MPTP and 150 pg/ml
SSMT for 24 hr. Then, cells were stained with
PI staining solution and analyzed by flow cytometry.
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du b

doj o] &¥+= MPTPE
A E Y oxidative stressE FE8l= Aoz dEA
AUt oxidative stressell W3t AMEMLS] 3 &3}
= 344918}7] $13}e] hydrogen peroxide ¥ hydroxyl
radical A9S ZHZE3=d o] £5E DCF-DAS
S8l fdAst . FACS AwlE o83t £A 34
o I 23, MPTPell & 57H ROS7} /My
He AT o2 M 72.65%NAM 54.72%=2 FA3
KdEng PE °2 vepyteh(Fig. 4).

=3 Az ] = o2 ROS¢l superoxide anion
(02-)01] Eojxoz uhgslE DHEE o] 43ly
MPTP Azl /Méds AATAN AZ Y
superoxide anione ¥¥Fn| A o] L3l Fels}
Aok 2 A3, superoxide anione] MPTPE ]
gt Azl dAA3] 7k v, MEGES A
23 Agel Fadhe A22 Yebdoh(Fig. 5).

MPTPE W EZ=gote] 24-3te] g2l ROS
E AAsE Aoz A4 gtk ulehr B AT
+ MPTPE A 7% MamHs A
Z45olA | EZEe]ete] 2] WSt So
JC-15 o] 83} | EZ=e] o] HAs] W3}
CS ¥A o2 ZAsir. 1 A3, AMEms
oxe] =g w3l MPTPE Aedh
i Al Aoz EAH A (Fig. 6).
"H oxidative stress¥ calcium reservoir®
A2l Alx W 7199 v EZE 3 &
A (endoplasmic reticulum) 2H8 Z¢S WH&st
o} ol & E]ls7] $13te] Flu-3 AME ¢
=739}, sg

<2

o
-

oj&rﬁmlmﬂﬂ.&
> o 2 2
o = eS|
“Hq o o=

—ﬂr—h

lruzi

o o
= 2

intracellular free calcium"‘L
A% olgsel A5
U 47|32 BE 7;_‘1? HJ%"] 7kt ot b
& A E s A%

bt (Fig. 7).
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= Control MPTP 2 mM
T Wamer S Gaed | | T 1 Marsar % Gal | |
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Fig. 4. SSMT suppresses MPTP-induced reactive

oxygen species production in Human

neuroblastoma SH-SYBY cells.

Cells were treated with 2mM MPTP and 150 pg/ml
SSMT for 24hr. After harvesting, cells were stained
with DCF-DA staining solution for detection of
various hydroxyl radicals and hydrogen peroxide
and subjected on flow cytometric analysis to estimate
intracellular specific reactive oxygen species.

- -
S5MT + MPTP SSMT 150ug

Fig. 5. SSMT reduces production of superoxide
anion with MPTP treatment in Human
neuroblastoma SH-SY5Y cells.

Cells were treated with 2 mM MPTP and 150
ng/ml SSMT for 24 hr. Cells were stained with
DHE dye and estimated to the productive levels
of intracellular specific superoxide anion under
the fluorescence microscope.
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Fig. 6. SSMT reduces MPTP-induced mitochondrial

membrane potential shift (m®) in Human
neuroblastoma SH-SY5Y cells.

Cells were treated with 2 mM MPTP and 150
pg/ml SSMT for 24 hr. After harvesting. cells
were stained with JC-1 staining solution and
subjected on flow cytometric analysis to estimate
the mitochondrial membrane potential shift (m®).

Control MPTF 2 m

SEMT

Fig. 7

304

+ MPTP i SSMT 150 ug

. SSMT reduces release of intracellular calcium
with MPTP treatment in Human neuroblastoma
SH-SY5Y cells.

Cells were treated with 2 mM MPTP and 150 pg/ml
SSMT for 24 hr. Cells were stained with Flu-3
AM dye and analyzed to the productive levels
of intracellular free calcium under the fluorescence
microscope.
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BALZel] osl 217
Zo]Ew ATP

*57544 vﬂﬂ 7kt AJ a2l 2|3 MPTP
AFH7L Ahstel A oe TRY AAATE
Aol MPTP7} A7 A4 H-$0 &2 5, MPTPY
HEg FH2 o| A #8Adl AMPA(a-amino-
3-hydroxy-5-methyl-4-iso-xazolepropionic acid)
NMDA(N-methyl-D- aspartate) 444 59 &
He fEIR, o2 sle] AFAL W} 2
RS, sl FAJAAE (reactive oxygen species.
ROS)I 1@ Ash £4o] 1454 8 54 &
Azpe] 28e STl AETIAE Qo= A
o2 AT g,

M E 314} apotosis) = ‘;}*ﬂ AT A A A4
oL 7lge) st 24 AR ) 25
AgleAte] sl AZE =2 (programmed cell
death)& T3l A SR, FAH(necrosis) e HH&
S5 el AR 54 T A9 -
el o), o2 g METAL FaatA] o
A5 AglE o AMRIAS ol WA,
SRS ELIES PR EEE EE SRR
o H3)a Aol sk DY Az
2Ae) AAEe] AR geAD glew F3A7
A AZTANN MPTPO) 8 L5441}
g &) 328 Hez A7HT A

o) Aok o848 WAL REEsl )
of R3% AFEe] vk Ad Fesls Fepix

AAFEES AT AAAHEAMY B
Z &l gt 79 S22 striatal neuronell
oxidized low density lipoprotein(oxLDL)ell 2J&t

