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ABSTRACT

Background: In the present study, we identified two cytotoxic compounds from the root of Rumex crispus L. using a bioassay-
based method.

Methods and Results: Compared with the other fractions, the diethyl ether (Et,O) fraction of R. crispus root extract exhibited the
strongest of 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging effect [scavenging concentration 50% (SCs) = 63.8 + 1.47
1g/ml], nitric oxide (NO) production inhibitory effect on the mouse macrophage cell line RAW264.7 [inhibitory concentration 50%
(ICs0) = 60.9 + 7.52 pg/ml] and cytotoxicity effect on the human hepatoma cell line, HepG2 [lethal concentration 50% (LCs) =
115.4 + 1.86 pg/ml]. According to the bioassay-based method, two cytotoxic compounds were purified from the Et,O fraction by
using column chromatography and preparative high performance liquid chromatography (prep-HPLC). These two compounds were
identified as parietin and chrysophanol by using nuclear magnetic resonance (NMR) and liquid chromatography quadruple time of
flight mass spectrometry (LC-QTOF-MS). In addition, both parietin and chrysophanol exhibited a cytotoxicity effect on HepG2
cells, their LCs, values were 169.1 + 17.67 uM and 111.5 + 6.62 uM, respectively.

Conclusions: Parietin and chrysophanol isolated from the Et,O fraction of the R. crispus root extract showed cytotoxicity in HepG2
cell.
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2 I ok 7)Aol Tt (Lee er al, 2007; Ko et al., 2009).

FZ Aol oJahd, Aol Hajo] ShtE theket A

220l (Rumex crispus L)E 7HIZE3} (Polygonaceae) PEAL JEF, ), deads veilie Zo= o
ojgjajatolZERA] &4 7tololA] ApAEtaL ikl H oo A o™ (Yildm et al., 2001; Park et al, 2018), &
A EAELE Ao BEle dhlelA AT CEEHMR), §- 3l Ot 5o oy A Fe At ] o] Fo
olth& (FH A0S sk, W], &Y, BY (i), 7154 AL Ut} (Bhandari and Clack, 2015). 3 Ae|do|E
AFEE Tl E4E /e HEE, 53] gt FdA HIE%E Rumexd A& gt A2AT2% chrysophanol
oFgo® Wyolu JI iuE ) 22 I A5 ARSSH S anthraquinone FEAel thet Zlo] thF=Eelt} (Choi e
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al., 2004). Anthraqumone Tl A Z2HE AAGE AL
oFo X ARRE|o] gtom A W FAED FAH A
2N 53 9dS ‘:“:‘rslu—’_ It} (Hwang et al., 2004).
< anthraquinone®] F2|@ATZE Aspergillus versicolor
ZHE #el3 anthraquinone®] | ABEE T, emoding] 7
oA ol 3t et g st chrysophanole] EEa I Sol 9l
T} (Saunders et al., 2018; Wang et al., 2018).

Reactive oxygen species (ROS, E/d4HaF )= AubdQd Al
2o AkE F8l FEE EERE AT 4 e AxE
SOTHA H,08 W=+ Sl AAAYE superoxide anion (O7),
FrIskEA (Hy0,), hydroxyl”] (-OH) 53 22 F4keolth
(Nho et al., 2018). ©]&3 ROSES & 4 AL Ao
Al wEA] By PR AR, v R B F
o] xgzﬂ&l 7:1_?_ ]J_ _]_9]_ 7]ﬁ
AME Aol TIYANEZE ¥ 35&3} (Reuter et al.,
2010). E3+ Aks} 2EZ A= DNA <733} DNA EO#H#O]E
STMANFIAL, AFEL] BIRGARD S48 fdste, HlE 34

A0 f

F

/ﬂ g

o= (Bae and Bae, 2012) °§§ }_7]D}7q]o1]t AW
A7) TAIZF el ﬁig;qu} ﬂiﬂb

i1

acrophageb} mast cell-v}
AsdgEdo] s, of
macrophage T332 ui7fER] NO Aol gt
ot NO= #4895 v HE-S-olA L-arginine® 25
inducible nitric oxide synthase (1NOS)°ﬂ o3 FH=F A=A
$S FXMTIE A= dEA k. wbA] NO A4
ot} iNOS 8 502 JHT EFS %“”5]'1:“1] AFEE A
43t} (Baek et al., 2009). NOE Y331, 3

