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Danchunhwan Protects the Cytotoxicity of Beta-amyloid
in SH-SY5Y Neuroblastoma Cells

Bong Sun Yu', Jin Kyung Kim", Sang Kyu Nam, Channy Park’, Hong Seob So', Byung Soon Moon*

Department of internal Medicine School of Oriental Medicine, 1. Department of Microbiology School of Medicine, Wonkwang University

The water extract of Danchunhwan(DCH)} has been traditionally used for treatment of dementia damage in
oriental medicine. However, little is known about the mechanism by which the water extract of DCH rescues cells from
neurodegenerative disease such as Alzheimer's disease. This study was designed to investigate the protective
mechanisms of DCH on B-amyloid or H.QOz-induced cytotoxicity in SH-SY5Y neuronblastoma cells. B-amyloid and H20;
markedly decreased the viability of SH-SY5Y cells, which was characterized with apparent apoptotic features such as
membrane blebbing as well as fragmentation of genomic DNA and nuclei. However, the water extract of DCH
significantly reduced both B-amyloid or H:xOs-induced cell death and apoptotic characteristics through reduction of
intracellular peroxide generation. Also, the water extract of DCH prevented prevented the mitochondrial dysfunction
including the disruption of mitochondria membrane permeability transition (MPT) and the perturbation in Bcl-2 family
protein expressions in HxOx-treated SH-SY5Y cells.
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Table 1. Prescription of Danchunhwan

BEE X5 E£()
% Radix Salviae miltiorrhizae 10.00
s Rhizoma Cnidii 10.00
jiie 20.00

3) A9k & 7171
U&lo] Qg RPMI 1640, SHA, trypsin L LEfO} SA

(fetal bovine serum, FBS)2 GIBCO BRLANGrand Island, NY,
USA)ollA] T8I viekE7](24-well plate, 10cm dish)=
FalconA}{Becton Dickinson, San Jose, CA, USA)oilA] Fl51od
ARESIG ) Methylthizol-2-yl-2,5-diphenyl, tetrazolium bromide
(MTT), crystal violet2 SigmaAlSt. Louis, Missouri, USA)Z X
Bl Tislod ARESIiCE Bal-XL/S, ICAD/DFF45, HO-1 £9)
SAHES ZF Santa CruzAkSan Diego, CA, USA)OJA,
anti-rabbit IgG conjugated horse-radish peroxidase®} Enhanced
chemiluminescence kit(ELC kit)=
{Buckinghamshine, England)oilAl T8l AFZEI4TE

AmershamA}

Nl =149 i) 3? 1 *éi‘r/\ioﬂ
SAIRE 2Ol th& Hxi O IANFHIL 3200rpm S E 20274 24
22l & 5%7|(Rotary evaporator) 2 =&} £}2 -70 C(Deep
freezer)oll A 12413t 014} BZAI7) 1L Freeze DryerZ EZAAZE
Al RAE AIRE AFE3IAT) oln] B4 100 mg/mlY) =5
E DMSOo]| =0iA] dERH3I1L, Lol A}EA] RPMI1640 1Y

olA ke E35H}

Aol 3|45l AHEEI
2) SH-SY5Y A|ZF wjQ

Al A1HOKE MEZFO] SH-SY5YE CO, AlZujelr]olA] -
(37°C, 5% CO,) 10% o} &Ho] EEE RPMI 16400114 HHQF
SIFTY. 48417 F71E 0.05% Trypsin-EDTAS A}25H A)
HIFSIR S, BF 124171 &0l okE Aeldlo, A Z H23
AT Yaleks A8S St

222 AE wjoEH24-well plate)ol] A E(1x10°
cells/ml) Im® 2F3k0] 124]7F 0]4F CO, AZBHe] ool
XA QUEAIR) %, ARl 2R Aok REiT TIS, W A
E35]9] 1/10 MTT £ (5mg/ml in PBS)S H7}5l0] 4417} RIS
Sl YE MEZo 98 4% Hekd formazan2 10%
sodium-dodesyl sulfate(SDS)7} ZgHd 0.0IN HCl 89N 10044
[wellg Mzol Brislel 83K tlg 2ZLTAH(ELISA
reader, Molecular Devices Co., Sunnyvale, CA, USA)Z 0] &5}
of 570nm T}&ollA EBEE FEIACE
4) HO, B39 &8

