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ukg-olz} & 4= ql7lo} (Jacobson 5 1994, Alnemri
5 1996, Feldmann 1997). x| a7}#] = %-322] apop-
tosis 8 5% A}=-o] C. elegans (Ellis and Horvitz
1991l A AF-He] gfont, T Bl ZfiEE Al
oAM= apoptosisE FEEALL JAlsE o2 =
Alztse] WA e, 9l Ed= AT
U A F st vkE Algkete] = (ceramide)el] €
3+ Al 3 A 3}A] o]t} (Mathias 5 1998).

3hH Agulolm FxHoz N-acyl sphingo-
sinee 2 Alzehg o] AAA F il 21
u}o] el 2 (sphingomyelin; SM = ceramide phospho-
choling)e] F= A= ol8 FA3}=: sphin-
gomyelinase (SMase; EC 3.1.4.12.)¢] oJ& AA=E:=
AAA o|x} AlzALEAR 2 A growth arrest, differ-
entiation, apoptosis S|4 =23 &L 3 o=
A=) 51 g)o} (Perry DK and Hannun 1998). 32 7}
2 Algpetol =) #E A7 FER 2HA,
leukemia M| 2ol dj3l| AFE o] govt o] Ay
oho]ddl = (SM cycle)= Ml e $8AY
37 AR RE ] A5S doz Adah= Unby
4z AAY oz AzEz glck(Hamun
1996). A7) = TNFa (Obeid 5 1993, Jarvis 5 1994);
IL-1(Andrieu 5 1995), INF-y (Kim 5 1991), Fasl
APO-1 (Cifone 5 1994, Tepper 51995, Martin 5
1995) 5-2] agonistE3 UV -irradiation (Haimovitz-
Friedman % 1994, Santana 5-:1996) ¢} 3Fskal] (Strum
1994, Jaffrezouss 1996) =8}, 2H4-o] SM cycle
B3 AP w= AeutelEe] F71E B
d Ahgshe Zoe whEgw AE-FI4 §
A AztEkele g Aet v Aol SMases A2
357§ SM cycles @45t A7)+
2| H A Sk ksl M AP o] feEHER A
ghuto] =7k o X AN v Alsdd B3
d Aoz AAE T it

w3 JEEA LS Az ] AAH HAYS
oA ut opue}, 3} Ao} dxslo|mH, T}
1A 5o 417 84 4 3k (neurodegenerative
disease) 52| F23 ¥al 7|Hezx d&A 9l
(Vaux 5 1994, Thompson 1995), Alg}ale| =5 o] &
g oZ A0 M AR 7|zt HigE AFE
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1. M|=Zulj2k(Cell culture)

Algr A7 = A 22 (neuroblastoma cell) 9l SK-N-
SH M| ZE PEl-coated 96 well culture platesl] MTT
reduction assayZ ]l 4] 40,000 cells/well 2] ==
2 7to}Et} SK-N-SH A 2= DMEM¢] 10% FBS
(fetal bovine serum) S ¥ 23}k wjofol o 2 wj ok},
A& 517] 247 Aol low serum media(DMEM with
1% FBS) 2 wlre] S 7}7+e] BAls oA Az7bs

ot A2

2. Cell Viability Assay (MTT reduction assay)

MTT reduction assay= 7| &e)| H1% vy <o
7+ W3 3led A]8) 3ty o} (Shearman 5 1994, Kaneko
% 1995). wiefRl Alze] wfefelel] 20puM=} 40puM
o] Mejutel=2 F= W2 FH7IEE ¥ 37°CelA
5% CO, incubatorel| 4] wl oF3ke}. 484) 71 Zei] 43— (4,
5-dimethylthiazol -2-yl)-2, 5-diphenyltetrazolium
bromide(MTT; Sigma) &8 =%} 0.5mg/ml
w27t Hes 2 welld] 37kat 36 487 0 g
ot © wergich MTTS] S<lel48la)A 5l fors
mazan precipitateS- dissolving solution (0.1 N"HClin
absolute isopropanol)el] 258l 3ol ELISA readerZ
o]-g-3te] 570nmell A&} FgEE SA okt sam-
plee] 72 dAFHE SoiE F7lst control3tE
100%=. 3}32 0.9% Triton X —10001 “&]3l A =7} 2+
A3 3] 5¢]-e W] MTT reduction A =2 0%=
shel A ezt o 2w Y