71%s0] glom, sk sl Hw dA] felg asoe )
AA Hel MEEFOR ATl & 5L oplEIE @)

(Lowenstein et al., 1994).

o2 =l A 2018 A=of ofehd -(’rﬂl‘)rﬂ‘r"ﬂ*i 7}
¢ =2 AbgRlol, 58] 7k fEjvEtellA =& /9
3 AFES Ueille o571 Y oSeRA 11
el AT A ool 6 71 ool Abdebe =54
A9l A =meF =717 S flal 27 IREe w9 Fasitt
(Ahn et al, 2001). oo /NFEE FEE2 HepG2 Al E

S =
(Kim et al, 20162)%} Hep3B AE (Kim er al, 2016b)°]
i3t apoptosis &3, LRk

F=E9] SNU-398 AlE Z249
Al &3} (Rho and Oh, 2002) 5

2} =0
RN

= 51T
tekeh AQERE 9
Az e HHEAS 2 A7vt BE AP 9

£ Q7 ) AR els] elziel
FBYBAL B Yslel, FER 7 g BIe

B2 | 2RE A
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DPPH assay9t NO assayS I35}aL, 7 EF HepG2E
ol &3le] MEEAETAE IS o SRS o 2 HE
column chromatography2} HPLC, prep-HPLCE ©]&3lo &
A& Bg3 & NMR# LC-QTOF-MSE 53 %2 54
a3},
Mz 2 e

1. & M=

2 AFA AR AR o] (Rumex crispus L)°] Hel=
20174 6890 FHHE T4 BHEF V5 defol Ayt
—‘E 74% H—r]OFOJ] /‘ﬂ’“ 2 Azs TS (-2 cm AEE Ak

2ol Bl AR (15kg)E AET T 70%
ethanol (EtOH)S F=8u|2 200 2 4 3 3] vHEslo]
FEAUTE FEAL AHRe 5 Y xR 400g
(26.7%)°] FEES AT} o] T HE FHTO AR
% diethyl ether (Et,0), ethyl acetate (EtOAc), n-butanol
(n-BuOH)S ARE-3te] A 02 S8 AAsIT

HoE AEE A9t 55 9 Ax & FEEH A 4C
olgtz W HashAA AP AREEeH, 8 e
Et,0, EtOAc, n-BuOH % E3=94 Z}z} 5% (20 g), 6.75%
(27 g), 20% (80 g) 2 60.75% (243 g)= L}EFSTE.

flllo

3. DPPH free radical 2H& =X

aE|Ae] 2] FEEY 7 £ E9] iksleAde vwst
7] 998t DPPH (Sigma-Aldrich Co., St. Louis, MO,

USA)E AFE-3}o] free radical 2AEAS =431 T (Blois,

1958).
7} A|5E methanolol] 12.5-500 pg/ml o] st ==
LN A EA 100 10 &F 200 pME 83§2]7] DPPH &4

100 & &3] 30 27F A=20lA WX$ T microplate

reader (Bio-Rad, Hercules, CA, USA)YE A&-3}] 520 nm 9|

A F3=Z =431t DPPH free radicalS 50% 478k

A8 BE (SCo)E Fleen, xioese

acidg& ARE-3IITH

Scavenging effect (%) =[(Ag- A1)/Aq] x 100

ascorbic

Hl-o-on

(Ag=DPPH &91¢] §34%, A;=DPPH €43 A&
9 FHE)

4. KIZHHRE

-2 gl A A Z59] RAW264.72> American Type Culture



RKEH

ESS AN I =
Collection (ATCC, Rockville, MD, USA)ZH-E F438le] A}
4319tk RAW264.7 AlEE 10% fetal bovine serum (FBS,
Seradigm, Radnor, PA, USA), 1% penicillin-streptomycin
(Sigma-Aldrich Co., St Louis, MO, USA)E 73t
Dulbecco’s modified eagle’s medium (DMEM, Gibco™,
Thermo Fisher Scientific Inc., Waltham, MA, USA)S ©]&
3] 5% CO, incubatorol| 4] wj F3}ich 7FEA EFQI
HepG2 A>3+ Korean Cell Line Bank (KCLB, Seoul,
Korea)Z B 793t AL&-31992™, RPMI 1640 (Gibco™,
Thermo Fisher Scientific Inc., Waltham, MA, USA) BjX]]|
10% FBS®} 1% penicillin-streptomycin® E33F vjx] S A}
£3Fa] 5% CO, incubatorol] A B3I T},
5. Nitric oxide (NO) 244 SHetd =H

