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Protective Effects of the Phenolic Compounds from
the Leaves of Hedera rhombea on Hepatic Injury
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Abstract — Hedera rhombea (HR) has been used for treatments of hemorrage, chronic catarrh, jaundice,
lithisis and convulsion. This study was done to isolate active compounds that have protective effect on liver
damage. BuOH and EtOAc fractions of HR recovered serum glutamic pyruvic transaminase (GPT),
glutamic oxaloacetic transaminase (GOT) and y-glutamyltranspeptidase (y-GTP) activities in CCl, treated
rats. We isolated 7 phenotic compounds from BuOH and EtOAc fractions, which were identified as 3-caf-
feoy! quinic acid, 3, 4-di-O-caffeoyl quinic acid, 3, 5-di-O-caffeoyl quinic acid, 4, 5-di-O-caffeoy! quinic acid,
caffeic acid, methyl 3, 4-di-O-caffeoyl quinic acid and methyl 3, 5-di-O-caffeoy! quinic acid by chemical and
spectral analysis. These compounds reduced significantly serum GOT and GPT elevated by CCl, treatment
in rats, and 3-caffeoyl quinic acid, 3, 5-di-O-caffeoy! quinic acid and caffeic acid also showed mild inhibitory
activity against human immunodeficiency virus.

Keywords [ | Hedera rhombea, Araliaceae, 3-caffeoyl quinic acid, 3, 4-di-O-caffeoyl quinic acid, 3, 5-di-O-
caffeoyl quinic acid, 4, 5-di-O-caffeoyl quinic acid, caffeic acid, methyl 3, 4-di-O-caffeoyl quinic acid, methyl
3, 5-di-O-caffeoyl quinic acid, S-GOT, S-GPT, antiviral activity.
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Aot 3 7|17] - A FAZrE T2 Kieselgel
60(230~400 mesh, Merck), Sephadex LH-20(bead

size 25~100 um, Sigma), Lichroprep RP-18(40~63
wm, 11447 EM)E AF£3+51 31, TLC plate Kie-
selgel 60 F,,, ¥ RP-18 F, SMerckyZ, A |eko.
2+ anisaldehyde-H,SO,, 10% H,S0, FeCl,
MgCl,, ZnCLAIoRE o] gsigith &8 &9t 7[et
Aleke B 9 15 AloRS ARESISITH #4418 717]
9] A% AL Mettler F962, UVE Shimadzu
UV-265, IR Perkin Elmer 1710 spectrophotome-
ter, Polarimeter+ Jasco DIP-360 digital polarime-
ter, MS= Hewlett Packard 5988(EI), NMRS Bru-
ker AMX-500 spectrometers ©]-&3l3ir}, &4 A8
of AlgE Y4¥E|7]= Vision scientific centrifuge
(VS-6000CF), spectrophotometer= DU-Series 600
&, 83¥F £4 R SR 58 Aok
2 olabAI2kEF) ] glutamic oxaloacetic transamina-

Leaves of Hedera rhombea Bean(8K g)

extracted with 80% MeOH

evaporation in vacuum

80% MeOH Ext. (500g)

Mare.

partitioned with n-hexane, EtOAc and n-BuOH consecutively

suspension with d-H,0

n-Hx. Ext.| | EtOAc Ext. n-BuOH Ext.
Sephadex LH20 CC(MeOH) Sephadex LH20 CC(MeOH)
El E2 Bl B2
$i0, CC, Sephadex LH20 cc] ] $i0, CC
E2-1 E2-2 E2-3 E2-4 B2-1 B2-2 B2-3 B2-4 || B2-5 {{ B2-6
RP(C,g) CC I RP(C,) CC
E2-2-1| [E2-2-2{ {E2-2-3| Compound I |g3.5.1| |B2-2-2| |B2-2-3
Prep. TLC Prep. TLC
] Compound IV Compound V Compound I Compound IIT
Caffeic acid