3. Hoechst 33258 dye staining

Apoptotic cellb 2] nuclear chromating] 3J el 3}
+= DNA-binding fluorochrome bis-benze (Hoechst
33258 dye)= A sle] #asledc}. 0.5-3.0% 10°
cell& 300xgellA 1087 YAjRsle] e F
PBS= M2 3}, Al=2 50pl2] paraformaldehyde
of A F Lol 1087 TR TAYL
A Azt A =Z=S PBSE A3 & 16 ug/ml2] bis-
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benzimideE® =33k PBS 15 ulE it} AF-2olA]
1587k vkx]gF = 10pl aliquotse dide glasse] @

4. Determination of ROS generation

uljoFgt M| o] HCSS buffer (20 MM HEPES, 2.3
mM CaCl,, 120mM NaCl, 10mM Na®H, 5mM KClI,
1.6 mM MgCl,, 15mM glucose) <+ZHe) L] A]7]
10 uM2] DCFDA (6-carboxy-2', 7' -dichloro-dihy-
drofluoresceine diacetate, dicarboxymethylester) ¢} &
etr 249l 2% PluronicF-127-2 37°Coll 4| 3027+
AP AlE W RStz )3 DCF §2e
Aeofll G Wz Y fae 2 Oympus
IX70 =5 s")d AlollA] 323} 17 (Excitation = 488
nm, Emission=510nm) CCD 7}v| gtz 3Ake =3
gt & NIH Image 1.65 program3- ©]-8-3}o] JA}R-
213141}, Flow cytometry (GENios, Tecan, NC, USA)
= 0]8-3led Excitation =4 485nms£} Emission s}
%+ 510nmel[A] 24 3t

5. Caspase Activity Assay

P100 plate & 10x 10°cellsS 1 ml¢) lysis buffer
(10mM Tris-Hcl, pH 7.4, 10mM NaH,PO,/NaHPO,,
pH 7.4, 130 mM NaCl, 1% Triton X-100, 10 mM
NaF) 2 harvest 3t & 12 cdll lysate 50 plol] 214
pan caspase substrateql 0.25 mM zVAD-PNAZ
HEPES buffer (40 mM HEPES, pH 7.5, 20% glyceral,
4AmM DTT)ell A 1A17F Al uH3-A17] F caspase]]
o3l 7]de] A A== H=E ELISA Reader
(Molecular Devices)E o]-8-3}o] 405nm &3 ol A
ZA 3.
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1. C2-ceramideZ} SK-N-SH AZZMEZ0||AM
O{ZEAIA Aao| MEAHFL

Aet 2179 A 2% (neuroblastoma cell) gl SK-N-
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Fig. 1. Cefamide induces apoptosis il SK ~N-SH neuroblastoma
cells. (A) Time- and'dose* dependent change of cell via-
bility by ceramide. SK-N-SH cells were pre-incubated
with 1% FBS'DMEM for 2 h and then treated with 20 and
40 uM: of C2-ceramide. C2-ceramide was dissolved in
ethanol (final con.< 0.1%). Cell viability was determined
by MTT assay at indicated time points. (B) Assessment
of apoptosis by Light microscopic morphology and Hoe-
chst 33258 staining. SK-N-SH cells were either not treat-
ed (a, ¢) or treated (b, d) with 20 uM of C2-ceramide for
24 h. The figures show Light microscopic morphology (a,
b) and Hoechst 33258 staining nuclear morphology (c, d).
The figures are representative for three different experi-
ments.
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SH A | A} C2-ceramidesl] 2)3F A=A Abd §-3
I opAS sty $)EA], ceramides 2128} 2
Az Aol 1% FBSE E3ahe wiAlel A uloshel
o, ceramided] 23 fiEl M=zAPEE MTT
reduction assay=2 = 3s}lgitt. A7 R 2ZF SK-
N-SHel|g}7} Al =314 2] C2-ceramide= 272k 20
UM} A0UM 2 A 2Jatd S A At H v oE
gl ofAto 7 A ZAPHo] frkEglIc) (Fig. 1A). 20
HM3} 40pM 2] ceramide A€] 3 24A)zkel| zh7} of
40%¢} 65%¢) A AP Ltebetord, 48] 7k ol
£ 20uM X238k A9l = 60% o] iFe] Al A o]
=59t SKEN-SH A ZojA]s ceramides] <] 3t
AZAVD o] g FAT ol F AZAP e
oW azSrolny] Al A8l 3 wsiel 3
FejdHs S atelshs Wl oz RN
Hoechst 3325894 & 53l AdS a3kt 914
el o gatel MEs)ye) Wske 24417k
F23 A3 20uM, 40uM 2] ceramideE 2|3t 7
A EAL) S53t 24 8 NA4E7) &

