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apoptosis induced by withdrawal of neurotrophic support.

effects of neuronal cells. The viability of cells was measured by MTT assay. We used DNA fragmentation and caspase 3-like
protease activation assay.

deprivation-induced apoptotic death, Hwansodan(Huanshao-dan) also prevents DNA fragmentation and caspase 3-like
protease activation, representing typical neuronal apoptotic phenomena in PC12 pheochromocytoma cells and induces
tyrosine phosphorylation of proteins around 44 kDa, which was identified as ERK1 with electrophoretic gel mobility shift by
Western blot. In addition, MAPK kinase(MEK) inhibitor PD98059 and Ras inactivator, a-hydroxyfarnesylphosphonic acid
attenuated the neuroprotective effects of Hwansodan(Huanshao-dan) in serum-deprived PC12 cells.

Hwansodan(Huanshao-dan) in serum-deprived PC12 cells. Taken together, we suggest the possibility that
Hwansodan(Huanshao-dan) might provide a neurotrophic-like activity in PC12 cells. {J Korean Oriental Med
2000;21(4):64-72)
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Protective Effects of Hwansodan(Huanshao-dan) Water Extract in Serum
Deprivation-induced Apoptosis of PC12 Cells

Jun-Sik Lim", Myung-Sunny Kim?®, Hong-Seob So”, Jienny Lee'?, Sang-Hyuk Han",
Yun Heo", Rae-Kil Park'®, Byung-Soon Moon"

Professional Graduate School of Oriental Medicing” and Department of Microbiology School of Medicing?, Wonkwang University

Objectives : This study was designed to investigate the neuroprotective effect of Hwansodan(Huanshao-dan) on the

Methods : PC12 pheochromocytoma cells have been used extensively as a model for studying the cellular and molecular

Results : The water extract of Hwansodan(Huanshao-dan) significantly showed protective effects on seram and glucose

Conclusions : These results indicate that Ras/MEK/ERK signaling pathway plays a key role in neuroprotective effects of
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HREN A (B - )M TNEZE
''''' BREAE HIRHEEE IKEKE BITR We
ZEN (M - RIS A IERREZE ERZAT
K 2 gt S #Eme] Reole Eelztan dHsin
Ao (T - FUIRE N = “NIRE SEBiF K
MiBEEELE" o] 2F 3ted Ho] WA Agk Fof Hioll <t
of J&gE7H S g gt

¥ o] 3lef djste] BB to]7}t BolA
B RMARES B BEE SEETES ob)sto
I AR ANt T 4Ban gom, A
FolFelM e Ho] vwty &3 HAAFA X &
AR Qg Heol 71AA MY Wol Z4F AAAD
=49 2 F Hel HPA Wtz st 23t
£ ALz QyEtz gl

3 HANAA E] £44L ot =4t SFEH O E
o o& wriEe R4 ARALA $H2 F
of A& Aol 7heaiAl7] AlAstd e, ol 8 &
=X (excitotoxicity)e] 2taL ¥k ZRE =49 7)Mo
RE O|LFEE FF ZE AT ol T2
T g o, Atafelz)e) gk s &
T #odte AR Hautrgel glow, Add e
o] & 7]A o]9]ol] o} E EA] A(apoptosis)7} A7 Al
ko] NG AT} F# o] lohs FAE]
e I= R

FOM W dFEE BV HEAY dak
7ol 93 AgP=e wz32) o] Aaiatgo B
235 AR Bag o, @ ftol
AL o}XEA A WA= FE] hE AT
obz] kA Kakdrh.
oje] Ate HYA HA% & U= BY
FHol WM X o] ofZEAI2O] nA|= Golr
| fgtd AAAE BEHE AYe PCI2A 2
JETFE ADT FElA AR AEE, YA
$%3} A2, DNA ladderd A}, caspases] cysteine
protease &4 &=, mitogen activated protein kinase
MAPK)®] SAE 5& #2199 v} 493 23
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1. M=

DAEF

PC1I2H £= F ¢ FAl4=a <bA| E(rat adrenal
pheochromocytoma cell) 24 3+ A EFL3) o) A
FY3ke] CO2 N EWMS7|(37C, 5% CO2)NA 10%
fetal bovine serum(FBS)7} % 3+d dulbecco s mod-
ified eagle’ s medium(DMEM) Hf %l © 2 v ok&} i th.

