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Antiangiogenic Effect of 3--O-D-galactopyranosylglyceride Isolated from

Chrysanthemum Coronarium L.
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3-0O--D-galactopyranosylglyceride (GPG; fatty acids R1, R2 =

myristic acid 11.62%, palmitic acid 61.90% and

oleic acid 26.48%) was isolated from Chrysanthemum coronarium L that has been used for treating renal and
cardiovascular diseases as one of vegetables or medicinal drug. However, littte was known about the anti-angiogenic
activity of GPG. Thus, anti-angiogenic effect of GPG was evaluated in human umbilical vein endothelial cells
(HUVECs) in vitro and in vivo. GPG effectively inhibited bFGF-induced migration and invasion of HUVECs in a
concentration-dependent manner, whereas it did not inhibit bFGF-induced proliferation and capillary-like tube formation
of HUVECs. To examine the mechanism of anti-angiogenic activity of GPG, gelatin zymography was carried out. GPG
downregulated the expression of matrix metalloproteinase-2 in a concentration-dependent manner. Furthermore, GPG
significantly disrupted bFGF-induced neovascularization on the chick chorioallantoic membrane assay in vivo. These
results suggest that 3-O--D-galactopyranosylglyceride may inhibit neovascularization by inhibiting angiogenic activity of
endothelial cells via regulation of matrix metalloproteinase-2 (MMP-2).
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3-O--D-galactopyranosylglyceride (fatty acids R1, R2 =
myristic acid 11.62%, palmitic acid 61.90% and oleic acid 26.48%)
& IS AEE S5k UBA S weron sy
Z&€ OBl 0] 72 & FNBLE GG} BY Sk

2. g}

&
1) GPGY Z&¥

%7t (100 Kg)& #& 8714

FETI oA 8HE TR ethyl acetate (EtOAc) and

n—buthanol*— 0185k ERE 319 2n EtOAEE 4nlFt &
ABOE  JfiEl 4E o83l 2RISE & FT-NMR
spectrometerE 0|85l FZE QIS
2) A= 9 ouRe

AME®E MZ= HUVEC (human umbilical vein endothelial
celjo|m] HZE AX} mitdle] 4 5199tk HUVECY wiR=
M199 media®} 10% FBS, 3ng/ml bFGF, 10unit heparin 0] Z &}
B uiAIoNA] BieF Bl AREEHA
3 Mz=YH &5

ScudieroS'0] 7Hukst WiH MIT gRHOZ MESHES
Halrt HUVEC MZE 20 % FBS7} H7HE M199 uiefon o
5% CO,, 37T H7)lolA] widsIict. M2 E

9@

&1 MeOH 1000 nt & 33) 5

Py

Hu

& Trypsin-

EDTAE 0188l MZE wig 271288 2olskz 5x10°
celisE 96 well platec] EFSHI 24 A7 & oY & o E =
THEZ AW 3A5M0] Well & 100 (X 25190 0|2 24
AlZF HRQF SF & MTT (5 mg/ml ) 10 w0 @1 44]7F S0 vl
& AlZl & ELISA readerZ A}251] 450 nmojA] EBEE &
oI, AME A2ISH %2 HEFS 100%2 6l APEE

& ALK
4) Endothelial cell proliferation assay
U} oiekE EHHTMEE ( M199 media + 20% FBS +
3ng/mé + 10unit heparin ) it dlo 0.1% gelatin© 2 96well
plate THo| A2] &t plated)] 5 x 10°/welld] HZE BZ=35]
I 1241} & GPGE bFGF 10 ng/m¢ Z&E At Egls)
Al G2 whAlOlA] 242} kR E SsEHE Alt) 5)4d5ked Wi
A ZEol 100 w4 BFSFISGTE THA] 484171 it 3F & MTTE
EAL 2A417HE0 Bh A1 & ST 450 nmojlA] £H5191 2
H OHHE ATISIA R RETE 100%Z 7HFE5H AMEES
HL5HA
5) Migration assay
LA} Y B EIPTMZE M199 media + 20% FBS + 3