32 F A} (membrane blebbing) 52 #13
qEEA~ Hee] AzAEe Jehgc
(Fig. 1B-a, b). Hoechst 33258 341 o]4-3}o] SK-
N-SH Al£8] 8 ejasts HAY 29 =, A=
m}o] = 20uM, 40pMel =23 S Phxzo] He)
Az 8 S5k 2o ebde HAE 4 gl
o} (Fig. 1B-c, d).

el

2. FtA 2|9} A& E 2| C2-ceramideo]| |
MZAIHo] st RS 53

$]3}ed, ceramide
2 A g3l7] 2A)7F Aol 1% FBSE Z33)= wlA]
s} 37 Sngule) s eIl AMAE 2ZEL
27t A AE] skedch 20pM 2] ceramides 244]7F
#2]8 &, MTT reduction assay 2. A A Eg2] W
g ZAsiglen (Fig. 2), 7 A7} 20uMe] cera
mideS- 24417 A2] ¥ oF 40%2] A 27} AbEE =
Aoz vepgton, 7R estule A A

ml

=3
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Fig. 2. Effect of A. senticosus and A. gramineus on ceramide
induced neuronal cell death. SK-N-SH cells were pre—
treated with 5ng/ul of A. senticosus, A. gramineus for 2h
and then treated with 20 uM of C2-ceramide. Cell viabil-
ity was determined by MTT assay at 24h after 20 uM C2
—ceramide treatment. SK-N-SH cells were untreated
control (CTL) or treated with 20 uM of C2-ceramide.for
24 h (Ceramide). Pretreatment of SK-N-SH cellswith'5
ng/ul of A. senticosus (A. senticosus+- Ceramide) or A.
gramineus (A. gramineus+- Ceramide) were treated 'with
20uM of C2-ceramide for 24 h.

ceramides 2|3 Fo| Al ceramidert THEo R
gt ol wlsl] AbelSl= Al =] AEE ] 30%
o4 ¥ yebddh vt HAf oIl gt A=z
Aol A3t @ o2, e FEES
223t & coramide= A3t 2o N EAAZE
ceramideRkiEt= 0 = A 2] gha7d 9ol wmls| oFzhe]
NZAE=EE 9ot =7 9u) 9= W3} of
Yok B Slaaln] 7 & o] g3kl Al=z2] e
sh2] ofARS. A3 Aoz 20uMe] C2-
ceramidee] SJgll, fr=HE AAE A H A
zuko] fx3tol 72 o]z EA|AC] HEH Wl
vehdon, 7ix 2295 A A2d A el 1
g A ZEAL P WEL e o ZH4sle]
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3. C2-ceramideo]| 2|t &M7| LAtAo| BT}
It ZE, Matxo| HS g1}
AANA A AEE ] o XA &4l

47] A4 (Reactive oxygen species, ROS)-S A
Z2] DNA, sk, At =8 2A3te] =Aks)
Ao} oJg 7}A s Als} BajEe QAT

3} Bge] AAEAE AN, AF oI 4% 2

ZAke] Fadt B = x| glel. ceramidee]]
oJted == AAMEANE A o] el 3t wA
UES 53 ARl 2 7rbe Y] $lEk,

ceramide M| A1 FA o] o|FEt AV AAZT
o] gzl Egolnd] sistydouMe) DCF-
ojfstel P @n Aol B
(Flg. 3), oFt A= AESlAl o> 2T &
A7) AbA RS uledsl= 3 Fo] HAE A ook
oy, 20uM 2] C2=ceramides =123t & 247t 4
o &A47] AtAe] cfo] A F7HE A oA

