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Abstract

Atherosclerosis is the major reason to cause these diseases. Based
on the most acceptable theory is endothelial dysfunction represented as
migration and proliferation in smooth muscle cell, the efficacious
inhibition of migration and proliferation in smooth muscle cell is the
major direction to preventing atherosclerosis. Traditionally, Nuciferine
leaf was reported to possess powerful effect on decreasing serum lipids.
It means that Nuciferine leaf also possess the same effect on preventing
atherosclerosis. But upon to now, the researchers just emphasized the
effects of Nuciferine leaf in clinical research but not in the mechanisms
on preventing atherosclerosis. Because of that, we designed a series of
experiments to study how Nuciferine leaf prevents atherosclerosis, and
what were the mechanisms. The experimental results showed that
Nuciferine leaf extract has efficacious inhibition on LDL-
preoxidation-relative electrophoretic mobility, Apo B fragmentation,
TBARS formation and diene formation. we used flow cytometry assay,
MTT assay, DNA fragment assay and the result showed that Nuciferine
leaf extract could induced apoptosis of the proliferated smooth muscle
cell.and activated the caspase cascade and triggered apoptosis. Further
wound healing, gelatin zymography and Boyden chamber study found
that Nuciferine leaf extract could inhibited smooth muscle cell migration.
According to the above, we suggested that Nuciferine leaf possessed the
ability to reduce atherosclerosis via inhibiting the endothelial
dysfunction. Furthermore, it had the potential to develop to a new

health-caring herb to prevent atherosclerosis.
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( European Atherosclerosis Society ) #-x g £ ¥ 2 = =z2g: (1) 3
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" EA: % v 3t & ) 2 ( American National Cholesterol Education
Program ) B|#% TC ~ LDL-C 4 HDL-C }k & 4 %: (1) 2 B2 7
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%ﬁﬁmﬁ%ﬁﬂﬁ%ﬁiw%ﬁ%ﬂi;%ﬂ%i%$%§%}
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BhiEF b4 ~iF v 4 ps (Catalase) ¥ #iFF it 4 53 P BRF
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B3 ek 5o blde t T e B # (Migration) % o F]p o
£ R R kA A8 T eim e e84 (Migration) £

B2 A e & FF o

T e in fe 0B # (Migration ) i & &% F| it F 4 5]
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Tyrosine kinase - coupled preteins = @ ¥ s %7 18 # (Migration ) =31
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T sz (SMC) 03 2 (Proliferation ) fds #% o fk /T it @
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G {2 o A Y E IR e 1 e gand] i (Differentiated
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ek P (Cellceycle) m g 3 4 o
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LN

&

)

ier G2 (Gap2) P GRE=Flw [P h 1 s d iy &3
Fov F2cholmres € f FHRAL S RMDNA TR AT Y
#i77 S 4 (Mitosis) ; (4) i » M (Mitosis) Frdp 2 {5 fm¥z ¢ d
- B RAA B e L U RENLIRE L AR
o REEFmE N A B e - R LREE R G -
pE e 2 s F e R B ASE N T - B ikl o A e it (Cell
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# o ek 4 &£ ( Nedumbo nucifera Gaertn.-- pi i 4

Nymphaeaceae) ¥ » 4o't B+ o

cm > 245 FER K> tadEd > KFLE B TR O E
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Tx > HANFH B 2 S 14~24cm0 v & A iad o XA FE
BA~50 % 0 S TR FR s 2R 3 F 0 TEMR
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Pt T EE A g FITE N o TN R DWW EEE R (Y
FEE ) B2 5~10cm » %W o 5% P& PR 0 & L A
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L
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* ¥ zjm &9 (Nelumboside) ~ -4 % ~ Rfid guz lad 3 CH iR
B AL R XAE LR  FEARRL B T
B gfn‘;ﬁ AR AN 2 5 78 e A 4ot B 4

3o ! FRUEFET FRER S EFE o R Lk 2
B AR BIRR G R R 0w Bkl i WK o FE
Rofeacit b d o ¥ 3 SN g AL E o ¢ AP F Lk

PEEERRED R L oo TR R

N FEL G R R

2.3 %2(26-33) -
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ARIREE S

P efT 3 dn DB vk A ¢ (Atherosclerosis) £ # R ¥ A
:pf;ﬁw&iﬂ}ﬁzfﬂo iR R LA 3 & §d At Fp et ff e
FUOERI TR A - @ P U oo BRE FORE -

FE R 50k e T i 2
BIRAEIFFEFRPRACNE L 3 FRA P12 0T

fE’j”/EH;E"" %i%/\/{‘gﬁ "J‘f/\#m$ IL ]—}‘3!3 B— Fllﬁj(‘ o

PR R E TR 0 B F ENFE L 0 @ Sk

N )
&
=]
a
W
g

FHEFEFTY 0 T FEAMOEAS HRE 4T L0 FH

r—gﬂ'_nt}iﬁ 1;}”‘53“’”73(”#7”*3—'\“:’ "E/E‘)\ZP\F'/%§7/{F

kg R T B IR R A T ehAl o 3
#

L0 ke SR g AR R I SRR A

ENGIVEEE U 41 S IR RIS S (AU R g -
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- FERK
NLE
| | ‘ | |
Component Autioxidative ~ nhibit proliferation  Inhibit migration
analysis analysis [n SMC [n SMC
L Eolyhencls \ Dasaansy “1.Flow cytometric 1. Boyden Chamber
Containanalysis| 3 ppo B Fragment | analyss Migration assay
L HPLCaalyis | ™Y *Z'ENA PRI | o
3. Diene Conjugation e .| Lymography assay
sy 3. Western blotting
3. Wound healing
4. LDL Electrophoretic assay

