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From a 95% ethanolic extract of /1 diffusa four marker compounds (HD1~HD4) were isolated, which
were relatively unique and exist in comparably high contents. The structures of marker compounds
were identified as digitolutein (1), 2-hydroxy-3-methylanthraquinone (2), (£/ Z)-6-C-pcoumaroyl scan-
doside methyl ester (4:1 mixture) (3), and gE/ 2)-6- O pmethoxycinnamoyl scandoside methyl ester (4:1
mixture) (4), respectively, on the basis of PC and 'H-NMR analyses. The calibration curves of marker
compounds showed high linearity, as their correlation coefficient (R*) were in the range of 0.9991~
0.9999. In addition, the limit of detection (LOD) and the limit of quantification (LOQ) were 0.03~0.07
ug/ml and 0.099~0.231 ug/ml, respectively. The intra-day/inter-day precision and accuracy were
0.23~2.00%/0.25~1.16% and 94.60~108.44% /94.73-110.23%, respectively. The optimal HPLC conditions
for the simultaneous quantification of HD1~HD4 were as follows: stationary phase; Merck Chromolith
RP-18e (100x4.6 mm, 5 pm), column temp.; room temperature, UV detection at 280 nm, flow rate; 2.0
ml/min, injection volume; 10 pl, mobile phase; start with the mixture of 80% solvent A (H,O contain-
ing 0.5% acetic acid) and 20% solvent B (methanol containing 0.5% acetic acid) and gradually decrease
solvent A to 40% in 9 min., then retain this condition to 18 min. Under the HPLC condition, the four
marker compounds 1~4 were successfully separated without any interference of other constituents.
The results obtained in this study are expected to be helpful for the development of nutraceutics and
natural medicines and for the quality control of this plant.
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128 WSE(H diffusa, 108 kg)& FAFF A o A3}
= d=Ftel A g 2e Aol ARSI, #
B A7 A BASH tH(voucher specimen no. KNUNPC-
HD-1). Column chromatography§ resine Merck A}
(Germany) 9] Kieselgel 60 (Art.77349} Art.9385)< AH-&-314
3, TLC plate %3 MerckAFS] precoated Kieselgel 60F254
(Art5715)2 RP-18 (Art115685) 5< A&atnh. E4&
HPLC column-& Merck A}2] Merck Chromolith RP-18e (4.6x
100 mm), AgilentA} (CA, USA)S] Agilent EclipseXDB-C18
(4.6x250 mm, 5 pm)< AHEE ST

HPLCE Waters Breeze HPLC systems ARE-3FH0.H,
MPLC+= Yamazen MPLC system (GR-200)< ©]-&3}%th.
'H- 2 “C-NMR spectra’s Bruker Avance Digital 400 spec-
trometer (Karlsruhe, Germany)Z 4002} 100 MHzel| A 242}
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o] CHClL 7H873 #9 3431 g& 4S & A%Th =8 EtOAc
%% nBuOH Zol A s g5 9 75 555 At
EtOAc ¥ #BuOH 7H-4 &8 849 g7 2086 g 72 AUt

CHCl, 7H&A 283431 ¢) 5 9.26 g2 ©| &3} silica
gel 29 ARt 9 E A T 23, Fr. C1~C59)
5719 £3& A& 4 Ao, Fr. C3 (1.21g)E silica gel
29 2t EI 9 (3x45 cm, nHexane-CH,Cl=5:1 to 1:1)
ko] Fr. C3-1~C349] 47 #3802 Wprglth o] F Fr. C3-2
ZRE F34 9d3E HDL 43 mge AT

B Fr. C3-4 (104 g)oll th3t silica gel AH AZrE LY
9] (3%57 cm, rrhexane-CHCl=1:1 to 100% CHCl; — CHCls-
MeOH (methanol)=100:1 to 50:1 — 100% MeOH)E 4 Al
4709 B30 Z UF, 1 F Fr. (3422 5E F34 Bt
HD2 60.0 mgs Atk

S, EtOAc7H8 8(84.96 g) W/ O = silica gel A
 IZrE#T(11%53 cm, rrhexane-CHCls=1:1 to 100%
CHCl; — CHClzMeOH=100:1 to 3:1 — 100% MeOH)E 44|
3 A3}, Fr. E1 ~ B69) 67 B8-S A9loH o]5 £ Fr. 5
A silica gel ZZPFE 12 (8x42 cm, CHCl>-MeOH=10:1
to 7:1)3te] 24 g9 HD 3% a8 4 ATk

HD4+ Fr. B4 (7.24 g)E silica gel 29 AZvtEIY T
(9x38 cm, CHCl:-MeOH=8:1 to 5:1 — 100% MeOH)3} Fr.
E4-1~E4-49] &7 #3802 Uil o] T Fr. E4-25 MPLC
(Yamazen ODS-S-50B, 2630 mm, 30~100% MeOH, 5 ml/min)
Z AR A8kl ATHB8849 mg).

