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sh A
(Caesalpinia sappan)®] FEE°] @A A 371 e S T3t
AeS HAFFAOoH, AFoA FHgt ELE dist Fda FEAA
e Ag7F Barg wp glo] B Ao ALS AT AR A &
o] WEL ZZEoA] APUIA T A 2 wWMHAPHLS s FPRE

= ArvtEad 9y QAFow e Relste] Aol 264%1 brazilein®!
= St & Aol AFEEATE Brazilein® @A A E I = AA A
W] M (Human umbilical vein endothelial cell, HUVEC)d| tjgt A%, o]F,
e, #9442 MMP-2 AB4F soll digh dAls=go 2 Hrtskal

A ZFA AWM A Fol] 3-5 ug/ml HEY brazileing * X8t 24 A zko] X
W5 BES A9 AETE S5 o] AlESE Al FEALelo] Ee7F dojut o, 48 Al
A Folls R A7 AeA fl5H] Atdske As BEE = dold @
WA AAA A WA MEE o]F, FHAQ &, dFE & WYY FaF

L4 F brazileine] @A a3 thtA A H A= FEFS in vitro EH

AZE AL FAsE 5 FRAY AN FAG 4TS YT B ohe
WS AES] Weg el MMP-2 &4l olEdoletn elx ek webs Aetw

Aolmay BA e olgstel AT Ad FwumAmsel wulsh:
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MMP-29] #8]7} brazilein X & A&}= At o] A3+ brazilein®] WERY =
AN Az HE WHPdyd dAge] o= A= MMP-2 49 oA 9k
#do] & Aoz FodAn A9 M T8 dA FY shbe WA

o FIdaAA aaks dd AR AlxEAAAL fFEe o7 ZarE T

oA g A AsAQ brazileing W2 sF o,
brazilein® AZFANAMALE] o] F, A, WeFY, MMP-29] 44 5 oA

sto] Buad dAARAL e FAsh

AME= @ o BEEYd  (Brazilein), 4% (Caesalpinia sappan), 33A1AY
(Angiogenesis), 1A A MY A E (Human Umbilical Vein Endothelial Cell ;

HUVEC), ¢ (Tumor), ¥ & (Invasion), ©]& (Migration), ®}%34 (Tube formation)
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A A] Zskedl 7)ol A FFe R wHEy] fste]l Aol whEA
R "k (Douglas & 1996, Gabriele 5, 1999; Gary &, 2000). whapA 2ok 2
el FHAe FRiE = S AAstE HARE V|dE £ v
A= At (Folkman, 1995 Hanahan 5, 1996). & Z& 4ol a2l

ARAE AgsaA e BAL Wurds ARYYL AAFORA G

i
o
fa
1
o
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o>
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a5}

107]
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&4 3t} (Folkman, 1995; Carmeliet, 2000; Diand %, 2001; Eileen %, 1999).
olE HAoA 77 tE dAd F&ete] dAAANE FHEAY oA T

A Be AREel WA gl AL v e 2A¥n 98

o

AE FHsete dAsRe WIAE, FIAE, SHlAAE,
Wt gl FYAME Fol Aitste d3 W AME A1} (vascular endothelial
growth factor; VEGF), 23 AX A7320A (epidermal growth factor; EGEF),
a2 Al A (fibroblast growth factor; FGF), Z#24Y3dA F=20x
(G-colony stimulating factor; G-CSF), & I A}¢1#} (tumor necrosis factor—a;
TNF-a), 7+3AX A3z} (hepatocyte growth factor; HGF), &A%
Aol z} (platelet—-derived growth factor; PDGF), angiogenin, interluekin 8
(IL-8), prostaglandin El, prostaglandin E2, $°] €& <At}t (Shawver %,
1997, Gary “5, 2000). AitaFolu 45 T A=l oste] RIS

FEFE ATES A4F WY FEAGES VS, FAd AHay
AAAAES AN F Rl BAE e Pl elad duaol
2490 (Douglas 5, 1996). A¥AY g @AE= dvind ey

of WA FEARE] ARWIAE F8A AU

&
o
—_>'4—1‘4

_2_



o] of

140] o] Foj 4|7 et

1 metalloproteinase; MMP-2,
A

iR

9

=
=

(

SREE EAs

=
=

Ed =

132, o5 ®3l7h Ao W
%37} o]

°©

7}

=

o] 5] o]

o)

tyrosine kinase”}
9)e] Aitko]

=
=

)

i
Bl
s

=

A Aot (Shawver <,
[e)

1997). Angiostatin

=N
o,

2t} (Michael

T
e A

slar Aol

Forkman®©|
AF7F A1FE QY (Folkman, 1971). Angiostatin, endostatin

1997).

