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Protective Effect of Hwansodan in Serum and Glucose Deprivation
Induced-apoptotic Death of PC12 Cells Via HO-1 Expression

Jae Eun Jung®, Jin Kyung Kim", Baek Gyu Kang, Channy Park’, Raekil Park', Byung Soon Moon*

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

The water extract of Hwansodan has been traditionally used for treatment of ischemic brain damage in oriental
medicine. However, littie is known about the mechanism by which the water extract of Hwansodan rescues cells from
neurodegenerative disease. PC12 pheochromocytoma cells have been used extensively as a model for studying the
cellular and molecular mechanisms of neuronal cell damages. Under deprivation of growth factor and ischemic injury,
PC12 cells spontaneously undergoes apoptotic cell death. Serum and glucose deprivation markedly decreased the
viability of PC12 cells, which was characterized with apparent apoptotic features such as membrane blebbing as well
as fragmentation of genomic DNA and nuclei. However, the aqueous extract of Hwansodan significantly reduced serum
and glucose deprivation-induced cell death and apoptotic characteristics through reduction of intracellular peroxide
generation. Pretreatment of Hwansodan also inhibited the activation of caspase-3, in turn, degradation of ICAD/DFF45
was completely abolished in serum and glucose deprivated cells. Furthermore, pretreatment of Hwansodan obviously
increased heme oxygenase 1 (HO-1) expression in PC12 cells. Taken together, the data suggest that the protective
effects of Hwansodan against serum and glucose deprivation induced oxidative injuries may be achieved through the
scavenging of reactive oxygene species accompanying with HO-1 induction.
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Table 1. Prescription of Hansodan

ooty Aoty S
=X Rhizoma Rehmanniae 3750
Aok Rhizoma Dioscoreae 1875

s Radix Achyranthis 1.875

A Fructus Lycli 1875
Mg Fructus Corni 1875
23 Poria 1875

55 Cortex Eucommiae 1875

FaN Radix Polygalae 1875

<0iXt Fructus Schizandrae 1875
el Fructus Broussonetiae 1875

230 E Fructus Foeniculi 1875
=5 Radix Morindas 1875
58 Caulis Cistanchis 1875
MAE Rhizoma Acori Gramine! 1875
o= Fructus Zizyphi jujubae 1875

Total amount 29063

Aglo] ¥Qst - Dublecco’s  modified
medium(DMEM), 8H8A, trypsin W 2Ejo} EF(fetal bovine
serum, FBS)2 GIBCO BRLAKGrand Island, NY, USA)ofA]
Qa9 oM ke 7] (24-well plate, 10 cm dish)= FalconA}
(Becton Dickinson, San Jose, CA, USA)olA4] Flalo] AMESIR
t}. methylthizol-2-yl-2,5-diphenyl, tetrazolium bromide(MTT),
DAPI, DCF-DA: SigmaAKSt. Louis, Missouri, USA) Z2EE
Ql5lod AR89 ICAD/DFF45, HO-1, B-actin 5ol tigh &
AELS EE Santa CruzAlSan Diego, CA, USA)O|A],
anti-rabbit IgG conjugated horse-radish peroxidase®} Enhanced
chemiluminescence kit(ELC kit)= AmershamA}

(Buckinghamshine, England)ollA] +igkd AME3IRICE

Eagle’s

Aglo] A1BE e ES 8E REGIICE & FEE2
g 2ast 8 vk
A 3A17F 201 TS ARE WS 3200rpm O E 2082 A E
Z] & BZ&7|(Rotary evaporator)E ZHSF TIg 70T (Deep
freezer)ol A1 12417} 0]4) BZA}F| I Freeze DryerZ S4UX
A7l RAE AIRE AFRSIHCE olull S4THe 100 mg/ml9] S%
Z DMSOd] =014 dEE a8, Ago] AHZAl DMEM diA|
of] 8l4gled AMEBIR
2) PC12 A|ZF it
PCI2 Al ZE CO, AlZHRY o)A (37°C, 5% CO2) 10% PEY
o &go] ZgkEl DMEMolA uiIsIRiTt. 48417 F7]1 = 0.05%
Trypsine-EDTAZ Algslo] Alt) migslion, 5 12417 &
o SNE AEIBK, AlZ Had duE g5k dilg +3

cells/m)Z 1 mi¥ B3l 124]7F 0]4} COp A ZEr]RE7] 9ol
4

A oF &, Ago] QB AIGE A2 U, s HERT]
9] 1/10 MIT £%(5 mg/ml in PBS)S H7I5l 4417} 8HE3}

At WE MEo) Qb dE4¥ HERE formazans  10%
sodium-dodesyl sulfate(SDS)7} Z&E 0.0IN HCl £ 100 18
/wellg AZol] FHrisle] 8alAlYl thg 2ZETA(ELISA
reader, Molecular Devices Co., Sunnyvale, CA, USA)E 0| &35}
o 570 nm THEollA] EBLE SE5IACE

