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Study on the Anti-angiogenic Activity of Ethanol Extract of
Bojungbangam-tang

Eun Ok Lee, Beom Sang Shim, Young Joon Surh', Byung Hun Jeon?, Kyoo Seok Ahn, Sung Hoon Kim

Department of Oriental Pathology, College of Oriental Medicine, Kyunghee University, 1. College of Pharmacy, Seoul National University,
2! Department of Oriental Pathology, College of Oriental Medicine, Wonkwang University

The anti-angiogenic activity of ethanol extract of Bojungbangam-tang, a new herbal prescription composed of nine
crude drugs, was evaluated in human umbilical vein endothelial cells (HUVECs). HPLC profile revealed that five major
compunds such as apioliquiritin, narirutin, hesperidin, liquiritin and glycyrrhizin. Ethanol extract of Bojungbangam-tang
(EBJT) did not showed any significant cytotoxicity against HUVECs up to 200 ug/ml. EBJT significantly inhibited basic
fibroblast growth factor (bFGF)-induced HUVECs proliferation to 69% at 200 ug/ml. Migration using window scraping
method and tube formation in bFGF stimulated HUVECs were also significantly suppressed by EBJT in a
dose-dependent manner. Taken together, these results suggest that Bojungbangam-tang can be a potent prescription
for angiogenesis related disease. :
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Table 1. The botanical origins and ratio of crude drugs of
Bojung-bangam-tang
Crude drug Botanical origin~ Place W((aigg)ht Sper%men
Agaricus mushroom  Agaricus blazei Murill  Korea 4 GSMO11
Alractylodis
Atractylodes .
Ma%ﬁ;@%j/&ie macrocephala Koidz China 12 GSMO012
Ginseng Raciy ~ Tana &Ejgfg CA Korea 20 GSMO13
Polypours umbellatus .
Polyporus (PERS) Fries China 12 GSMO14
o Citrus unshiy
Citri Pericarpium Markovich Korea 8 GSMO15
. ; Astragalus
Astragali Radix membranaceus Bunge Korea 8 GSMO16
Dioscoreae Rhizoma Dioscorea japonica Korea 8 GSMO17
Thunb
Angelicae giantis Radix Angelica gigas Nakai Korea 8 GSMO18
Glycyrrhizae Radix Glycyrrhiza ralensis China 4 GSMO19

Fisch

2. A Zaiet

% T M EQ human umbilical vein endothelial cells
(HUVECs)2 4td AEQImolA Zghwol Jaffe oz
primary culturegt A€ 0.1% gelatineo| coating® platecfA] 3
ng/ml bFGF, 5 unit/ml heparin, 20% FBS’} 7€ M1998iA]
oA 5% COy, 37 CTEACE uitsIAT

3. HPLCol| 9J8} BARIOEre] BEgl ot
HAE0EL] HPLCIE 242 ARUGZEMTI7IE 0|8
nmItAOA, B THAE 190-420 nmollA] &
%%5}911;} & H3,c,d e P h
Egy} HEAIZN vuskd 2

7:

4. Cytotoxicity assay

MEFE 01% gelatino] TEHH 96-well ZFo]Eof 1 x 10°
OF ZI A & AEE ARSIt 2440 1 i £
PMS (sigma P-9625, 1.53 mg/ml) 10 ul2} XTT (sigma X-4251,

1 mg/ml) ImlS &85l welldd 50 ulE H718E & 2417 Fof
microplate reader (Molecular Devices Co) 450nmoll A EBLE
EYoI¥CE R E 7IECE M2 UERIE ALGIRr:
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5. HUVECs proliferation assay
Proliferation assay= XTT gg o)|235k AR5
ARHOl AfERE B2let PR (HUVECS)E 0.1%
gelatin0] TEF 96-well ZF0|E0] 5x10°C. 2 BF51] 24417
HiQAIZ] & 5% FBSW FHIiE MIMHAIZ 64IkF Z¢t
starvation A]ZiCt 5% FBS, 10 ng/ml bFGF®} 5 units/ml
heparin0] H71¥ M199BIAIZ A58 sEHEE 3]461ad 100 pl
A H 7151 48417 S0 uHQRAIZATE PMS (sigma P-9625, 1.53
mg/ml) 10 ulQ} XTT (sigma X-4251, 1 mg/ml) ImlEg E851]
¥ 2A]7F Zol microplate reader
(Molecular Devices Co.) 450nmoliA] EBTE
g 71ECE MxEY YEHE 71]&6}MD}-

welled 50 ulE FH7lgt &
TE &5 iR

— =

6. HUVECs migration assay

01% gelatino] TEE 6-wello] HUVECSE 3x10°0 8
seeding BF 5| 24417} Fol] 200 pl tipQ F A~ AERA] ¢ & PBSE
AE3IGCE 5% FBS, 10 ng/ml bFGFS} 5 units/ml heparin0]
H7ME MR 2 A58 sTEE Agldh & 15A1KF ujers)
gich PBSE A& £ Diff-Quick fixativeZ AMZTE ILHA|F|IL
Diff-Quick Sol.OF AHZE HAF T Axiovert S 100 light
microscope (Carl Zeiss, Inc., USA)oll4] S0EE A S Hoj