DNA

SES

%
B

o
o
el

e¥o}

2B Ao] 4709] kringle E=w ¢19]

o

x
B

, 1997).

=

| Al, matrix 3}
[e)

9

4 A

[e}
21T} (Bussolino

=

9]
PN
ES

ST
X

foi3
=4

, 1997).
%

=

A1,

0

ENERESS

t} (Bussolino
71l uhel & a) Al

%
A2 A
g

o)
Fe
<}

A
A

o
L
R

R

o] § 3ol

fis

2]
A oA A

2ol

A=

ul
ks

A

1

°
pul

HZﬂ, q]quﬂfl—i_ %O]Zﬂj

i 212 7A

] 3]
A&
o] ¥

2774 9

ol
el

[e)

N
B

o

SEED

3}
oF

A 3}

i

9
pul

%

149 o

A



2140
1999),

’

37 A

S

sto] ohel Aol E

°f 7bs

S

H

Al

} a1
AEel B
AAE o

s

k|
=

A7 wA

oF
=

o)
179 209% AER A

1l

A}

°]
1997). 1¥ 2=

L=
O,

o
ks

A

A

32

s

fiA o] wajol AlZ=E A it

L

R

<

NA A
FEluEtel A vid A W
°]

A

24
yul

(Folkman, 1971; Shawver

g

o}
BH
Ul

)

S
t}  (Paleolog

)

—
o

\mo

Gl

——
fite)

?l.

s}

#4799

1999).

=N
o,

S

o)
A A A E

14

A
il

s

=

I ddem A HI
3

O I~ =
S5

73 o]

3}
=

A Al A

LERY

)

vein

umbilical

b,

kel
pal

(human
ol A

s}

A A=
5

-
X

matrigel

3} 24}

A

=1}
A

A a4

(2]
Sa

H

A
EER
o

17 o A 2 ol 9] Al

=
=

=

[e)

0] =
AA -
] 94

]
i

HUVEC) ¢
H

sappan)°ll A
cell;

(Caesalpinia
endothelial
Aol A brazilein®]



A2 AE R YW

2. 1. @AY AsfAl HA 2 T4

(Caesalpinia sappan) ] 122 ek Ao FYste] FEFES
Qs A= AF-&-314A A& 200 g& 500 ml H 2 70T A 8AI7F Z<t
Wxsle] F&3H71E 33 W&t WES FEEY ES 13 (viv)eE E3sk

T s oldotAlElo]ER 23] FETke] odolAlElolE TS Eefsta et
TESY 2FEES Y 2FEES olHoMHOlEY Ho ARERXER

g3 & aRExEoR 2% A7 [silica gel column, (30
mm X 90 cm)ldl AERIXFHEE (151 GVIE & A7IH
AAHA A A ] e dAlet= 24 FE Eob e FdF

ZAA Ag7td Ay IzwiEIHY (silica gel column chromatography)=

E

wEstgith, FYLAE A BEG F ALoHAHIER Ho] AedH 4 AT

o
oX,
i,
i)
rN
o
td
o
£
mﬂ
o
o
By
)
o
(m
HU
By
o
ol
ol
0
it
rfo
=
>
M
BN
ol
ol
8
L

AAES 70C MgEed o /79 111 (vvE £ & ALoA wx|sto]
a3

A =S A =29 gt xE FASH] 95tY] electrospray ionization
(ESD-TOP AFEA 7|2 AFe ZA&gon, H-NMRZ B4& Adasict
I A3 Kim & (1997)°] 213t v} Q= brazilein® L3 2 A5 Ao

B Ao A AEAPA A A= brazileineZ FAHSAT. £ AFHAA

o HAHoz EHyste] HAH3I brazileing A AAAE AFEE o] AFHS
T3

2. 2. AZA NG T A 2] H) F



AZEA g W] M X (Human umbilical vein endothelial cell; HUVEC)& 3
passageZ}A| wj%sle] FHuj3t= CloneticsAt (CC-2517, Bio Whittaker Inc.,
Walkersville, MD, USA) Al3&& T-ate] AR&aRqint. bAoAl o] uj <
= A% A= dHHAE AR, B AREAE AR T oode ]
27 ¥3FE Clonetics EGM-2 (Cambrex Bio Science Walkersville, Inc.,
Walkersville, MD, USA)S AF&3F T EGM-2 HiX|o] ©]23F 6 passage A|¥E
5 5% COp 38lellA] 37T 24-48 AZF vl & trypsin A E]ste] 343 AE

g dArtEAo EVE R AFstel Aol Agstaln.

