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Simultaneous Quantitative Analysis of Mixtures of
Ixeridium dentatum (Thunb.) Tzvelev, Plantago asiatica L. and
Rumex crispus L. Ethanol Extracts
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Abstract — Recently, consume for functional cosmetics containing natural products has been greatly increased. In order to
develop it as a natural cosmetic material, we selected Ixeridium dentatum (Thunb.) Tzvelev, Plantago asiatica L. and Rumex
crispus L. that have antioxidant and anti-inflammatory effects. In this study, simultaneous quantitative analysis of the isolated
compounds and natural product complexes (Mix.) were validated using high performance liquid chromatography (HPLC). The
isolated six compounds were shown in a large linearity with a correlation coefficient (Rz) of 0.99. The limit of detection (LOD)
of chlorogenic acid, plantamajoside, acteoside, emodin chrysophanol and physcion were 0.36 pg/mL, 0.36 pg/mL, 0.37 pg/mL,
0.30 pg/mL, 0.22 pg/mL and 0.12 pg/mL, respectively. The limit of quantification (LOQ) of chlorogenic acid, plantamajoside,
acteoside, emodin chrysophanol and physcion were 1.10 ug/mL, 1.08 pg/mL, 1.12 pg/mL, 0.99 pg/mL, 0.66 pg/mL and 0.35
pg/mL, respectively. Content analysis showed chlorogenic acid (0.19 + 0.02%), plantamajoside (0.48 = 0.01%), acteoside (0.65
+ 0.01%), emodin (1.15 £ 0.11%), chrysophanol (0.73 + 0.01%) and physcion (0.69 + 0.09%). Therefore, the results of this
study may provide for basic data of standardization research natural cosmetic material development on the I dentatum, P. asi-

atica and R. cripus.

Keywords — HPLC, Quantitative, Ixeridium dentatum (Thunb.) Tzvelev, Plantago asiatica L., Rumex crispus L.
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Chlorogenic Acid — White powder; ESI-MS: m/z 353.2
[M-HJ (C,H,40,), "H-NMR (CD,0OD, 500 MHz) &: 7.49
(1H, d, =159 Hz, H-7°), 7.02 (1H, d, J=2.1 Hz, H-2’,
2”), 6.92 (1H, dd, J=2.1, 82 Hz, H-6", 6”), 6.74 (1H, d,
J=82 Hz H-5, 57), 622 (1H, d, J=159 Hz, H-8), 5.28
(1H, ddd, J=4.5, 9.4, 9.4 Hz, H-5), 4.10 (1H, ddd, J=18,
49, 49 Hz, H-3), 3.66 (IH, dd, /3.1, 88 Hz, H-4),
2.02-222 (2H, m, H-2, 6). "C-NMR (CD,0D, 500 MHz)
8: 1757 (C-7), 1673 (C-9"), 1483 (C-4), 145.7 (C-T),
1455 (C-3)), 1264 (C-1"), 121.7 (C-6"), 1151 (C-5),
113.9 (C-2, 8), 74.7 (C-1), 72.0 (C-4), 70.6 (C-5), 69.9
(C-3), 37.4 (C-6), 36.9 (C-2).

Plantamajoside — Yellow amorphous powder; ESI-MS:
m/z 6393 [MH] (CyHyO,), 'H-NMR (CD,0D, 500
MHz) &: 7.58 (1H, d, /=159 Hz, H-7”), 7.08 (IH, d,
J=19 Hz, H-2"), 6.97 (1H, dd, /~1.9, 82 Hz, H-6"),
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Table I. HPLC conditions for quantitative analysis

Kor. J. Pharmacogn.

Parameters

Conditions

Analytical column

Phenomenex C18 (4.6 mmx250 mm, 5 pum)

HPLC Shimadzu HPLC system
Detector Diode Array detector (290 nm)
Solvent A: 0.1% formic acid in water
Solvent o
Solvent B: Acetonitrile
Final time Solvent
(min) A (%) B (%)
0 90 10
. 15 80 20
Mobile phase
25 80 20
40 20 80
45 90 10
50 90 10
Flow rate 1.0 mL/min
Column oven temperature 30°C
Injection volume 10 pl
Run time 50 min
OH OH
A) (B) OH (0 OH
[e)
HO OH OH OH
H (0] H (0] 0. ° H (0] 0.0
HOWO" OH HOWO‘“ “OH OH HOWO“' “'OH
o H OH o H o, o_ . o H 0, O_ .«
HO/I/\:j\OH HOJ/\:J\OH
OH OH
®) OH O OH ®) OH O OH ) OH O OH
(0] (0] (0]

Fig. 1. Structures of chlorogenic acid (A), plantamajoside (B), acteoside (C), emodin (D), chrysophanol (E) and physcion (F).