Mobility assay
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R = A

—~ FEHRHHE
1. FE

AR ST 2 ESAE A EE o Bp o

LA 2 TR BN o

2. &

)
Fhx 7

BT H

3. FHER
R &L
PALLI
0.45 1« m syringe filter
CORPORATION
TEDIA Methanol
Hexane
Ethyl Acetate
SIGMA Ethidium Bromide

Propidium Iodide, PI

Protocatechuic acid

Epigallocatechin gallate

Gallic acid

Rutin

Microculture tetrazolium, MTT

14



Caffeic acid

1,1,3,3-Tetramethoxypropane, TEP

2-Thiobarbituria acid, TCA

Trichloroacetic acid, TCA

Tris-HCI

Ethylenediaminetetraacetic acid, EDTA

Rnase A

Ethidium Bromide, EtBr

Gelatin

Giemsa stain

Protein inhibitor

4'.6-Diamidino-2-phenylindole, DAPI

Catechin
TEDIA Acetonitrile
MERCK Folin ciocalteu reagent
Sodium chloride
SDS
Potassium bromine
P&k BELER
Copper sulfate
7O A

Pk e R G

A+

Ammorium peroxodisulfate, APS

GILSON

Acrylamide

BIO-RAD

TEMED

15




HYCLONE ® Glucose
Trypsin
GIBCOBRL ® Dulbecco's modified eagle's medium,
DMEM
L-glutamine
Sodium bicarbonate
Fetal bovine serum, FBS
Penicillin streptomycin
Dulbecco's  phosphate-buffered saline,
PBS
FISHER CHEMIC Isopropanol
PANREAC Absolute ethanol
AMERSHAM
PD-10 column
BIOCIENCES
MILLOPORE Nitrocellulose transfer membrane
KODAK Developer
Fixer
X-ray Film
NEURO PROBE Polycarbonate membranes, 8 ¢ m pore

16




- RERA

& % Rt
B IR Y SIGMA 2K 15
eI R CORNINQ STRIRRER/HOTPLATE

Mg B A

EPPENDORF CENTRIFUGE 5415C

AL KUBOTA 2010

% T PRECISA 3100C

Mg % T METTLER TOLEDO AB104
R ST LABCONCO
IR HETO VR-MAXI ST.A

Ak kB3t HITACHI U-2001

% it i dn & A7

HITACHILC-ORGANIZER

K

FIRSTEK SHAKER BATH B601

B B 1

ALPHAR IMAGER 2000

PHARMACLA BIOTECK

TR R R BIO-RAD POWER PAC3000
¥k kgt HITACHI F-2000

78 3 % $2 NUAIRE US AUTOFLOW

B A ES NUAIRE CLASS 2TYPE A/B3
fis i P 2k HANNA PH301

DNA 7 A # MUPID-2

TAETE T PR N

FUJIFILM LAS-1000

N L \ e
I LN

FASC CALIBAR, BD

BRI AL

TOMIN TM322
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I 2wk B AT NIKON

YAl
2
R A BIO-RAD , HOEFER

M L
1L FEKEF (NLE) WA

Pt E R R 20 se4e ~ 1000 F A ez ok A4 CT ER £

CmEiBiptedh o mEN-80CL Ik c NE TS FIcEREA S
ho FEREE O NGERB AL R RERFEKERF o £
Pt R RF TR FEAEPREASOLERRBRF AL 022um

filter @;‘}é"f 7 °
2. FESp3 2% (NPRE) ®#

P~jm k% (NLE) 4 » ? iz (NLE : Methnol =10 g : 100 mL )
ESOCTEE3IF L3 SpgklEipinia @ (A 50
CTTRBIESFICE > g Bens kB R R r i B ehe % B
ko R r Rt fie fE B B ASL 3 % o Bee e ik
A SOCT RS L Rens Sokip R R N 2
HREAGARE KR R UGG RAFE  REBIREAFE
FEREBP o R YN FRIFTR FELRIFREDEER

% E A% 0.22um filter i@ﬂ,ﬁ",’f Jﬁ °

3. FE-kF# (NLE) T
A TR ELHA

fed 05 mgmL jFE k¥ 17 Lk %¥ hiFH 200 nm 3

18



700 nm LB H e Sk B %L A o
B. HPLC #i# 553 2 gl
= =k e d] 0.05 mg/mL R E 5 o
C. HPLC # * 2 FE k¥ m il
v ke Sme/mL jE E oK F 418 £ 02 0.22um filter B g e
D. HPLC 44

HPLC 4 #7 i% i 4o - * Symmetry shield RP18 ¢ 1 » - 4p if

% % (A : Formic acid / Water = 10 : 90 , B : Formic acid / Water /
Acetonitrile = 10 : 60 : 30) > # 4p $- & 5 (Time,%B) > (0,20)> (55,80) -
(60,20) > 7wi# 1 mL/min > B4 & 280 nm > /X 84884 - 10 L &

fo TP BT AT o

4. FELFF (NLE) 7z ERIZ

™2 Rutin @ A& & 5 o B~ g2 43 eh %2 SAMPLE 20 L v 4c »
1.58 mL er= x4 #+ -k » & 4 » 100 ¢ L Folin-Ciocateu reagent > ;&
£353 {4 » 4 » 300 i L sodium carbonate solution > # 40°C |28 -k i#
Y FE30 448 I 3 765 nm TRk E ﬁxfg,u:\rﬁrﬁ
?Eﬁ%ﬂ?@*§§°?W2§ﬁ9“?§é?¥€§%u

Sample fie ® )k & -
5, Mm% ARMFv (LDL) ®l#

LSRR L P w2 B A S 2mL i 4 ~ 0.7 ml
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710.15M NaCl % 0.3mM EDTA (PH7.4)> % 10°C ™ 12 60,000 rpm
o 10 ~ 48 0 2 ",’TTJ Bt is £4F P B AISE s 35 o £ B
TRIiR2Z A2 E KBro LA 35 B R RE R
L LDL-LDL kv T8 R ENF RN BLEERLEF BRER A
100ug/mL - & * % » 12 PD-10 desalting column i g fs ¥ @& * » 4]

R4 LDL kg 4T3 AzilE—- B8 5o
6. LDL electrophoretic mobility assay

iz * BECKMAN lipoprotein (LIPO) electrophoresis system > %
{& 4 » Smaple fv Buffer # - i § 100V > 30 min {& » 2 B TR ¥ 2
5 paBfdEsr o LY A RAI S phEo BISURI RRI o (S
% 7 A% % 12 band # & enpEdE (Electrophoretic mobility ; EM ) 2] 2_