RAW 264.7 AIZE 96 well platecl] 2.0 x 10° cells/mé &
T3 O, 5% CO,, 37CeA wjgste] AMgsiict w53t
A Eo 7z} A|ZEE  dimethyl sulfoxide (DMSO, Sigma-
Aldrich Co., St Louis, MO, USA)l 12.5-500 xg/ml 2] T}
Fe TR AL 1 Akl 24 A7 FRF ul st
At 2 5 wiReA AB/dE NOE Griess reagent system
(Promega, Madison, WI, USA)°| W& NO colorimetric
assayZ #2131t (Amano and Noda, 1995).

NO A4 A& () vt 2ol Ateint.

(1) =[(Bo- B1)/Bo] x 100

(Bo=LPS A&+ &3 B,=LPS9} AZ A
T3 AL AEES well T 10 4£9] 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT, Sigma-Aldrich
Co., St Louis, MO, USA) A|¢kS A2]gt & 6 A7+ 5 A4
E formazane DMSO° =<1
nm oA FEEE ST

. microplate readerZ 520

TEM

e e

6. MTT assayoll 2|5t Al

2ol By FEE3 £9= compound 13} 112]
MEZAFLE MTT assayell &3l SA AT (Gerlier and
Thomasset, 1986). A=A Algo] AREE HepG2 A2+
37C, 5% CO, Z7ol- RPMI HiA]o] 96 well plates] 1.5
x10° cells/ml ©] FEZ 535121 24 A)ZF wiFate] F3; @
FSIAZ] ¥, FEERE XS A E5E Aste] 24 AR F
oF ksl DMSOd &A1 A Ax3E 5 mgml MTT &
M 7} well] 10 A 715k, 37C, 5% CO, 2414 6
A 7F Bk S AA formazan® 2 SHIEEE FQ) HiA S
AAZ Z 7} wellell 200 ¢ DMSOE H7lste]l AA€
formazans 83I|AIA 520 nmo|X| FBEE SA3H O, Al

[l
==11

ot
¥

- 2

oo
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Table 1. Prep-HPLC operating conditions.

HPLC system Pump: Waters 515 HPLC pump
Detector: Photodiode Array Detector
(PAD) Waters 996

Column ODS-A (C18, 150 mm x 20.0 mm, particle

size 5 pm, YMC)

Column temperature ~ Ambient

Mobile phase Acetonitrile : Water = 85 : 15
Flow rate 6 m¢/min

Injection volume 100 4

Detection Ultraviolet detector 220 nm

g9 2] DMSOE AREEH blank®] T 2EE 7|F0 8 AE
AEES AEIINITH

7. 2Rt=E0l 2al & FAl

A2lAe] ELO 8 Diaion HP-20 AH S o]&alo] &
AH=AE AAAT. A9 &5 the silicagel
column chromatography (®5 x40 cm, chloroform : methanol
swater=90:10: 1)S AAIst] 29 7] £EES AUT
(ES1 - ES29). =L % ESI - ES4¢] £3S A4 sle] 1
A4 (29.4 mg)yS ETlskitt ©]E prep-HPLC (Waters Co.,
Milford, MA, USA)YE &3t 2 7] &2 compound 12
& #38, ZAAISIATE (Table 1).

= 1 O
LEES

8. 7= =3

Compound 13 119] F+%+= NMR (Bruker Biospin,
Billerica, MA, USA)3} LC-QTOF-MS (Bruker Biospin,
Billerica, MA, USA)E ©|&38t sA3titt 132 24 &
4> chloroform (CDClL)ol €314 'H-NMR (400 MHz)
3} BC-NMR (100 MHz) 2=¥HE#S B3l BRlska, A1
I} EAFS compound 13 115 1 gl o] =7 F=F
methanol 2 3]4] 8} LC-QTOF-MSE 53] &elstith
(Table 2).