2) oA

Aol A FFE A (BEHER) ) <
Astaon, ke YARTw eIt 2atet
oA Fgg T F st A, 159
87 B2 Table 13} 2t}

3) A% 2 7171

DMEM, glucose-free DMEM, FBS, 34 2
trypsin 5-2] A Eujj o] a3 482 GIBCO BRL
Co.(Grand Island, NY, US.A)E25¥E FYsgon,
A Eul &F-&-71(24 well plate?} 10 em dish)E Falcon
(Becton Dickinson, San Jose, CA, US.A)ol A &}
of AEIAATH AE W WY B 0§
slide chamber= Nunc Co.(Germany) 258 3¢}
A} 8 8t 9 T} . Methylthizol-2-y1-2, 5-diphenyl,
tetrazolium bromide(MTT), Hoechst 33258, BCA,
sodium dodesyl sulfate(SDS), DMSO+ Sigma(St.
Louis, Missouri, US.A)EXE 738l 1 PD98059,
AMC-DEVD &< Calbiochem Co.(San Diego, CA,
US.A)ZHE 729lstdch

H
. =
DAY 24 L PCI2A| 2] Hj ok

BT A BHE 3,000 ml 34 Zekadd] FH
1,500 mi9} 37 ¥-& o, 12087 71t o
< q4AA 2 A7g F 5,000 pme . 30
A E2]sta rotary vacuum evaporatorol] o]
3t 3 2AAZRI 2 $As Az AR

ol ML oo Ay
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2 zA)8t) o9, eppendorf tubedl] 100 ug/mi-&
dimethyl sulfoxide (DMSO)E. xoja Y3 H At
A AgAlol= DMEMo| 3 A 8] A Al &35t
PCI2H 2 9] wj k& COz Al Euj%71(37T, 5% CO2)
oA 10% FBS7} £3-¢ DMEM v ok © 2 vl ¢k3}
qith of 48417 F7]2 DMEM ¥l & A3l
F1 log phaseoll & M Xl BAF-E A2l¥
Agg AlgElth

)HE BEE S3

PCI2M £ & A Z vl &8 7] (24well plate)o]
10%FBS/DMEM ©. & 1 x10/ml2] AEE 24X 7t &
ot HRAA FAA F Ao AlA¥ DMEMS
2 A st A A A Fejol A ED
e AT o8 Zzte) Azkael Hep AL A
Z&(viability) & FHslch A HEE2 MTT
assay'@9} crystal violet G498 o]&31th <A
A T HFAL BE WFd S AAR F 500 g
/ml2] MTTLH& o] 3A|17F Z9t 37C 5% CO2 A
EHH‘WMW joFsla] Aokl Al Edl o8 34
= R B249) formazang 2913+ & DMSO
gl =Zaoll o}, ELISA reader(Molecular Devices
Co., Sunnyvale, CA, U.S.A)E 540 mme] 37J&}ol| A
FHET 2350 AReArh A pe FTL W
of thz:Zol vl M WE-L(%)2 FERALIch

3) Caspase?%] cysteine protease 4 & 37

PCI2A|EE 4CoAX 154 E< lysis buffer (1%
TritonX-100, 0.32M sucrose, SmM ethylene diamine
tetraacetic acid(EDTA), 1mM phenylmethylsulfonyl