HEIOIIZ0|= Soll 98t MZul &43} 440) MM E)
E 375k Hskd EF probe 2,7-dichlorofluorescein
diacetate(DCF-DA;  Sigma)E  0]251% HIZgZEd
DCF-DA= M 2] hydrogen peroxideQ} Heigl peroxides &1
Al E&O] DCFE HEE 0] =19 HZS Wkt SH-SY5Y Al
Zol ©HE 58 Al & AEZE £5l] Hol 5 uM
DCF-DAE Azlalkd 37°CollA] 302 siksIir). siekst Al 2=
PBS(pH 742 AE5HA 1% trypsin-EDTA 84S )5k Al
ZE SESIL Tl PBSE  AESZK] Flow cytometry
(FACSCalibur, BD Biosciences)Z &S ZA8LT CellQuest
software(Becton Dickinson)Z 0]838le] 8435191k
5) DAPI @348

TS XISt M EE 4% formaldehyde £ 1A A7)
Z PBSE A|ASLL, 10 uM DAPIE 1057} ¢85} & ©}A] PBS
2 A5l E&E1]E(Leica MPS60, Germany) 2 2 819] el
oh5 WHE BRI
6) MzZy & 23] 2y
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balanced salt solution(FHBSS, pH7.4)C & 23] MASIKICH &o]
D AEE ST 4ColA] 3087 WIS3IHC). MZ ol
2 WA 750xgoll A 1027 941 B2IFB) Uoix) FABE )
A8 4TollA] 3087 H_}%s}o# AES 280 18519

 IBAE T 10000 080 24 22lsisich ol
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AR HES Western blot analysis 81 S E5) Nrf29] wia
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A AMEe I8N (G0mM HEPES pH 74, 150mM NaCl, 1%
deoxy-cholate, 1mM EDTA, ImM PMSF, 1ug/mé aprotinin)z}
4CollA] 3027 BF2B1T) M E T H S 13,000rpmollA] 205
7F M 2 16}04 AEWE BCA U9 olE3l thde &
Zoldrt. 9 MEZuef (el ¢ 200ug)2 2x sample
buffers} gza,;a—}oq 100ColA] 587F 71ds So] 125%

SDS-PAGEZ  Algislgirt. ©rigdso] Bt gelo] whHZE
semi-dry %@EE A4 T HWAHEY 0.8mA [BIE 2417}
BolFEo]  nitrocellulose  membrane  Atol]l  O)EAIZICE

Nitrocellulose membrane blocking buffer(5% skim milk)@} A}
20lA4 117 kg8l HlEold gAZEEE olgsiirt. Bak,
Bax, Bcl-2, Bcl-XL/S, HO-1 & Nrf2o]l tigh &&= 0.01%(v/v)
9] Tween-200] EEFF 3% skim milk/TBSol 1:10002 % 3]415}
o A=A 370 HIEE & o]XFEA|(anti-rabbit 1gG
conjugated horse-radish peroxidase)®} 1A17F  BISBINACT
Nitrocellulose membraneS TBSZE 33] A|&A3F & ECL kitE A}
8slo] BCL BEol B
8 At A& 2y

FAE ZAake 33 olxo] SYEQ AFdoln UEE T
9] EAXENE student’s t-testol] £l A2I51% 2] p-valueZt
Z|thR] 0.05(p <0.05)0151R1 ALE FAT AOE FHIBIAUT

a4 %
1. WEk OFH Zo1= W H2020] 2J8F SH-SY5Y Al ZF0] MEES
wa
IE} O EOIE & HO0l 26t SH-SYSY {Eoks M23
Z259€ 57 3 clds 559 MEL ofHEOIESE HoO,
P 12217 Agt & AZAESO] HIE MIT o=
BEGET). MEY AESS 1.25 pM HIEL ol o= XE] 7ol
AE ETY 97%, 25 WM BTollAE 83%E T4asier, 5
M9 ETOlAIE 76%, 10 M9 sEolAE 63%9 AlE HES
S Holon 20 uMY EsLoliAle 49% nRke 2 AAGIRr(Fig.
14). T3t HiO:0] AZEHo] QoiA] AEFH2 200 uM HO:
Rl oAl IR TS] 51%, 400 M SLoAle 42% nRC R &
s PA5Id(Fig. 1B) WE} oflZol= H Hzozoﬂ S)l=);
SH-SY5YS] MEZZHE EFEX0E SXEE & 5 Urh

ﬁ

>
w

120

Viability (%)
*
*
Viability (%)

0 125 2.5 5 10 20
B-amyloid (uM)

0 25 50 100 200 400
H,0, (uM)

Fig. 1. Effects of B-amyloid and H:O: on viability of SH-SY5Y

cells. Cells were treated with various concentrations of B-amyloid for 12 hr (A), or

added with 200 uM H0» for 12 hr (B). Cell viability was measured by MIT assay.

Results were exprassed as mean +  SD. of quadruplicates. * p¢0.01, ™ p{0.001 D
student's t-test, compared with control group.