NMR &4

HD1 (digitolutein). 'H-NMR (400 MHz, chloroform-d §:
8.24~8.26 (2H, m, H-5 and H-8), 7.99 (1H, s, H-4), 7.75~7.77
(2H, m, H-6 and H-7), 6.75 (1H, s, OH), 4.03 (3H, s, OCHj),
241 (3H, s, CHs;). "C-NMR (100 MHz, chloroform-d §:
182.55 (C-9), 182.44 (C-10), 153.76 (C-3), 146.02 (C-4), 134.49
(C-10a), 133.77 (C-6), 133.67 (C-7), 132.98 (C-8a), 131.33 (C-2),
126.98 (C-5), 126.78 (C-8), 126.68 (C-1), 126.50 (C-9a), 123.52
(C-4a), 6216 (OCH3), 16.34 (CH).

HD2 (2-hydroxy-3-methylanthraquinone). "H-NMR (400
MHz, DMSO-d) &: 11.08 (1H, s, OH), 8.14~8.18 (2H, m, H-5
and H-8), 7.97 (1H, s, H-4), 7.86~7.92 (2H, m, H-6 and H-7),
7.55 (1H, s, H-1), 229 (3H, s, CHs). "C-NMR (100 MHz,
DMSO-d) &: 182.95 (C-10), 181.77 (C-9), 161.74 (C-3), 134.79
(C-7), 13434 (C-6), 13355 (C-8a), 133.53 (C-10a), 13343
(C-4a), 132.34 (C-2), 126.92 (C-5), 126.89 (C-8), 125.36 (C-9a),
111.58 (C-4), 16.57 (CHj).

HD3 [(B)-6-C-pcoumaroyl scandoside methyl ester, as a
major form]. 'H-NMR (400 MHz, methanol-d) &: 7.51 (1H,
s, H-3), 7.62 (1H, d, F16.0 Hz, H-7'), 7.46 (2H, d, 84 Hz,



H-2" and H-6), 6.80 (2H, d, /8.4 Hz, H-3 and H-5'), 6.33
(1H, d, 160 Hz, H-8'), 585 (1H, m, H-7), 5.67 (1H, m, H-6),
530 (1H, d, /6.0 Hz, H-1), 469 (1H, d, /8.0 Hz, Glc-1),
439 (1H, d, F16.0 Hz, H-10), 422 (1H, d, F16.0 Hz, H-10),
3.88 (1H, d, F12.0 Hz, Glc-6), 3.65 (3H, s, H-12), 3.20-3.42
(4H, m, Glc-2, Gle-3, Gle4, and Gle-5), 3.20 (1H, d, /9.0 Hz,
H-5), 3.11 (1H, m, H-9). "C-NMR (100 MHz, methanol-d
§: 168.91 (C-11), 168.62 (C-9'), 161.02 (C-4'), 153.93 (C-3),
150.15 (C-8), 146.43 (C-7'), 131.04 (C-2" and C-6), 127.19 (C-7,
exchangeable), 127.15 (C-1’, exchangeable), 116.72 (C-3’ and
C-5'), 115.33 (C-8), 109.83 (C-4), 100.22 (Glc-1), 97.85 (C-1),
83.55 (C-6), 78.31 (Glc-3), 77.83 (Glc-5), 74.74 (Glc-2), 71.44
(Gle-4), 62.66 (Glc-6), 60.92 (C-10), 52.11 (C-12), 46.96 (C-9),
4233 (C-5).