6.77 (1H, d, =82 Hz, H-5"), 6.70 (1H, d, J=1.9 Hz, H-
2), 6.67 (1H, d, J=8.0 Hz, H-5), 6.55 (1H, dd, J=1.9, 8.0
Hz, H-6), 631 (1H, d, /=159 Hz, H-8"), 497 (1H, t,
J=93 Hz, H-4), 4.52 (1H, d, J=7.7 Hz, H-17), 440 (1H,
d, /=76 Hz, H-1"), 403 (IH, m, HSa), 393 (1H, t,
J=93 Hz, H-3), 3.71 (1H, m, H-8b), 3.65 (IH, m, H-
6’a), 3.61 (1H, m, H-67a), 3.55 (1H, m, H-5"), 3.52 (1H,
m, H-6"), 3.49 (1H, m, H-6"b), 3.47 (1H, m, H-2"), 3.30

(1H, m, H-3"), 322 (1H, t, J=9.2 Hz, H-4”), 3.18 (1H,
m, H-57), 3.12 (1H, m, H-2”), 2.79 2H, m, H-7). “C-
NMR (CD,0OD, 500 MHz) &: 1672 (C-9”), 1484 (C-
57), 146.1 (C-7"), 145.5 (C-4""), 144.8 (C-3), 1433 (C-
4, 130.0 (C-1), 126.3 (C-1°"), 121.8 (C-2""), 119.9 (C-6),
115.8 (C-5), 1152 (C-2), 1149 (C-3), 1139 (C-8™),
113.8 (C-6), 1044 (C-17), 102.7 (C-1°). 82.8 (C-3’),
76.6 (C-57), 763 (C-3”), 74.7 (C-27), 745 (C-5°), 73.7
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(C-2°), 70.9 (C-7), 69.9 (C-47), 69.5 (C-4’), 61.0 (C-6"),
60.9 (C-6), 35.2 (C-8).

Acteoside — Yellow amorphous powder; ESI-MS: m/z
6233 [M-H] (CyH,O,5), 'H-NMR (CD,OD, 500 MHz)
8: 7.58 (1H, d, J=15.6 Hz, H-7), 7.03 (1H, d, J=1.6 Hz,
H-2), 6.93 (I1H, dd, J=2.0, 8.4 Hz, H-6""), 6.76 (1H, d,
J=8.0 Hz, H-5"), 6.67 (1H, d, J=2.0 Hz, H-2), 6.66 (1H,
d, J=8.0 Hz, H-5), 6.55 (1H, dd, J=2.0, 8.0 Hz, H-6),
627 (1H, d, J=15.6 Hz, H-8"), 5.16 (1H, brs, H-17),
436 (1H, d, J=8.0 Hz, H-1°), 403 (I1H, m, H-a), 2.77
(2H, m, H2-0)), 1.07 (1H, d, J=6.0 Hz, H-6). "C-NMR
(CD,OD, 500 MHz) &: 1669 (C-9™), 1485 (C-4™),
146.7 (C-77), 145.5 (C-3), 144.8 (C-3), 1433 (C-4),
130.1 (C-1), 1263 (C-1), 121.9 (C-6™"), 119.9 (C-6),
115.8 (C-2), 115.1 (C-5), 1149 (C-57"), 113.8 (C2™),
1133 (C-8), 102.9 (C-1°), 101.7 (C-17). 80.3 (C-3),
749 (C-5°), 747 (C-2°), 724 (C-47), 71.0 (C-3%), 70.9
(C-8), 70.7 (C-27), 69.2 (C-57), 69.1 (C-4"), 61.0 (C-6"),
352 (C-7), 17.1 (C-6”).

