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o} (Chiu = 1999, Chen S 2001, Lin =
% 2002),
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Qeloz ezl oz s 417
Hagage) du, A=A el glel HAsA
o8] 7hsd 7ol AZE

o}l ZE A2 (Apopotosis) e <=AHE Ml Z=RhS AlE)
Moz AA}E Qe AR AzAel @3]
2]n] (programmed cell death; PCD)s}w, A2
SheFgt maeh AT Fedshs wEAel A
o]t} (Jacobson 5 1994, Alnemri 5 1996, Feldmann
1997). 0|23t olZEA| A= AlEH Q] ALl o
AU F R} ol dzstolrg o} szl
2w o] A7 = 3842 3} (neurodegenerative dise-

ase) Sol A= st ofg] Es)AdAate] Wa)st
A gQloz Zo3dl oL Tuisly Q= Aoz
a2 ¢le} (Vaux 5 1994, Thompson 1995).

Altetel = AEwE P8t Sle
% el 23 3vle] 22 (Sphingomyelin)e]
arafe] el 2]y o] = (sphyingomyelinase)ol] 2] 3}
He Az W A=A, Az AR (growth),
(proliferation), %2} (differentiation), 2§ < (survival)
BN F23 4L e % AR
deiA gl AT AYS Fajel, Alx ahael
P Aeetel=g Aeldt A5 szl g
whe] MlzAbEe] FE o] Mehufel =rhlolz A
28 s AaAY Eadigel s
o] glt} (Mathias 5 1998)i £-3|
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T FH53, 2 el B4 Abie] A4
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1. M|z Hlj2k

Ab=r Al7 =] 22 (neuroblastoma cell)¢l SK -

N-SHA3&= PEI-coated:96 well culture plated]]
M reductionassay S 23l 4= 40,000 cellswell 2]
M=z 7Zo}F9lel. SK-N-SH A £+ DMEM¢4]
10% FBS (fetal bovine serum)& ®B.Z31 wjofol o7
vl oFstsict. A3l slr] 24)7F Aol low serum media
(DMEM with 1% FBS)= w}7e]3 3 ztzke] 23
= JdA A zHEst A sk

2. Cell Viability Assay (MTT reduction assay)

MTT reduction assay= 7| &ol] B 1% v S oF
7+ Wste] A3 3ksdH (Shearman 5 1994, 1995,
Kaneko 5 1995). Wl okl Aol Alejrol=g 3
7}t 5 37°CellA] 5% CO; incubatorel] A vl ¥}
o}. 48A)7F Fof 3-(4, 5-dimethylthiazol -2-yl)-2,
5-diphenyltetrazolium bromide (MTT; Sigma) &2
2 FHEXE7 05mgml 3571 FH == 7 wello)
A7kt Fol 4A1ZE Wbk ol ekl MTTe)
ol e A= formazan precipitateE dis
solving solution (0.1 N HCI in absolute isopropanol )|
o] ELISA readerE o]&-3}ed 570 nmei| A 2]
Ao 7 sampled] k2 ==
2 =713 controlgtS 100%= 3t 0.9%
Triton X-1000] 2J&f] A =z7} &A3] I3 =S
w 2] MTT reduction 0%= 3le] AFA 9
oz =AY

=
=
o
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3. Hoechst 33258 dye staining

hi

Apoptotic cell 4]2] nuclear chromatine] 3j el 3}
+= DNA-binding fluorochrome bis-benze (Hoechst
33258dye)= @A sle] A} 05~3.0x10°
cell& 300xgollA] 1087 xR sle] me
PBS=Z A 3lx, Al 2E 50ul2] paraformaldehyde
o etk & Al2olA] 1087} _T'Jqﬁ}g{i\:} 1A Y
4 AAZT HEES PBSZ MH3 F 16 ug/ml e
bis-benzimideE =33 PBS15ul8 Yo AL
oA 1527+ ¥}x])3 % 10l aliquotsS- dlide glass
o] Y 3333n)7 3slol|A] apoptotic chromatine]
Mshe Al