ng/mé + 10unit heparinoll 5% CO,, 37 C HHEZ|olA] vk
T}, Polycarbonate membrane( pore size ; 12 ym)E 0.1% gelatin
O=F 3}H Xz] §F F boyden blind chemotaxis chamber®] O}28
Tholl PEhilm A2 (1x10°/me)E 50 ui4 25 511 membrane
O] AXIHE MZ9} RARZ] & 2 AI7HSQ i G} & 48 well
boyden chamber®] -r],]ﬂoﬂ bFGF 5 ng/mo] EZEHE uix|of ¥
ME STEE NSt Y tRF O bFGF 5 ng/mi g A
gl e E"Sﬁﬂx:—fgi‘:‘ bFGF7} ZBIE A 252 viXIE A}
SoIICE THAL 2412FEQ uie} 4171 ¥ membraneS 7AHo]
methanolZ 1E A]7] & Diff Quic HUO T HA3E & 3n A
OF #F o £ o]F8 HHUHIMEE ATt
6) Tube Formation assay
24well plateo]] matrigelE ¥ A6t & AX} wioke g
WI M ZE 2x10%/well 719 HZES 2251 G
ng/m¢ ZEE M199 media® % 34 Auisld A & & 12
A7 BHY & yg, Diff Qulc SHOZ AHSH

7) Cell adheswn assay

96 well paiteol] 0.1 % gelatin®} matrigelS 4 TollA] 12 A]
7 ¢t plateE TESICE PBSE plateE Mo T 1 %
BSA 7} Zghd PBSE AMEdkd blocking sIQC} ©leo
HUVEC 2x10%/well 3} o8] 559 GPGE 4lo) L% Ael®
plateo]] BiJGIH 2 XTT 2hH S 0126 adhesiond M¥EE &
otk
8) Gelatin zymography assay'”

Gelatin =ZF 6 well plateo] HUVEC HZZ 5x10°/well
cells 7} FIE 5 uifSt & HarRo] H7im)A) @22 WA Z 244]
50t 58 AR HE 48%E 22 & 50 nM PMAS #2)
SHAIEE &FE AT OE H%er UMAl AI8E 10 ng/mi9]
bFGFE 4{of THERITE 11 CHE 8 % &2| okad olnjol= Ao
0.1 % gelating & 7}5ki H7] %‘%% 4A] glal SDS &g Al
7 3RS 2710) QkA} ZaEl RESUOT MMP Huz
= 36417 S 2493} A7) 2 comassi-blue EHE AIE5I] &
AT B HEZ SRR WMAIA MMP 24 o)X 2478

—

=3
9) CAM assay

R8T $EUS 37 C WYlol 207 BB & B4R F
Blol A2 B8 ol QEVIS 4 ml A7 Bk £h] 32 &
2ol 2/5 7Kg A ol EOR dE €y Eg BR g 4
UALE THEACE AlE+ 100 ng 9 bFGF} 4901 10 ul A disk
HAa o the fgul 8% Tuele 2 Bt AIgE

2 Mean + SD9} Mean + SEZ LIERARL L, E7

Al student t-testE A AI5H p<0.058 7|1ECE 5l B9
o JHE AZs9r
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A3 4 3
1. GPG9] MZEN

GPGE HUVEC MEFo] thall MEESL
1.25-20 g/ml8] & € oA E0|F01 Al
Ef WA= ATt w2t S4o] fle sTolAl LA
S5l Tt (Fig 1.).

Pexcont of viability { 4 )

0 s 10 1% 20

Concentraion (Mg/ml)

Fig. 1. Cytotoxicity of GPG on HUVEC.

Hog goute
QXY OJ5H W] A 2
& GPG7} Al 7Fedol thal £AKE 8%
IA}2%= bEGF (5 ng/m)S AIEFOM GPG 5- 0.625
ARG 84 430 HUVECH X2l sigith 1
5 6% g 3] M Zilodl= olFE gte
A}t (Fig. 2).
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Fig. 2. GPG did not inhibit bFGF-induced proliferation on HUVEC.
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3. PN TM RS 25lolH gt
S0& GPGZF d3NIM 2 23lg dHsl=XE
olg7] €451 tube formation assayE 48 SlQch A8 g2id

mO

o] Pt 71& S on] J|AEIH O bFGFS} GPGol ATl sE&
o2 dsEn 9% 357401]/\1 8 o}9ﬂr/} a 7%4 GPGE
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o
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Fig. 3. GPG did not inhibit bFGF-induced tube formation on HUVEC.