Compound I-orange amorphous powder, 'H-NMR
(CDCl3); =238 (3H, 3-CH3, s), 3.87 (3H, 6-OCH;, s),
6.70 (1H, H-7, d, J=2.5 Hz), 7.09 (I1H, H-2, d, J=1.0
Hz), 7.38 (1H, H-5, d, J=2.7 Hz), 7.64 (IH, H4, d, J
1.1 Hz), 12.06 (1H, 1-OH, s), 1226 (IH, 8-OH, s).
BC.NMR (CDCly); 1625 (C-1), 124.5 (C-2), 1485 (C-3),
121.3 (C-4), 1083 (C-5), 166.6 (C-6), 106.8 (C-7), 165.5
(C-8), 190.8 (C-9), 182.1 (C-10), 135.3 (C-11), 1103 (C-
12), 113.7 (C-13), 1332 (C-14), 56.1 (6-OCHj), 22.2 (3-
CH3), ESI-MS’ m/z (rel. int.) = 284.07 [M']

Compound 11— Yellow crystals, 'H-NMR (CDCl;); 7.38
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Table 2. LC-QTOF-MS operating conditions.

HPLC system UltiMate 3000 (Thermo Fisher Scientific Inc.,
Waltham, MA, USA)

Column Kinetex (C18, 150 mm x 2.1 mm, particle size
2.6 1m, Phenomenex)

Column temperature  Ambient

Mobile phase Acetonitrile : Water = 85 : 15

Flow rate 0.2 mé/min

Injection volume 10 20

Detection Ultraviolet detector 220 nm

QTOF-MS system  maXis 4G (Bruker Biospin, Billerica, MA, USA)
lonization mode ESI positive

Set capillary 4500V

Set end plate offset -500 V

Set collision cell 300.0 Vpp

Set dry gas 8.0 £ /min

Set dry heater 220C

(1H, H-5, dd, J=1, 7.5 Hz), 7.61 (1H, H-6, dd, J=176,
84 Hz), 760 (1H, H-4, d, J=1.1 Hz), 724 (1H, H-7,
dd, J=12, 84 Hz), 7.04 (1H, H-2, d, J=1 Hz), 2.40
(3H, 3-CHj, s), 12.0 (IH, 1-OH, s), 12.1 (1H, 8-OH, s).
BC.NMR (CDCls); 1625 (C-1), 1244 (C-2), 149.4 (C-3),
1214 (C-4), 120.0 (C-5), 137.0 (C-6), 124.6 (C-7), 162.8
(C-8), 192.6 (C-9), 182.1 (C-10), 133.7 (C-11), 1159 (C-
12), 113.8 (C-13), 1333 (C-14), 22.3 (3-CH;), ESI-MS m/
z (rel. int) = 254.06 [M']

9. SAIXZI

BE SAS 3 3 ol vy A3 A HAw £
22} (mean + standard error)= EAISIATE AFoA Lo
2 Azte]l HAH Fe4dL windowsE SPSS 12.0 (SPSS
Inc., Chicago, IL, USAYS ©|&3I3L, 24 zo|7t e
FEO 5<0.05 7= One-way ANOVAS A E1oH,
Duncan’s Multiple Range Test (DMRT)Z L 248 74
skt

-

PETL O

p =)

1. DPPH free radical 2H&2}

22 A0 (Rumex crispus L.) B2
DPPH free radical A48 Fig. 13} 2t}
TR JEFH o E AAGH O] FUIEINeH, &
EtOAcE, &%, n-BuOHZF w22
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ITEME
—— o

5 22 o =N
(Fig. 1A). 7F8 =& A4S HO EL,0%S 200 wg/ml 5%
oA 78.4%2] 2AEES YERIALE (Fig. 1B). SCsp 55
EofX 2409+ 5.67 pgmlolglem, FEEE EpOF, EtOAc
%, n-BuOHT % E3FoA 717} 63.8+147, 97.4+1.82,
169.6 £4.15 2 163.2+2.07 pg/mb2X Ey,0%5°] thE 99
vl Aizleg 2 oA 50%2] AAZAES JeERNQI

gaksl 8o U O Z polyphenol AH9] $hdo] &
SN free radical 2AGHE 55 Aol oL

=
RIEF 2091 (Anagnostopoulou e al, 2006), A2]A0]
& e AgAFolA Faelel (Rumex japonicus) A

o J

2] EtOAc ¥38 (Elzaawley er al., 2005), 171579 (R
acetocella) 2] n-BuOH 32 (Baig et al, 2011)3} &
=/389] DPPH 2750l Uthe Hilehks 99, ¥I5A4
B3o)r =& Aol U} AOZ Hol FRE o=,
lycopene 53 2 X84 ditslEdo] dhi-F o
Z A8 ¥} (Krinsky, 1989; Sies and Stahl, 1998).