Emodin — Yellow powder; ESI-MS: m/Zz 269.1 [M-H|
(C,sH,,05), 'H-NMR (DMSO-d,, 500 MHz) &: 12.07 (1H,
s, -OH), 11.93 (1H, s, -OH), 11.40 (1H, br s, -OH), 7.39
(1H, d, /=12 Hz, H-4), 7.18 (1H, d, /=12 Hz, H-2), 7.10
(1H, d, J=2.0 Hz, H-5), 6.55 (1H, d, J=2.0 Hz, H-7), 2.38
(3H, s, -CH;). "C-NMR (DMSO-d,, 500 MHz) &: 190.2
(C-9), 181.8 (C-10), 166.1 (C-8), 164.9 (C-1), 161.9 (C-
6), 148.7 (C-3), 135.5 (C-10a), 1332 (C-4a), 124.6 (C-4),
121.0 (C-2), 1138 (C-9a), 1094 (C-5), 109.3 (C-8a),
108.4 (C-7), 22.0 (-CH,).

Chrysophanol — Yellow powder; ESI-MS: m/Zz 253.2
[M-H| (CH,,0,), 'H-NMR (DMSO-d,, 500 MHz) &:
1192 (1H, s, -OH), 11.84 (1H, s, -OH), 7.78 (1H, dd,
J=84, 76 Hz, H-6), 768 (1H, d, J=7.6 Hz, H-5), 7.51
(1H, d, J=0.8 Hz, H-4), 7.35 (1H, d, J=8.4 Hz, H-7), 7.27
(1H, d, /=0.8 Hz, H-2), 246 (3H, s, -CH,). "C-NMR
(DMSO-d,, 500 MHz) &: 192.2 (C-9), 182.0 (C-10), 162.1
(C-8), 161.8 (C-1), 149.7 (C-3), 137.9 (C-6), 133.8 (C-
10a), 133.5 (C-4a), 124.9 (C-2), 124.6 (C-7), 121.1 (C-4),
119.9 (C-5), 116.4 (C-8a), 1143 (C-9a), 22.2 (-CH,).

Physcion — Yellow powder; ESI-MS: m/z 283.1 [M-H|
(C,H,,05), 'H-NMR (DMSO-d,, 500 MHz) &: 12.33 (1H,
s, -OH), 12.13 (1H, s, -OH), 7.61 (1H, br s, H-4), 7.35
(1H, d, /=24 Hz, H-5), 7.07 (1H, br s, H-2), 6.67 (1H,
d, J=2.4 Hz, H-7), 395 (3H, s, -OCH,), 2.44 (3H, s, -CHy).
BC-NMR (DMSO-d,, 500 MHz) &: 190.9 (C-9), 182.1
(C-10), 166.6 (C-8), 1653 (C-1), 162.6 (C-6), 1485 (C-
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Fig. 2. HPLC chromatogram of the ethanol extracts mixture
(A), 6 mixture standard (B), chlorogenic acid (C), plantama-
joside (D), acteoside (E), emodin (F), chrysophanol (G) and
physcion (H).

3), 135.3 (C-10a), 133.3 (C-4a), 124.6 (C-4), 121.4 (C-2),
113.7 (C-9a), 110.3 (C-8a), 108.3 (C-5), 106.8 (C-7), 56.2
(-OCH,), 22.3 (-CH,).
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Fig. 3. Calibration curve of chlorogenic acid (A), plantamajoside (B), acteoside (C), emodin (D), chrysophanol (E) and physcion

(F).
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Table II. Calibration curves, correlation coefficients, limits of detection (LOD) and limits of quantification (LOQ) of six

compounds
Compounds Linear range Regression equation R’ LOD (pg/mL) LOQ (ug/mL)
(ng/mL)

Chlorogenic acid y=21603x-21819 0.9999 0.36 1.10

Plantamajoside y=9274.8x-5270.9 0.9998 0.36 1.08

Acteoside 5300 y=14040x-22991 1.0000 0.37 1.12

Emodin y=34238x+56735 0.9996 0.30 0.99

Chrysophanol y=14928x+148514 0.9981 0.22 0.66

Physcion y=7170.7x+133879 0.9982 0.12 0.35

Table III. Precision and accuracy results of compounds chlorogenic acid, plantamajoside, acteoside, emodin, chrysophanol, and

physcion (n=3)