ufjoFsl A Zo] HCSS buffer (20 mM HEPES, 2.3
mM CaCl,, 120mM NaCl, 10mM NaOH, 5mM KClI,
1.6 mM MgClz, 15mM glucose) kMol L3 A7)
10 uM 2] DCFDA (6-carboxy—-2', 7' —dichloro-dihy-
drofluoresceine diacetate, dicarboxym-ethylester)<}
ebn 24)Ql 2% Pluronic F-127-8 37°Cel| 4] 30%
7t Aelstiet A W Afrete) 2ogelst DCF 8
F Algol A 4 WL 3 R4S 7HE OlympUs
IX70 =3 3mn|7d Abe|A] zbskar (Exeitation =
488 nm, Emission = 510 nm) CCD 7|42}z 3}AMS
Z 33 & NIH Imaged.65 program-g- o] &3} <
A shele.

Py, 5%

5. Caspase2| &

P100 plate & 10x106cellse 1mle) lysis buffer
(10mM.Tris—Hcl, pH 7.4,,20 mM NaH-PO4/NaHPO,,
pH 7.4,130 mM NaCl, 1% Triton X-100, 10 mM
NaF)= harvest 3t = -2 cell lysate 50plol] 214
pan caspase substrategl 0.25 mM zVAD-PNAZ
HEPES buffer (40mM HEPES, pH 7.5, 20% glycerol,
4mM DTT)el A} 147 Al& wke-A]7) 3 caspase
o sl 7ol AeiA YR =S ELISA
Reader (Molecular Devices)E ] £-3}e] 405nm 3
=M 2459
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1. C2—ceramideZ7} SK-N-SH AlZ B M| EZ0|| A

OLEEA|A kato] MEALH G
Aler A7 = A 2% (neuroblastoma cell)gl SK -
N-SH Azl A ceramides] 2|3 Al ZAlE-S #3

3171 $13 A, Ceramides = gj@lz}n 2+ 7+ Aol 1%
FBSE x3}sl:= ul x| ol A] wll eFslol €7, Ceramide
o o3 fuEl MEAFEL MTT reduction assay =
=2A39c) AR BN ZE SK-N-SHdch7} A=
E31A 2] C2-geramide (20, 40uM)&E x] 2] 3199
B A7 s eER o2 AEAE ]
o}t (Fig. 1A). 20uM 40 uM 2] Ceramide 2j2] &
184 4ol 2% o 40%H65%2] A EAbE o]
FHE= Aoz JEGT, 48A7 o= ZOUM 2]
3 Aoz 60% e)/4e] AEAPEe] f=E 4
Ceramidee]] 2]3F SK-N-SH Al £2] A ZAbE A}
& s S Axe g wstel 9 Yo
WSS Hoechst 33258142 53l A3l 9
AL e o g3tel AP Mite 1847
o A3t A3} 20, 40uM C2-ceramideE =]z gt
A =¥ AzAe) $23 4 9 A4E &
A, A 2243 3 A} (membrane blebblng) =9 A3
ofrEAs e AzAEE el
(Fig. 1B-a,c, €). =3 Hoechst 33258 3 41 &
o] SK-N-SH 4l 22] 3 ¥ejuiste
Agpatel= 20uM 3 40uMel] =23
o s HAR W SE BAE

==
1B-b,d, ).

z—l ol

=

2. Magnolol2| C2-ceramideof 2|8t MIZAlHo||
thet 2S5}

Magnolol o] ceramides] 2|3 % A =ZzAbES

B35 4 QA dotry] 9]}, ceramides A
2]3}7] 247+ Aol 1% FBSE % sl wiA el &

7] 10uM<2] Magnolol& A 223l em, 20uM 2]
ceramideE 2417 x2]sk &, MTT reduction assay
= AzAEge) WaE 27890 (Fig 2A). 20
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Fig. 2. Effect of Magnolol on ceramide induced neuronal cell
death. (A) SK-N-SH cells were pre-treated with 10 yM
of Magnolol for 2h and then treated with 20 uM of C2-
ceramide. Cell viability was determined by MTT assay at

Fig. 18h after 20uM C2-ceramide treatment. (B) Assessment

- ) of apoptosis by Light microscopic morphology. SK-N-

Oy Cefe SK-N-SH cells were pre-incu- SH cells were untreated control (a) or treated (b) with 20

1% FBS/DMEM for 2h and then treated with UM of C2-ceramide for 18h. SK-N-SH cells were pre-

20 and 40uM of C2-ceramide. C2-ceramide was dis- treated with 10 uM of Magnolol (c) for 2h. Pretreatment

solved in ethanol (final con.< 0.1%). Cell viability was of SK-N-SH cellswith 10uM of Magnolol were treated
determined by MTT assay at indicated time points. (B) with 20 uM of C2-ceramide for 18 (d).