4.8
2 =S GPG7¥ =k,
OfE7] 913l migration assayE T%’;‘ 0}9 C} UP\\_U}X]E A8
TS e 9 U AlE 2R 7]eg st tlE ’S%*éﬂ
SUSH & QA 559 GPGY 5T Mzl HAch 2y
GPG 5 ug/ml8} STolx SHNETH A vlEs Ak 12
230 o] Zie 8% AEEF0] Qe By Firth EE 48
233 o]} %Q} Axoltt (Fig. 4). Membrane&
S Ml29] Hoke ARKICE HYYrt (Fig. 4a). ARIE

= =28
A o1&
A o]ESH A 48 &H3I If=E EA] 6%

S Plgto e
(Fig. 4b).
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Fig 4. Inhibitory effect of bFGF-induced migration assay by GPG on
HUVEC.
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FFEoIA 22|38} 3-O--D-galactopyranosylglyceride9| &a&i4 Mol g1t

Q—':‘ l’Hﬁ']/\ﬂi«l 73%_1/}.7\"—] o—};;.u:gm

SO GPG7} B Wzl MEY REHEE AN B 7}
sdol tisl ZAE It AR EQ) ARl 5EE T Jd8n
SUSHA R R SM GPG 25 ug/mle] A& o] S4 =
T vl HEol Aol g B EACY (Fig. 5). VIR E
ST OlEEol ZHE B0 UBE 3 3 w49 Hqch

180 «
160 < ‘l’
E
X104 aae
k5 T
120 4 T Ak
I
wre L I Lo e o L. Negative
contral

bFGF + + + +

a0 n/m 00 05625 125 25
GPG (ugml)

Fig. 5. Inhibitory effect of VEGF-induced invasion assay by GPG on
HUVEC.

6. T Wiz HEQ 71Zo B3 DA Aok &1}

OlET FEWEE N sh= AT v|Fo} By T IIA
TVeES TA) B 4 U BACE A WARE GPGE 2 Wl
AES 712700 BAS Hal @ 4 UL CIE shis 71Ee 2
8 k= 23 m Ol B oltk 92l olo) £71A

7hs8el sl & E%h;}. HA GPG7} 7| &} A
e 7%%}—1101] 11:511 HTE £ siirh dE WHE oln)
ZIAE SINeM 4E AME olEd AR E82 FI
GPGY koA Mz} 7123719 detg MalsiK 2= HE
golgh 4= AT (Fig. 6). 7122 o|B7} Aol AIRFHUE
7ol tholl 8 =3

Ol'

gelatind} matrigel &

g

120 v e 0.1% gelatin
) Matngel
i s 8

1600 4 l I
@
T
S 80+
<
B
é 68 4
o
B
R a4

20 4

0
o 125 235 £

GEG (ug/mD
Fig. 6. Effect of GPG on adhesion of HUVECSs to gelatin-Matrigel.

7. ¥ o AlEolA BeEE 71 Bal szl g4 A
b

ol fzl= E¥ Mal MEY olsH AP E Adie

|

fo
(%

GPGQ g7} M Z9)

7\
2he A B0 Bi9ick THE0R AEF0l HAg
=

=

o) oRIZHY o] 53 ARIFO| Yol W B Wzl ME7} L

5ol Wi 711 2ol el S4ol GPG7} ol Qs i

X BOIS 3 BTk 1 AT OlET MY BEelM FBES &

QE GPGE| 591 5 ug/mlolA] ofn] & Yedzl 718 24 ©

¥l MMP-20] B4 S Aal B2 Bl & UKCH (Fig. 7).
%003 kDa

Pro~ MMP2({ 72 Da)
Active-1MP2 ( 62 4Da )

54 604 KDa

PHA bFGF
500 10 ng/ml

125 25 %
GPG (ug ml)

Fig. 7. Effect of GPG on MMP-2 activity of HUVECs

8. CAM assayE &S} in vivool A9 d@ad X&) aut

e O & GPGY} in vitro 2} oh)E} in vivoolA] @
e Aol & 4 Y=A CAM assay HHE 0|26 U S 4
g oiich 4 2y 2R S 48 W8S JIAE s19e
M GPG 500 ug/egg 9 sollA] ehEsl A & &4 Ad &
THE B0l @4 ARCH (Fig. 8). olvlAl BHS S P Y S
Aol SHe AG 2R1G SIAL (Fig. 8a), TA QR WME g
& 5ok Z3) sivict (Fig. 8b).

a

bFGF ] ; , '
{100 ng/ean) gy 00 10 500

GPG (pgegg)

Tl Nundses

MFGF
80 aginhy

. . . ’
0.8 [X] 0 390

GPG (ugiegyt
Fig. 8. Effect of GPG on bFGF-induced necvascularization in the
CAM assay.
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