3,5-di-O-caffeoyl

quinic acid
Sheme 1 - Isolation of phenolic compounds from the leaves of Hedera rhombea.
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se(GOT), glutamic pyruvic transaminase(GPT), v
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Sofol & % 22| -Foe UFHEBOkgS
80% MeOH=Z 70°ColA 33| %, Z}%‘%%oﬁ
MeOH 92500 )8 AU ©|F FTHTol st

n-hexane, EtOAc, n-BuOHS £AME A5Zo®
283599k #-BuOHZ(2009)S 100% MeOHZ
Sephadex LH20 column chromatography(®]3} CC)
Z AAE 27 BEo®E YF ug 2H FIE
CHCL,: MeOH : H,0 : formic acid=9:3:02:0.1 &
S Z silica gel CC3ld 67882 E335At) B2-2
3% RP(Cy CCE AAste] 37 43 compo-
und 1200 mg)S dUUow, 1 = B222 HES
preparative TLCE A3l 3, 5-di-O-caffeoyl qui-
nic acid®$} compound II(420 mg), III(390 mg)E

it} EtOAcE2 Sephadex LH20 CCE AlA]5}od
27 BEoz glon E2 238 A Sepha-
dex LH20 CC$} silica gel CC(CHCL; MeOH:
H,0:HCOOH=8:4:0.3:03)5 AAlslo] 471 #3
o2 UyRith o] F E2-258-38-& RP(Cyp CCE A
Alalel 3ME W™ preparative TLC(benzene
:ethyl formate: formic Acid=1:7:1)& 3} caf-
feic acid®} compound IV(306 mg), V(360 mg)E
AtHScheme 1 Z%).
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Compound - 2 mp 208°C, [a],=
352, 28 in MeOH), UV A_nm:329, 229,
244, 222, 354. IRvmxcm’l:3500~2400(OH, COOH),
1650(C=0), 1520, 1100(C-0). MS(ED) m/z: 354
M]*. 'H-NMR(500MHz, CD,0OD) §:7.54(1H, d,
J=16.0Hz, 3-H), 7.02(1H, d, J=2.0Hz, 5-H),
6.92(1H, dd, J=8.0, 2.0Hz, 9-H), 6.72(1H, d,
J=80 Hz, 8-H), 6.23(1H, d, /=16.0Hz, 2-H),
5.18(1H, dt, 3-H), 4.18(1H, dt, 5-H), 3.65(1H, dd,
4-H), 2.292H, m, 2-H), 2.20(1H, dd, 6-H). “C-
NMR(125MHz, MeOH-d) 6:180.10¢, COOH),
169.38(s, C-1), 150.21¢s, C-7), 14855(s, C-3), 147.21
(s, C-6), 128.32(s, C-4), 123.55(d, C-9), 117.15(, C-
8), 11565, C-5), 115.11d, C-2), 77.99G, C-1),
7752(d, C-4), 72.05(d, C-5), 70.55(d, C-3), 39.25(,
C-2), 38.55(¢, C-H).
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Compound II — 93224 mp 142°C, [o],=
-170, UVA_,nm:328, 242, 217. IRv,, cm ™’ : 3500
~2400(0H, COOH), 1650(C=0), 1600, 1520(olefin,
aromatic), 1120(C-0), MSED mnyz : 516[M]*, 515[M-
11%, 504, 503. 'H-NMR(500MHz, CD,0D)5: 7.50
(1H, 4 J=16.0Hz, 3-H), 7.42(1H, 4 J=16.0Hz,
3-H), 6.95(1H, 4 J=2.0Hz, 5-H), 6.93(1H, 4,
J=2.0Hz, 5-H), 6.80(1H, dd, /=8.0, 2.0Hz, 9-H),
6.79(1H, dd, ]J=80, 20Hz, 9-H), 6.68(1H, d, /=
8.0Hz, 8-H), 6.66(1H, d, /=8.0Hz, 8-H), 6.20(1H,
d, /=16.0Hz, 2-H), 6.08(1H, 4, /=16.0Hz, 2-H),
5.68(1H, dt J/=10.0Hz, H-5), 5.20(1H, dd, J=10.0,
3.0Hz, H-4), 445(1H, 4t J=10.0, 5.0Hz, H-3),
2.29(1H, dd, J=14.0, 3.0 Hz, 6-Hax), 2.202H, m,
2-H), 2.02(1H, dd, J=14.0, 6.0Hz, 6-Heq). “C-
NMR(125MHz, CD,OD) &: 179.10¢, COOH),
169.52(s, C-1), 168.22(s, C-1), 149.75(s, C-7' and
C-7), 147.66d, C-3), 147.29d, C-3), 147.00(s, C-
6and C-6), 128.22(s, C-4), 128.10(s, C-4), 123.20
d C-9 and C-9), 116.22(s, C-8 and C-8), 115.86
d, C-5' and C-5), 115.76(d, C-2 and C-2'), 74.96
(s, C-1), 7250, C-4), 72.29d, C-5), 70.06(d, C-
3), 35.09¢t, C-2), 30.98(, C-6).