LDL % *42% » %% i*2 LDL 2 EM 5 1-
7. LDL apoB protein fragmentation assay

fe @ 3~15% Gradient acrylamide gel > ¥ >t T A ? 4r » R0 %
7% o B~if £ Sample ¥2 Dye B & > se » TR AR Y > 0400V &7
TASH S A2 BB EERT S T NLI R (0.1%
Coomassie blue) % & 1hr- £ 0% 4 & (40%7 f& > 10%f5 & > 50%
R M o Efs B A T R AT o

8. TBARS assay

v 1,1,3,3-Tetramethoxypropane ( TEP) 3 &2 % taff & & 4 >

P~ 0.2mL &I 4F en & 2 Sample #2 0.2mL TCA 4r 0.2mL TBA & & >

20



44 90-95°C » 45 A~ 45144 47 > 4 Fluorescence Ex/ Em = 532nm/

600nm P Z_-°
9. Diene conjugation assay

#-pe @43 e 2 2 NLE Sample e » CuSO4 > % 37°C ™ * i 540
s o e H A IR 30 A 4802 UV Spectrophotometry (230 ~235nm )

BlE - =X o Bfs Diene 2 8 (kiE) %A% 5 PBFF;

ARSHATRY 2L e L) AR LEFEATNASFTRESTE
fe* ¥ < pEE 2. Rat smooth muscle of thoracic aorta-----A7r5 cell o
AT7r5 cell # %> DMEM (GIBCOBRL®) # %% ¢ (pH7.3)> B %
& ® 7 90% Dulbecco's modified Eagle's medium -~ 4 mM
L-glutamine ~ 1.5 g / L Sodium bicarbonate ~ 4.5 g/ L-Glucose -~
10% Fetal bovine serum (FBS) ~ 1% Penicillin = A7r5 cells 32 %
- AR ENIEEREEH (37C5%C0,) {#HBERRTPFERE =X
Hckmiz A RERD T RAS IR #H- o mEit R
R4 EREOL B EE TR T A 0 e eh#E L2 025um Filter
ERAFoF PSRV we %R 5 5x10° cells/ mL > 12 0.5% FBS
DMEM #: % (90% Dulbecco's modified Eagle's medium ~ 4 mM
L-glutamine ~ 1.5 g / L Sodium bicarbonate ~ 4.5 g / L-Glucose -~
0.5% Fetal bovine serum (FBS) ~ 1% Penicillin) 48 -] pF{s » 3 &

BRI

21



ATr5 cells (5x10° cells / mL) 12 0.5% FBS DMEM #: % 48 /| p%
0 4vr Medium £ 7 & & g £-REPP > & 37TCIEIER R 4
FRe24 DBt > MR 2 AR ESET R LR RJLIE (S o )

o

&

12. MTT (Microculture Tetrazolium ) assay

#- ATr5 cell (2x10% cells / mL) 32 % *+ 12 well culture plate » 12
0.5% FBS DMEM 3 % 48 /| s » 4o » 2 R ER R E-KEF B 5
(NLE)> &37CERB 4407 F 24 [ BERLR(F %)
e r FreE AR (B 5 E) T4~ 0.5 mg/ml MTT» & 37CE
B e F 4 PR B AR (§ MTT) 12 PBS ik

4v » Isopropanol #-% %72 11 > A 0OD 563 nm T R TR Rk o

13. Flow cytometric analysis

# ATR5 fm*z (5x10° cells / mL) 12 0.5% FBS DMEM # % 48

JPES o e r 2 RARIE A ERF S (NLE) #3887 0 & 37C

\

ERBHMF I 24 PG 258 %0k 0 2 PBS ik 4
Trypsin-EDTA # m%e 4 pEoac 4 > fc & w2 > & 1500rpm ~ 5 4 43 >
A%k bR o 0 TO%GERE F € 24 ) PF > £ F 1500rpm ~ 5 4 48 0 2

Kf__!' /—%—/IQ ’ 4‘: » PIF}%‘ 15 A}éﬁﬁ ’ ﬁ’slb "[/n q,\‘ E’JF? Ii}/?] °

14. DNA Fragmentation assay
¥ ATr5 e (5x10° cells/mL) 14 0.5% FBS DMEM #: % 48 /|
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Fis > 4o 23 A E s E-kEPP (NLE) #2320k 0 & 37TCE
B EHF R 24 ) FS 2 "fi% %k 0 11 PBS ik oo de »
Trypsin-EDTA # fw#e 4 pErgac 4 > qc & fm¥e > & 1500rpm ~ 5 4 43 >
Y % PR #&F ﬁ P DNeasy® Tissue Kit (QIAGEN)AJZ # 35 ¥ B~
DNA » B~ e DNA & » —20°C k48 %33 o fe 8l 2% Agrose gel >
P~if £ e DNA % 4¢v » running buffer’ i& {7 T /% » & A = & {5 71 EtBr

Ad o Bots UV BB §os 5 &k 1R o
15. Western blotting

#- A7r5 g (5x10° cells/mL) 14 0.5% FBS DMEM 3 % 48 /]
IS > der 2 AR P EKEBRS (NLE) #22%% > & 37CHE
BB F k24 PR AERAR 1 PBS ik deox
Trypsin-EDTA & ‘m% 4 Bb'dac 4 > fc & ‘¥ > & 1500rpm ~ 5 A 43
oA E iR 4 r RIPA 233 8 v dedl D REF B 11 B
B 10000xg~ 10 A~ &8> o b b ik > T 4 F-d o e Wif § SDS-PAGE >
BT ARY e r A ER o Bof £ Sample ¥ Dye i & » 4v > 3|
TASY 140V BETAANY A Y3 PFEERERT B
¥ 1 SDS-PAGE } z_ & @gend-v #& % 3] NC Paper + » £ 12 Blocking
buffer 8 F Jis 2 -] BF » 2 {5:% 2 Blocking buffer 1§ » 4c » #7Z 2
- EFME R 2 B BE RS S - Bl o L e 99 R 2 =

TFAEE 1) PF o Bfete» ECL A S » T 00 b ik o
16. Wound healing assay

# A7r5 sm7z (1x10° cells/mL) 12 0.5% FBS DMEM # % 48 /|

23



Pris > 1 Yellow tip esd & P g - 5§ o > £ 2 PBS iikdic
= NS4 2 A BRI ELEERS (NLE) ¥ 20% FBS DMEM