C'l‘

2.3 ARANANRHAE Feho] PR E §

24-well plated] 1x10° AA AN Y] A EZ o] 2 5lo] 24 A vt 5 5
ug/ml brazileing H7Fst vz 750 uls 7Fske] 5% CO, 37COA 24 A3F
48 AIZF o Wi eFste]l @Anjd o2 200uel A #2aEked

r\l
ko
s

2 4. AZANZHRAA L o] Fo) MAE F

Brazileinol| 2]3F Q1 7FA g @3] A £ 2] o] (wound-migration) A &35
171 98l M ddAZE A 1x10° QAN AN NI A LS EGM-2 1A
750 ulE dgsle] 24-well plated] HFstd 5% CO, 37CAA 24 A7+
ettt LFHE o8 TYHFHY AEE AAst ol "ojA e
Aot WA 5 AASATE AL AAE R B RETLS AEE AAG D
HhE 40n) @w o w wEerglar, AlEe] ol e tixw2 AT EGM-2
A 750 uls 7hske] 24 AIZE wfekE & @Esidv ofE AA TS 2 ug/ml
TE 4 ug/mle brazileing 7}l 24A417F wiek & #BEEAC. AEVF FH

HolL % 317 f1te] #zstz] el 300 ul®] crystal violet & [l &5/

{1

=
=4

O



2
i
o
=2
>
o
N
o
ol

FAlste] AxE AMe &

(14, v/v)]& 713ke] 10 & =
Hul Aoz 40u)ol| A B2k

2.5 JAZANZHA R I A E] Hfo WA= T

Brazileino] &3t AA A A NI A XS] g A &35 F4357] 25
Boyden chamberE %3 sl AEE Ast:E 82 S43A . v 8] matrigel
100 ug/cm’Z Z¥) ¥ PE (8um pore-size, PET track-etched membrane 24 well
format cell culture insert, Bection Dickinson, Franklin Lakes, NJ, USA)E 50
ulel AR AFFATL GAAER FAF 2x<100 WFAZE 100 ul
EBM-2v®] o] & Esle] Boyden chamber ¢FZo] 7}3dth. EGM-2 wi# 300
ulS 7138k 24-well plate 9o <8 E3 2 A7 5k 5% CO, 37CoAA ] Y3s}e]
olgpetel]l AMEES #<Ql §F brazileing FEWE bt 12430 o wjgE
ofaets T Axe &5 FAHIAU AExFE FA4S7] 9ol Boyden
chamber ¢FZEol] A= A3 1% SDS, pH 74 PBS)o. & 33

X
Al F ko] A AL whs T3 AE7F 2ol A= chamberd ot & o RS
d

il
=)
bl
oo
%
o
ofj
2

Diff-Quick Fixative® QA3 & A Z3ta dAv|Z Aoa F2A=E tAl

24-well plate®] 300 ul®] matrigels 7Fskal 37CollAl 30% WAlste] 3T
AAER FAE 4x10° cell/500 ule] AZHAN AW A EZS 24-well plated]
Fate] 3706l A 30%7 gttt 7)o HBANAYAAELS 7 wEEE
2 F 16 A7 migsisich wig & mgA s ZA~HA AAsL

EEE

AL o

lo
1
oft
ol
s

N

Diff-Quick Fixative® xg3sle] At du|AslolA AL

2
N
2,

¢

i
ofh
o,
12

A A E=ZE image analyzer® #213lo] AAFal o).



2. 7. AZd Ao

Brazileing H@stAY T xa@sx &1 wig® Uy AESe Age

LAl @Al @48 S48t fdE g 2ol SDS-PAGEE A A8ttt 20 ul
o] w9 HS non-denaturing loading bufferdl] 43¢] 0.1%¢ AzEl L 7|2z 3
3t 9l 10% SDS-PAGEE Aldlstith. A2 25% Triton X-100 gl o=z 2

2o A 1AIIHE FAIEte] SDSE Al A3aL developing buffer (50 mM Tris,
150 mM NaCl, 100 mM CaCl,, 2832 0.01% NaNs, pH 7.5)% A4 30&3F
FAZ & 31T A"gFxolA WA wEEAIAT. whgo] Ed AL 05%
coomassie brilliant blue7} #71¥l 228 (10% 2-propanol, 10% acetic acid) 2