Intra-day (n=3)

Inter-day (n=3)

Compound Conccjtrz;fion Mean+SD 0 o Mean+SD o o
(ng/mL) (ug/mL) RSD(%) Accuracy(%) (ug/mL) RSD(%) Accuracy(%)
. 15 15.80+0.03 0.19 105.32 13.95£0.32 233 93.00
Chl(:;iemc 45 45.08£0.24 0.52 100.18 42.23+0.13 031 93.84
150 145.71+1.15 0.79 97.14 145.26+1.41 0.97 96.84
15 15.79+0.00 0.03 105.25 15.20£0.07 0.49 101.36
Plantamajoside 45 44.44+0.14 0.32 98.76 44.35+0.18 0.41 98.56
150 145.20+1.49 1.02 96.80 145.96+1.19 0.82 97.31
15 16.50+0.02 0.15 110.00 15.8120.11 0.67 105.41
Acteoside 45 44.44+0.15 0.34 98.76 44.32+0.12 0.27 98.48
150 144.06+1.51 1.05 96.04 145.29+1.15 0.79 96.86
15 14.67£0.26 1.79 97.77 14.34+0.02 0.13 95.61
Emodin 45 44.430.29 0.65 98.72 44.70£0.30 0.66 99.34
150 148.5242.15 1.45 99.01 148.00+1.08 0.73 98.67
15 13.84+0.06 0.46 9228 15.89+0.15 0.97 105.90
Chrysophanol 45 41.69+0.57 137 92.65 46.79+1.38 2.95 103.97
150 141.55+1.57 111 94.36 148.37+1.50 1.01 98.91
15 14.84+0.28 1.89 98.96 14.51+0.30 2.06 96.71
Physcion 45 50.85+0.55 1.09 112.99 50.65+1.15 227 112.55
150 152.7241.06 0.69 100.72 153.96+4.23 2.75 102.64
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Table IV. The contents of chlorogenic acid, plantamajoside, acteoside, chrysophanol, emodin and physcion in ethanol extracts
mixture samples (n=3)

Contents (%,w/w)

Sample
P Chlorogenic acid Plantamajoside Acteoside Emodin Chrysophanol Physcion
BIOH extract 4 19.0.02 0.48+0.01 0.65+0.01 1.1540.11 0.73+0.01 0.6940.09
mixture
ERiict A8 Aol A intra-days= 22t chlorogenic Quantitative analysis of paeoniflorin and paeonol in peony
acid7} 97.14~105.32%, plantamajoside”} 96.80~105.25%, extracts and quality control standards. Appl. Sci. 35: 235-246.

4. Lee, G. B, Yeom, A. R, Kim, D. W,, Park, C. M., Joung, M
S., Lee, G Y. and Jeong, C. S. (2018) Evaluation of Alcea
rosea L. callus extract as a natural cosmetic ingredient. J. Soc.

acteoside”}  96.04~110.00%, emodin®] 97.77~99.01%,
chrysophanol©] 92.28~94.36% —L2]3. physcion®] 96.71~

112.55%9] 915 WERI ¥, inter-day= chlorogenic acid’} Cosmet. Sci. Korea. 44: 295-302.

93.00~96.84%, plantamajoside”} 97.31~101.36%, acteoside”}+ 5. Park, J. H., Park, S. J., Yoo, G, Kwak, H. J., Oh, Y. and Kim,
96.86~105.41%, emodin®] 95.61~99.34%, chrysophanol©] S. H. (2017) Chemical profiling of the aerial parts and roots
98.91~105.90% L] 3 physcion®] 96.71~112.55%2] H < of Ixeris dentata using LC QTOF-MS combined with mul-
2 Jelith(Table 1), & 704 HPLC-UVE o] &3t & tivariate chemometric analysis. Herb. Med. 3: 12.