HD4 [(B)-6-O-methoxycinnamoyl scandoside methyl es-
ter, as a major form]. 'H-NMR (400 MHz, methanol-d) &:
766 (1H, d, F152 Hz, H-7), 756 (2H, d, /8.0 Hz, H-2" and
H-6), 7.52 (1H, br s, H-3), 6.96 (1H, d, /8.1 Hz, H-3' and
H-5), 6.39 (1H, d, F15.2 Hz, H-8'), 585 (1H, t, F1.2 Hg,
H-7), 569 (1H, m, H-6), 532 (1H, d, 563 Hz, H-1), 470 (1H,
d, F8.1 Hz, H-10"), 4.39 (1H, d, F16.2 Hz, H-10), 422 (1H,
d, F16.2 Hz, H-10), 3.89 (1H, dd, F11.7 and 1.8 Hz, Glc-6),
3.83 (3H, s, -OMe), 3.65 (4H, m, H-12, Glc-6), 3.39 (1H, t,
J9.0 Hz, H-5), 3.36 (1H, dd, 7.2 and 5.4 Hz, Glc-5), 3.32~
3.27 (2H, m, Glc-3 and Gle-4), 3.22 (1H, dd, F9.0 and 8.2
Hz, Glc-2), 3.09 (1H, t, £7.2 Hz, H-9). °C NMR (100 MHz,
methanol-dj) &: 169.20 (C-11), 168.76 (C-9), 163.23 (C4),
154.34 (C-3), 15044 (C-8), 14637 (C-7'), 131.25 (C-2 and C-6)),
128.44 (C-10), 127.45 (C-7), 116.57 (C-8), 115.65 (C-3’ and
C-5'), 110.07 (C-4), 100.50 (Glc-1), 98.35 (C-1), 83.85 (C-6),
7844 (Glc-3), 77.94 (Gle-5), 74.90 (Glc-2), 71.57 (Glc-4), 62.78
(Gle-6), 61.21 (C-10), 56.17 (C4'-OMe), 52.38 (C-12), 46.97
(C-9), 42,51 (C-5).
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acetic acid7} 38 H,0 (A)9} MeOH (B)S A48t =
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Z2Y. &, 18422+ Agilent Eclipse XDB-C18 (4.6x250
mm, 5 ym), &2 UV 280 nm, F4-2 0.9 ml/min, Z¥
o= BT, o]FHCZE 05% acetic acid7} X&H H,0
(A)S+ MeOH (B) AH&-3te] HZ (A) 95% 2 Al 2Hale] 508
T 50%7F HE& gradients ¥ ¥, 58 A7 1S

Akl

HPLC 275 o]&3to A7 24 2 A8
validations A8t Th 7H7He] A4 ES MeOHel &3)
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methyl singleto] HZ 5 Aot B3 § 6759 4] hydroxyl pro-
ton resonanceS ##E 4= AATH P"C-NMRoIA § 182559
§ 1824499 A ketone 9] signalo] #AZEH%ow, § 62169}
§ 16.34°1 4] UEd peake ZH7F methoxyl group? methyl
group fref¢l ACE AGE AT oFe] AAE & o, o]
835 anthraquinone?] UFY ALz o =EHloH
NMR dataE #& %9} HlLste] digitolutein (2-hydroxy-1-
methoxy-3-methylanthraquinone) .2 +2& 4% 4 39
oH18]. o] 83e& kA 7led 2194 HPLCE £4315
< o 952%9 ==E5 YEhInh

HD2E= F34 F2= dojflon] §3h4 A4 9 TLC
] Aol HD1# vj-9- frAkatdls # ok}, NMR spec-
trum A w9 ¥l%E P4 YEATE &, 'H-NMR 33
A § 229904 methyl groupoll 3t singleo] #3% 31 oM
§ 11.08 = =22 3¢ hydroxyl proton resonance’} #3
=9tk PCNMR £4 23}, 2709 ketone (5 182.95, 181.77)
2 3} 719] methyl proton (§ 16.57)°] #Z5 o] HD1%} 2-&
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anthraquinone?] ¥F 0.2 AGH At} 3, HD1F= 2
HD2¢| 4] = methoxyl proton®] 7= A ¢Fo} HD2= 2-hy-
droxy-3-methylanthraquinone 8.2 4| &5l oH o] fFx=
NMR 435 #8219 thxsto] A s3itH16]. &2
HD2= 94 7148 HPLC ¥4 2122 #4 A] 935%°]
TEE Yelle 2oz ZU959

HD3:= 10% $4h3 o] &3 AAukgeollA g Foe
A Tk EE=8R1S 93 HPLC #4914 2719 peak7}
#=59on, 1 WE HLS o 4100t} 'H-NMR spec-
trumol| 4] major peak@ UEIH= § 7.62/6.33 (F16.0 Hz) %
minor signal2 UEY= § 6.86/5.78 (F12.0 Hz)o] &A%
A= oz uwFo, HD3+= C-73 C-89] trans 2D cisY
T 7}A configuration®. 2 EA3h= EFEY AOZ AtE
Atk 2 o] 9ol iridoid AlE 3= 5 A § 751 (H-3),
585 (H-7) 59 signal S°] #ZHACH, 6 746 (2H) 3 680
H)A A YERt= A ¥ A< 1,4-disubstituted benzene ring
<] signal, § 3.659] methoxyl protonE& 7] F0 ©] &2
(B- ¥ (Z-6-O-pcoumaroyl scandoside methyl ester7} oF 4:1
2 299 g2 Ao gAdEon FdX % vl
o3 FRISHATH3]. LRHHSE (B)- B (F)-configuration
g 2 5 | A7} Tl A A dE dEE 5 ole
Aoz FefA glor, HA= Hel¥ HD3E of 24 Azt 5t
UV254 nmell %213 3¢ oF 108% Z7HstEehdlolE vlA
Al). wetd HD3w 9 o] JdA S Helste B34 FolA,
e Eestglnt strlets B4 34 FoA Faige] dof
W Heg, EgE] AHE AFees o3l F ol 42
Ao froezA HD3S £xv 9% ol/doliTh