E

o caramidezp A7) A4 Z7FE ujsfEted Al
Pz E sl e olvshe Rolek 3,

ceramides x2]3}7] 24|17k Aol 1% FBSE %3s}

S e} 1 Sngile] FhA ek ARE
22g 77 QA B Agol, 274E 847 s

7} A eZs)e) ole HETANe] SFo X
37 ZaElon, o]z shA eI AMzHs
w37t Aeiutelmel els) ke @AY ALeE
AAlshe A AHge] mabdos vehd Ay
& 4T 4 alglnh W) Agme A9t o
23k GA7) Alag adHowr Asshe b A
Astgom, o)A ARz vluld A8 s Es)
s} QHshe Astel shch Z7ke) Hars A
oA A7) A4S AFA el k2 Flow cytome
tryS o] 83}od 485nme] Excitation =}AF3}F 510 nm
] Emission s}l A FA st FeiH oz el
ok (Fig. 3E). o] A= SellA Al&)dt 333 &)
Aol A BAT Azte} w5 PP welFrh

4. C2-ceramideo]| 2|8t M|ZA}Hol|AM caspase
oto| HHM o JtAZE, MExol HSgut

Az EA| 20| Bl HA A M ZAPD ] Fefdh=
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Fig. 3. Determination of ROS generation:levels by ceramide after
pretreatment with A. senticosus or Asx.gramineus. SK-N—-
SH cells were untreated,control (A) or. treated with 20 uM
of C2-ceramide for.2h (B). Pretreatment of SK-N-SH
cellswith 5ng/pl of A. senticosus(C) or A. gramineus(D)
was treated with 20uM of €2-ceramide for 2 h. Hydro-
gen peroxide generation induced by ceramide was mesured
by incubationmwith fluorescent probe 6-carboxy-2', 7',—
dichloro-dihydrofluoresceine diacetate, dicarboxym-
ethylester(DCF-DA). The figures are representative for
three different experiments. (E) Quantification of fluores-
cent level was estimated using Flow cytometry at indicat-
ed time points. Fluorescent levels ars expressed as arbi-
trary units of relative value.
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Fig. 4. Effect of A. senticoesus and A. gramineus on caspase activ-
ity was increased by ceramide. Relative caspase activities
were induced by C2-ceramide after pre-treatment with
A. senticosus, A. gramineus or zVAD-fmk. Control was
untreated SK-N-SH cells(CTL). Cells were treated with
20 uM of C2-ceramide (Ceramide). Also, cells were
incubated with either 5ng/ul of A. senticosus (A. sentico-
sus+ceramide), A. gramineus (A. gramineus-ceramide),
or 10 uM zVAD-fmk (zVAD-fmk+ ceramide) for 2 h,
followed treated with 20 UM of C2-ceramide. Enzymatic
activity is expressed as arbitrary units of relative value.

Hge] AAH o] YLAE Johiw vie] x4
2o B3 & oJHs} caspase THA||7bA] o38kS
MAEAbE aholnr] §ished, obdlsh 2 WYE
Al Etict. 7hA 92T 0 of Mz A2 ¥
20uM ] ceramides *]2]&t ¥ 6A|3ke] gt
pan caspase substrateg]l 0.25mM zZVAD-PNAS %
23t &, 37°Col| A 1|7k uk3-A17] ¥ caspased]] <]
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— ZtA 2T o] Miatoto|=of cHst

caspase & =7} EHdstAl A= ek (Fig. 4). o] A
= ceramideol|] °]&t M ZAFEAA o] caspase FA
HAE et 5A4E JdeE s oulE,
7WA ez g o} A7) o|gst Aol JgkE w]A|
712 #]Isl7] $13te, ceramideE AE|sl7] 241
Zb Aol 1% FBSE =3tsl= wix|9} g7 5ng/ul

94 7]_;\] 071-;—1]94_ Mi]—i Zf%—g—% 71—7L z-] ;‘qa] t‘r]-
% caspase B AEE vpRybx] vl ow &A1}
Aot 1 A3 7R eAv s A AEs o, St

