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Isolation of the Efficacy Constituent for Neuronal Regeneration
from Cibotium baromelz

San-Tae Kim”, Yong Nam Han*, Yeon Kyoung Son*, Hyong Seok Jang**,
Su Jang Kim** and Jun Shik Shin**
*IY-Gene JuAm of Research Institute Bioscience & Biotechnology, Seoul 135-816 Korea
*Natural Products Research Institute, Seoul National University, Seoul 110-460, Korea
**Jaseng Hospital of Oriental Medicine, Seoul 135-896, Korea

Abstract — A phytochemical study on the root of Cibotium barometz J. Smith led to the isolation of onitin (T), daucosterol
(I) and a new compound (IIT). Compound I was characterized as 2-0-(9Z,12Z-octadecadienoyl)-3-O-[a-D-galactopyranosyl-
(1"-6"-0-B-D-galactopyranosyl] glycerol, named shinbarometin by *H-, *C-NMR and LC/MS data. Compound III exerted an
induced neuronal regeneration on nogo-A induced neuroblastoma cells.

Keywords [ Cibotium barometz (L.) J. Smith, monoacylglyceryl, dl-galactoside, shinbarometin, neuronal regeneration

FHL FrpHolgtns 22w vH|(Cibotium barometz (L.)
J. Smith, 723} Dicksoniaceae)e] WelE7]2 A 2kA|2] R ako|
e M3 el vissta a4e] go] g itk sl o]&
2oiz Aog wyd Ao g3}t Ak 4~5 €0l v
o] o AHt got T YEZ A s WE T
ZARE AMGSIGoH A &8 HTe EF ARSI
eMe AR, 21, 7%, S, vhIF, dE9 59 5%l
t}h. 7ol T3E 3Ele) Fgol Ava ok, teld
o] 9l 258 FA Faked gojA vtk E 7HL &5
AeHA &t agE FAsH b EF o] =(FlIR), F-502
E)SS vAdyg. T3 HECZEE triterpene AJEQ
woodwardinic acid, oF~FERE, SFERRE B 532 onitin,
onitin 4-O-B-D-glucopyranoside, pterosin R(4-deoxy;4-chloro-
onitin)® ©] ¢EA YoM onitin® FEZ o|¢HFgo] Y= A
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chondrochitin sulfate, polyglycan'® Soll Q&) AA3E7]e] A%
o] a2t HyE o R B A7Vt XY 3lon} of
2 AgAEA TS e gle S givk. i 2
TARE 7ol e 73 S8l BRAAEE BEekd §
off F3olq AR5 Fe HoJshz oz Bud vl gle MEL
monoacylglycolipidZ 34! shinbarometins F&|5t57]0] X
st} gk

EYY

HE=
TAZ 20009 38 FEAIN e Ts] AE
BEE AY F @Y, T A@EARR) ©lF 2T

of AMgaIT.
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2171 3 AleF

'H-NMR % BC-NMR spectra:= Varian Gemini 20002] 300
MHz 2 75MHz spectrometer®, MS spectra= Hewlett
Packard HP 5985B mass spectrometer® IR spectrat JASCO
FT/IR-5300 spectrometer® Z4315t). % 4 AP A2nlE
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138 BliE 19 7IEF Aok 1F Kv S5hE ARSI
o}, frel A R elE 73 98- silica gel 2 Kiesel gel 60(70~230
and 230~400 mesh, ASTM Art.7734 and 9385, Merck)E A}
H¢+d21, molecular sieve column chromatography& 1A=
Sephadex LH-20(Amersham Pharmacia, piscataway, NJ, USA)
& 831510k TLC plate= Kiesel gel 60F,5, plate (Art 5554,
Merck)ix AHE-SF3ATE Aol ARG-H Al2k2 RPMI i #], fetal
bovire serum(FBS), penicillin/streptomycin, trypsin(Gibco BRL),
ethanol (Merck, Germany) A9k 257 53 9 eWbA|ekg A}
F3irr & Agel AR 7171 CO, incubator(VS-9108 MS,
Visicn Scientific Co.), light microscope(Olympus), immuno-
flucr:scence microscope (Olympus)s= ARg-&}3it),