BER o F R4S B Bis IR BE -
17. Gelatin Zymography assay

3 ATr5 e (5x10° cells /mL) 14 0.5% FBS DMEM #: % 48 |
PEiS s de 2 A E U E-RKE B4 (NLE) ¥ 20% FBS DMEM 2
i w3TCIEEE A 4F 24 /) PFis > #% + No serum DMEM
ERFE R 24 )P > jcdE MMP 39 - ®l# 0.1% Gelatin - 8%
SDS-PAGE & A%} 50 B2 T A @ 4e » A8 Bk - P~3f £ Sample
B DyeiRE > he »FTHAPD 0 140V AT AAY 2 93]
PF {9 B BT 5 4o i  Washing buffer > & J& 30 ~ 450 £ 2 =X >
i) Washing buffer 2_ {5 > 4 » if £ Reaction buffer - ** 37°C 128 44
TERI2 BpRE BF R e 12 Staining buffer %4 0 2.
{6 11194 B JLEL—JF:]

13\\-

18. Boyden Chamber Migration Assay

1 #* 48 well Boyden chamber 4 45 > ;% > Lower chamber 3 2
”ﬁ 20% FBS DMEM BR o BRI R g E -k Bt

(NLE )24 | pF {8 enfm?e » v2 Trypsin-EDTA 3+ T ‘w# ¥ 3+ & ‘w9 oo

%
A
-)s
~.

>/

T i #i (5x10° cells / mL) ** Upper chamber > & m
e #5856 /] PS> B~ 3t Upper chamber 4+ Lower chamber 2. & &
s B R E R e 10 A 450 bo§5 5 A 482 18 0 12 Giemsa £ 4 1

JPE D Bfs B AR BB HE Nk thiw e > B 400X i B A
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THEASE P 3 BARET
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T~ k2%

— FELAEHNLE) P2 2 8
BB R K (NLE)B 854 H 2 0 AR £
REUFE K EFNLE)SPN F 5 5 0 2 4 i 7 a8 0 2 (5 2% -
(D -k 54 (NLE) R &

PR IR ER A 20 R o A I kiRt o mE A
BLZARTCEBEL T RGE TERERESFNLEAF 9L 15%

o

-

xZ

() E -k ¥4 (NLE) 244 47

BFELORRFELREY (NLE) Ep3H @ %9 2F
Hendrds 2 HPLC A 45 - 85 FE-KE4H (NLE) Hp 54 o o
Bl- % 8T FEKEP (NLE) &=k E R A 260 nm %
340 nm i 2 4 o 5 HPLC i et 4 > v @ oo gk 5 4
(NLE)yp ¥ 5c 23 S5 pspit &4 > 279 12 Gallicacid 7 £ 5 % o

(®-=)

B)FEREHF(NLE) S ps 2 iRl 2

# ¥ 2 HPLC ihA 47 % o £k 4+ (NLE) ¢ 5 oo it
&4 > T > 41* Waterhose, A.L.§v Singleton, V.L.(34,35)17 ;% i
TEKEPFL(NLE)E S psi- £ 40z & o wE k&P (NLE) &4

* Waterhose, A.L.{r Singleton, V.L.&7 j# e ©@ > #-ff 5 v 60
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57295 148%%+ 5 1% Rutin (£ 5 %4 &> 7 Favm K

2
EFWNLE) Sz £ 95 56% %+ o

JFE Ok F 4 (NLE) s 1 4

d b R BarEERE S (NLE) chh B2 15 0 42
$ R 4 K S (NLEWr 16 %ol (o o - 5 £ 0 10 i
B A& g dv (LDL) ehi 2k § G4 £k 54 (NLE) din
Fiva 4 o Mp AR Fd (LDL) hi 4pthv d & 2 5 kit o
- § M2 AR kv (LDL) th3-v ¥ it 3 4 & & ( Oixdative
modifications )> 4] * LDL-preoxidation-relative electrophoretic mobility
assay % Apo B fragmentation assay kA 47 ; ¥ - 5 KB R 75 Fv
(LDL) ¥ 5 i % 1+ i¥* (Lipid pre-oxidation) > B|§]* TBARS

assay % Diene conjugation assay k 4 47 o
(1) LDL Electrophoretic mobility assay
L% A%Fv (LDL) ¥ tmHA LT med R PELETE
$)% 0BT R AR F 4] K% R % ks (Ox-LDL) A
#oLane 1 3 M AR kv (LDL) ¥R % > Lane 2 5 4F a3 4%
F YA KBRS F-9 (Ox-LDL) % > Lane3 ~Lane 8 3 7 [F & &

(0.005 ~0.01 ~0.02 ~0.03 ~0.04 ~ 0.05 mg/mL) j=mE-k% 4 (NLE)
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ka1

2,
B o

i

bt 2

iRk MFRFERE P (NLE) # £ chi

m
fa

i

M & "% X & IR dose-dependent A& %" > &g 7 4F B+ 4 % ch3 (L7

\r:t

L E

% A& a9 (Ox-LDL) 7 &Brkdrd] ek » B Frila 4 g2 3
4e 0 4.0.0lmg/ mL ASZz T HFrdrc ke A < > 0.02mg/ mL Ao
Wz T HETE 5 10% %+ 00.03mg/ mL g2 2 T HPrde %k 5
20% %% ° 0.04 mg/ mL 22 T H¥rdre sk 5 40% %+ 0 0.05mg/

mL a2 2. T Hrdlredk 5 60% %+ o
(2) LDL Apo B fragmentation assay

%A% 36 (LDL) ¢ apoB 3-d 3% % & %3 39 (LDL)
FURE A2 2~ hdv PR F I 2 BER (3~15%
gradient) 1 Acrylamide gel ¥ #-igat P £ 4 3 - Lane 1 5 X% &’
#9 (LDL) #fRe > Lane 2 Z4F3r+ A2 ch3 VA B R g v
(Ox-LDL) /. > Lane 3 ~Lane 8 5 # & & (0.005~0.01~0.02~
0.03~0.04~0.05mg/mL) jm&£-k% % (NLE) g2l - d Bl 2%
VAT A A chy A MR R g B9 (Ox-LDL) 2% 5 1 apo B
0 FliF I FELfES A ek PE > @ Lane 3 ~Lane 8 5 %
a2 imE-KE P (NLE) a2 e bg ¥ & & o 4o Hardld drig

