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Effect of 1,2,3,4,6-penta-O-galloyl- 5 -D-glucose isolated from Galla Rhois
on gap junctional intercellular communication and antiangiogenic activity

Jeong Eun Huh, Hyo Jung Lee, Gyu Yong Song, Bae Cheon Cha',
Han Sung Kim®, Dong Youl Yoo?, Shi Yong Ryu®, Sung Hoon Kim*

Department of Oncology, Graduate School of East-West Medical Science, KyungHee University, 1. Division of Applied Animal Science,
Sangi University, 2. College of Oriental Medicine, Daejon University, 3. Korea Research Institute of Chemical Technology

Galla Rhois is a gallnut of Rhus javanica Linne used for treatment of diarrhea, hemorrhage, cough, leukorrhea
and toxic tumor etc in oriental medicine. For the evaluation of antitumor effect of Galla Rhois, activity based
fractionation was done. We isolated an effective compound and identified 1,2,3,4,6-penta-O-galloyl- 8 -D-glucose(PGG)
by photometric analysis such as NMR and MASS. Then, we studied the angiogenic activity of PGG. It showed a
cytotoxicity against SK-OV-3, SK-OV-3, HT1080 with ICs of 50 ug/ml approximately. It also effectively inhibited
proliferation of HUVEC cells treated by bFGF to 30% of control at 20 ug/ml and cell migration to 80% at 10 ug in a
dose dependent fashion. Tube formation of HUVEC cells on matrigel was effectively suppressed from 2.5 ug/ml of
concentration by PGG. Moreover, it effectively recovered the dysfunction of gap junctional intercellular communication
in WB-F344 rat liver epithelial cells caused by hydrogen peroxide at 4 ug/mi suggesting it potently can inhibit tumor
promotion. Taken together, it indicates 1,2,3,4,6-penta-O-galloyl- 8-D-glucose has antiangiogenic activity.
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1) && 9 23-28iAks 2t B8 & dU /sl 1% 28
At 484gE FEE7]0] W1 MeOH 1000 mlZ 33| &5 F&0}
o] goixle BNE 55810 2uiA} MeOH A A(351g)E PR
i, 0] n-hexanedt HO 11152 Euliskd HolXl= n-hexane &
HE BHHGH nhexane AYi(24g)E AT ALTH LojRl
H,O &9l EtOAc 89 & H,0 &3} 1:10] HA 7Igt & Bulsiod
HojA)= EtOACEUE 556K EtOAc A2 (148g)E €U T
9] H,O &0l n-BuOHE H.0 £} 1:10] HTE 718 £ HulA|
7 dojAl# n-BuOH 893 HO &S 5%610 n-BuOH A~
(358)} H:0 AA(45g)E bzt PUrt.2el T dataol= FAIGHA
LA BHE acetyld}slod OHY & ERIGIN +EE &Q)
St
2) FEEFY e FxERI
PEiAMN-BuOH A (10 g)E silica gelol FEM|Z &
CHCl : MeOH : H;0=65:3510(5}%)3 EtOAc : MeOH :
H,0=100:15.6:13.58] AMEME XA O Z ALESIH 1x} BE]
8t & MeOHE S0lE 5l 94 colum chromatography& 4!
Ak SHHE 5(870 mg: $8-0.87%)E T 5HIT) &akcolum
chromatography= sephadex-RH20E A[&3dl]  4AAGI¥AL
NMR, mass spectometer=9] 2ZEAg Zd&| 1,234 6-penta-
O-galloyl- 8 -D-glucose] & E015199T
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1.2.346-penta-O-galioyl-8 -D-glucose
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AHE QM EE  Bl6BL6(melanoma), SK-OV-3(ovary
adenocarcinoma), HT-1080(non small cell lung cancer) £0]™
RPMI 16403} 10%FBS vl Kol A e 51 1, E8Fd BA 4E
2 HUVEC(thuman umbilical vein endothelial cel)d|ES YR}
ksl ABEIF =0 M199 + 20% FBS + 3 ug/ml ECGS + 5
U/ml heparin YiA 2 3-7 AlGiZA wigdst AZE ALESIch
AZNE AEols= WB-F344 (rat liver epithelial cell line)&
DMEM +5% FBSHIX|E o]&3ld wiksiaict.
4 NEEY 55"

Fosmanno| 7Hist IHCZ MITHOE ME E4E &
A58t SK-0OV-3, SK-OV-3, HT1080 M =& 10% FBS} A
7}VE RPMI16402 5% CO,, 37 T 71004 s YSIRITE. Al

I8 uiYet & Trysin-EDTAE 0|83510] NEE YL
HE] 225l 1x10° cells& 96 well plateo] RF3F}1 124)
ol & AE sLEE AE A6 welld 100 ul¥
F5HCHn=4).