=& 9 27
SrH T 2 kg T0% ol 8 LY 48] Hi TEolN 64
iR FIHR ARt ARE ZREEF] olehg]

2 14 g& AL} o] AAE E 1 Lo FEHA|Z]AL hexane (1
Lx 33]), 1-butanol (1 LX33)Z 2} ZF F23515 0}, hexane =,
butirol & ¥ 75 47 53319 hexane 91~ (CBE) 52 g,
butzrol 2 (CBB) 93 g, 7% 94 (CBW) 263 g& d3ith
el d CBBEE 90 g& 80% Heh2 300 mioll o], o] &
L. 35-E3le] 33]off AR Sephadex LH-20 ZHH (690 cm,
809 ¥h&Z BEshelr A=ZetE guE AAEAch A A
# -3 (CBB-10) #gllog Q2= A9 1o Hol F
HAm F3 (CBB-20)> 8%l T2 £&53 $88 22 Ho)
o} 2] WA 238 (CBB-30)- Z#-% 60% acetone® 2 A2}
o 12 |t} 7} 2HE 9 =82 CBB-10, 2.1 g; CBB-20,
58 ¢ CBB-30; 23 g& #-&s3ict. 732 4¥-# CBB-10 (2
gre Nulgh Zdo|A SR EEMEE(CMOE k) 20:1
fr--3 H92 slo] CM 10:1-5:1-3:1—2:1 $915 = &
FA 30k CM 10:1 -2-& oA 38hZ compound I (onitin) 25
mg (ekolr FHHEED)S, CM 5:1 & HollA compound
II (ducosterol) 95 mg (WghEolA F2 44 4)S AUt
CM 21 §%9%& Hol Sephadex LH 20 (£vii= wigh2)oll A
4% <1 compound III (shinbarometin, AM) 420 mgFR 2%
s Sl 7Y E)E Ak

Compound I-mp. 212°C, IH.NMR (CDCly) 6 : 1.19(6H,
s, 1(, 11-Hy), 2.343H, s, 12-H,), 2593H, s, 15-H), 2.83
(2H. s, 3-H,), 3.00@2H, m, 13-H,), 3.61(2H, m, 14-H,).

Compound II-mp. 295°C, IRveor (cm™) : 3409, 2934,
1464, 1379, 1165, 1074, 1024, 801.

Compound III — mp. 143°C, [a]? : +0.642(c, 1.25 in
MeOH), IRveer (cm™) : 3400, 3010, 1735, 1721, 1650, 1638,
1144, 1074, 669, LC/MS m/z : 677.5[(M-1)7], EI/MS m/2(%)

!
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i 354(C,Hs50,, 35) (glycerol linolate), 299([354-C,H,]*,
8.3), 262(C;;H3,CO™, 18.5), 163(CyoH;o", 5.6), 149(Cy;H;,",
7.4), 134(C,oHy6", 29.6), 123(CoH 5", 7.4), 109(CgH,;", 18.5),
95(C,Hy,*, 37.0), 81(CeH,*, 54.6), 67(C;H,*, 57.4), 55 (C,H,",
74.1), 'H-NMR (CD,0D), C-NMR (CD,OD) : Table IZ%

Acetylation of compound ITI

Compound IIT % 40 mgE pyridine 0.5 mlo}| =olil T
4 1 miE vlete] 2 E9 o A2ellx st WA se
7ol wet obMl A stelgict. vEg g S o Alelvt
AolA] CHCl : ethyl acetate (3:1) 5 £ull2 ZHa2vfE7
#E A1 compund I acetate 45 mg (FEE)S Lot

Compound IIT acetate -mp 165°C, IRvﬁf (em™): 2930,
2857, 1752, 1638, 1373, 1229, 1138, 1067, 910, 602. 'H-NMR
(CDCly), ®C-NMR (CDCly): Table F&%