4

\:IO
78S 5%

(o]

fluoride(PMSF), 1 ug/ml aprotinin, 1 pg/ml leupeptin,
2mM dithiothreitol(DTT), 10mM Tris-HCI, pH 8.0)j]
A L33l m 14,000 pmo 2 158 =9k YA R A
At YA R g & A& A=A bicinchoninic
acid €90 3027F vhgA)A A& FFE(0D0)E
o]-g3ta] A ettt T AA B A2 caspase
assay buffer(100mM hepes, 10% sucrose, 0.1% chaps,
ImM PMSF, 1 ug/ml aprotinin, 1 ug/ml leupeptin,
2mM DTT, pH 7.5)¢ll &A=} HFEAE 712 50u
M AMC-DEVD (7-amino-4-coumarin-asparatic acid-
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glutamic acid-valine-asparatic acid: AMC-DEVD)}
37°ColA 3083 WAL
Devices Co., Sunnyvale, CA, US.A)Z =333t}
ol o] BH4& excitation wavelength(380nm) 2} emis-
sion wavelength(460nm)& A}-8-3}5 t}

4)DNA 3% 9 A719F

DNA BEAHAS dolH 7] 935l genomic DNA
Wizard genomic DNA purification kit(Promega
Co., Medison, U.S.A)E o] &3l Z&3HTE WA
g/0to] Ae]® PCI12A| X9 nuclear lysis bufferE
A7tete] NEE st RNaseE 37ColM 5&
ﬂa]‘c‘ﬂ-@] RNAZS 21]7_] 3k ‘o‘ t;}uﬂ;d xlx—l_Q. g].Z_ELoH
o2 lAdg A3 isopropanol FH 2] 3hed
SZ% DNAZ 70% o gr-go) A3 F 2gidzr]
2 7Azs9ch o714 TE ¢3-8A(10mM Tris-HCl,
pH 8.0, 1mM EDTA, pH 8.0)S- 7}5}o] DNA pellet-S-
£-3]3 & 260nme} 280nm<] spectrophotometer
(Beckman Co., Du-7 Model, Palo Alto, CA, U.S.A.)3}

AM FF5F &3 38te] DNAE 4 F31th DNAS
ugS 1.8 % agarose geloll A 71 E(50 voltage, 2 A
7H& AA1g &, ethidium bromide 2 g4 dle] 2}
A% ofold] DNA 272 Brelarh

5) Western blotting

Wikl PCI2A ol B FHS T AIRPES A
2] T AEE x5k 2712 Hank s balanced salt
solution(HBSS) & 23] A|¥ &ttt AL A E= 74
£-9f (50 mM HEPES pH 7.4, 150 mM NaCl, 1%
deoxycholate, 1 mM EDTA, 1 mM PMSF, 1 ug/ml
aprotinjn 2 mM Na3VOs, 100 #M phenylarsine oxide)
o2 45 folr L3l YA E FRAl 2
v} 9] sample buffer(5SmM EDTA, 4% SDS, 20%
glycerol, 200mM Tris, pH 6.8, 0.06% bromophenol
blue)$} 4] 100C)A 387 #< £ 10% SDS-
PAGE(polyacrylamide gel electrophoresis)& A3} i)
th A7|dEo] Byt gelo] T AL nitrocellulose
membrane ©. 2 4, 30 VoA 16417+ E<t transferd)
% blocking buffer(5% skim milk)Z AF-2oj) A 1417t
F¢ WAt QlAbstero] 24 (phosphotyrosine)e]

% fluorometer(Molecular
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th & 34 (Santa Cruz Co., San Diego, CA, US.A)E
tris-buffered saline(TBS)<)| 1:1,0002. 2 3] A gl
nitrocellulose membrane®} /F-2-oll A 2A17F WA %]
t} o] 2x}8HA)Ql anti-mouse IgG conjugated horse-radish
peroxydase(TBS 2 1:1,0002.2 3], Amersham Co.,
Buckinghamshine, England) 9} 42014 1417} F<k 1t
-2-A]9)31 enhanced chemiluminescence kit(Amersham,
England)& A18-3lo] HEo| wEA|AH d& T 22
membrane2 0.1 M glycine(pH 2.5) §- 0.2 ]| 2] &}
gAREE S AAT F
regulated kinase(ERK1/2)e| 3} A2 ¥
7R o2 B =E3AIZTH