HD4 4] HD3% 20] 10% 4t K HH o= das
don, £Eges 93 HPLC B4 A HD3% 237
2709] peak7} 415 YERtTE thel, 'HNMR 4] 23}, HD4
o A= HD3¢ll Hl3 & 7} B2 methoxyl group] & 3.83 (3H,
s)ol A = o] HD3 F+% % pcoumaroyl moiety®] hydrox-
yl group®] methoxyl group® = X|3¥ (F)-6-Cmethox-

O R
OH
‘O R
CHj3
o

HD1: R=OCH;
HD2: R=H

ycinnamoyl scandoside methyl esterd A2 o3} ).
o] FZE 7]1F9 A9 NMR datas Hluste] 24319
oH14]. 5 ol AA o Fo2M HD4S 5 AHE-3 HPLC
22914 09% o ol Qtt. ¥ F LEFS TEE Fig, 19
A Al e

H2M =M U validation
3HH, HD1~4 o] ]9 = ursolic acid, daphylloside, genipo-
side 59 3}gEo] 2 A& T3 HelHUoY A Ed de

TEH = AROAY Ee v EAste EoEA
AFAGE2 AA, LS iS5 e == drdol =
< 4, 24, 2] A= A, AA, 7FsE 2 A 5ol
A EEd A UA, ARl e A 5, ARE R
Ao 23& S5 g9 ARGESZAM HDI~4S A7
SHA = A

HDI~4¢] AZAS A4S 4x AAFR)E 47
0.9991, 0.9999, 0.9993, 0.9998=% =& A4S B o, LOD
(limit of detection)= 72t 0.05, 0.06, 0.03, 0.07 pg/mlZ, LOQ
(limit of quantification)+= 0.165, 0.198, 0.99, 0.231 pg/ml %
o] 2 THTable 1). =3+ & Blo] W3 A A4 RSD (Relative
Standard Deviation, %)= 77} 0.16, 0.90, 1.18, 0.58% <] <
B3O m(Table 2) YUl CV (Coefficient of Validation, %)=
747} 0.23, 2.00, 1.18, 0.26% 5, YUl A=+ 102.80, 96.08,
108.44, 94.60% 2 UEFTH(Table 3). &4, A7+ CV (%)& 2t
zF 0.25, 1.16, 098, 0.30% S, 47+ F=+= 10282, 98,58,
110.23, 94.73%©] %A Th(Table 4).

-4
(o3

K

N

N

o
lo
>
25
2,

2 478% 3] AFS 9
3 2 HPLC 270 AES A7, columne Merck Chro-
molith RP-18e (100x4.6 mm, 5 ym), A<, 4 2.0 ml/min,
injection volume 10 pl, °] 5.2 05% acetic acid7} E3
¥ HO (A)¢} methanol (B)S AH8-3te] #HZ 80% (A)Z A%}

(¢]
OH
OH
HO OH
HD3: R=OH
HD4: R=0OCHg

Fig. 1. The structures of marker compounds 1-4 isolated from A diffusa HD1: digitolutein, HD2: 2-hydroxy-3-methylan-
thraquinone, HD3: (£/4£)-6-C+pcoumaroyl scandoside methyl ester, HD4: (£/£)-6- O pmethoxycinnamoyl scandoside

methylester.