Acid hydrolysis of compound III

Compound 1T ¥ 5 mgol 1N HCI-50% ol&+2-89% 1 m/
& 7kste] =ola 2 e thg 100°ColA 2/ 7hd @ F
28| AUAZAR F A 100 W] FH5e0 5 o,
silica gel TLC platee]] &8} CHCl; : methanol : H,0 (15
110 : 25) EEEUE AR F FHE FAEN (10%)s B
A TR 105°ColA 71E3kiE W galactose$}t U8 spot
A3}, (Rf, 0.35)

Alkaline hydrolysis of compound III

Compound I ¥ 10 mg& 1N NaOH -50% °lgh& 44 1
miE 718ke] Folan 2k Wesh the 100°ColA 2A13 /1% &
213]51 REgHe] 1N HCE: 718l pH 328 3% thg CHCL
3 miE 718led pH 322 243 v CHCL, 3 miE 71ste] 5
£33tk CHCL, 5 AUEFAA ol 28 A3t o]
E2& CHCL : methanol (20:1) &&8 ] & siclica gel TLC
plateoll ] AZPETHHE AN F F& ibgA s By o
+ 105°Coll 71951998 wll Rf 055904 @2l spotZ veRict.

"H-NMR (CDCly) & : 0.82 (3H, t, J=6.9 Hz, 18-CH,), 1.57
(2H, m, 3-CH,), 1.98 (4H, m, 8-, 14-CH,), 2.28 (2H, t, J=
7.5 Hz, 2-CH,), 2.71(2H, t, /=57 Hz, 11-CH,), 5.28 (4H, m,
9, 10, 12, 13=CH-CH,)

Nogo-AZ}dtsd MIEZFEZ5E| DNA fragmentation

nogo-A#23 SK-N-SH cell linesE 10° AFESE 6-wellel] ¥
Fokal s wiekst vk AR HE(YG) 5, 25, 50 ug/mis
THEE Ag3le] DNA fragmentations f-55Rk= I55 Hels}
7] 88l AL gl lysis buffer 10 mM Tris-HCI, pH 7.5,
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1 mM EDTA, 0.2% Triton X-100) 200 w= 3713t % 30 min
7r A&l $A3 ©-2 proteinase K (100 pg/m)E 718t
50°Col| A 5AI 7+ EQE 3eFo] A3 t}S o] phenol/
chloroform®] & 93 & E£F $ 4719} o] 15,000 rpm
ol 1587 ARSIt A5AE FHal 100% ethanolE 3
AAA HHAEES AEAAH o] F RNase 50 ug/m)’t 3-8t
dH,0 35 We 71k 30 F o] ML 1.5% agarose gets
Azsle] W719ES HAIS ths DNA fragmentation®] 55

ZASHIT,

BDNF2} GDNF mRNA®E &°IE 2|8t RT-PCR

Nogo-AZ A|ES|YAIZ] (transfection) Al EFFol 2o Al
AAEL] AadLdANA A 28] neurite outgrowthe] W
Z]+= BDNF (brain-derived neurotrophic actor)?} GDNF (Glial
cell line-derived neurotrophic factor) &8E A7) &) A
7] AEFE 6-wellel 10* AZS7L HA B8 T3 24412} w)
9¥3}11 NGF (neuron growth factor)E 50 ng/mio] A 5A17F
9 A=E 7IsE & HEEE} 5, 25 50 pg/mie] HES 71t
3 AEZE PBSZ 23] AF3 th% policeman® 2 HolA 15
ml eppendorf tubeol] ¥37 5,000 rpmel A 5237+ QlE a3t
A5 AL AAS T RNAzol £4E 200 W H71s ok
chloroform 50 W2 7}eti ZAAHA pippetingdto] AL S
lysisdtiL ©]Z 15,000 rpmllA] 4°C3lel 1587 YA ¥-2lske
total RNAZ 3]4-3t T2 isopropanol 5% 21 4°CollA] 15
B2 AAAA 75% EtOHZ 3 A" sle] A7l &
RNase free dH205 20 plg 21 60°CollA 3087t 718k =
91 T total RNA 5 woll 10 mM dNTP 5 pl, 25 mM MgCl,
6 w, 10x RNA PCR buffer 5 y/, RNase inhibitor 1 w, AMV-
Optimized Taq 1 W, AMV reverse Transcriptase XL 1 /, 50
pM specific primer (sense/antisense) 1 ul, RNase free dH20
26 W F71ste] 42°Col 303t AL WhE-S A5k, 94
°Colx] 2827 3-8 ARAIFHA DNATHIRES (polymerase chain
reaction: PCRYS AA)et9i=d] 9242 92°C 1 min, 52°C
45 sec, 71°C 60 secolA] 35 cyclesE AAAA 71°ColN] HF
Ao 587 elongation HH5-S HAJSld £33 & o] PCR 4t