OlE 48A17 BBt & MTT(6 mg/ml) 20 ulX Q1 4
A1t St iisiRTt. i go] Bt plateE PBSE AMAHF &
DMSO 100 ulE 21 204 208 wX|$t & ELISA 570
nmol A} EBEE FFGIA L, FME ATIGHA FS vz
2 100% 2 3kl AMEEE AT
5) Scrape-loading dye transfer(SL/DT) assay™

WB-F344 rat liver cell ine€ 35mm disholl 10° cells/mlE&
BES & 37TOIA 24 AIZHEQH BIUBIT) 1,234,6-penta-
O-galloyl- 8-D-glucose 4 ug/mig STE ARSI} 37 CollA]
24 AIZFEQF miSiAt. MY & 212t HAO.8 1,234,6-penta-
O-galloyl- 8-D-glucose 4 ug/ml SE9 B MRISIL KT
PBSZE A|A &kl dishol] 0.05% lucifer yellow 2 mlg X X8 &
QA AlelollA] surgical bladesE O] 2810 67] HI 9 scrape line
g VS 38 B¢ A20A w33 PBSE MA 3 &
formaling O|83lH cellg IFAFIL FBIAPIZLE lucifer
yellow?) 0|5 AEHE BEBIATH

6) Endothelial cell proliferation assay'”

UAHIY | EHUNTIMZE M199 + 20% FBS + 3 ug/ml
ECGS + 5 U/ml heparin BiAZ 5% CO, 37 T uj7]ofA] vl
SFSIATE 0.1% gelatin© Z 96 well plateE 4 TollA] 4417 ol
284171 # PBSE AMIHSIATE o gBNTMEE A9 %
well plateo] 5x10°/welld) MZE EFFL 1241 &
1,2,34,6-penta-O-galloyl- 8 -D-glucose€ bFGF 5 ng/mio] ZE§t
B it 23X G wiXlolA 22t olE sREE A
Bl45lo] uidE MEo 100 ul¥ 2FSIUCE THA] 48417 vl
k5t & MTT(6 mg/ml) 20 ulE &1 44|37 SO i LBIXACE vl
oJo] Bt plate PBSZ A1H3H & DMSO 100 ulg W1 Al
ollA] 202 BX]$h & ELISA reader 570 nmolA] EREE &3
SIR I, AHE AEISIA| US HEZE 100%E 1F3I AE
EE A4ksigirt

7) Migration assay'

UMY ¥ AT M ES M199 + 20% FBS + 3 ug/ml
ECGS + 5 U/ml heparin BIAIZ 5% CO,, 37 T ui|olA] ul
51} Polycarbonate membrane(pore size; 12 um)& 0.1%
gelatin @ & 20237 ZE3] A8l & 2|3} ol4} 7] Bl LR
C}. Boyden blind chemotaxis chamber®) o}ziZlol] &I A
E(1x10°/ml)E 50 ul¥ BF 3} membraned) BRI BHE
AEgL BRI F 247 S wistE 48 well boyden
chamber®] 919} 7lol bFGF 5 ng/mlo] ZEH uiXlo] ox|E
sTHE MEskiTh PHNEZLE bFGF 5 ng/mlg H2Id}
RIL SHNETZ S bFGF7} ZEEA) @2 viXE AR3INTE
T} 2417 S¢t uije} A17) ¥ membraneE 7/WHO] methanol 2
2F$ # Diff Quic BHLE HAF £ An|FOE AT F
o1 ET EBNTMES MAUTE
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8) Tube formation assaym
24 well platec]] matrigel2 300 ul¥ BF3lod 37 TolA 2
FHrl X 2 gahluldEE M199 + 20% FBS + 3 ug/ml
ECGS + 5 U/ml heparin YA 5% COy 37 T vig7iolA] vl
okglil, MY MEE TrysinEDTAE 0188l wigErI=R
Bl 2215k 99 24 well plateo]] 1x10°/well 7S] AEE BF
BHE 6AI7} BRE Sn|HOE BAGIHL 147 & UFS &
Diff Quic BROF Qs #ujZdog BEBigod, AlE
Yt gooli] B AKE 4x HTolA] SAM B3 scion
imageR tuber} EAHE WHE HYBIWCh
9) BEAXE)
LAPANEL meantSDI meant+SEE VEMWIE, EA
els student ttestE AUAISI p<0.058 7IE 2R B /Y
H org AEIF