2. NO 44 oiignt

2 AFollA AHFEAES Blasr] Sl RAW264.7 Al X
o] NO ffi=&%2l LPSE A3t th &gjAo] ] F5&
FIES FEEE sl LPSol 2§ NO A JA=F
=43t (Fig. 2).
FEES TE 9FFHOZ NO AAaxE HYon &
3] 500 pg/mlolX 814%] EIHE BN, ICse 1977+
546 pgml 2 VEFSTE (Fig. 2A). 3 FZE32 200
ugmé FEIA EtL0Z, EtOACES ZH2F 70% (ICso=60.9
+7.52 pg/ml), 32.8% (ICsp=270.3 +60.69 rg/ml)yS JERNS]
S}, n-BuOHTH EZMX= 3 dAaxdE YeplA
ST} (Fig. 2B). F7H 22 A& NO AgddAl gt Al
EEA gt S BIRIAE I S8l 7+ AEE
TEHE RAW264.7 MEE |83l MTT assay® AEE
S IS W B A EEAS AHEA] YT

Aol 23PE, Rumex crispus A oehe FEE0]
LPSE 2|3t RAW264.7 AlE2] NO A7 iNOS, COX-2
o] HH-g Asfgth= Bavt o™ (Im er al, 2014), 55
2 &0 MYATZE= R nepalensis ¥2]2] chloroform-¥ 3}
EtOAcEEo] COX-1, COX-2E& Asfsl] dAT ax= et
Ath=s W7}t o™, R abyssinicus Pd) 2] HEre: 55
o] in vivo AA incision wound model FF$-2E o]-8-3}o]
A3 Eart ASS FsAt (Gautam er al, 2010;
Mulisa et al., 2015). WA £ A= B0 EtOACEO]
iNOS, COX-23} 7+ 95 #d frzke] 2de At

=1

o W

YAFYL B Ro= Aae.
3222 gulpga 2o 0 gaslel 9az 4
o] Tl Uehdth, £ 978 Bsje] Aol W) 35
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Fig. 1. DPPH free radical scavenging effect of EtOH extract (A) and solvent fractions (B) from R. crispus root. Mean values + SE
from triplicate separated experiments are shown. "Mean within a column followed by same letter are not significant based on
the Duncan's Multiple Range Test (DMRT) (p < 0.05). E,O, diethyl ether fraction; EtOAc, ethyl acetate fraction; n-BuOH, n-

butanol fraction.

E9] En0FolM diistel 395 @A) w2 Zo= Ry
Art.
3. HepG20ilM2] MIxZ=d

Zibol digh Ftasts AEs] flsted Al frel 7HAl
FEF HepG2E A9ate] MTT assayell o3+ Al Z54S 4]

2 A= Fig 33 2k

2] ¥e] FEES 7 AlEd 125, 25, 50, 100, 200
g 500 pgml o] FERE F7MAZE w FAIET] HepG2oll
A Ztzb 85.5%, 79.0%, 73.5%, 65.2%, 58.1% = 35.0%2]
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MEAEES B oM (Fig. 3A), ey} ga5Ede
HQl EL,0%2] HepG2ell thgh QX AEEE A8 2+,

6.25, 12.5, 25, 50, 100 ¥ 200 pgml o] F=ol|A z+z+
84.7%, 76.9%, 71.0%, 55.8%, 48.9% L 34.1%2] AEAH=
&L B9 (Fig. 3B). ol F=2EF 0 #8E 25 ¥
A2l vs] A2l et S7HE Al EAEE0] FoiX]
Zog Yeht oA ASAE7E dofuhal S
I AUt

ool AFERE 7FHIIE HepGoll et ¢ E A&
AL AR o] 70% ethanol FEENA T JEFHOZE o

ul

O =

T

me rfr
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Fig. 2. Inhibitory effects of NO production in LPS-induced RAW264.7 cells by the EtOH extract (A) and solvent fraction (B) of R.
crispus root. Mean values + SE from triplicate separated experiments are shown. "Mean within a column followed by same
letter are not significant based on the Duncan's Multiple Range Test (DMRT) (p < 0.05). E,O, diethyl ether fraction; EtOAc,

ethyl acetate fraction; n-BuOH, n-butanol fraction.