E-2 1% agarose geloll eluter]#] bandf7-3 ERIskict

Nogo-A0i| 2|5l neurite outgrowth Z0[0f| D|X|= A&t

nogo-A 43 SK-Y-SH (neuroblastoma)¥| % poly-L-
lysine coated glass® 6-wellol 10°4| 255 Fatar 24075
2k ulkskal NGFE 50 ng/mie] SA| 5AZbEt 254 715t 5
83 U 47] E 57 50 pgmio] HESE 71s &
neurite outgrowth lengthg Av|7 3lolX bR & #43PdA
ZABIGTE FEA Ao NGF 2 oFE-S 1A7Hs<E A2l §-

29 5 AT BT T AR 2o BAREe =
AV

dEE W o

TEo2RE REMES R2| ¥ siEtex BN

T 70% oeg & AAZRE AZARY FLol e
32 CBB-10C.2%H 3%F9 &S v FAAh
Compound I 'H-NMR data’} ©]u] Pteridaceae & 21Eof|4
E2)9 onitin®] 27} FUsIIct. Compound IE= authentic 3}
&2¢) daucosterol TLC % IR spectrum®] o1 73]
overlap B I3t

Compound II= 5332 &% (mp 143°C)F ¥oizleH IR
spectrumell 4] €24 OH (3400 cm™), olefine (CH=CH, cis-
form, 3010, 1650, 1638, 669 Cm_l)i’f]- ester (1735, 1721 cm™?)
o] A1 #1313t Compound MIE 4713l 8131& )
galactoseZ, 47H] 715288l S w 2709 olefines 71 A
HRARS: BH01513TE Anomeric proton 2707} EAIBITR= AMLS
'H- 2 BC.NMR spectra (Table D)ol 4 84.24 (d, /=6.9 Hz),
105.21 2 4.86 (d, /=3.6 Hz), 100.442] signal2 7€ & 4 4
A, & 72 galactoses BAT, e 3 7|9 galactose= o
ARS8 Y2 & F Uik 'H-'H COSYs$ HETCOR
A ZAxfo] 23k BC-NMReIA LERd §100.44, 70.16, 71.40,
70.96, 72.44, 62.67°141 2] signal -2 terminal sugar 7} a-
galactopyranose Y-S, 810521, 72.50, 74.48, 74.59, 69.60,
66.54 signal B2 B-galactopyranose®] 631 $Jx]ol glycosylation
Hol 52 & 4 3AATE Oxgenated carbonse] AZAEH
ABMXY H-H coupling system®] 'H-NMR spectrum (1-CH,,
3.79, 3.66; 2-CH, 5.03; 3-CH, 392, 3.71)3%} BC-NMR
spectrum (1-CH,, 72.06, 2-CH, 70.04; 3-CH,, 67.71)|A 2
Fu g o] Hlo|el= glycerol moiety’} TS vERACE 3 7)
9] acyl group®l| 71913F= & 709 carbonyl carbon signal®]
8173.53°14] e F %2} double bond signale] §130.90,
130.83, 129.05, 129.00°14] “}el}ar, &3k 'H-NMR spectrum
ol A §2.77 (t, J=5.7 Hz) & 2.35 (t, J=7.5 Hz)2] signal =
7}2} double bond £} double bond Ale]ell 3= methylene 4
(11"-CH,) ¥ carbonyl &57] %2 methylene $4:(2"-CH,)
signal®] chemical shift #¥} 2 Ax|3k3dch. o] L33} ik
moiety®ll 91+ double bond?] geometry= BC-NMR datac)l 4]
double bond & methylene 48", 14")7} 628.12014 #2 5
B2 asth & 4 vk usbd UubA o % double bond7}
cis YATEY 9 double bond & methylene ¥427) 827~28¢1)
Al VERAAL, trans JATZY W] AL §32~33004 viERR=
Aoz dA 7] wiEolthY ojejst Az RE B3} A