Compound III -3z B mp 178C, [o],
=-218%, 0.13 in MeOH), UV A _ nm:328, 242,
217. IRy, cm™ :3500~2400(0H), 1650(C=0), 1600,
1520(olefin, aromatic C=C), 112(C-0), MSED m/z
:516 [M]*, 515[M-1]*, 504, 503. 'H-NMR(500
MHz, CD,OD) 6:751(1H, 4, J/=16.0Hz, 3-H),
7.39(1H, 4, /=16.0Hz, 3-H), 6.93(1H, 4 J=
2.0Hz, 5-H), 690(1H, 4 J=2.0Hz, 5-H), 6.83
(1H, dd, J=8.0, 2.0Hz, 9-H), 6.82(1H, dd, J=8.0,
20Hz, 9-H), 6.68(1H, 4 /=8.0Hz 8-H) 6.62
(1H, 4, /=8.0 Hz, 8-H), 6.19(1H, d, /=16.0 Hz,
2-H and 2'-H), 5.61(1H, 4t /=10.0, 5.0 Hz, 3-H),
5.02(1H, dd, j=10.0, 3.0Hz, 4-H), 4.25(1H, dd,
J=3.0, 25Hz, 5-H), 2.291H, dd, J=14.0, 3.0 Hz,
6-Hax), 220 (2H, m, 2H), 2.02(1H, dd, J=14.0,
6.0 Hz, 6-Heq). *C-NMR(125 MHz, CD,0D) &:
180.10¢s, COOH), 169.38(s, C-1), 169.26(s, C-1),
150.32(s, C-7' and C-7), 148.37(d, C-3 and C-3),
147.46(s, C-6' and C-6), 128.46(s, C-4), 128.40(s,
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C-49, 123.87(d, C-9' and C-9), 117.20¢s, C-8 and
C-8), 115.80(d, C-5' and C-5), 115.43(d, C-2 and
C-2), 74.96(s, C-1), 72.50(d, C-4), 7145, C-5),
70.11 d, C-3), 35.05(t, C-2), 30.48(¢t, C-6)

Compound IV — 5324 48 §9 mp 157°C,
[a],=-210(c, 0.13 in MeOH), UV A, nm:330,
305, 250, 215. IRv_,cm™:3500 2400(0H, COOH),
1650(C=0), 1600, 1520(olefin, aromatic), 1120(C-
0). MSED m/z:530 [M]", 467, 439. 'H-NMR
(500 MHz, CD,0OD) 6:7.52(1H, 4, J=16.0Hz, 3-
H), 7.48(1H, 4, /=16.0Hz, 3-H), 6.98(1H, d, /=
2.0Hz, 5-H), 6.96(1H, d, /=2.0Hz, 5-H), 6.88
(1H, dd, J=8.0, 2.0 Hz, 9-H), 6.86(1H, dd, /=8.0,
2.0 Hz, 9-H), 6.702H, d, /=8.0Hz, 8-H and 8-
H), 6.23(1H, d J=16.0Hz, 2-H), 6.12(1H, 4,
J=16.0Hz, 2-H), 5.30(1H, dt /=13.0, 7.0Hz, 3-
H), 5.22(1H, dd, J=9.0, 3.0Hz, 5-H), 3.89(1H, dt,
J=55, 3.0Hz, 4-H), 363@3H, s, OCH,), 2.23(1H,
dd, J=14.0, 3.0Hz, 6-Hax), 2.21(2H, m, 2-H),
2.20(1H, dd, J=14.0, 6.0 Hz, 6-Heq). *C-NMR(125
MHz, CD,0D) 6:175.91(s, COOCH,), 169.23(s, C-
1), 168.74(s, C-1'), 150.35(s, C-7 and C-7), 14843
d, C-3 and C-3), 147.37(s, C-6' and C-6), 12840
(s, C-4), 128.25(s, C-4), 123.90(d, C-9' and C-9),
116.23(s, C-8 and C-8), 115.95(d, C-5' and C-5),
115.43(d, C-2), 115.28(d, C-2"), 74.20(d, C-1), 72.96
d, C4), 7229d, C-3), 70.06d, C-5), 53.31(,
OCH,), 37.05¢, C-2), 30.68 (¢, C-6).