6) ZA Az

FAE Zabe 33] ol SHAQ 434l
o, o] £9] ¥ F(Mean)?} EFHAKS.D)E &3t
UEM) 32 student s t-testZ 7173 sF3i o

THA] extracellular signal
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Table 1. Prescription of Hwansodan(HSD)

WL o & &
LSt Rhizoma Rehmanniae 3.750
1 % Rhizoma Dioscoreae 1.875
£ fE Radix Achyranthis 1.875
Ko F Fructus Lycii 1.875
IES Fructus Corni 1.875
1% Poria 1.875
# Cortex Eucommiae 1.875
EOE Radix Polygalae 1.875
BT Fructus Schizandrae 1.875
o OH Fructus Broussonetiae 1.875
NEE Fructus Foeniculi 1.875
[T Radix Morindae 1.875
A OE Caulis Cistanchis 1.875
FE Rhizoma Acori Graminei 0.938
K H Fructus Zizyphi jujubae 1.875
Total amount 29.063

AEES FFBIAT WA PCIZAIEE 2447 T
BN B %E:I/\ (glucose)¢t o] EoYA

ATE AHekn 2042 B o)
A AT AZES 21%2 ko), A

< FEHE A XY HEGE FRYEFHO
2 2718t} 100 we/mid) e A 22} Ao
TS 95%2] WEES UYehATh(Table 2).

2) QLT FE AL PCI2A X9 AL &
e v e &

o] Zdojd WA 2 PCI2AES wj%E 2%
MEe] Haxdo] oA ol XEA|A EAto] YE}
& #ld 4= 9ll=t genomic DNAE #a] 3}

2A9< 739 nucleosome Z7]2] 200
base pair2 222 DNA ladderg ##d 4 3i9le
U, B E Al v EHEAANAZ gt 7
oA Ko]& genomic DNAS] ¥4 &}o] i &
Az d zlelgle AHE BT
© 2 DNA 23840 ZhA 5 A thFig. 1).
3) Caspase 3-like protease 24 3}of] w|X)&= <J 3k
FEAOFrol AEuAITA FR3A Edte
caspase 3-like protease9] &/ ste}t AA7}F gleA] o
& 387 Y8t PCI2H2E 253271 AA
9 kAol BAFF 20, 50, 100 wg/mi 2 20 A17F )
Zo)| caspase 3-like protease®] &4 Walaty & zA
AT PCI2A E e 37 257328 ATl 1
ZAF) 12A13F o] Fof] @A B FFoll o] 27 H
=4 20417t ©]F o)) caspase 3-like protease®] %

agarose gelo]|

F5elEd

Table 2. The Neuroprotective Effects of Hwansodan on the
Cell Death by Serum/Glucose Deprivation

Serum/Glucose HSD(zg/ml) Viability(%)
+ 0 100 £2
- 0 32.1+4
- 20 75 £2%
- 50 85 x£2%
100 95 4+2.5**

Cells (3 X 10° cells/well) were washed with serum-free DMEM, treated
without serum or with 20, 50, 100 #g/ml Hwansodan (HSD) for 20 hr. The
viability of cells was measured by MTT assay. Results were represented as
means (%) %S. D. of three different experiments. * P<0.01, ** P<0.05,
compared to only serum-deprived group.
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v FgET %krl 2002 27k ouk, B
2 AdAeE 1 FHES SHE FaAAT
(Table 3).

2. USEE Kcts PC12MZS] At of| o)A
1) Ras A g Aol ¢ PCI2AZ A&&] 7|
2 AAA o B stE A E
AP B 4E8-S 7hEstast AlE A7

= MAPKEY] EAZ s & Az st
o PPYAAet 2532 A7 €8 PCIAE

Fig. 1. Dose-dependent neuroprotective effects of Hwan-
sodan on the cell death by serum deprivation.
PC12 cells were incubated with serum-free DMEM in the

absence or presence of Hwansodan (50, 100, 200 ug/ml) for 24
hr. Genomic DNA was separated on 1.5% agarose gels. DNA
was stained with ethidium bromide and visualized under U.V.
light.