J. Pharm. Soc. Korea
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Table I-'H- and *C-NMR data of compound and its acetate

Compoun (CD;0D)

Compoun III Acetate (CDCly)

"H(m, in Hz) e 8'H(m, in Hz) 3tC
la 3.79%(m) 72.06 4.28(dd, 3.3, 12.0) 62.17
it 3.66%(m) 72.06 4.12(dd, 6.0, 12.0) 62.17
p 5.03(m) 70.04 5.15(m) 70.83°
sa 3.92%(m) 67.71 3.95(dd, 5.0, 10.8) 67.38
3k 3.71%m) 67.71 3.64(dd, 5.7, 10.8) 67.38
1 4.24(d, 6.9) 105.21 447, 7.8) 101.52
2 3.53(dd, 6.9, 9.6) 72.50 5.16(dd, 7.8,10.5) 68.57°
& 3.49(dd, 3.3, 10) 74.48 4.98(dd, 3.3, 10.5) 66.54°
4 3.74%m) 74.59 5.39(dd, 0.6, 3.3) 67.33
3 3.98(m) 69.60 3.83(ddd, 0.6, 5.7, 7.4) 71.55°
6% 4.16(dd, 5.7, 12.0) 66.54 3.75(dd, 5.7, 10.2) 65.51
6 4.10(dd, 7.8, 12.0) 66.54 3.42(dd, 7.4, 10.2) 65.51
1" 4.86(d, 3.6) 100.44 4.93(d, 3.6) 96.63
2" 3.78(dd, 3.6, 10.2) 70.16 5.09(dd, 3.6, 11.1) 67.120
K 3.73%m) 71.40 5.27(dd, 3.3, 11.1) 67.86°
4! 3.89%(m) 70.96 5.43(dd, 0.9, 3.3) 67.54°
4! 3.85%(m) 72.44 4.19(ddd, 0.9, 5.7, 7.0) 69.86°
£ 3.72%m) 62.67 4.10(dd, 5.7, 11.0) 61.52
£ 3.69%m) 62.67 4.06(dd, 7.0, 11.0) 61.52
1" 173.53 173.29
" 2.35(t, 7.5) 34.90 2.28(t, 7.8) 33.99
2" 1.61(m) 25.95 1.58(m) 24.80

W m .02, 30.7 29.20, 29.40, 29.01, 29.

"7 1.37-1.28(m) 30.513(20)2, 30.18%%)3.68 1.29-1.2(m) o0 2%{1.%4, e
15"-17"

&' 14" 2.06(m) 28.12 2.06(m) 27.12(2)
woqem .90, 130. .14, 129.
&1 5-:34(m) gg,gg, 12900 5.32(m) gg.ég, 78

127 13"
11" 2.77(t, 5.7) 26.51 2.74(, 5.7) 25.55
13" 0.90(t, 6.9 14.44 0.85(t, 6.9) 14.04
2.110(s), 2.107(s), 2.061(s) 20.80, 20.60(3)
CH;CO 2.046(s), 2.044(s), 2.034(s) 20.54(3)
1.950(s), 1.946(s) 20.48
170.54, 170.32, 170.09,
CELCO 169.973)
169.87, 169.35
Assxgnments were established HETCOR.
SOver apping signals.
HhALT 1= 9Z,12Z-octadecadienoyl (linoley)& 48 = 313 eht7] wiFolr}, 38 compound Il 21eiA sugar moiety2]

o1 2= glycerol moiety?} 2 CH-0°) ester A%s}
i Ell &%, 29 methine 42 chemical shift Zte] §5.03¢! 2
o= dof AT 5= gk WA compound M} 27} &
ARSE vt (Arisaema amurense)® ZHE] 2213+ compound 5
(1,2- -diacyl-3-O-{o-D-galactopyranosyl-(1"-6")-0-3-D-galactopy-
ranos 1lgtycerol)™® ¢} compound 11 (3-O-[o-D-galactopyranosyl-
(1"-€)-0-B-D-galactopyranosyl] glycero)™2] 7%
moiet/2] 281 methine <74%=2] chemical shift %] compound 5