2 O:l}\ﬂzs]— \:}}\] lﬂ—)dLQ.cﬂlOi g o]_oq EH% :?;]—?_]3]_%1\

2. 8. ABANAHANAAEL] F4 A &3

o

oFEAE & Az F4
2-yl]-2,5-diphenyltetrazolium bromide) WH o2 =43t o] HolUde AE
o] wEZEgole] ZEA3= succinate dehydrogenaseo] &3l AT =
formazan RFSAAEC Fom AL ME F& FAHSE WHolth 96-well
plateo] 10" cell/well® HE3sle] 4 AI7F wjekst 3 v S A AT 72 w5 oF
< £ wiA 100 uls 7Fste] 5% COy 37TelA 24 AlZF B 48 AJZF vl <
A =S AstAch 42t wellel 50 ulel MTTH9S [2 mg MTT/ml
PBS (pH 7.4)] 7}ate] 5% COo 37Tl 4 AlZbS ©] wjFatar, mjFH S A A gt
% 100 ul®] DMSOE 7t $ 37TeolA 203t WA3te] formazans o]il
ELISA reader (VERSAmax microplate reader, Molecular Device, USA)Z 540nm
NN FHEE FAst] MEY ds AXtstAT (ERa-oFEAE)/o 2T
x1002.& Aitate] Mo FAZFS HAER $Hilsto] A8

= 2 AEZE MTT (3-[4,5-Dimethylthiazol-

i

ol



2. 9. QA HZ A A E ) A EALE

6-well plated] 2x10° AZFANA DN A LS HF8ke] 5% CO, 37°ClA 24
AZE kst F 5 ug/ml brazileing 7F3F 15 mle] EGM-2 A& 713led 24
A ZEEE 48 AIE AEe & wdd S AASE AEE AELINGT AR
oW dth Invisorb Spin Cell Mini Kit(3) (Invitek, Berlin, Germany)S
A-&3to]  genomic DNAE FEatdth #£8¥ DNAE 15% col7f= A A

#7199 %3 3 ethidium bromide® 92 3&to] B2 &t}



A3 2 I

3.1 ABANRARAAZY AZ Fejo] A G

24-well plated] 1x<10° AANAN R AZE HF8ko] 2443 W FE F

ol

ug/ml brazileing F7Fek 9]X] 750 ul& 7}8Fo] 5% CO 37TColA 24 A &=
48 AZre dAmAstel Al 100w 2 FHEFATE 24 AIRF EE 48 AIRF WY &
LAE gzTte 94 Zd ddEzom mEA AE7t AAsYrth Brazileing
A Aol 24 AzF A3 F AEe AE7E ZElEEA dHoRRE TR

A== Aol BEHAAL, 48 A A F AR ddd] ddAE=

Brazileinoll ¢ & QIZFAItAA M A L] ol oA a5 FAHs7] 9I8A
AFYE ol FTEFAY AEE AAG AL, AA" FAR AETE o]ssto]
ZF2 3 ARE #AASAY. 2 ug/ml brazilein® A X3 H$ oF 50% HEL
A olFo] AAEE s #F & F e, 4 ug/ml brazileing A A g

A5 o= AE ool &dd] oA He AS #EE AT (2™ 2).

5.3 WHAE A& oA 53

Brazilein] 1% Q1A g A AL & oA EAE ZH37] 95t

Boyden chambers & st MEE A 5=

rlr
ofr
J
filo
i
ol
&
i
B
I
o
w
B=)
i
o

_‘|O_



B)

(D)

13
A

L AW 3] A Z 8] Fejell WA= brazilein®] B %

Aetel el A vpgtel] Zg s wjgd § EGM-2 WAl & wdato] 24 A7 (A)
248 Al (B) o w3t tizFEY 5 ug/ml brazileing 3 71s EGM-2 wj #] o
A 24 A3E(C) R 48 AIRE (D) wl st 5 w7 dAv g AR (200 H).

o2

_11_



(A) (B)
(C) (D)

a9 2. Brazilein®] AW AT A EZ o] 5 A
Agtelo] IRE &7)oA AZMA AN NI A E7 viete] ZH s gt &
IR E NS Fa 24N B wgst dExa (A), 2 ug/ml brazileing X3}

o] 24 AZF ®vi% (B), 4 ug/ml brazileing # x|3te] 24 A7+ o] w3k A E (C)

5
K
by

wotgz He 18 439 A (D)