FF By LI gy 4 r g2 B A o

(3)TBARS assay

H R®¥ LDL § * € 4 & i § i* # Malondialdehyde
(MDA) » - & =+ 99 MDA ¢ = % 3 ¢ Thiobarbituric acid (TBA) ¢ 2

=~ & £ F oK &+ TBARS (Thiobarbituric acid reactive

28



substance) > # 4 B3t gEe# & (Ex) 5 532 nm> #54 £ (Em)
& 600 nm PF ¥ A ¥ sk sk B 2 i B F] o F oy
1,1,3,3-Tetramethoxypropane( TEP )(31 ) i & &% & s > ¥ 8§ LDL %
ft42 % oBarl 2 M2 A"y %kv (LDL) ¥fpR % > Bar2 Z 4v 8+ 3% 8
F VAR R 3-9 (Ox-LDL) % > Bar 3 ~ Bar 10 3 7 & &
(0.005~0.0075~0.01 ~0.025~0.05~0.1~0.5~1) imE k5 # (NLE)
Bole o d BT B% T v Bar2 LAFMS A4 hF LA MR A
v (Ox-LDL) 2 - Bar3~Bar6 % ®# & F & k¥ % (NLE) /uz
pHF R Bar2 48 £ % + > j¥ Bar 7 ~Bar 10 1% 3 & £ i
EkES (NLE) adZie - S5 A& endlf 4o Hdrdilie 4 52 54 o
& 0.005 ~ 0.0075 ~ 0.01 ~ 0.025 mg / mL ST 2. T H 3rd]»c % 225 7
% 2 0.05mg/ mL &2z T HFrdse%k 5 80% =+ 0 0.1 mg/ mL
@z T HFFE S 90% =+ 0 05+01 mg/mL a2z T H Frg

bk 5 95% %+ o
(4)Diene conjugation assay 4 #5

R Ey e Rz — S By A KR (Diene) 2
2 g PP L A M 4 o F]t o I KB EF (Diene) A
230 ~235nm Bk BT F AL G R F TR T ik @5 K
R 3-9 (LDL) #Pe i 3 OF s+ 3% hF 311 % & % dev
(Ox-LDL) 2 ; A~A~W: 7 &£ (0.001 ~0.01 ~ 0.1 mg/mL)
FEKEY (NLE) 2 o d B FHES T 00 MP R v
(LDL)$t e e[ @1 »vil 5 s dp+ A5 > 2 A 2 eh = B (Diene )
BB G A AP A E hE AR A % 39 (Ox-LDL) 2 [O]
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rd Xk FEEF (Diene) 5 5 AR F AR ERBHRE 0 P
wd EHEFEKRTS (NLE) 2 [A-A -] g2 &
F (NLE) # £ & 54 (0.001l mg/ mL) 22X ¥ i f2 8 274
B3 AN LA KBA S RS (OxLDL) & [O) it > ke
FEREP (NLE) 8% € (0.1 mg/ mL) %2> Hiutg £ g
g% (Diene) 2 = pl&r iM% & *5 3+ (LDL) $tpee [@] Apiv -
Flob o S F AR o b0 e E ok 5 4 (NLE) 7 28 % & 45 B84 (Diene)

‘#\»4

|
9

2 FERE S (NLE)Fr#I6  ofi AT 1 2 10K

G IR R RN FERFSH (NLE) £ 7 240
FF Ao Tt BT %%Qéiﬁiﬁﬁfkﬁﬁ(NLE) Lo irig
FFrdlE s A (A o BRI A T B AT S 0 1S s
GIET ki B-F £ ] T i vimee (SMC) il 8 T

m e (SMC) i% 4 o
(1) 31 s 2

ATr5 cells (5x10°cells / mL) 12 0.5% FBS DMEM # % 48 /| p&
{8 >4 x Medium 2 % &€ (0~1-~2~3~4mg/ mL) sy E-k

FPF (NLE) > 2 37CERERZHF B 24 ] P > 10| 2 B s

g:z

Bz BRI AMEE 22 7 (0~ 1mg/mL) o kit &R

b

¥end £ 0@ & 2mg/ mL G NLE AJZ 2 T fmfe i Adrd] 4

LAY

—

il 22 T (3~4mg/ml) ik 5 g

i
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% (Bl- > %) -

Qims 4 » 3 b HEFEKESH (NLE) 23 FREFE BT 2 i

2, = oL %
¥z I:J"lr';-%‘

F1#* 3 FEeE w2 € % MTT (Thiazolyl blue) 4 %F:"ﬁ!j{%%_" 4
Dehydrogenase it * “3#f:R h 5 £% ¢ S5 > 2 62 2R P B
(Isopropanol ) #-% &% 41 » # 3% OD 563nm F |2 3 %% > o
Bk R A ) T R Ae F e dih F R o om s me £ g R R
i %ﬁ PL3E R H g e BB S A o ATrS e
FER (005~1~25~5~10mg/mL) 2z = k% $ (NLE) J
W2 T o k2448 ) FF{g o 12 MTT assay | 2_° ¥ 17 whw 3
SOk AL o d BN SET 0 EEF NLE vk R B BHE S » w55
% % 3L Dose-dependent =14%% ; ¥ ¢t » 4pk NLE kB 22T » ‘m
AT AR A7 242 48] BF T P B 5 mg/mL
i EREFSH (NLE) @2 T % 2850~ o FJpt g% 0~ 1~2-
3457 BAELFS (NLE) ck R g 2% F 24/ PF > 11k

FIT kR o
(3)Flow cytometric analysis

e F P enA 37 1% PL 4t~ DNA enfhid > e jeimie 4 L
kil o A R 3 g EKE P (NLE) et 2 »B~C-D-E 3 iz
2 RHE (1-2-3-4mg/mL) 2 FE-KF 4+ (NLE) Hien]
d B4 2%F s A 24%imE kESH (NLE) BEIT » ‘o i