o] i 85.259141, compound 119) glojM= 83784 1}

glycerol

Vol. 4€, No. 6, 2002

AT A= compound 5% compound 112] 23 FA3HA
glycerol moiety2} 3% methylene & & 5= AUTh o] R
glycerol moiety®] 3% methylene®] 'H-NMR spectra®l|*] ¢}
chemical shift %t°] compound II9] ¢ §3.92, 371011?4
compound 5°14% 8 3.93, 3.73°]1 compound 119} 7
83.91, 83.700 28 M=Z ¢ FAFEE] wiEolth. Compound III
ol LC/MS dataoll A [M-17¢) #ko) 677.50) 28 H}aLe
Cy3Hss01019 Fig. 101 AN 7229 Exl5a 2 dA)sisint.
Compound [®] T%& t1& Y&3] 37| 918l acetatem A
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OH 1.H 3 —0
1CH20H

Fig. 1 -The structure of compound IIl from Cibotium barometz.

Z359 NMR data® Table ol YERASATE Compound I
acetater= 8719] acetyl’|5 71X 912, compound IIoIA H-
H coupling constantE H&3] AAIE 4= G 1212 glycerol
9 252}9] galactose moietyS2] H-H couplingS A|AIE 5= 9l
A THTable I) ©)2{ 3t A2 ZHE compound M2 +ZE= 2-0-
(9Z,12Z-octadecadienoyl)-3-O-[o-galactopyranosyl-(1" — 6)-O-B-
D-galactopyranosyliglycerol)& H&3] 71 = 93t}

AdAdoll A Felste] B8 diacylglycerylgalactoside &<
galactose”} 1 E2}o] AL 28 x}o] 0] glycerol?) 3¥ ¥A o
glycoside A 31T, acyl’] 2 F5H+= glycerol 1 §hhol] 3
AT o AE| 27}, 29 Bhho] BEsIRHML o AE|ETL A
ge]o] ot g2 v} compound IS glycerol 3 &A o]
galactose 258217} glycoside 23 3l glycerol 2 whiol &
EPAPAL o AHEZ AfE| o] Qo glycerol 1 BhAoll=
ol 2pite Agt=lo] 21%] ¢k& monoacylglyceryldigalactosde
ZA dA7A] AAeA EEE vk gle AEFolEw
shinbarometin®]2} 8T,

Nogo-Anjgtsl MEZF22E{ DNA fragmentationd O|Xk=
E=Ei

Shinbarometin(YG)°] nogo-A #FiHa AIEZFQ1 SK-N-SH cell
o] AAE7] WAl vl AlEA vlAE JERe dekry] 9]
8| shinbarometin 5, 25, 50 pg/mie X2|eta AEZE 12XHE
b ufekst 5 AFEALS] AAFEE HEBINT Fg. 2004 B
Hlel 7Ho], shinbarometinel] &3t MEAR= 5 pg/ml °18+9] o
< FEoAe tiztel vl @F DNA fragmentation®] ladder
7} Fadhs FolEndt Ak vehA] bt Z12{u 25 pg/
mol SEHEE A3 AEAR] FE7F AAE 50 ug/ml
1738] FEolMe izl nlaste] 85%cluie] AlXEARS &
F35 B9of w2} shinbarometino] A4 oA HE=
BE719 217o] HAEE AE AdeAL WAL AES
Tahe Ads BojFivh

3

do 2 2

Nogo-A0| 2|5l neurite outgrowth ZI0|0} 0JX)= Y&t
nogo-A7} 5% neuroblastoma celloljA] 2] A|ZAFHo] 217
719 Aol v|A|E FEE dotrr] 9151 nogo-A #HHd

Fig. 2 - Analysis of DNA ladders from nogo-neuroblastoma cultures
treated with or without shinbarometin (YG). Genomic DNA
was isolated from untreated (CON) and 5, 25 and 50 pug/m/
YG with nogo-induced neuroblastoma cell lines (12-h drug
exposure). DNA was subjected to agarose gel electrophoresis
(2% agarose/1XTAE buffer), stained with ethidium bromide
for 30 min, and visualized on short-wave UV light box. M,
marker DNA, 1-kb ladder (Life Technologies, Inc.).