Compound V —-x328 3 mp 178°C, [of,
=-210(c, 0.13 in MeOH), UV A, nm: 305, 250,
215, IRv,,cm™: 3500 2400(0H), 1650(C=0), 1600,
1520(olefin, aromatic), 1120(C-O). MSED m/z:
530[M]*, 467, 439. 'H-NMR(500MHz, CD,0D) &
:750(0H, 4, J=16.0Hz, 3-H), 7.40(H, d, J=
16.0 Hz, 3-H), 6.92(1H, 4, /=2.0 Hz, 5-H), 691
(1H, d, J=2.0Hz, 5-H), 6.81(1H, dd J=8.0, 2.0
Hz, 9-H), 6.80(1H, dd, /=8.0. 2.0Hz, 9-H), 6.68
(2H, d J=80Hz, 8H and 8-H), 6.19(1H, d, /=
16.0 Hz, 2-H), 6.08(1H, 4, J=16.0Hz, 2'-H), 5.45
(1H, dt, J=10.0, 5.0Hz, 3-H), 5.02(1H, dd, /=
10.0, 3.0Hz, 4-H), 4.26(1H, dd, J=10.0, 3.0 Hz,
5-H), 3.63(3H, s, OCH,, 2.29(1H, dd, J=14.0,

Vol. 43, No. 4, 1999

3.0Hz, 6-Hax), 2.202H, m, 2-H), 2.02(1H, dd,
J=14.0, 6.0 Hz, 6-Heg). “C-NMR(125MHz, CD,0D)
§:175.98, COOCH,), 16953, C-1), 168.24(s,
C-1), 150.75(s, C-7" and C-7), 149.25(d, C-3' and
C-3), 147.10¢s, C-6' and C-6), 12825, C-4),
128.25(s, C-4"), 123.01d, C-9' and C-9), 116.22(,
C-8 and C-8), 115.22(d, C-5' and C-5), 115.15(d,
C-2), 11515, C-2), 74.96(s, C-1), 7250, C-4),
72.29(d, C-3), 70.06(d, C-5), 53.30(g, OCH,), 37.98
@, C-2), 30.96(, C-6).

AHSE - 2 A3 A3 AP ERE U
E°] Sprague-DawleyAl A5 180~220g%] <A &FH
& ARgsilon ARRAIE)S TAAER ARSI
A BE AR Tk AT o)k AEd 3
7ol oAzl Fof ARSI

ZHM|E S40f chet XisH Y &5 - SDA| dF
CCLS} olive oit 1:12 &6l 7+ 548 His)
Gon A gxE= polyethylene glycol 4000 2%
fFo® wo B7hy Fosigivt. @3¥E GOT ¥
GPT9 §4 &%E ¥4 transaminase 574§ A
°KGOT: GPT)& AF&-3l%] Reitman-Frankel] %ol &
slo] =381t} y-glutamyl-transpeptidase 72
Orlowskif|S W33t y-glutamyl-p-nitroanilide 7]
oz A9 kitE AREste] RS dHF
triglyceride¥%&& F92% &48 A9 (Cleantech
TG-Sys ARgate] JAR e Fato] A¥aqint.