T F e R EFFERFS (NLE) #lE kg > 2w
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¥ ey fi 3% 4w SUB-G1#p > ¥ A5 @ &£ AJ2 +0E 2 (4 mg/mL)
H SUB-G1 #p A 7 #37 50% =+ » @ @& E 2B (1 mg/mL) &

o e F PGBk 3t GO/GL 2 AR o
(4)DNA Fragmentation assay

i meF st @ A3 AEFEE LTS (NLE) /e
Z. T A e e kS o M i A e e S BF o 3 - B ahgE
ﬁ*{;‘jﬁ{DNA € TR M en¥T A & — 2 & o] en P ET > % Agrose gel £
A3t ¢ & IR DNA Ladder # 3R > F]¢ 4 * DNA Fragmentation assay
HREATRHEAFERETS (NLE) mdliobe B hd e fwbe B o
Lane 1 % Marker>Lane2 % % 4cjm £ -k ¥ 4 (NLE) «%f P % > Lane3

6 %R pAE (1-2-3-4mg/mL) 2 wE k¥4 (NLE)
e d FHREFR LT A mELEF S (NLE) R ey
Fed2 3 AR (1-2~3mg/mL) 2 fmE -k ¥+ (NLE) 2% & DNA
YR A, B E 0 XA A2 (4mg/mL) 2 FE-kKE S (NLE)

2 P75 17 DNA #748 cafiin g 4 o
(5)Western blotting

B e 350 4 (Death signal) 7> € 5™~ &S F
( Death receptor ) > B ™ PFenit 4 @R EL T > &% L 15
Cytochrome C o # 448 ¢ ¥ - Caspase famliy F-v /& it & o d
TSR T  § ATS wie i d2 £k 54 (NLE) P> "g ¥ & &
H 4v > Fas fr Fas-L "2 54 (Bl+-- ) &am FHETH R B
o i E NLE # 2% % > Bax "g2 #+c (B-+ - ) ~ £ NLE # € #
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% Cytochrome C % 3 Dose dependent » ¥ A%k % # & (4 mg/mL)
PER 3.8 % (Bl =) 4T kv 7 3l caspase 3 4% It Fla 47 2]
(Bl-+ = ) @ f caspase 3 T # i caspase 8 ~ caspase 9 7% 4§ ¥ NLE
FEHB AR B GPRd (BT )e ¥ 9%+ R

e P prFEL (0~1/2-1~2 /) PF) D% % > Vi £g D adim
ERE R 28 £ 0 pS3 iR bt ks v ABE o (Bl ) o

PIpS3FARFE T A OF AL Y A adT4mg/ mL gE R E S

(6)Wound healing assay

%ﬁ—d Yellow tip 32 & w1 —3g 73 e 7if v 7 LR e iR
#eniw 4+ o (A) 4 0.5%FBSDMEM U2 e ~ (B) % 7 4eid -k &
4 (NLE) 5t (C) ~ (F) A %% As2 4 A2 (02505~
1~2mg/mL) 2 FE k%4 (NLE) éhiew o d 9 2% H-L - >

D

¥ 045 9100.5% FBS DMEM AUZ e (A)d 5 & 4 & chFBS % % -

(NLE) ehmw] (E)~(F) #Frli8 4 it 4~ tge - 2 G

SRR ASNT R R R T RS B ST g 8
(7)Gelatin Zymography assay

Gl * amve B gl 2] MMP 3ed #-A 5 A f2 R e
By wmed a4 cLane2 3 4 s s £k 5 H (NLE) eh¥tpe e o
Lane 3 % 0.5% FBS DMEM fJ2 % > Lane 4 ~7 & A2 % Fe A £ (0.2
05~1~2mg/ mL) 2 mE-k%E$ (NLE) shiew| o d F 5535 5% B
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L ANfBars 2 4 EKE S (NLE) s 22 0.5% FBS DMEM Jo
mwH MMP-2 3¢ A 85+ »%¥2 kAL (02-05-1-2mg
/mL) 2 jmE-k¥EFH (NLE) g2 ud MMP-2 2 MMP-9 3¢
iRt B Uk AHE (2mg/mL) 2 FE-KEFH (NLE)

FedZ e B MMP-2 3-v A s - HAREPHFET 60% o
(8) Boyden Chamber Migration Assay

20 S EFEwe B s 4 0 2 % Boyden Chamber Migration
Assay c (A) = # 4 E k54 (NLE) et - (B) ~ (E) =
22 A E (02505~1-2mg/mL) 2 jmE kx4 (NLE) &
nlod FEALERE LY T F e jmEokESR (NLE) chd e o
e B a4 B EARAE (02-05-1-2mg/mL) 2
FEKEFPF (NLE) AJZeniew] > wmre B4 a4 7% & bpigdr g o

P ARJEEEAE (2mg/mL) pF o HIrdmie a4 5 2 100% o
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d AR RESAH T FEAES (NLE) £ F scining
Lie® > B FERES (NLE) »7i¢ * crk B F & 0.05 mg / mL
TE F P AAF P P A EF Ltk o ¥ b ARk A
2 AR Y FERE S (NLE) 7 3 5 | T veimre a5 2 34

4

—\

B R T LG MMP-2 oo A o2 3 R 4 et

/EE, )grgzm)?? 74'\'?" zm}?? I% ﬁ)é"u HT:LB ,;\, °

d Ble - BT FHEFFRT 0.0l mg/ mL )*].%'v“ #r4] Apo B
%74 > 0.05 mg / mL ol #r#] TBARS § 1+ » ig5 f & L4r§] v
Foivo wHhprdlenfRRlry A8 0 Y X AKZ F LDL§
HAL R e gt o F e I B BT T AR e ik
A 4 ou g Rdrd] Apo B ¥4 &2 #v ] TBARS § 1t sk R B - R
(50)° Tl > RFEHRPOMAT MR EA LT RS- BLY 2w o

“\QE&L Bas R R 2543 Lo blde i faggit &4
TEFCESE o d 2BEF R A T FEKFS (NLE)
F ST 0 & 5 A 260 nm 2 340 nm 0 F&B] 260 nm =k TiE F
RSB EFES A A0TSR LA S
Flot o R F R B BT FEFEKF S (NLE) 91 = g
viek Famd oifg it S oirid = 9 A AR AR EkEF S (NLE)