SK-N-SH cell®ll shinbarometin 50 pug/mi2] &=olA 12 A3
Aejstar 3350 FestR] WskE phase-light microscopy st
A7AE719] 213 e #oys= neurofilamentE #915}7] ¢Jsh
rhodamine-phalloidin©. % @ 43te] FFHv|Fg oz a5+
th 21735719 A% Adfiste] A7AvkE f 53R nogo-A
£ TAE IN-18Ae] sl AA A o] &gk o g
7 9lut>® 78|m g B AP Fig 39)41&]¥ shinbarometin
50 ug/ml FEollME diZe} nlwste] AER e} Sof & ¥
38 @EE 4 A% AFNEAL] FE HhsHE A Al
AL ARE7I7L AREE 2e #EE 5 AU =3 A
7AE719] F-actin®] 325 21st7] A8l rhodamine-phalloidin
o2 FAMA shinbarometin® & X 2|3 & NFE71L Al
o] FZ18E& & 4 A= Fig. 4o AY diZz7te) nlaf 4l
35719 Aol 40~80%H 5] F7rEE & A= o)
& 23} shinbarometin®] AFAHNZFE AA A Gl HoAsh=
7= 7 A&l dlEE ozt

RT-PCRZ nogo-A2| 70 2|8t BDNF 2t GDNF mRNA
Wil 0lxl= A&

nogo-A7} F-5% neuroblastoma celloA] A173E7]9] A7
n]X)= 3RS dolry] $1810d nogo-A TdE SK-N-SH celloll
shinbarometin 5, 256 @ 50 ug/mi®] F5%ollA 12 A|3F sk
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shinbarometin

Nogo-A

a) Phase-
light

b) Rhodamine-
Pha ‘oidin
(F-astin)

Fig. ? — Nogo inhibits neurite outgrowth. Nogo has effect on inhibibtion
of neurite outgrowth in cell morphology, in the presence
{Upper; right) or absence (Upper; left) of shinbarometin
'YG) treatment. (a)The morphology and proliferation of SK-
N-SH cells after exposure to YG (50 pg/ml) was changed
compared with control, untreated cultures. Treatment with YG
'50 pg/md) for 12 hrs caused cells to round (right) and was
associated with a decrease in proliferation (left), as measured
2y phase-light microscopy. (b) Nogo-induced neuroblastoma
cells not treated with YG (Bottom; left) or YG-treated SK-
N-SH cells (Bottom; right) were cultured for 12 hrs in the
aresence of the indicated YG: no treated YG (left); Neurite
outgrowth was visualized by staining with rhodamine-
phalloidin. Scale bar, 200 pum.
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Fig. 1-YG regenerated inhibition of neurite outgrowth by nogo-A.
Nogo-induced SK-N-SH cells were cultured for 12 hours in
the absence/presence of the indicated YG: no nogo-induced
normal cells (NOR); Nogo-induced cells (CON); and 50 pg/
m! YG. Neurite outgrowth was visualized by staining with
rhodamine-phalloidin. Scale bar, 200 pm. Results from
neurite outgrowth assays are quantitated. All results are the
means S.E.M. Those values significantly different from
control are indicated (asterisk, P<0.05, Student's two-tailed
t test).
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Fig. 5—-RT-PCR analysis of RNA amplified from nogo-induced
neuroblastoma cells. Total RNA was isolated from SK-N-
SH cells using the RNeasy kit (Qiagen), following the
manufacturer'’s protocol. One pg of RNA was amplified as
described in Method and “Materials and Methods”. The
amplified nogo-A, caspase-3, BDNF, GDNE B-actin cDNA
products were subjected to 1% agarose gel electrophoresis
and stained with ethidium bromide.
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