g dlolg{A EE - njolziA Herpes simplex vi-
rus type 1(HSV-1) strain F(ATCC VR-733), Her-
pes simplex virus type 2(HSV-2) strain MS(AT-
CC VR-734), HIV-1 strain HI; [HIV-1dIp)], HIV-2
strain RF [HIV2RPIE 483190 H, A8E47 &
k29l acyclovir(ad el #|eF), arabinocytosine (Ara-
C, Sigma), AZT(Sigma)E 100% DMSO(dimethoxy
sulfoxide)l] 20 mg/miz =<1 The HEFHo] 2.5%
Z 92 2EF 3Asto] Melaiqlnt. FaHAL
virus-induced cytopathic effect(CPE)Aad-8 o] &3}
Qo mjole| Al A7HE EAE] ] 96 well
platedll ¥l Vero MZ(ATCC CRL15, HSVAI &
- MT-4413(ATCC CRL15, HIVAE G k5ol 34
 nlolg)A FHaE 0.1 m¥ HEEky R Y
AZL F oA S H7FeRiT). vl Aol &3t CPE7}
viepd wizkA] 5% COMY71oIA 27 vkt ok
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vkl AAStT MTTE A8k 3 Attt Al
I &5l CPEel g3l 50% g ulo|zi22] 314
=5 AAs] 50% cell culture in- fective
dose(CCID, Ymiz Blolal A9 712 HAISIT). &
blo|g A 288 ME7} vl aijokE 96 well plate®)
7} wellel 100 CCID.7t H 0.1mi9] Hpolejiz
AFeta MRF A & Al 3 ouaFE eSS
0.1mM 1 37°C, 5% CO, ¥ie¥]olA 3UIHHSVS
), e 5YZHHIVEA) viesiinh. wieel-s #A
til AZE 17, JAAZ 3 CPEE YERH e
Arkslo ECghs Tolaith. oFa 212 AlE
=4S AR Aste] vleleag ARATIA] ok
Az okEo] MuH AEZE 33Uz wigd &
trypan blue exclusion® 0.7 HMIEFE A4St
CC,,(50% cytotoxic concentrationyS 7-8}5ith.

5]
=
S

i

% Cytotoxicity =
= AT A o] AlES X100
EESS EES

opde] AuxERY F nlo]HABYY EC,9 Al
E=49 CC,= Selectivity index(SI) CC,/EC.&
T35t

BAHME| - APAEE FoEEFHAE B
I AT §9942 student t-tests ©]8st] F
AgHoz AHsISit.

LB nt

T el

Compound I-& A 248 FeClol 254,
InClell ZME yeldlo] phenotd EEYUS &
itk IR spectrum(ecm ™Mol 3500~2400(br) 2]
OH, COOHZ, 165014 «, B-unsaturated C=0%F,
110014 C-O bandE &<1E = 23Ut 'H-NMR
spectrumell A= 6.23(1H, /=160 Hz)¥} 7.54(1H,
J=16.0 Hz)ppm carbonyl group?] 91E% olefin®
F F4 signale YERNH coupling constant’} 16.0
Hzo|2 2 trans BEHYE & 7 AT 6.92(1H, dd,
J=80, 20H»° T3 6.72(1H, d, J=8.0 Hz)%t
ortho- AL skl om HEF 7.02(1H, 4 J=2.0
Hz)ppm®] 5229 meta $IXZ HjlHo] glo== 3,
4995171 X8k aryl groups AU1 oS & &