Assessment of apoptosis by Light microscopic morpho-

logy and Hoechst 33258 staining. SK-N-SH cells were

either not treated (a, b) or treated with 20 uM (c, d) and 40

UM (e, f) of C2-ceramide for 18 h. The figures are shown UM2] ceramideE 18417 22 & <oF 30%2| A=
that Light' microscopic morphology (a, ¢, €) and ngchst 7} AFEEE= Aoz Yehtom, M agnolole- &
33258 staining nuclear morphology (b, d, f). The figures ) .

are representative for three different experiments. 2|3t ¥ ceramides A=|3 LA ceramident
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TEoz A *01] Hlsﬂ Al
4 A vehge =

Az Fe) e
C2-ceramidedl] 9J3] $=
Azare] $x:3te} e olEEA
37} Magnolol& A x2]3t 7 %ol
7} A3tk (Fig. 2B-b, d). §+#, Magnolol & ==
A2|gt 7ol s MEAPE ] Aot
°]&= Magnolol #}A| o] Alz5A o] HE 28t
= 7o} (Fig. 2B-c).

T A7AE7

-
L

sherow,

3. C2—ceramideo]| 2|st M| AtAo| Bte}

Magnolol2| X3l 52}

Ceramidee]] 2]3te] == AAM ZAME A
o] Audt HAYEE 53 AJAA 1 7L
w3}7] $]38led, Ceramide Al =AY A o] o))t

B47) Aagd Do) YeAF Folusl 98
o], 10uM®] DCF-DAS ol 4afe] 3 @n7 4

U B

1.2y

1 Ceramide
Magnolol+Ceramide

0.8

0.6

0.4

ROS level (Arbitrary unit)

0.2

Time (h)
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ZaAstodnt (Fig. 3A), obf A= HelshA ¢
=N BH7) A RS IS
A=A ¢oren], 20uMe] C2-ceramides
23 £ 2412k ol A7) Ak cfe] WA
79t o) AL Ceramiderl #A17] kel
e st AAMEAE S fUse Ae
"3l 7ot} 314, ceramideE *j2|3}7] 2417k
Aol 1% FBSE =33l wjaigl 37 10uMe)
Magnolol-2- A x]g] 3t74-$-l], ceramidesl] 2]
7t A7) At ek Lol e fEeR d
Z81A A el = g e, o] 2 A Magnolol®] AN ZH 5
&3} Ceramides]] °j3) =71 &7 Abas
sk Fasd Radle 4T S o

o "=

L om 2 o rle

4. Ceramide®]] o|8t MIZEAIHo|M caspases}e]
A % Magnolole| H5 &1}

ol A0 QAo A] A ZAPHe] FHods}
%93k awl Fo] s}l caspaseo] AT}

-
-

Fig. 3. Determination of ROS generation levels by
ceramide after pretreatment with Magnolol.
SK-N-SH cells were untreated control (A) or
treated (B) with 20 uM of C2-ceramide for 2
h. Pretreatment of SK-N-SH cells with 10
UM of Magnolol for 2 h (C) were treated with
20 uM of C2-ceramide for 2 h. Hydrogen
peroxide generation induced by ceramide was
mesured by incubation with fluorescent probe
6-carboxy-2', 7'-dichloro-dihydrofluore-
sceine diacetate, dicarboxym-ethylester (DCF
-DA).
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Fig. 4. Effect of Magnolol on caspase activity was increase by
ceramide. Relative caspase activities induced by C2-
ceramide after pre-treatment with Magnolol or zZVAD-
fmk. Control was untreated SK-N-SH cells(CTL). Cells
were |eft untreated (Ceramide) of incubated with either 10
pM (Magnolol +ceramide) or 10 uM zVAD-fmk (zVAD
+ceramide) for 2 h, followed treated with 20 uM of €2—
ceramide. Enzymatic activity is expressed as arbitrary
unit of relative value.