4% % 2

1 fEgde F25d

5239 FAEFE ok 717124 HolHE o835}
o} 1,2,34,6-penta-O-galloyl- §-D-glucoseZ.  EIBIACH?. -
mp : 193 - 195C; 'H-NMR(200MHz, DMSO-de) 8 : 5.75(1H, t,
1=8Hz, H-2), 5.83(1H, t, J=8Hz, H4), 6.12(1H, ¢, ]=8Hz, H-3),
6.36(1H, d, J=8 Hz, H-1), 7.07, 7.11, 7:14, 7.16, 7.20{each 2H, s,
galloyl H); “C-NMR(50MHz, acetone-ds+D:0)8: 65.2(gle,
C-6), 715 (gle, C4), 739(glc, C-2), 75.6(glc, C-35), 95.6(gl,
C-1), 1126 (galloyl, C-26), 1209, 1215, 1217(X2),
1227(galloyl, C-1), 1418, 1422, 1423, 1429(galloyl, C-4),
148.0(galloyl, C-3,5), 168.1, 168.8, 169.2, 169.6, 169.8(COO); UV
Amax : 217, 283(EtOH); IR{KBrjem” : 3401{OH), 1652(CO),
1618(aromatic C=C)
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Fig. 1. Cytotoxicity of 1,2,3,4,6-penta-O-galloyl- 8 -D-glucose isolated

from BuOH layer of Melapis chinensi BAKER on SK-OV-3, B16BLE
and HT-1080 cells.

2 AEEY
9ujAle] BuOHZolABE] 288 1,2,3.4,6-penta-O-

galloyl- 8-D-glucose & Z}Z} SK-OV3, B16BL6, HT-1080 A%
Zo] e MEEHE SHNY 5k QEHQ HEEY
A8 BYrt &, HT-1080 & MEFol] et MEZFH2 ICx
o1 oF 50 ug/ml 01430 L, SK-OV-39} B16BL6 Q4| EF o)
el MEBLE ICs, o] € 50 ug/mlE Hrt B MEEHO
HYUCHFig. 1)

3. Gap junctional intracellular communication®] % g

Gap junctionS A X2} A Alojoj] EMYBI= JunctionF o]
sIE Foll IS NES ME BRE Fawke Azul) &
M= BRelrh. olE8l gap junctonEEE UE ol2
channel = &) Q1S F METo] passive diffusiono]] 2j8}
o] B8 g 0|8A712 R u[uA ulgo|Folgt & 4 Arh 17
1} gap junctiong B¢ 22 o|SE 71BN QR 48T HEE
73 itk ol g W, cAMPS}E 22 1000Dalton 013} 2E0]
Uz EY 22 Yol2Ek o] BEE ol dout &
wEiolL) 814 ol wOWA] morphogen, 27} messenger,
M 2O tAMIEEC] gap junctiong B3] 0]2E M Xl 0]
Edic}. I22g, 2SR ol2ie HHol M 8RN
2 YAY B2y £X A7} o] gap junctiong Edlo] ¥
Yo HYE Fu il vk 2228 FHZA ) oA
gap junctiong B8 ARHGE M SYHFAL M2 2
o}, gulxslo) glojd] EHlRE, MY B3 8 e
938 98rg vt did], FRAZY Hol7t Ue e &
orel &g wod 47t AU w2 e
1,23,4,6-penta-O-galloyl- 8 -D-glucose®}  tumor  promoting
agentd] H:Ox(hydrogen peroxide)& RMXIGIE Wl WB-F344
rat liver epithelial cellolA] gap junctional intercellular
communicationoll A1 AAE Gap Junction2 318 & 4 eA
£ in vitro Scrape-loading dye transfer(SL/DT)assayE &l
ANH QI WB-FM4 H4 FuldZATol HO.E AEislo
arsl WE S {6k thEFolAl gap juction MEANEEE
B} & UKUCHEZ 2A, Fig. 2B O] EiolA
1,2,3,4,6-penta-O-galloyl-beta-D-glucoseE 4ug/mIQE A X6}
e m H0:0) BAXIG) A5l AA) © gap junctiong 3=
X3 FQCiFg 20). I8 12346-pentaO -galloyl-8
D-glucose 4 ug/mIBC} R2E5Q 2 ug/miit 1 ug/midl &
TolAE e BolA uch ©E HO0.E 250 uM
% el 3128 (percent of recovery of gap junctional
intracellalar communication)o] 23%¢1 Zeoll vl H0.%
1,23,4,6-penta-0O- galloyl- 8 -D-glucose 4 ug/mig &7 Melsh
o AL 8% HEEZ 2o /o ZAUE JEWMN
(p<OOL(Fig. 3). 0] ABATHE LUAIY 12346-penta-
O-galloyl- 8 -D-glucos7} H:O:00 Sl3lo] &3l & & RasiA
2 AL, gap junctional intracellular communicationc] X35
= g ok 4 YA, 1,2,3,4,6-penta-O-galloyl- 8 -D-glucoseE
4 ug/ml o]3 HEBIREG Fole AY FHAE 72
gap junction 3B EE BAUE AlAlBIL ATt
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1,2,34,6-penta-O-galloyl- 8 -D-glucose o] MZInE 3% U L AxHA80l g A3t