olEZ®E MEY & LESIIT

7. HUVECs differentiation {Tube formation) assay
Differentiation assay= Grant=9] 2™ & 0]&5}0] tube
7t @dxlE AE FESIMCE Growth factor reduced matrigel
200 plE 24-well S0 Eol] BFFH] 37ColA] 3027 FEE)
&t 5% FBS, 10 ng/ml bFGFS} 5 units/ml heparino] & 718
MI99EHA| 2 A| 29 ERHTI A E 4x10°S S3H5lo] 500 ply) 2
Falrt. SHthATolE bFGFE MElekA] ettt 9A1HEet
HiQF & Diff-Quick fixative2 AEE IUHA|7]Z Diff-Quick
SolC 82 ANEZE HAEH

(Carl Zeiss, Inc., USA)ollA] 508N EE AL

9 £E LESIRICL

2 Axiovert S 100 light microscope
S Mol BHY B

8. %ﬁ]i{i]

t test% olg

1. BEWEO HPLC g

Fig. 1 10A= o=
E1H e Eo:i—ril_ A
ol HEFHASS 2
%1 5ich, 15 asl e 291 1
n|XE24, ¢ d Y hlA

glycyrrhizin®l A E

=]
ha
o]

TEE HAFL 9lom, Fig 1 1%
WA T FHHE
HPLC st S MAlso!
E0| BHO| 1, by

=4
=

e} fo)A= X139 narirutind}

p
\_

ZH29} apioliquiritin, liquiritin



PEUQE oleteBY BUBE AoimBel BE 47

hesperidingd 2& A&51AL U r/} 0)9} Zro] HAYIoMELY] T A
= pEuolEe) XS A0R ¥8 5T ACE AR

2. BEYUR Mzsy
NN EZE dHFHEE FE5ke tHEEY AxolEg
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Ut Fig. 200141 Hol= HES} 2ol EFUTAMEE 0183l B
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Fig. 2. Effect of EBJT on cell viabilty of HUVECs
3. BAgetEe] dah iz S4 gy
g Yo TSk HEEQ HZEQIAR= VEGF, bFGF,
erythropietin,, IL-8 £0] UCH. 1% bFGF= Zelst Ha8i4
ZZIAZA in vitro%} in vivodEollA] Zo] AFSEGIZ T lct
9. 2 AT bFGFE 0|83l EUmAEY S4), of
E, FEEHE S FEoI¥C) Fig. 30i4] Bols High Zo] WA
bFGFE 5% g Eg] 5412 HEUUES Heldt 4
I 5ol AEHOF A4S A6, 100, 200 pg/ml &
TolA RYHOE 27 24 % Y 69%S AXlgs EH
4. BEgeIE EITME olg AXEH
2] M2 o|§E€ MaldkeAl &gk
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flsied 200 ul ipLE AHAIE A F bFGFAZ]o Qg Sist
FEH olgg TEGTINTE Fig. 4ofix Hoj= dle} Zolady
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Fig. 3. Effect of EBJT on the proliferation of bFGF treated HUVECs
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Fig. 4. Effect of EBJT on the migration of HUVECs. (A): Photographs
of migrated cells using window scrape assay (B): Graph of inhibit ory effect of EBJT
on the migration of HUVECs
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Fig. 5.Effect of EBJT on tube formation of HUVECs. (A): Photographs
of tube formation of HUVECs (B): Graph of inhibitory effect of EBJT on tube
formation of HUVECs

ih
ri

BPHLL 718G EPOERE HES B
UHol HYOT HAM AN Feol Aaﬂ
1 | AEHOZ Yoz
2 GUHI 8 & Yk WA sﬂ.ﬂ'ﬂ% 2
28y B2 Sigich HEYULS 200
g/mio|slol Al SR Eol tiet E42 LIERAX] 21, 1
o3} BEolM ABBigiTh 2 Aol & g%w SAE @
UeiTl bFGFE 0|83)0] YBEHYS
STUTIAEY B4, oS, FHEY
AieEa) Azlol Sislol BE SUHOE A AS &
Ick ol BEWeIEe] RENY AAMZNY THEHe

5
ol
0%

0

1% r\-J
i
i

ct

2oy

m&
g}
ok
P 2 rlr

(

lo
Frﬂ

OE
1©
2
rmoox
(il

O

Of

-18 -

HMAlshs ZAolH, o8 T @2 7I8d79 sE24dEe Sl
G5€ USTEA oA 29 Hol9 ot B XFo &
8 7tsd e BRSO 2 ACE AR

A

10.

11.

12.

13.

O] =2 BASAR SHIAIE7|ed7/HLAIE Hiole#
(B050007)2] x]2lo) Qs SHHIA7I) ZAF Z-UCE

]

nét'
Hn

. Grifficen, AW., Molema, G. Angiogenesis: potentials for

pharmacologic intervention in the treatment of cancer,
cardiovascular diseases, and chronic inflammation.
Pharmacol. Rev. 52(2):237-268, 2000.