4

A S

= 0=

Al YERRIAL, 53] ELO 28 FollA Aelsked &
Aol 34.1-84.7%2] E2 AAEIS vERlo] AE|Ae] 5
ZE9 Eu0Te] mf- fagt dAITES Bl Zos Hris)
Ao}, w=gk M3 Q5P H, Rumex acetosa®] APFE-ZE-
B E|3g parietin, emodinZ} 7+ anthraquinone -7}
A549, SK-OV-3, SK-MEL-2 5 5 7FA¢] 17hfrefl Aol
izl FAeES BHvhe Bavt oW (Lee er al, 2005),
HagAyel (R japonicus) Y| ZHE] E2]St physcion 8-O-
B-glucopyranoside= apoptosis =5 T3t AS4ME S]]

Agas vepdths 28 v Itk (Xie and Yang, 2014).
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whr] B Ao M= Et,05ol 3k anthraquinone %4
7} gHrElo] S vEpd Zlolgt AlmETh

Et,OZolA ¥2]3F parietin} chrysophanol®] HepG29ll th
sk Al AEES B4 A, parietin 3.75, 7.5, 15,
30, 60, 120 uMe] FxolA Z+Z; 94.6%, 80.4%, 74.4%,
71.6%, 66.4%, 63.5%2] AFXAYEES HAOH, LCsH
169.1£17.67 uyMZ UERIGT} (Fig. 3C). 53 chrysophanol
<& 375, 7.5, 15, 30, 60, 120 pM2] FxolM 242t 97.3%,
78.7%, 71.9%, 69.9%, 63.9%, 50.2%2] AEYEES WIS
W, LCsy 111.5+6.62 pME YERETH (Fig. 30).
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Fig. 3. Cell viabilities of HepG2 cells treated with EtOH extract (A), Et,O fraction (B) and parietin, chrysophanol (C) of R. crispus
root. Mean values = SE from triplicate separated experiments are shown. "Mean within a column followed by same letter are
not significant based on the Duncan's Multiple Range Test (DMRT) (p < 0.05).

4. Compound [} compound Il 2% SH

k] AxE vl R AEAe] 8= F
a3t Et,O ¥8olA compound I3} compound 115
AT

Compound 12 QXA 48 AHo= 'H-NMR 2
6.70, 7.09, 7.38, 7.64 ppmollx] W= el A3 A
4, 12.06 ppm3} 12.26 ppmollA  anthraquinone®] 1 ¥ &+
49} 8§ W ghael A%St hydroxyl group®] 474, 2.38 ppm
7 3.87ppmoll Al ZHzh 3 W wAel 6 ¥ EhAe] X3k
methyl group3} methoxyl groupe] A7 #Z=3, PC-
NMR ZA3 106.8 - 166.55 ppmoll A W= w2 g,
182.1 ppm3} 190.8 ppm-> carbonyl group®] T4, 1|3l
22.1 ppm3} 56.1 ppm®l4] methyl group?} methoxyl group®]
vt 72 AEE ATt (Table 3).

L3 LC-QTOF-MS9] high resolution mass spectrum
(HR-MS) o232 A =9} isotope HE T2 Zarlsh

o] compound 19] EAFo] CigHj,0s (MW, = 284.07)US

5}o
6Lu

i)

214

g1kt (Fig. 4). ©]& proton signal®] chemical shift 2!
coupling constant #e] Bl 7]E £3¢] datas WAL
3t A3} compound 1] +Z= Fig. 49} 732 parietin (6-
methoxy-3-methyl-1,8-dihydroxyanthraquinone)>Z 5745} ch
(Danielsen et al., 1992).