%l caspase®] A3 A=t 60% o] o] A AR
o] vehgor, g MA=zE A AT Aol
A 10% W29 Fho] Vet A== caspase &
AL on] Al ZAaA71A Z3kde-

o] gt A= ceramidest] o3l =L A EAL
o 7|2l A caspaser} Fedslar, 7hA] @27t &
A7) Abae] A3 9} oo, A s}%l caspase—E— &
FHoz Aoz HNZzRI7ES Yeld S
AAG 4 it vhHel M3z a3 47 *&
49} 3199 caspase &A% =5 o] A A=
3}A] 2spm, A= ceramided]] 2]t A1 A EAPHe)
AMe B35 a32 JeE R 23e o 4 99tk

An=a =2

pi

al

fl2t

Sof At sla o)stst @Eitetol
o wet FFHT ol T Asloz
GEMF U ICERE S B

Hlge] Sela) @A) ) Al g 9

[, sb Al ARl o3 2ol A

§lct. o % TS Ed o HEAE %
94 o e = i ol Azl 2T FER
Fi APARI, o e e sl gl
o]5 A3te] A U ouf 3
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AMHES eI —

(

s

=
.
=
R,

o] X} AZAHFEA R 24 o] %, 4l
233l= gokst Mz 2 2A-oA oE
2 geje] AzAbEE s Fo el
A= 2g-3tcta o=ix 9lok(Brugg 5 1996).
v} AN 25 A 8] Aletate] =of 25
ZEE AZAPE 73] dEiMe B2 B3
7} Ag =] A= W@kl B ATl 1 A&y gk
| ZAA 8] A gtufe] 2ol sfEk A
3] 2HE 4 Qs AolEf
Aetetol=e] 4o Gt Atz g
iz} A 9 gkssto| g o)} qu?déMlHé 5
Aol e el A 2 opabe
Azapas) @) gl 712 W ARl 1
ool HEIHE B Tk FAE gobw 4 e,
<A Mebrteleg AAJSHE B4l A% Tmtelal
gHle] =27} x3hhmd AF 9] dx AAdA F7}
shob= W art 8 dpoln) (Kim 5 1997), =3} »=xl
o] M zoA 3} A whao| A mto|dz] o]
= 7 ~ygimfe|dge] Fodiirh= My I 1
o & 9= 1A} (Vaneble 5 1995, Lightle 5
2000).
gH, vofst e AL SlollA =gk FA
7] Abae] o] vhehder ol BAY] Atae
AE o oje] &4 chidel} DNA 5 7t #xte]
A3k £4e frsty, FFHoR AzAdest
2 Qozlcty dex] 9l (Behl 5 1994). 2L}
B A 2" AFs AEAEAE o3 Alx
A Azl M o] A7) Ak A=A
24717 et At 7AiM e B2
= v7) ik
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Abstract

Attenuated Ceramide-induced Neuronal Apoptosis by
Acanthopanax senticous

Do-Yeon Lee, Dae-Seong Kim, Dong-Suep Sohn?,
Sung-Su Kim, Kyung-Yong Kim, Won-Bok Leé¢

Department of Anatomy, College of Medicine, Chung-Ang University, Seoul, Korea
IDepartment of Thoracic and Cardiovascular Surgery, Collegeof Medicine,
Chung-Ang University, Seoul, Korea

Both Acanthopanax senticosus and Acorus gramineus Soland are typical Oriental herbs. They have been used as a
tonic, anti-rheumatic, anti-inflammatory, anti-stress, anti—cancer agent. But, itiS.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 ceramide is involved in neurodegenerétive disease and the process of senescence. The
present study investigated the different effects of A. senticosuSiand A. gramineus on ceramide-induced apoptosis in
human neuroblastoma SK-N-SH cells. We showed thatsceramide induced apoptosis through the mediation of reactive
oxygen species(ROS) production and A. senticosus, as an effective antioxidant, significantly inhibited the increase of
ROS generation, thereby preventing apoptesis. Furthermore, an increase of caspase activity (apoptosis executors) result-
ed from ceramide reduced by A. senticosus.'But A. gramineus had almost no protective effects. These results implicate
that ROS play on important roles inceramide-induced ‘@poptosis, also A. senticosus protects effectively via inhibition

of ROS generation by ceramide through selective pathway.

Key words: A. senticosus, A. gramineus, Ceramide, SK-N-SH, Apoptosis, Oxidative stress, Caspase
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