Table 1. Range, linearity, LOD, and LOQ
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Compound Linear range Slope Intercept Correlation LOD LOQ
i (ug) P P coefficient (ug/ml) (ug/ml)
HD1 0.1-0.5 1407361 41508 0.9991 0.05 0.165
HD2 0.1-05 1482718 27516 0.9999 0.06 0.198
HD3 0.1-0.5 559421 -43370 0.9993 0.03 0.099
HD4 0.1-05 516425 19517 0.9998 0.07 0.231
Table 2. Reproducibility of peak area
c 1 Sviked G (i) Peak area
ompoun iked Conc.
P P he Average SD RSD (%)
HD1 0.25 0.2597 0.0004 0.16
HD2 0.25 0.2506 0.0002 0.90
HD3 0.25 0.2711 0.0032 1.18
HD4 0.25 0.2378 0.0014 0.58
Table 3. Intra-day accuracy and precision
Peak area
Compound Spiked Conc. (ug)
Observed Conc. (ug) SD CV (%) Accuracy (%)
HD1 0.25 0.2597 0.0004 0.16 102.80
HD2 025 0.2506 0.0002 0.90 90.08
HD3 0.25 0.2711 0.0032 1.18 108.44
HD4 0.25 0.2378 0.0014 0.58 94.60
Table 4. Inter-day accuracy and precision
Peak area
Compound Spiked Conc. (ng) -
Observed Conc. (ug) SD Bias CV (%) Accuracy (%)
HD1 0.25 0.2571 0.0007 -0.0071 0.25 102.82
HD2 0.25 0.2464 0.0029 0.0036 1.16 98.58
HD3 0.25 0.2756 0.0027 -0.0256 0.98 110.23
HD4 0.25 0.2368 0.0007 0.0132 0.30 94.73

3t} 9 B 3 40% (A)7} FEE gradientE F U 188714
S

o Wes sk AW 7ol thi-Eolw[12, 17], W&
of Sol3 oz v v Il e Aoz dHA 3l
iridoid 9} anthraquine®] ©j 3t Hi= 5

EHE F, 24518 280

o oz

$E ethanol F&&
v

A =ie]

Ach(Fig. 2).

ol A= BE AFHY #H =Fo=

93| total flavonoidE A H3}AHL15],
KRN

31359l scandoside =4 @Y A& thdl HJ@Ho] Bl

H 213, 6], 2 £ anthraquinone FAI 43 A 5o
HuEo] Q5] &, L TATHAHOREE caffeic
acid, quercetin, campherenol®] 3 % 83&& HPLCE 3
& HEo] HIES Rolr[11] #eE 54S F Yepd
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Fig. 2. Typical HPLC profile of A diffuusa Column: Merck Chromolith RP-18e (100x4.6 mm, 5 pm), Temperature: room temper-
ature, Flow rate: 2.0 ml/min, Injection volume: 10 pl Mobile phase: A) H;O + 0.5% acetic acid, B) methanol + 0.5%

acetic acid, Detection: 280 nm, Run time: 20 min.
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(Auuista opstost Lssat, 2oraka

WeEY FALZHE Jolo] AL HEL AYHLA Stk B EY Ae 2T 3 L B
Solsta, thaF $aFol Ut HUES BUF 08 H ¥ "CNMRE o §8el 72 $4F 23, HDI

(digitolutein), HD2 (2-hydroxy-3-methylanthraquinone), HD3 [(£/£)-6-O-pcoumaroyl scandoside methyl ester,
4:1] 9 HD4 [(E£)-6-O-pmethoxycinnamoyl scandoside methyl ester, 41]9] 4 & 3} ES EFFOE R
% YTk HD1~49 AZAS A48 23 ABAFR)E 22 09991, 09999, 0.9993, 0.9998% =& 24 <
ByoH, LOD= 0.05, 0.06, 0.03, 0.07 ug/mlZ, LOQ= 0.165, 0.198, 0.99, 0.231 ug/ml +F o2 YEIGT Eg
w2 wlo] B3k A RSD (%)= 22 0.16, 0.90, 1.18, 0.58% 9] &S HAom duf CV (%)= 0.23, 2.00, 1.18,
026%5, I HIF=& 10280, 96.08, 108.44, 94.60% = UERETh &, A3F CV (%)= 22 0.25, 1.16, 0.98,
0.30%, 3+ F&E== 10282, 9858, 11023, 94.73% St W F28 T 24T 4 T ALY AFS 9T
#A HPLC £711& AES 47, 14742 Merck Chromolith RP-18e (100x4.6 mm, 5 ym), 28 2=+ 42,
HAZ&-& UV 280 nm, 4 2.0 ml/min, injection volume 10 ul, ©] 542+ 0.5% acetic acid7} Z3E HO (A)
¢} methanol (B)S AHE3te] X 80% (A)Z A&t 9% & 40% (A7 H=% gradient% T U 18&71HA
FAE 271 AAsA o] YHOE WEE ethanol FEES EAT 3 02 AR W) §lo] 208
offfel EE AXAES 24T WG AT A= NI AV HE R %d%ﬂ% LIt

o Z=& & F S JoE JuEn.
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