4) MEF7] B4 (Flow cytometry)

AEF7)ol vlRles GEE YotHr] #Idl  propidium
iodide(P)Z DNAE gt Sof Flow cytometry(FACSCalibur,
BD Biosciences)E 0]126l0] &9 M7IE SFFFLE M=ol
BESOITE ES ATisle] 48 A7F ol ZHEGH PBSE F ¥
AASIGTE MRS M E(1x 1092 DNAE Pl 89(0.1% Triton
X-100, 20 pg/ml PL 200 ug/ml RNase)& 600 s= 205 lasyals
%rt. Flow cytometryd sub-GO/GIoE ojfl HHE
CellQuest software(Becton Dickinson)E 0|83k AHEIALE
A5

5) DAPI Q344
BApe A8 A EE 4% formaldehyde SHoll THAI

= PBSE MAFM1, 10 tM DAPIE 1087} €48t & tiA] PBS
Z ARk BB A (Leica MPS60, Germany) Q.8 S19] Sel
ShE Mg HEBINCE

6) HO, 4ol 54

A
S
Attt Soll Q5 Mz 43} 40 BEHSE 55}
71 L5l @F  probe 2,7-dichlorofluorescein diacetate
(DCE-DA; Sigma)E 0] &313irt HIEBETQ! DCF-DAE A2
W hydrogen peroxide®} ZHAE! peroxides A A] HHE] DCF
F HgEo] H9] HEg Wk}, PC12 Mo ghart S A
28t & MZE 5=8517] "ol 5 uM DCE-DAZ Hzlskd 37C
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FLEF Y PC12 AZAAIA HO-19) dd &712 &8 g4 HE a3

ol 4] 302 HRQIBIITE MLk Ml EE PBS(pH 7.4)8 AH sk
1% trypsin-EDTA 2N E XElslel MEZE 485)1, tIA] PBS
Z MASK] Flow cytometry(FACSCalibur, BD Biosciences)&
H&ZES ZH3k1L CellQuest software(Becton Dickinson)& o}&
sho] 244519
7) Western blot analysis

Mzs gad 88 Nl & ZF6I, XZH2 Hank's
balanced salt solution(HBSS, pH74)2.2 23] MAJI¥CE Lol
2 Az 389450 mM HEPES pH 74, 150 mM NaCl, 1%
deoxy-cholate, 1 mM EDTA, 1 mM PMSF, 1 g/ aprotinin)i}
4°CollA 3087t BIE3lGnt. A2 k2 13,000 rpmolA] 20
B3 A4 Bk, 4542 BCA Y& 0|85k thildg
FE oiltt SEY AMZakH (A : 200 pg)2 2xsample
buffer®} EE510] 100TCollA] 52 7188t Fof| 125% SDS-PAGE
& AlF5IEEE A71d80] St geld] THZAE semi-dry @
0F A20H W WY 08mA M K7 HolFo]
nitrocellulose  membranedlo]l  0]=ZA]ZiCt.  Nitrocellulose
membrane blocking buffer(5% skim milk)Q} 204 1417}
0ssle HISolA ollgkeldtt.  Bel-XL/S,
ICAD/DFF45 & HO-10] tigh SAlE 0.01%(v/v)S) Tween-20
o] E8FE 3% skim milk/TBSo) 1:10002 7 418k Ab=2oiA]
3AI17} B+E & O] A}SHA] (anti-rabbit IgG conjugated horse-radish

gAdse

peroxidase)2} 1A]7F HFSBIFCE. Nitrocellulose membrane

TBSE 3 A& & ECL kitg AFE3}0] ECL ZE0] §lak519irt.
8) T Bloted e

AN S0l BAGI] s QsE A Z(3x10%cells/ml)= B4

o S& A2l & A2 Hank’s balanced salt solution(HBSS,

pH74)C 2 28] A&t HO-100 thidt = 0.01%(v/v)<Q)