Ceramideol] 2J3F Al AAM EAE
29} vlEe] IRF ] QUFEA S AepEI] 93},
pan caspase substrategld 0.25mM zZVAD=PNAS %
23 F, 37°Cel A 7k uFgAIZ] ¥ caspased]]
°l%ﬂ 717 o] A Mﬂh %= ELISA Rea

org o] 43he] 405l EF =M 2 20
uM—4 C2=ceramides; 8/‘173 A2etols o, A
3helgcaspase7f o el Blste] Sl o]} A
272 H 9O pan caspase inhibitorel zVAD-
fmkZ 10uM A A 2]3 & CeramideE A3 7
ol dxd sEoz caspase T =7F Fdst
A A& H i} o] 72 Ceramidest] 2]3F Al zAFE
o] A7) AbAe] F7HE st 5A4E
2Ju] s}, Magnolol o] o]2]3F hA| 6]
X =712 #qlsl7] $)sle], Cera
mideE x2jsl7] 2417+ Aol 1% FBSE = gsl=
w2} g7 10uMe] Magnolol& A2 shsil=t

DR ROE R

"PER PERL
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715l caspase®] A3 A=7t 60% o] A}
9l 2Ravt dehte ev) gle AsE

Ceramideol] 938 $9le= A=
ztel| A] caspase”} o}, Magnololo] &
A7) Abae] A&} ol Be], 2431 caspases &
FH oz Aoz HNERE7)ZS Jeh
= AAE S gk

Az A e s
H]o_}:z#o] Bl—;qo_a._ o]_ﬁ_g]
bl wek S7bshe
T, dzsholWpl, h3le
W oal A7 EA
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(Hoehne} Yahr 1967). 1=
A GPA A 3o Yoz 1
e 71eHoz AaFefol shul, oo
714ke whetoz XmAlo] W Aol
wj$ 7b4) gl delet s
B AFHA] AAZAZA] AL
Az ) APRAE =

=

=
rj(_)‘

4o o % e
REdeThelre

T

2k Aetrtol =
923l Asle olatls
ALEA ool AR ES sl T
Az g 2ANA ol EEAL HEje] A EAEE
frehs Todt deldxz Agdds Bt
8121t (Burgg 5 1996) 53] AFFAIAE Foll A
o] Aztutel o] s fr=sE AEARE 7]z}l
AeA e obd Watebdl F=A g e A2t
vpol =] HAel o Atz Qg AEAPEE o}
GRS N S e R i e e
5 ﬂ%‘ﬂ%ﬁ*ﬂ,é}f&ﬂw HAH A ofEEA L

sh #AF o] & Aoz YA AR e, o=

grtol =g *ﬂ*é%k% éﬁéﬂ}ol%ﬂﬁl °o|=7}
FE54F ] s 2 d¥e] Fobxlel
g S7FAAG (Kim 5 1997). 23} A2 vl F
Dol A 23} el A ape] e o] =
s avteldRle] et Bare] A3

ZI AL A o]

=

ol 2oy
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(Vaneble 5 1995, Lightle 5 2000).

olglgt x3fe} I=E A, A1H E3Y
M AR olF Age] Wele Fa3
EAE AAFT glom, YA A A EE A
ehejzke] o AAdEel A7) AbaE (Reactive
oxygen species; ROS)2 Az uje] DNA, gz Ay

o

—

e
e

o

A% 5 2AGN FARAALt 2 X §
& sk palEe AAUT el Az
VAT oJ7] =3 W =Ae] Z s 9al

)
H”

dHA ol 247 Abag (ROS2 Ak
oﬂqz] Abel] ARE-5H= NADPH oxidase system
£ 7H 2E AN LMoz sk Aol=