100 we/ml =) EOF Al 30% Ho] AaiAE
Foldto] A|lEe] AEES MTT Wl ojste] &z
3t 23}, RasE A&} 3l= e-hydroxyfarnesylphos-
phonic acid (HFPA)9] X0 ulel 5= & og

F 2519 TH (Table 4). 2 pM = T A] A2 o] A&
&L B DE AP A 9% M 57%= 7+
A=At e, AsA g «lsﬁfﬂb 9

At FFIs AAN AL AT G 3
sk

2) MAPK kinase(MEK) Aal o] 8 PCI2A T
Bz WA G

599 Pl sl MEKE E44 02 Ad)e
£ oz da7 PDO8059SE A A @A 10M 5=
AeN) 3% FEOR AT EES B2
o, A3 20 M 5= A2 A 65%FF2 A FE A
£8S F2AAY Z A puo Egon

Table 3. Hwansodan Reduced the Enzymatic Activation of
Caspase 3-like Protease by Serum/Glucose
Deprivation in PC12 Cells

.

Caspase 3-like

Serum/Glucose HSD(ug/ml) Activity
(arbitrary unit)
+ 0 1402
- 0 20+0.8
- 20 12409 *
- 50 6+0.9 **
- 100 5+0.89 **

Cells (3 X 10° cells/well) were washed with serum-free DMEM, treated
with/without serum or with various concentrations of Hwansodan as
indicated. After treatment for 20 hr, whole lysates were used to measure the
activity of caspase 3-like protease by using fluorogenic peptide DEVD-
AMC (50 #M). Results were represented as means £S. D. (%) of three
different experiments. *, P<0.01; **, P<0.03.

Table 4. Farnesyl Transferase Inhibitor Attenuated the Neuroprotection of Hwansodan

Serum/Glucose HSD(ug/ml) HFPA Viability(%)
+ 0 0 10043
- 0 0 3945
- 100 0 992
- 100 1 65%3*
- 100 2 S57T£5**
- 0 2 39+%5

10% FBS or pretreated with 1, 2 M a-hydroxyfarnesylphosphonic acid (HFPA) for 30 min before addition of Hwansodan (100 #g/ml). After 20 hr, the viability
of cells was measured by MTT assay. Results were represented as means (%) £ S. D. of three different experiments. * P<0.01; ** P<0.05, compared to group

which treated 100 pg/ml of Hwansodan.
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Table 5. MEK inhibitor, PD98059, Attenuated the Neuroprotection of Hwansodan

Serum/Glucose HSD(ug/ml) PD9805%(:M) Viability(%)
+ 0 0 1003
- 0 0 3945
- 100 0 99+6
- 100 10 734£3%
- 100 20 6545 **
- 0 20 40+5

Cells (3 X 10° cells/well) were washed with serum-free DMEM, refreshed DMEM without 10% FBS or pretreated with PD98059 (10, 20 #M) for 30 min
before addition of Hwansodan (100 pg/ml). The viability of cells was measured by MTT assay after 20 hr. *, P<0.01; **, P<0.05, compared to group which

treated with 100 pg/ml of Hwansodan.

Time (min)
0 1 5 10 30 60

=N
[&;]

o -
[

Relative intinsity

(]

Fig. 2. Hwansodan increased the phosphotyrosine of

ERK1/2 pathway of PC12 cells in a time-dependent
manner.
PC12 cells were incubated with serum-free DMEM for | hr and
treated with Hwansodan (100 ug/ml) for various periods. Cell
lysates were separated by 10% SDS-PAGE and analyzed by
immunoblotting with 4G10 anti-phosphotyrosine antibody
(Upper panel). The intensity of bands was quantified using by
TINA program (Fuji Co., Japan) and represented as a relative
intensity compared to the value of control cells (Lower pannel).
EGF-stimulated A431 cell lysates was used for positive control
(+) of 4G10 Ab.