{A) Normal

(B) HQp 260 UM

(C) Ha0, 250 UM +1,2346-penta-O-galloyl-8 -D-glucose 4ug/mi

Fig. 2. Scrape loading dye transfer image in the WB-F344 liver
epithelial cells treated with 4 ug/m! of 1,2,3,4,6-penta-O-galloyl- 8
-D-glucose with H,O, for 1h.

120

Recovery rate(%)
8

40 4

PGG ;uglml
H202

Fig. 3. Recovery by 4ug/ml of 1,2,3,4,6-penta-O-galloyl- £
-D-glucose(PGG) from inhibition of gap junctional intraceflular °
communication by H,0, as determined using a fluorescent microscope *
after Scrape-loading dye transfer assay(™ p(0.01, ** p(0.001).

Normal 250 uM

4. ol xS B ARED

FHFNG AAslE W2 AZIKE BT AR, 2l
EZRE] BH|5E angiogenic factor®) BHIE oA &2 ojn)
2H]E  angiogenic factorE HIAIFIALU, ERE  vascular
endothelial cell proliferation 2 migrationg A &|5EALL, A
% vessel basement membrane®} gHdE A= BHOl Jks
St SAIA gEddl E€aEH dAdE uelgelxigol
suramin S E A, distamycin A FEA], tamoxifen, genistein,
AGM-1470, quinoline-3«arboxamide, thalidomide, minocycline,

progesteron FE Q] medroxyprogesteron acetate(MPA)E0]

Ao oldoll EHYA|Q] herbimycin A%} eponemycin’s EtE
B} g g dBEH AUE /KT Yok YA Aok
HUVEC Aol bFGFE AZISHA %2 AP 1.234,6-penta-
O-galloyl- 8 -D-glucoseE =TEE XEIGKAE W 20 ug/mio]
Al 50% o]4 MEHAl0] AREHAUSL, bFGFE H71e Z 20l
= NEEHo] A9 = 1,2,34,6-penta-O-galloyl- 8 -D-glucose
£ 0312 ug/ml FE 20 ug/miE MEI5IRE o kol J&EH
OF HIANE VEMAET 551 25 ug/ml(AdIE:16%,
p<0.05), 5 ug/ml(XdHE:22%, p<0.05), 10 ug/ml(XHE:30%,
p<0.01), 20 ug/mi(KH8:29%, p<00N)olA FOIF A EHE
HCHFig. 4). B dolAE & MEolE We MEZFHE B
O]A @2 =TollA] bFGFoll Sigt T2 FAlE AFGIY
282 1,234,6-penta-O-galloyl- 5 -D-glucose®] EHFH A3
e 758 & Utk

T L

100 4= = from g G e e e e 4 bFGF(+)

Viability(%)

40

: - bFGF(-)

20 4

0.6'25 1.25 2?5 5 10 20

Conc (ug/mi)
Fig. 4. Inhibition of bFGF-induced proliferation by 1,2,3,4,6-penta-
O-galloyi- 8 -D-glucose on HUVEC cell. proliferation treated with.
HUVEC cells were treated with 5 ng bFGF and 1,2,3,4,6-penta-
O-galloyl- 8 -D-glucose for 48h. The proliferation assay was carried
out in several concentrations of 1,2,34,6-penta-O-galloyl-8-D-
glucose(* p¢0.05, ** p<0.01-