o w wd i %
o3
>
_\&

2 AEZE o525 ] S A 71A &
AbE}EAl 7} SPALSLE 4 5] ARSEA] EAfel| gt vk
o712+ 7R3 ¢le} (Haliwell} Cross 1994). 1

it 2B AR stellA] st A 47
}\]-/\__ 7‘ﬂ£ ]’H D]—H“Z] O]L]- DNA ——-.4 71“’H‘T‘
Zpell A3} &4 (oxidative damage)& -3}
HEFHozes MEAS FEIHT H3A UG
(Behl 5 1904). T} A 279 ATARTe
Ao BAelA AHEA =4 ofrEAs 2%t
o S1% MEANE AF7F A o] G, 4174 54
1 5ol 2]3 Al zAbEAl s elr ] @A 7] AR
A 8 3 287 Al H ) A Emakl 3F
Fahs A ol F

oAM= Abe] AlA = 239]. SK-N-
SH Al 22 o] 83}ed, A AEPAAS Soj|rA] AME
AbEE R JBV% e Atrtel =% A
2lste], AletutolEel Ofsl fF=® olEEAX o
Aol AAAEArEE R8T 1el o] F
A7l EAPE (7] 2ol SlefA, ZA7) Abae] IR
A& Sels uskanc A3} Alztrto] = fJafA
Az A7) AFLe] oFe] whE A7 ool AA
3 FrHE S S & S slddek o2 Aoe
Aztetol =ell o7 Ml ol BAd7] Abart
Fasp wirfEe] 2gduE A A" £
ek =3 FA7] AkRe) Hgom B4 e Al
Z ] shAS B2 BA For] ofEZEAA
seldAe] =dEAd= deA sle caspaseste]
Hd Aol disiM = s B3k AlEtute] =
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oA zubrlel @A s FriE FAT] Ak
caspase?| LAl 7bA] <daFE vA caspases| A
=5 ¥ole Aoz A74E A
AAFE FoT FopHR ARG
o] vhefdt T4 9l A& AaA=A
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felas

a

o] sty Bael A7t FulelelA s
AP 3 gk & A A= Magnololg o] 43}

o, o|2|q A Zo] Metuhojme] I3 A4
A ds Bsasgiiehd SgleAE &
e marat shglar, A5 &2 Magnolgl o] Al2tat
ol=el &3t AlxAFDel Wizl E o FAbsHs 24
7] AbA2] oked A a7 o 2 e DS 3HAaka) =)
£ vehjgl onlpzaily) o] Al ZAE A A4
3 o) baspase A BHAZ w0z Aw
so] Aoz AANEN s astE Yehle 2
& “‘?iﬁ}
0]/‘0
=

pus

73‘ A ZzAFE 7)3e %‘E’LZ} Z
T Asien, vetr} o|2st AwWe] otz
SAEA) Magnolol 5-2] AP AIE2] A AR 52
O EH 3 &3¢ dsiA = A At Magnolol
o] ojulst ;,"_5&_751 = /‘EFJ%}HXJ /H%Lo] o] &t
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Abstract

Protective Effect of Magnolol Against Ceramide-induced
Apoptosisin SK-N-SH cells

Do-Yeon Lee, Sung-Su Kim, Kyung-Yong Kim, Won-Bok Lee
Department of Anatomy, College of Medicine, Chung-Ang University, Seoul, Korea

Magnolol, isolated from the stem bark of Magnolia officnalis, is typical @rientalsherbs. It has been known to have
many biological activities such as anti-platelet aggregation, hydroxyl radical scavenging, Ca?" =€hannel blocking, a
tonic, anti-rheumatic, anti-stress, anti—inflammatory, anti—cancer .action and ischemic heart disease. But, it is still
unclear how they effectively regulate their various biological properties. Ceramide is emerging as a second messenger
of apoptotic cell death and there is increasing evidence that céramide is involved in Reurodegenerative disease and the
process of senescence. The present study investigated the effect of Magnolol on ceramide-induced apoptosis in human
neuroblastoma SK-N-SH cells. We showed that ceramide induced apoptosis through the mediation of reactive oxygen
species (ROS) production and Magnolol, as anseffective antioxidant, significantly inhibited the increase of ROS
generation, thereby preventing apoptosis. Furthermore, an.increase of Caspase activity (apoptosis executors) resulted
from ceramide reduced by Magnolol. These results implicate thatsROS play on important roles in ceramide-induced
apoptosis, also Magnolol protects via gffectively inhibition of ROS generation by ceramide through selective pathway.
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