_12_



50

Relative percentage (%)

S

19 3. Brazilein® 17 A A WA 2 F

o)
Ran
EGM-2 wix]el A4 Boden chamber %< 33t M3 (A), 2 ug/ml brazilein®] &

hul

AstE wiRol A we E13 AE (B), 4 ug/ml brazileine] &A= H) X ol A
S 338k AE (C), 6 ug/ml brazilein®] £A|sl= WX A =& E3 AE
(D), Zt2t 33]el AR A& Adetgion, iy oAl A Fe dAwnA Alokel A

Asd Gk (E)

_13_



2 ug/ml brazileinell °]sto] ¢F 50% AEe] IFAAEHE BHSH 4 ug/ml¥t
6 ug/ml brazileing X Aol 2tz 63%< 5% AR HHol JAH

brazilein< 73 dHAWIAHE Hs A 235 VeI

A}

3. 4. #3A JA &=

H

r

Matrigel “golA  JAARNAH NI A APAHES At brazilein]
23E HAES ZA3E a9 49 Aoz yerdiled, dnAstelA ARlE
Hol AdEA 9 H=E image analyzer® 43 ZA¥E 19 4 (E)e =12
YEMAAY. 1 ug/mle] brazileing A X3 A AIAF oA sHr AHw|
st ow, 2 ug/ml A A #FFFo]l of 50% A= A HJ, 6 ug/ml

brazileine %] & 4% #FFAJo] dgFEE AAH U}

o] AAE W wAE Aekd AolmaPon P Ay Gk A

kel

=
=

flo

g MMP-25 #4891 2™ brazilein®] A2 AU ELE MMP-2
o] EuJ v X oR A HATE. 5 ug/mle] brazileing Alo] E 1
developing bufferdl]l #H7}slS wW MMP-2¢] &Ao= d3o] gl Ao = n|F
o] brazilein MMP-2 Aol AHA0 A adE el A= gt A3HAY
U I M E= 2 ug/mlbrazilein 21 2] 2 MMP-2¢] AJ4ko] 2bds] oA =of, &34l
Aapgel A Wz g 2 A&l das MMP-2¢9 985 Assts 3o
2 e

_14_



100F ———

50

Relative Percentage (%)

25F

0 1 2 4 6

Concentration (ug/ml)

(E)

1% 4. Brazilein®] A7FA AN E B3 A A
Matrigel’dol A EGM-2 WA 2 f=dH #IA4 Iz (A), 1 ug/ml brazilein®]
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ABSTRACT

Anti—angiogenic Effect of Brazilein on the

Human Umbilical Vein Endothelial Cells

Lee, Hyang Ah
Depat. of Medicine
The Graduate School

Yonsei University

It was found during screening program that methanol extract of Caesalpinia
sappan heartwood showed anti-angiogenic activity. Anti—angiogenic or
anti—tumor agents identified from Caesalpinia sappan were not known until
now. Anti—angiogenic compound was isolated by extraction, chromatography
and crystalization from methanol extract of Caesalpinia sappan. The compound
was identified as a brazilein by the analysis of electrospray inonzation mass
spectroscopy and H'-NMR spectroscopy.

In this experment, anti—angiogenic effects of brazilein on the human
umbilical vein endothelial cells (HUVEC) were investigated. After treatment
with 5 ug/ml brazilein for 24 hours, HUVEC showed shrinkage and separation
between cell and cell, and most of cells died after 48 hours. Angiogenic
process was composed of proliferation, migration, invasion and tube formation
of endothelial cells. Brazilein showed the inhibitory activities of these multiple
process in vitro. Migration and invasion of HUVEC were inhibited by brazilein,
and tube formation of HUVEC on the matrigel was inhibited by brazilein.

Tube formation of vascular endothelial cells depends on MMP-2 activity, which
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enhances mobility and invasion. MMP-2 expression was completely repressed
with 2ug/ml brazilein. Brazilein showed cytotoxic effect against HUVEC, and
JICs0 of brazilein against HUVEC is a 2.3 ug/ml. DNA fragmentation was
examined as a characteristic of apoptosis. Brazilein induced the apoptosis of
HUVEC, when HUVEC was treated with 5 ug/ml brazilein for 48 hours. Based
on these results, it is suggested that brazilein i1s a potential angiogenesis

inhibitor.

Key word : Brazilein, Caesalpinia sappan, Angiogenesis, Human Umbilical Vein

Endothelial Cell (HUVEC), Tumor, Invasion, Migration, Tube formation
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