Compound Ili= 349 A4go2 'H-.NMR Z3} 7.09 ppm
-7.60 ppmollA] W )] 424 11.9 ppm3} 12.1 ppmoi|A]
1 ¥} 8 ¥ hydroxyl group®] 4, 2.40 ppmollA 3 ¥ &
2ol 213l methyl group®] 47F #=E3, PC-NMR 2
7 113.7-162.7 ppmellX] W= 318]o] w4, 182.1 ppmt
192.6 ppmOllA4] carbonyl group ©4r, 223 ppme 3 W B
o X3 methyl groupe] ©A7} Zbz} #=E ST} (Table
4). =3 LC-QTOF-MS®] HR-MS dataZ ©|&3#e] 9214
=9} isotope ¥ 5= F3le] compound I12] HA}2 0]
CisH100; (MW, =254.06yS ERISIAT} (Fig. 5). & proton
signal®] chemical shift 2 coupling constant #Fe] H]wHF-2 3}
39 dataE ¥]w3 A¥} compound 11°] FZ%= Fig.

==
7=
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Fig. 4. ngh resolution mass spectrum of compound I. HR-MS data was measured by LC-QTOF-MS. ESI-MS; m/z (rel. int.) = 284.07

Table 3. 'H and "*C NMR data of compound |.

Table 4. 'H and "*C NMR data of compound I1.

Carbon NO. 814 (400MH2) 3¢ (100 MHz)

1 12.06 (1H, 5)-OH 162.5

2 7.09(1H,d,J = 1.0 Hz) 124.5

3 148.5

4 7.64 (1H,d,J = 1.1 Hz) 121.3

5 7.38(1H,d,J = 2.6 Hz) 108.3

6 166.6

7 6.70 (1H, d, ) = 2.6 H2) 106.8

8 12.26 (1H, 5)-OH 165.5

9 190.8
10 182.1
11 135.3
12 110.3
13 113.7
14 133.2
CH; 2.39(3H,9) 22.2
CH;0 3.87 (3H, ) 56.1

59} 72 chrysophanol (3-methyl-1,8-dihydroxyanthraquinone)
Z 5431 (Danielsen et al., 1992).

ole] AIE FFehH, 1 AelM= &gl Be] EtOH
FEEo 4R Y EL0FCEHE column chromatography,
prep-HPLC, NMR, LC-QTOF-MSZ 53 2 7§¢] fa&Ezd
parietin®} chrysophanols ZoWt}.

T B4 d8 ATE HH, ol7]Fel tiselA]
QA Q] parietin (physcion)°] =4 §lo] <17 Wy
AEL] e =53 FY ¢ don, AFd oj2d 7 4
A ES oE"ﬂ A e Q17 oF AlEFe] A ARt
B3E w} 9t} (Lin er al, 2005). Anthraquinone -f-=|91

J)l'o

P

215

Carbon NO. 81 (400MHz) 8¢ (100 MHz)
1 11.96 (1H, 5)-OH 162.5
2 7.04 (1H,d,/ = 1.0 Hz) 124.4
3 149.4
4 7.60 (1H,d,/ = 1.1 Hz) 121.4
5 7.38 (1H, dd, ) = 1.0, 7.5 Hz) 120.0
6 7.61 (1H, dd, ) = 7.6, 8.4 Hz) 137.0
7 7.24 (1H, dd, ) = 1.2, 8.4 Hz) 124.6
8 12.07 (1H, s)-OH 162.8
9 192.6
10 182.1
11 133.7
12 115.9
13 113.8
14 133.3

CH; 2.40 (3H, s) 223

chrysophanol rat hepatocytes (Kéigedal et al, 1990)<}
human leukemia HL-60 A3 (Ueno et al, 1995)°lA
apoptosisS E§3F MEZA 3= IR Fevr B
vl AN ZREAERD J5 cell (Lu et al., 2010), H A
91 A549 cell (Ni et al., 2014)°] 2|3 apoptosis7} o}
d necrosis?} TAE 71A o3l dAEL APES fEgi
2 ®3E uf Qo) ol F EFo] 7HIAMIE HepG2 AlE
Aol Z1e o] Ul fFHETh B3 2 A 7
Aol ik AJHEAATY] V2A R € Zolw, o v
o}7} 7hQtell et M= AUA| el 7l Aole} Als
=3

X

fals
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