. Bergers, G., Benjamin, L. Tumorigenesis and the angiogenic

switch. Nat. Rev. Cancer. 3, 401-410, 2002.

. Folkman, J. Angiogenesis and apoptosis. Semin. Cancer

Biol. 13, 159-167, 2003.

. Carmeliet, P, Jain, RK. Angiogenesis in cancer and other

diseases. Nature. 407, 249-257, 2000.

. Folkman, J., Siegel, Y. Angiogenesis. ] Biol Chem. 267,

10931-10934, 1992.

. Boyd, D. Invasion and metastasis. Cancer Metastasis Rev.

15(1):77-89, 1996.

. Plate, K.H., Breier, G., Risau, W. Molecular mechanisms of

developmental and tumor angiogenesis. Brain Pathol. 4,
207-218, 1994.

. Huh, J.E,, Lee, E.O,, Kim, M.5,, Kang, KS., Kim, CH., Cha,

B.C., Surh, Y], Kim, SH. Penta-O-galloyl-beta-D-glucose
suppresses tumor growth via inhibition of angiogenesis
and stimulation of apoptosis: roles of cyclooxygenase-2 and
mitogen-activated protein kinase pathways. Carcinogenesis.
26(8):1436-1445, 2005.

. Lee, J.H., Shim, B.S.,, Ahn, KS.,, Choi, S.H. Anti-metastatic

effects of Xuefuzhuyutang. J Korean Oriental Oncology. 5,
61-75, 1999.

Kang, DI, Kim, S.H, Shim, BS., Choi, S.H, Ahn, KS.
Study on the angiogenic inhibition effects of Molyaksan.
Korean ]. Oriental Medical Pathology. 14, 91-107, 2000.
Sohn, J.G.,, Kim, S.H., Seok, D.S., SHim, B.S., Choi, S.H.,,
Ahn, KS. Effect of Huoluoxiaolindan on anti-metastasis.
Korean J. Oriental Medical Pathology. 14, 182-198, 2000.
Choi, H., Park, J.H., Yu, Y.B., Shim, B.S., Choi, SH., Ahn,
K.S. Anti-angiogenic effects of Sipjeondaebo-tang. Korean J
Oriental Physiology & Pathology. 15 , 403-411, 2001.

Lee, JW.,, Kim, HY., Kang, H., Yu, Y.B., Shim, B.S., Choi,
S.H., Ahn, KS. Angiogenic inhibition effects of several



14.

15.

16.

BEYYE dElEEY Eay

herbs supplementing Qi and blood. Korean ] Oriental
Physiology & Pathology. 16, 499-506, 2002.

Lee, H]., Lee, EQO, Oh, SS., Ahn, KS., Park, Y.D., Kim,
S.H. Study on the anti-angiogenic activity of KMKKTE.
Korean ] Oriental Physiology & Pathology. 18, 990-994, 2004.
Lee, SJ., Saiki, I, Hayakawa, Y., Nunome, S., Yamada, H.,
Kim, SH. Antimetastatic and immunomodulating properties
of a new herbal prescription, Bojung-bangam-tang. Int.
Immunopharmacol. 3(2):147-157, 2003.

Jaffe, E.A., Nachman, RL., Becker, CG., Minick, CR.
Culture of human endothelial cells derived from umbilical
veins.Identification by morphologic and
criteria. ] Clin Invest. 52, 2745-2756, 1973.

immunologic

17. Jost, LM., Kirkwood, ].M., Whiteside, T.L. Improved short-

and long-term XTT-based colorimetric cellular cytotoxicity

assay for melanoma and other tumor cells. ] Immunol

- 19 -

18.

19.

20.

Methods. 147, 153-165, 1992.

Reynolds, AR, Reynolds, L.E., Nagel, T.E., Lively, ]J.C,
Robinson, 5.D., Hicklin, D.J., Bodary, S.C., Hodivala-Dilke,
KM. Elevated Flkl1 (Vascular Endothelial Growth Factor
Receptor 2) Signaling Mediates Enhanced Angiogenesis in
B3-Integrin - Deficient Mice. Cancer Res. 64, 8643-8650, 2004.
Grant, DS., Kinsella, J.L., Fridman, R., Auerbach, R,
Piasecki, B.A., Yamada, Y., Zain, M., Kleinman, H.K.
Interaction of endothelial cells with a laminin A chain
peptide (SIKVAV) in vitro and induction of angiogenic
behavior in vivo. ] Cell Physiol. 153, 614-625, 1992.
Hasan, J, Shnyder, S.D., Clamp, AR, McGown, AT,
Bicknell, R., Presta, M., Bibby, M., Double, J., Craig, S.,
Leeming, D., Stevenson, K., Gallagher, ].T., Jayson, G.C.
Heparin octasaccharides inhibit angiogenesis in vivo. Clin.
Cancer Res. 11(22):8172-8179, 2005.