2 HO0f 98t SH-SY5Y AZA}

3 2 otE7] 5} %@%}~ D} Fot 308 A Aelel
% 20 pMQ) HIEJORIZ0|E &2 200 pM,] HO0E 12417 A
gl Al ZAESY] Hele MIT HE SFoI0H A2y
£82 HEMIEOE SHEMDAl tHETY 48%E HAU2LE
A8 AAD AR 50 pg/mlel sEkolis 73%, 100 n
g/mle) ETolAE 86%, I 200 ng/mle] SLAAE 91%
9 MzYEES HIATHFg. 24). TS 200 uM H0; T A2
Al HETY) 45%E B oL BHES AXele T2 50 u
g/ml9] EEoflAl= 58%, 100 ng/mi9] sEolA= 76%, 1]l
200 pg/mlol BT oA 83%2] MENESS Ho(Fig. 24), T
A sRYEHQ MEYESY] T7HE AT 5 AUTH
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Bromplid (0N - HOELM

F|g 2. Danchunhwan prevented the cytotoxicity by - amyloid or
H.O2 in SH-SY5Y cells in a dose-dependent manner. Cells were
pretreated with various conentrations of DCH for 30 min and followed by the addition
of 20 uM B-amyloid or 200 uM HO» for 12 hr. Cell viability was measured by MTT
ass(?y. fResultst were expressed as mean = SD. of quadruplicates. * p<0.05, ** p¢0.01 by
student’s t-test.
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Fig. 3. Reduction of intracellular peroxide by Danchunhwan in B8
-amyloid-treated SH-SY5Y cells. SH-SY5Y celis were treated with B-amyloid
for 6 hr in the absence or presence of Danchunhwan. Then, cells were incubated with
2, 7-dichiorofluorescin diacetate (DCF-DA, 50 mi) and fluorescence intensity of cells
was analyzed by flow cytometry. The assay was repealed three times independently. The
representative data are shown.

B-amyloid

Fig. 4. Pretreatment with Danchunhwan prevented the
morphological change by oxidative stress in SH-SY5Y cells. Celis
were treated with B-amyloid (20 uM) or HeQ0, (200 uM) for 12 hr. Then, cells stained
with DAP! and observed under fluorescent microscopy.
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Fig. 5. Danchunhwan increased the HO-1 expression in
H2Oz-treated SH-SYS5Y cells. Cells were treated with 200 uM H0z in the
absence and presence of 100 ng/ml or 200 ng/mt Danchunhwan for 6 hr. Cell lysates
were used to measure the HO-1 and B-actin expression by Western blot analysis with
anti-HO-1 and B-actin antibodies, respectively.

6. THHE H.000 9§ SH-8Y5Y AZEIA
translocationol] H|Xl& &k

QoA B Slol] 98 HO-19 wiel £715 slsigiorny,
HO-19] &S 2AF FARIXKR] Nrf2¢] &4 HaElE FAL
SISk, Nif2is MZZN AES W oSO Qs BARI
AZAO] B4 zr=r) SH-SY5Y MEo] 100 ng/ml, 200 u
g/mlo] THHSHS 308 MRS & 200 uM H:0.2 RE)61d A
A AEIY 2B FEIgl P AZRRFASE Nrf2
WOl WelE Western blot B Q2 FAIBICE. SH-SY5Y Al
ZoA] Nrf2= 200 pM HyO0E 4417 AP)A] B 73 1] Zsked
Holr BEE A PR T GRS AEjA] BEOEROE HE

A9l Nrf2 Tz o] eF2 ZEBIaL sl Nrf2 Thilde &7}
SIACH(Fig. 6).
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Fig. 6. Pretreatment with Danchunhwan induced the nuclear
translocation in H.O, treated SH-SYBY cells. Cells were treated with
H0; in the absence and presence of Danchunhwan. Cytosolic and nuclear extracts
from cells were seperated on 12% SDS-PAGE, and analyzed the Nrf-2 and B-actin
expression by Western blot with anti-Nrf2 and anti-B actin antibody, respectively.
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A ZollA] Hy0,9) AZ]+ pro-apoptotic Bak & Bax THHZIQ] vt
Ag A8 S7RIZ U TR e TRl 5l AT 5
OF 7438193 thFig. 7). ¥MH anti-apoptotic Bel-2 B Bel-XL &t
WA w2 200 uM HO,8 6417 ABJA] e E 7ol H]ak
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s
i R
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pro-apoptotic

anti-apoptotic

Fig. 7. Danchunhwan induced the increase of Bcl-2 and Bel-XL
expressions, whereas the decrease of Bak and Bax expressions
in HoOz-treated SH-SYSY cells. Celis were treated with 200 uM H:0z in the

absence or presence of DCH for 6 hr. Cell lysates were used to measure their expression
patterns by Western biotting with anti-Bak, Bax, Bcl-2, BalXL and B-actin antibodies.
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HElOIYZo|E FLd SHSYSY MZ=HolA MRS E5Ex
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