AHS wlEro 2 2nly) AAo), AgjAlo] 2EEo] 3L 6. Karki, S., Park, H. J., Nugroho, A., Kim, E. J., Jung, H. A.

and Choi, J. S. (2015) Quantification of major compounds
from Ixeris dentata, Ixeris dentata Var. albiflora, and Ixeris
sonchifolia and their comparative anti-inflammatory activity

2RE e A AZEES TEste] g 246181
t}. 22 A3} chlorogenic acid= 0.19+0.02%, plantamajoside

= 0.48+0.01%, acteosides= 0.65+0.01%, emodin== 1.15+ in lipopolysaccharide-stimulated RAW 264.7 cells. J. Med.

0.11%, chrysophanol=> 0.73+0.01%, physcion< 0.69+0.09% Food. 18: 83-94.

2 Fel¥ S tH(Table IV). 7. Lee, E. (2011) Effects of Ixeris dentata extract on the pro-
B Ao E AA AE AAZ Jeslr] 3 Zuf duction of pro-inflammatory cytokines in the LPS stimulated

A, A7l LA ol ethanol ZEEZRE 2w rat and raw 264.7 cells. Korean J. Plant Res. 24: 604-612.

8. Park, E. K., Sung, J. H., Trinh, H. T., Bae, E. A., Yun, H. K.,
Hong, S. S. and Kim, D. H. (2008) Lactic acid bacterial fer-
mentation increases the antiallergic effects of Ixeris dentata.

chlorogenic acid, plantamajoside, acteoside, emodin,

chrysophanol, physcion 65-2] &%ES NMR3} LC/MS &
Mo 2o T2EA skgon, 7«]7~Q HWe Eg 3%

ThEE J. Mocrobiol. Biotechnol. 18: 308-313.
FEE] Tl N FFS st & Aol 4 9. Lee, H. N., Shin, S. A., Choo, G. S., Kim, H. J., Park, Y. S.,
= S A FAE A ) HLOﬂ Qo] 7| Z2AFAF ] Park, B. K., Kim, B. S, Kim, S. K., Cho, S. D., Nam, J. S.,
7]uto] = 4= S Aozt ALgEY, Ag]&Ald) il F} Choi, C. S. and Jung, J. Y. (2016) Anticancer effects of Ixeris
ol A7} AYHThd "o PFE Aol Qlo] 7| 2F dentata (Thunb. ex Thunb.) nakai extract on human mel-
ol AT 7S ek 2= 9le Aola} Tk, anoma cells A375P and A375SM. J. Ethnopharmacol. 194:
1022-1031.
10. Bhattarai, K. R., Lee, H. Y., Kim, S. H., Park, J. S., Kim, H.
eI8E8 R. and Chae, H. J. (2018) Potential application of Ixeris den-
tata in the prevention and treatment of aging-induced dry
1. Han, S. K., Kim, H. T., Kim, Y. M., Park, S. M, Lee, J. N,, mouth. Nutrients. 10: 1989.

Oh, S. H. and Ha, H. Y. (2016) Improvement of dermal com- 11. Shin, S. A., Lee, H. N., Choo, G. S., Kim, H. J., Che, J. H.
pactness by mixed extracts of three medicinal herbs. J. Invest. and Jung, J. Y. (2017) Ixeris dentata (Thunb. Ex Thunb.)
Cosmetol. 12: 221-225. Nakai extract inhibits proliferation and induces apoptosis in
2. Ham, H. N., Shrestha, A. C., Kim, J. E,, Lee, T. B., Yoo, B. breast cancer cells through Akt/NF-xB pathways. Int. J. Mol.

W., Kim, M. S., Kim, K. S., Lee, Y. M., Kim, J. Y. and Leem, Sci. 18: 275.
J. Y. (2018) Simultaneous analysis of the compounds of nat- 12. Ahn, J. H,, Jo, Y. H., Kim, S. B., Turk, A., Oh, K. E., Hwang,
ural cosmetic resources containing  Chrysanthemum B. Y., Lee, K. Y. and Lee, M. K. (2018) Identification of anti-
zawadskii, Perilla frutescens, Rosa multiflora and their anti- oxidant constituents of the aerial part of Plantago asiatica
oxidative activity. Kor. J. Pharmacogn. 49: 312-321. using LC-MS/MS coupled DPPH assay. Phytochem. Lett.

3. Yun, K. H,, Chi, Y. H,, Lee, D. K. and Paik, S. H. (2018) 26: 20-24.
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