POREVR- B H - g s s A i Aot dhgg 1ok o

FEKE S (NLE) $rgl = /a-wm»eiw RS T

WFE e e e A RS d 25T 7 s .48 Fas fe
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Fas-L en & » /% it T 5 Caspase 8 ~ 9 > & Cytochrome C f#3x ! » /5
i Caspase 3 > i&Em @ ‘m* 4_w ‘m k= o BA L ERY TG A4
Bcl-2 » ek F R AFLImE 4w e B DR 5 (36) o & é}gk

Fdp AT Focmre il 4 5 3F 5 F]F 0 b 4e @ Heparin
Heparin-binding epidermal growth factor-like growth factor (HB-EGF)

% > ):‘Tl,(iéL/EIJ }\__'_47: (NLE) ;Ihpﬁ /?’Bm“ﬂp?f‘a"" i ‘l’zj&qﬁ -

iv» HiEH s ehLigand &2 Receptor en¢ & @ 3 Hfwmbe k= ahfk s o

Fpr it B FEE - A EF ST FEERERES (NLE)

FIT Freimre g 4 (7Y o

GRS B A EFFEKTS (NLE) AR it -
P53 F B 4vinABE s 2 gk dp s BT ime ¢ PS3 T G H I e
= doimie ) B (37-41) 0 TR REEE K EH (NLE) 7 i i
d P53 ¢ BAX s it R k= g 4 > 9r g™ RawT 7 %
e —H JE P53 thE i 1A U Edeie ik B e B E T Rhdon 4

IR e

vkt dp T eimre 3 4 8% MAPK pathway £ i% — B %€
Lihd J(4243) Flt wis o F kY BIF AR ELKFES (NLE)
ﬁ;wy—r ,ﬁ;}’»[vﬁ," ﬁ:gmzmngi‘g4 fe* > & é’%ﬁr‘ MAPK
pathway &7 £ 7 F1¢ + 8K 54 (NLE) #0412 i vt e 5
A0er PRI S EE - RANE S FREAHT B BT A

?‘é"’},%fﬁvﬂ\;d SRR bR Y ‘J‘T‘Z’L\ 3

T im0 F I WA EBS IR RAE il Flz
—(7) % B R A ¢ 2 P> AR (Extracellular matrix) ¢ 4% 4
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fao BE e BB 2L o A RTOLfRRTRAT LR kR
¥-v fi* (Matrix metalloproteinases, MMP ) 4% > 4o @ MMP-2 ~
MMP-9(44)« o 9 % 4 & 7 v " Z ¥ -k ¥4 (NLE) % £ chik 3 -
MMP-2 3 > a8 %> MMP-O i 5 P B erec g 3 2 }I?%#f;l 41 MMP-2
Fatifivmre? A B H AT A D i grE (Cytokines)
& F 4 £ F1F (Growth factors ) #37 - MMP-9 ek S| 33 7 ¥
# TNF-a #r# 42 MMP-9 @ 43 % 2 Promoter ¥ 4% NF-x B and
AP-1 7% > x MMP-2 &2 MMP-9 £ 3 4p i et 54+ & |+ (Substrate
specificities ) (45-48) > m {8 F v FHAEF FE-KFH (NLE) # £
e B 0 MMP-2 5 ¢ > g% EF A d 3 NF- gk BARFrd[ T E R o
F]H oo 4 7 B Western blotting * NF-kB en& 3L » o Bl= L ehid %

T EFRIEFERSZF OB ERS P NF-1B 2 RE 5 Fri]
S T kRS e T B E KSR L ¢
PEAFRE TR o

Boap XIEEG R Tifreiere ¢ 388 7] Intima X H 24 (49) 0 #
T~ T it ket #F E R & (Quiescent state ) %g AV IR
FHod FREFFT FE ¥ (NLE) £ 5 ¥4 2 hig 4 >
FRE F G E RS (NLE) E 5 EHFrd|mre 8 chdev & 3| rd] 3

24 g A R S AR E R -

B isd b g sk *%*’QJI? S A TR - B FE
K EF (NLE) i & §.3%iF Fas fv Fas-L e/ it > B ™ PFlmve k-
Fps ] R 2 T e A e e B @i @ g d ¢ P53

TR AT A% A d o Ao Bl- 0 om LB P53 s
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Figure 2 The HPL C chromatogram of Nuciferine Leaf extract (NLE).
(A) HPLC chromatograms of free polyphenols from Nuciferine Leaf
extract (NLE) (5 mg/mL; 10 L ) (B) HPLC chromatogram of nine
kinds of standard polyphenols (0.1 mg/mL; 10 ¢ L ). Peaks: 1,gallic acid;
2, protocatechuic acid (PCA); 3, catechin; 4, epigallocatechin gallate
(EGCQG); 5, caffeic acid; 6, epicatechin; 7, rutin; 8, quercetin; 9,

naringenin. (C) Composition of the NLE.
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Figure 3 Inhibitory effects of NLE on the Cu*-induced LDL

oxidation. LDL(100 ug/mL) was incubated with 10 uM CuSO4 at 37

‘C ~ 24 hr in the presence or absence of different concentrations of NLE
(0 ~ 0.05 mg/mL ) . This result was expressed as the distance moved

from origin( EM ). The data were represented as means + SD, n= 3. The

P value was calculated by an unpaired t-test respectively compared with

the control (LDL and CuSO4 incubated together); * P < 0.01.
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Figure 4 Inhibition of Cu*-mediated ApoB protein fragmentation in
LDL by NLE. LDL (100 pg/mL) was incubated with 10 uM CuSO, at

37°C for 4 hr in the presence or absence of various concentrations of

NLE (0 ~ 0.05 mg/mL).
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Figure 5 Inhibitory effects of NLE on the Cu*-induced peroxidation
in LDL. LDL (100pg/mL) was incubated with 10 uM CuSOy at 37°C -~

24 hr in the presence or absence of different concentrations of
NLE(0.005 ~ 1 mg/mL). The data were represented as means + SD, n =
3. The P value was calculated by an unpaired t-test respectively
compared with the control (LDL and CuSO, incubated together); * P <