0.312

120 4

00 ] bFGF(+)

Number of cells
2

bFGF(-)

Conc{ug/mi)

Fig. 5. Inhibitory effect of 1,2,3,4,6-penta-O-galioyl- 8 -D-glucose on
the migration of HUVEC cells. The migrating cells through
gelatin-coted polycarbonate membrane after 4h incubation in a
boyden blind-chemotaxis chambers were stained with Diff Quic
solution and measured by counting the stained cells. Samples were
analyzed in triplicates with experiments having been performed at
least twice(* p¢0.05, ™ p<0.001).
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5. EHRTAIZY o] ENA

1,2,3,4,6-penta-O-galloyl- 8 -D-glucose7} @FHTIHZY 0]
S AMGH=RE Lotdr] L5} 48 well boyden blind
chemotaxis chamberE AMEGIITY”. BHFNTAE7} RAE &
1,2,3 4,6-penta-O-galloyl- 8 -D-glucose 1.25, 2.5, 5, 10 ug/ml&
bFGF 5ng/mio] ZEHgl wRAloll AthE sl Melski L gy
A2 bFGF BiXE AHESHH 2H bFGFol| 98t slalg 4]
0|80l AMalElEAE LolEUTt AT FIJNTMET} o]
&8 AEFE o BAFSU  1,2,34,6-penta-O-galloyl- 8
-D-glucose 1.25, 2.5, 5, 10 ug/mlE AEISIHE Wi < 71710 4]
HE| 1872 skol JEH2E o|&e BN REY AL
246kl E9] 5 ug/ml(K a1 E:48%, p<0.05) 10 ug/ml(X
8:80%, p<0.00L)olA FOIBH NN ETE BRATHFig 5). 0] 4
#27} bEGFol Q&2 FBHTM LY olE0] AR HE
HOIFINACE

10000
—————————————————————————— BFGF(+)
o [
T
£
E om0
g |
2
S 4000
o whh
E W
2000 1 1
) bFGF(.)
)] 0 . - v l v ,
125 25 5 10
Conc(ug/ml)

Fig. 6. Inhibitory effect of bFGF-induced tube formation assay by
1,2,3.4,6-penta-O-galloyl- 8 -D-glucose on HUVEC cells. (A)The tube
formation assay was carried out depending on 1,2,3,4,6-penta-
O-galloyl- g -D-glucose concentration A; control, B; 1.25 ug/mi, C;
2.5 ug/ml, D; 5 ug/ml, E; 10 ug/ml. (B)The tube formation assay was
measured scion image(** p(000.1).

6. ETAT M 2] tube FHAH a0
1,2,34,6-penta-O-galloyl- 8 -D-glucose7} EZRATIMZY] tube
HHE ARGIEXE LolRUTh Matrigelo] coating® plateod]
1,2,3,4,6-penta-O-galloyl- 8 -D-glucose 1.25, 2.5, 5, 10 ug/ml&
bFGF 5 ng/mio}] Zghe uixlo] Ari3)Asl) FeholHz
10°/well& BFSIL 1241 £ Qa5 BRBIACIY, xR
dAEs EEREY Yol FHIRSU, 1,2346-penta-

O-galloyl- 8-D-glucose 2.5 ug/ml SToldolil= FEHE O]
ARB) ARSAL(Fig 6. A). BHY tubed) BHS BT 27
1,2,34,6-penta-O-galloyl- 8 -D- glucoseQ] &% 125K &12%,
p>0.05), 2.5(X184&:48%, p>0.05), 5(X 31 &:77%, p<0.001), 10(X)
o&:84%, p<0.001) ug/mlojx} FEo] JEHOE tubed] A
o] #ABIN L 3] 5 ug/miz} 10 ug/mldiA] {FAT Z4AE
HYCHFig. 6. B). O] YA} bFGFol YEHQ! FTATME
9 tube Yol AHEE RE IGKAE. o4kl AhE 58
SMH 1,2,3,4,6-penta-O-galloyl- 8 -D-glucose= EBEAE A4l
AE8E RHSH UENE & 4= oM, 5 EE4gR 2
AYESH dFE Sof 1 28718 e g 89Ut doka
At T

Aol 2

o] =E2 =&V ENT 19983 AHFZE A (Grant
1998-001-2F00865)S} Brain Korea 21 project®] X0l &l 48
TR0l ZRI=-UT)
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