3t IR% 'H-NMR spectrum® E5-E compound
12 o, B-unsaturated carbonyl group, 3] carboxy-
lic acid®} 3, 491X)7} P aryl group® 7+ e
caffeic acidA@e] £4AZ F4 4 33t} “C-NMR
spectrumellA] caffeoyl”’]9] C-1, C-7, C-3, C-6, C4&
YeRE 169, 150, 1486, 147, 128 ppm3}, C-9, C-
8, C-5, C-49 123.6, 117, 1157, 115ppm2 47
35 &1 5= den WA 74 93 OWY)
2 &%  cyclohexane ring2dS SAE T
180 ppm® &4 signale COOH7]Y EAE Wehl
o 780, 77.5, 72.1, 70.6ppme 47} A+ OHY]
of A3d &4ds dehldeh A 3933
38.6 ppm% signak> 2719 methylene’| & AW 9l
5 Ve AEERRE Eelg quinic acid'®?
°] 'H-NMR¥} BC-NMR spectrum¥} H]w 2%
23} compound [ quinic acid®] 3% hydroxyl”]
of caffeic acid’t AEH Ex4o] CH,0, 3-
caffeoyl quinic acid= &332t

Compound I~V - %% TLC plate’dollA FeCl,
of eEMog WMEOZ phenold compoundY-S
e 4= 9J2lc}. Compound 119 IR spectrum®} UV
spectrum< compound I¥} -§- FAISIEZ caffeic
acidF-EHYS 83 5= 3t} 'H-NMR spectrum
o]l aromatic region®] ©I2] proton signal®] com-
pound 2} fAFEI Ot 1 =7 2n) wigkomg 27
9] caffeic acid groups 7HAZ & Aoz A7tE
Atk S BC-NMRAS] AA ¥ 2571%eH
169.59} 168 ppme] F+ I+ 2709 carbonyl ester
g Z3 dS5E vERTh 179.1ppm& peaks
carboxylic acid®] ¥4~ signale|™, 70~75ppme] H
ol= 4719] peakE-2 hydroxyle] 22 carbon®-S,
30~40 ppm?) T peak: aliphatic carbong}& & F
AT}, Caffeoyl ester F 07 2JEoA ¥y &3
- caffeoyl glucose$®} chlorogenic acidE H}5 &
caffeoyl quinic acid 5°] U3 caffeic acid’} W
22 7107 jsochlorogenic acid’} H.11g uf gl&=t,
compound 1% F70¢] caffeoyl moiety”} quinic
acidel) d@E o)} B, gallic acid’} B2 quinic
acid®] “C-NMR#} wlws] £ Az 3, 589}
quinic acid moiety”} oF¢ FARSIITE W3, quinic
acid®] 1, 3, 4, 51 B4 $1%]2] OH7Iel th3h dix]
#4Q, 3, 1, 5-, 3, 4, 4, 5-, 3, 5) FAA| H-
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NMR sepctrum oA 742} FF8lst R3S 722
o3 compound 11¢] 'H-NMR spec- trumg H|i
3t Ak T 7)9] caffeoyl moiety”’} quinic acid®] 3,
5¢%jell X3 715 o 5 AT MS spectrumelA]
m/z 515[M-11%, 516[M]" mo- lecular ion peak”}
et AoR Hol #ajgko] 5169& ¢ ¢ AL,
w3 A 7RIS AAISK] caffeic acid®} quinic
acids FRIF F QUglth o) dataE TSl
#Ax)¥g} Bl BA8l] compound & 4, 5-di-O-
caffeoyl quinic acid® %45} ch,

Compound III-IR, UV MS spectrum2 E3}
compound 112} v}7pA| 2 B} 5169 caffeic
acidfi-EAYS 58 4 ATt 'H-NMR spectrum
ol 4 aromatic region 6.2~7.5ppm A}°]2} double
bond peak®} “C-NMR spectrumol|* 115~169
ppm, 180 ppmO # YERY ¥4 ¥HE Kol compo-
und 18] T2 o]dAlYE e = 9t} 'H-
NMR spectrumellX] 5.62(1H, dt, J=13.0Hz, 3-H),

=
v

75000

karmen unit/mi)
g
Q

(
N
3
=3

GPT

Q

Control CCl, 2 500 200 .‘
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Fig. 1 — Effects of EtOAc, n-BuOH fractions on serum GOT, GPT, y-GTP and TG activities in CCl-treated rats. Each value
represents mean = S.D. for 5 or 6 rats and each compound (200 or 500 mg/kg) were injected intra-peritoneally.
Significantly different from the CCl-treated group (*p<0.05,**p<0.01).
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