0.005.
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Figure 6 Inhibitory effects of NLE on the Cu®-induced LDL
oxidation in diene conjugation assay. LDL(100ug/mL) was incubated

with 10 uM CuSO, at 37°C for 0 ~ 420 mins in the presence or absence

of different concentrations of NLE (0 ~ 0.1 mg/mL).
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Figure 7 Morphology of A7r5 cells. A7r5 cell incubated with DMEM
and in the presence or absence of different concentrations (0 ~ 4 mg/mL)

Nuciferine Leaf extract (NLE).Arrow indicated cell shrinkage.
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Figure 8 Effect of Nelumbo nucifera leaf extract(NLE) on the growth
of A7r5 cells. A7r5 cells (10° cells/well) were treated with various
concentrations of NLE (0 ~ 10 mg/mL) for 24 h or 48 h. Cell viability
was determined by MTT assay. The values were represented as means *
SD, n = 3. The P value was calculated by an unpaired t-test

respectively compared with the control; * P <0.005, ** P < 0.0005.
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Figure 9 The effectsof NLE on A7r5 cell cycledistribution. A7r5 cells

(5x105 cells/dish) were treated with various concentrations of NLE (0 ~

4 mg/mL) for 24 h . The DNA content was analyzed using fluorescence

flow cytometry. The position of the sub-G1 peak (hypodiploidy),

integrated by apoptotic cells, and the GO/Gl and G2/M peaks are

indicated. The values were represented as means + SD, n = 3. The P

value was calculated by an unpaired t-test respectively compared with

the control; * P <0.001.
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Figure 10 Electrophoresis of DNA fragments in A7r5 cells treated
with NLE. Genomic DNA was isolated from A7r5 cells (5x10°
cells/dish ) treated with various concentrations of NLE (0 ~ 4 mg/mL)
for 24 h. The level of DNA fragmentation was evaluated by
electrophoresis on agarose gel containing ethidium bromide which was
photographed under UV light. The DNA ladder was detected in cells
treated with 5 mg/ml NLE. The experiment was repeated for three times

to represent the histograms.
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Figure 11 Effect of NLE-induced Fas and Fas-L activation in A7r5
cells. A7r5 cells were treated with NLE (6 h) for the indicated
concentration, protein were determined by Western blotting using
anti-Fas and anti-Fas-L. Actin and Tublin, load controls. This figure is a

representative of three independent experiments with similar results.
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Figure 12 Effect of NLE-induced Bax activation in A7r5 cells. A7r5
cells were treated with NLE (6 h) for the indicated concentration, protein
were determined by Western blotting using anti-Bax. Actin, load controls.
This figure is a representative of three independent experiments with

similar results.
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Figure 13 Effect of NLE-induced cytochrome c release. A7r5 cells
were treated with NLE (6 h) for the indicated concentration and the
expression of cytochrome c¢ in the cytosol and the mitochondria of the

untreated and NLE-treated A7r5 cells was assayed by western blotting.
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Figure 14 Involvement of caspase-3 in NLE-induced apoptosis. A7r5
cells were treated with NLE (6 h) for the indicated concentration and
analyzed using Western blotting with anti-cleaved-caspase 3 and
pro-caspase-3 antibody. Actin was the loading controls. This figure is a

representative of three independent experiments with similar results.
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Figure 15 Involvement of caspase-9 and caspase-8 in NLE-induced
apoptosis. A7r5 cells were treated with NLE (6 h) for the indicated
concentration and analyzed using Western  blotting  with
anti-cleaved-caspase-8, pro-caspase-8, anti-cleaced-caspase-9 and
pro-caspase-9 antibody. Actin was the loading controls. This figure is a

representative of three independent experiments with similar results.
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Figure 16  Effect of NLE-induced p53 and phosphorus-p53
activation in A7r5 cells. A7r5 cells were treated with NLE (6 h) for the
indicated concentration, protein were determined by Western blotting
using anti-p53 and anti-phosphorus-p53 antibody. Actin, load controls.
This figure is a representative of three independent experiments with

similar results.
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B - FERFHAILT 2§ v £ Rl (wound healing assay ) °
Figure 17 Effects of NLE on cell migration in wound healing assay.
AT7r5 cell incubated with DMEM and in the presence or absence of
different concentrations (0 ~ 2 mg/mL) Nuciferine Leaf extract (NLE).
The values were represented as means + SD, n = 3. The P value was

calculated by an unpaired t-test respectively compared with the control;

*P<0.01.
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Figure 18 Gelatin zymography assay of A7r5 cells treated with
NLE. A7RS cells were treated with various concentrations (0 ~ 2 mg/ml)
of NLE for 24 h .Removing the incubated medium and adding fresh
serum-free medium , the cells were allowed to incubate for 24 hr. After
the incubation, conditioned medium were collected and MMP-2 and

MMP-9 actvity were detected by gelatin zymography.
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Figure 19 Effects of NLE on cell migration in Boyden chamber
assay. A7rS cells were treated with various concentrations of NLE (0 ~ 2
mg/ml) for 24 h. The migrated cells were analyzed using a modified
Boyden chamber. Cells (5x10° cell/ mL) in serum-free DMEM were
added to the upper chamber and allow to migrate for 6 hour through 8-
¢ m porous membrane toward the lower chamber to conditioned
medium. Motility was quantified by counting the number of cells that
migrated to the undersides of the membrane under microscopy (400X).
The results are shown in means + SD of octuple independent
experiments. The P value was calculated by an wunpaired t-test

respectively compared with the control; * P <0.001.
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Figure 20 Effect of NLE-induced NF- x B activation in A7r5 cells.
A7r5 cells were treated with NLE (6 h) for the indicated concentration,
protein were determined by Western blotting using anti-NF- £ B. Actin,

load controls. This figure is a representative of three independent

experiments with similar results.
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(4 p : Thompson, GR., Handbook of Hyperlipidemia, 1989 )
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Endothelial Dysfunction in Atherosclerosis
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(4 p The New England Journal of Medicine, 340, 115,1999 )
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Oxidative stress and atherogenesis
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(4% p : Indian Heart J. 56(2):163-73. 2004 )
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Smooth muscle cell migration
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(4% p : Vascular and Endovascular Surgery; 38, 1, 2004.)
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