Tween-200] ZgHE TBSO] 1:10002.F 3141510 2+2ol|A] 3417}

213 3 OJXIEHA (anti-rabbit IgG conjugated TRITC)2} 1417} B}

SI¥TE O & TBSE 3 MASLL 10 pMQ] DAPI 81} 41

P EES 8 &, TA] PBSE AlIA3IY dd3Em A

(Leica MPS60, Germany)2 2 &SI
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Fig. 1. Effects of serum and glucose deprivation on viability of
PC12 cells. Celis were cultured .with serum and glucose free DMEM media for
indicate periods. Cell viabilty was measured by MTT assay. Resulis were expressed as
mean + SD. of quadruplicates. *p<0.01, *p¢0.001 by student's ttest, compared with
control group.
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Fig. 2. Hwansodan prevented the cytotoxicity by serum and
glucose deprivation in PC12 cells in a dose-dependent manner.
Cells were treated with various conentrations of Hwansodan and followed by the
addition of serum and glucose free media. Cell viability was measured by MTT assay.
Results were expressed as mean * SD. of quadiuplicates. * p¢001, *p<0001 by
student’s t-test.
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Fig. 3. Treatment of PC12 cells with Hwansodan prevented the
apoptosis by serum and glucose deprivation. Cells were treated with
various concenfrations of Hwansodan and followed by the addition of serum and
glucose free media. Cell cycle analysis was performed by flow cytomelry after staining
with propidium iodiee (P1).
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Fig. 4. Pretreatment of PC12 cells with Hwansodan prevented
the morphological change by serum and glucose deprivation. Cels
were treated with various conentrations of Hwansodan and followed by the addition of
serum and glucose free media, Then, cells were stained with DAPI and observed under
fluorescent microscopy.
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Fig. 5. Hwansodan inhibited the degradation ICAD/DFF45 in
serum and glucose deprivated PC12 cells. Cells were culiured in the
absence or presence of Hwansodan for 24 hr. Cell lysates were used to measure the
expression pattem of ICAD/DFF45 by Western blotting with anti-ICAD/DFF45 (A) and B
-actin (B) antibodies.
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Fig. 6. Effect of Hwansodan on the production of ‘Hz0z in serum
and glucose deprivated PC12 cells. Cels were cultured in the absence or
presence of Hwansodan for 12 hr. Then, cells were incubated with the dye 2,
7-dichlorofiuorescin diacetate (5 uM) and the fluorescence intensity of more than 10,000
oells was analyzed using a flow cytomeltry.
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9l ¥ g ZARIATE PCI12 Mol 100 pg/ml & 200 pg/mle)
gish & €3 SF3AA7F AR wAE 20417
BSOS FHE] HSP0, HSP60 & HSP32/HO-19]
Z 93 Western blot 2HHOZ X AIBIQICE HSPIO)
HSP60 whizEle e Wbyl gigiout HO-188 Z ¢Edd
HSPR2E B3 ¥ 2832 4EA A EI71E BRou g
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Fig. 7. Hwansodan induced the expression of HO-1 in serum and
glucose deprivated PC12 cells. Cells were cultured in the absence or
presence of Hwansodan for 24 hr. Cell lysates were used to measure the expression of
their patterns by Western blotting with ant-HSP90 (A), anti-HSPE0, anti-HO-1 and 8
-actin (B) antibodies.
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Fig. 8. Localization of HO-1 in Hwansodan-treated PC12 cells.
Cells were cultured in the absence or presence of Hwansodan. After reaction with DAP|
and anti-HO-1 antiboby, cells were visualized under fluorescent microscope.
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AU AD 1170 STHY) (BLEERT) Dol A2 2
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Zo] WEEEIEH7Y BHOF ARSI Eatiol thEt
AT AP HEZRY AafeElzol o6 ABEE KR

Aglakgo] ghato] kg AWAThs EALE s18lem, ¢
3

2 caspase 3-like protease®] 4 & AF|BHL apoptosisE A
8ol HABHEE BBk BB

2 ATl AISE AU (EHEM Y AAZINC
ol T SO E} ARl TR 5
K310l ABHATH. Sapiol ABHE Boklel oRlsEel
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glucose, maninotriose, vitamin A 5& &FoCt1 A L
m SEE get & U =] ol gk B iiv} Uet 4okl
gREo] e MBS Batasin 1,00, steroid saponin®]
diocino] ©h3EHFo]i, ZIE} saponin tanin, polyphenoli}
allantonin y-amino butyric acidE 2&SF amino acid, B@RE
arabinose, rhamnose, 1 2]o] chelidonic acid, sitosterolES -7
ot SIEET WA thal &80 HauEoiqlrt. 240l &
&lxlo] Y= HES ecdysone, bidentatosidell, chikusetsusaponin
V' methyl ester, achyranthoside C, achyranthoside D,
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acid, gallic acid, vitamine A B9] zlgh20] ¢edd Ut EES
pachymano] FHEOF SMFEl] JICH 5] &2 Kol o5t
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of JTHaL oh
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anethole, estragole, anisaldehyde, (+)-fenchone, limonene &0] &
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rubiadin-1-methyl ether, 24-ethylcholestrol S0} )&} QUTh
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essential oilo}] SHo] YO FAHEBL B-asarone O|T} TR
o] ZgE MBS D-Fructose, D-glucose, sucrose, SHTIE, 4t
grigol] 90% olde AX T
2 dFolAE ¥ 6184 ¥ AFNE) AYH 1A
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