781 tH(Table 5).
3) MAPKS] AHAHQ SAsle) wA & &
o 301:

PCI2H S DMEMO.Z A Hatm 143t wekst
of 9 ANzALGE A7) 1 BOFFE 200 we/ml
2 ANDHE FAT 5 O SATE RHopA
phosphotyrosine A& o] -&3}o] %}/‘j =8 %3
A, 8BS Hetn 18 3
HAon, 52 10804 F
(Fig. 2A) 1 AR =S

{B: Anti-PY

(A)
HSD (ug/ml) O 20

100 200

IB: Anti-PY

(B)

HSD (pg/ml) 0 20 100 200

-— p44
~-g— p42

IB: Anti-ERK1/2

Fig. 3. Hwansodan increased the phosphotyrosine of

ERK1/2 pathway of PC12 cells in a dose-dependent
manner.
A) PC12 cells were treated with Hwansodan (0, 20, 100, 200 ug/
ml) for 10 min. The immunoblot was probed with 4G10 anti-
phosphotyrosine antibody. B) Membrane was reprobed with a
polyclonal antibody that recognizes ERK1/2 regardless of its
phosphorylation state (Lower panel) after stripping with 0.1 M
glycine, pH 2.5.

5% A7 2002 1 =7} 71819 cHFig. 2B).
1A17F o] 3 RE = 73] Qibahr) hzTe] 30
2 Atk 18 8BRS TS 2Eldle 108
RS WE 2 X9 WA glo]22l
AASE ZAT F ATHFig. 3A). o] X9 W=
7} % &3] ERK @414 o5& golr 7] ¢5}ed
HA ALE-3 gk A2 0.1 M glycine, pH 2.5%)
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2 gl ¥ 22 nitrocellulose membrane]] ERK1/2
a.xﬂ_é Hre A7l Ay, ABRTE B YA A
ERK1/2¢] pt/pa2 HEE AQ1E ¢ e =
©] &2 © 2 mobility shift &A% e A THFig. 3B).
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a
HERE M= IS fE BEA ERZT ZoA i
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By & He AdE 4 T A
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Hog Zoj7} &fitEke RS Wi AEERIL
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Kz#go 2 KEBFLIBASIS HHAZF ATTAES
A BFaL, i e fIERSl 2 By ek, R
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o, EE549 7]319_ = o252 E 53 ZH9
AZY o] Fosidn delAd dn, e
7)(free radical)oll &J3F A8 £FE 7loshe AL
2 Bugol gupiw. olggt o] A SA7IHE
o] ¥EOR E FuAgdtd ARARAE 2
sto] A7ZAA AgEo] Fusele dAA =, A2
o oj2 g 7)A o]ejol] o}FEA] 2(apoptosis)Z} 4l
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BasgT

BAol} AFAFAAE 2YE Astel PCi2
AT olXZEA2e WA A H3 oAl AR
A7t FEHE AEE dohtA =HEBE, o] AL
Aoz Qlele PC2AXE A3431A Aoz
FTHE ABAE AP ARATRIVEN F
2 AREHAT & AN, A& o2 X2 AT
A =8 A EEAAE Lo ol TEA| A0 HA]
A Hed, Aol Z¥E Aol daste A
I B FEEL sEAEA0E AX
o] BEEE IS ¢ F UATHTable 2). B
e Az F& HZ AR wj g Toll B
o] genomic DNA®] #d @7do] ¢, 4=
=3 9 zolgle FHZ 48] wolstn des
&4 5 e, AlZe] DNA EHEAANE w37}
2 AR EAckFig . @RI S F227 AAR B
el A B ste HA T ofXTEA 2N E
caspase-3 cysteine proteases®] #A13}E HolA &=
g, 80 1 BAEE FAaAZ (Table 3). ol &
B N F 7} caspase?] upstreamd 7}5AS Y
ke Ao, =3 B HAL RIEARE &
% gle Azstz Amdch Bogte) YT uEE
o] AsHG71HS A3t A EUF-<| protein
kinase5-¢] 27|14 53], MAPKE] £3 A< A
S AA e sl BRI 222 A A
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2o 7R oM ERKIRE AFE & Ao, &
LFrel FE7F £718 42 mobility shift A4S B¢
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