°]E u)

P & 97 - ZHE - YgE - NEX - 2ox - HMT

NE54E epicateching HEste] A &S B
A% A7k A

A oA T g A7) A3} iz 24
g Add EeEle 32 e 2de
s MPTPel 93 HEEAE 28Hoz oF
= B3ge Zo] RIHGIH. ofd & A7
A& o MPTPel -4'& H3EIs} RuEx o
stovt SEA A FE2 AEHT MEGE

o SR \PTP] S AEEAE T
Aolet Beale AgE Adelsich

2 AgoAE= MPTPE 5% <zt A7 =2A
37-.%“’1 SH-SY5Y xﬂ:.aToﬂH MERE FEE
g AE Begd 9 7AS FHs A e

_ELAQ

. olE F=37] & N- methyl 4-phenyl-1,2,3.6
-tetrahydropyridine( MPTP) & AH&-3l%iet. MPTP
7} SH-SYSY Nz A= BAL Faslr] ¢
3t & (05~25 mM)Z MPTPE SH-SYbHY
/‘ﬂi"ﬂ 24/‘]71} A sle] MTT WY o2 AZAE
&5 2ABIY. 2 A3 MPTPe o3 5= ¢
EFro7 FoiA MEAYEE] FhdE S
galg 4 9lslem, 53] 25 mMelAME 41.9% ©]
o] MEAEES BHh(Fig 1A). =8 MPTP
7b A2]¥ SH-SYSY M EFA MEwE 525
of o3 N B3 ads A 913t AMER
B 2HEGB0~500 pg/m)E A2 = A EA
E&& A A3, ME®E 200 ng/ml 1‘=C°1W
92.8% 7V NEAEES JeRlGleH, 23]
2] 300 ng/ml o] A8 FxelAE HEYEE] 3
2T & 5 S (Fig. 24). o] EHZE o] F
o] Ao ME 150 pg/ml F= MEGEHS 2=
g ATE APk

NEF71E Ax2] AEH £9o oM F28
st hdeloh AN EL £ES AFT weEt Alx
F71E AAAA 4 o FAA D27t B4
E}o] o]a}i Zﬂ-o].;(]ui Hoé}_:.‘.l /\}/\13}51_ Gl phase
| WA HoH(Gl arrest). ©]23 713 DNAY}
£4E9S o pbiel osl wiNEE MEFT]) AA

ol

Z
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At MZEZMEZS SH-SYSY M=EFo| mpzle 2o oyt

o} w]&3le o] AelS mortality phase 1(M1)e]
g 31, o] A7]9] MEE B7l9Ae HAE k&
3} Aeol] wix| Al "o, ot MEF7]9] WS
FHAsP) 99 g st st A3, MPTPel
&) M1 A1717F 70.59%2 714 SH-SYSY M =E
Fo] A Z2F717} MERE 28 6889%2 Ha
A2gE F9d 5 dsich(Fig. 3).

AR NEZES 3FHA 5 ooFst 24
APAZE(02-, H202, OH- )& AT o= AlE #}

A7b 23 = FARFAAE(GSH. SOD. catalase
el o3 zA=EL, T dofsl A6l 93
ko] A AZo] WHEG S oo A
2Fo] AE A 2e sG] AL o)
Ho] AF MEAPLE ololAAl H1, $ANES
A W3le) Nz £AS o7l FHeke] FAA A
FE& Azl dAAE A5t A4 2Hhipid
peroxidation) ®H-& FEdte] A EutS v}3)el=

) &

g, DNA &A% =38 o)A+ oxidative stress
gl st ool st MEGES RIS gl
3t7] 918 &AdAkAEe] kel hydrogen peroxide
2 hydroxyl radical Al¥S FHE3E=d o] LHE
DCF-DA ¥4%W& Es) MPTP ¥ /Méamis A2
of 9Jg SH-SY5Y A& #A3sich 2 A3}, /h
WHare Azgozs GAAALE v&o] MPTP
oM ZAE 72.65%ANM 542%=2 AR FAd
S Zd 4 Jddrh(Fig 4). =38 A E W) = g2
A% superoxide anion(0¥)el] Eeo]H o
HHs-3 = DHEE o] 43t St M= MPTPol <3l
%715l superoxide anion®] /ME#E A= s
A o ‘il‘iiﬂ} Fig. 5).

FHALZS FoFl w g2 oz uha
9] wiste} Zgpol J‘J_r"“’] olet. MPTPE n|EZ
zglolo] #H83le] thFe] FAYALTE YA c=

2t 9w stel] Eo]AQl JC-12 o] &3]
I W3E 24 2 A% A MERG z}ﬂ«
oA ta ZAEE FA™ 4 N (Fig. 6).

g A Z ) oxidative stress7} A b ”]EiEﬂ
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