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Abstract: Two marker compounds of Achyranthis Radix, ecdysterone and inokosterone, were analyzed by HPLC
on an ODS column (250 x 4.6 mm, 5 pm) with a mobile phase of 15% acetonitrile containing 0.08% formic
acid at a flow rate of 1.0 mL/min and a detection wavelength of UV 254 nm. The method was validated by
ICH guideline and applied to the monitoring of marker compounds in 93 samples of Achyranthis Radix collected
at various areas in Korea and China. The new content criteria of ecdysterone and inokosterone, established
using linear regression method were 0.033% and 0.020%, respectively. When the new content criteria were
applied to the quality control test of commercial Achyranthis Radix, 95.4% of total samples including 100%
of Korean and 92.6% of Chinese samples were passed the test. Application of new content criteria could protect
the Korean products and decrease the distribution of Chinese products with lower quality.
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Fig. 1. Chemical structures of marker compounds for
ecdysterone (R;=OH, R,=H) and inokosterone (R,;=H,

RQ:OH).
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Fig. 2. Chromatograms of (a) standard mixture and (b) Achyranthis Radix extract. Chromatographic conditions: mobile phase: 15%
acetonitrile containing 0.08% formic acid, flow rate: 1.0 mL/min, detection: UV 254 nm. Peak identification: 1. ecdysterone,

2. inokosterone, IS. syringic acid.
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Fig 3. LC-MS spectra of separated (a) peak 1 and (b) peak
2 in positive mode, representing ecdysterone and
inokosterone, respectively.
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Table 1. Recovery test of ecdysterone through standard addition

method (n=5)
Fortified conc. Observed conc. Mean recovery
(ng/mL) (ng/mL) (%)
0.00 13.04 £ 0.05 -
4.00 16.99 + 0.03 98.7
12.00 24.92 + 0.06 99.0
24.00 37.76 £ 0.17 103.0
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Table 2. Precision and accuracy of analytical results

Dae Hyun Kim et al.

Intra-day (n=5) Inter-day (n=5)
Spiked conc.
Compounds (ng/mL) Observed Precision Accuracy Observed Precision Accuracy
(ng/mL) (%) (%) (ng/mL) (%) (%)
2.00 2.00 2.04 100.08 2.00 1.87 99.91
Ecdysterone 10.00 9.13 0.49 91.34 9.31 0.94 93.06
30.00 31.38 0.58 104.59 31.31 1.36 104.38
2.00 1.67 3.41 83.45 1.65 0.99 82.64
Inokosterone 10.00 9.18 0.87 91.77 9.12 1.38 91.22
20.00 19.85 1.33 99.25 20.26 1.58 101.29

Table 3. Content (%) of ecdysterone and inokosterone in Achyranthis Radix collected from Korea and China

Ecdysterone Inokosterone
Mean SD Range Mean SD Range
Korea 0.105* 0.033 0.04~0.15 0.066* 0.020 0.02~0.11
China 0.059 0.015 0.02~0.11 0.035 0.009 0.015~0.07
Total 0.074 0.031 0.02~0.15 0.045 0.020 0.015~0.11

*p<0.001 when compared with Chinese samples.

Table 4. Content criteria of the marker compounds and the pass-rate of samples by various evaluation methods

Evaluation methods

Content criteria(%)

Pass-rate of samples(%)

Ecdysterone Inokosterone Korean Chinese Total
Chinese pharmacopoeia 0.030 - 100.0 94.4 92.6
Standard deviation 0.020 0.011 100.0 100.0 100.0
Linear regression 0.033 0.020 100.0 92.6 95.4

A3} e iy Atk

9
o] AowE A2 F Y
[e)

920 ¥Ao] A8E EE
Ste] vErgd] el wzol

0 ek

FolA FFe] 2ol 7}

UA = ekghtt. 3k ThE 3|4}
Fol AHEL o] 835l A= T

[¢)

=

_I

¥ e M
N
N o

o

B RAYe) AANS BABAAE A5 ©f

QU elelA, el e

>

gl

.
o|7} 214 gko} o] 5

t}. Table 2014 A A3+ Bt}
U= EE0] 82.64~104.59%
W 2% 34%°)3 =2

Mol 2H%

ol 9Hg73 B
A2 Y@ 20l
T ALF YY

v St e
A s T F
2 2=A A5t
&%

e g A}

T & A

M UIEEY 48
& 8739 MR

& #4389 Y. ecdysterone? inokosterone> Z+Zt
0.074%, 0.045%°] s BAoU =2k 2843 S
54785 W w2t AMEE A5 F 7 A
FA RO Sl Ake] Hrsharo] FAke] W g
| ¥]3) ecdysterone> <F 1.8Hl, inokosterone> °F 1.9
v Eokom, H#gge] Aole FAIH LR o
ZAoR et FFAAYE S o] &IAE F5
edcysterone} inokosterone®] 37152 ZH}; 0.02%,
0.011%= ARFEAE=H, o] e ZUE T A
A E T HEPRT ol o] 7|EE ARESH B
€ A&7 A dAshe A2 YT nebA,
&9 A5 e AR A ZFEAAYE 2840 ¥
od Aoz AdHAn FAHAHE o] &3S AF
ecdysterone-> 0.033%, inokosterone> 0.020%= 74t
=4l o] S FHVIFoZ SIS A HAA Al
F9] °F 954%7F ¥4 He AR YEuTh g,
S 8 L8 FAA o= inokosterone 7153
AR o] A oY staL, Skl = ecdysterone©]

pud

Analytical Science & Technology



Establishment of content criteria of marker compounds 255

0.03%= AR =] ot BUEFe A3E 7|23}
o] ecdysterone®] 71FS 0.033%= 43 ZH A,
inokosterone®] 7]Z3EL 0.02%% AAZ= A =2
2 B FAE AN, T4k 92.6%7F A E =
Ao UEelgth A8How 95 F AR
ecdysterone®] ¥ 7S 0.033%, 1n0kosterone-4 ks
0.020%= AATE =M AlRsl ko] Lho ZIrA)l ok
o 58 LD T HAE 2T S A
=9 F43E /\Hi 7
b opile] §

7(1 o]

—

# AFllX= HPLC-UVE ol &3] &= 3l =
o] zt Aol FHE 937 & AR g
ecdysterone 2 inokosterone®] FFRUE Y-S HA]5}
Atk 71 AWHOE EEHAHE o &39S
W} SIS ol §aIE gl m} P2l

71ZaA 0] 7155 } ,\;,_Uﬂ ecdysterone 2 inokosterone2]

£ 0.033%, 2 0.020%= A=A
]-Zroi)‘]-ﬂr <o F4L Hrhst
F7F FABAL T 92.6%
JM FHELS 954%Ach 2L
Q0] gheFe] v T4kl frE
7

9] FAF S WED 5 UL 2

6]—31: 7]1_%7
o Al A
e 7
7} 3

mJ

;L
o

xrﬂd

IO ol ml
r-

oo o
oL

] 3
E

o,

N
19

7

S
[e)
[¢]

HURIP AR
it 37
f

HAte| 2

B A7E AFEIFENAY A el
3 21op ol ZAL=H T,

1. Korea Food and Drug Administration, Korean Pharmaco-
poeia IX, Seoul, p.958, 2007.

2. The Minister of Health, Labour and Welfare of Japan,
Japanese Pharmacopoeia 15 Ed., p.1268, 2006.

3. Chinese Pharmacopoeia Commission, Pharmacopoeia
of the People’s Republic of China, p.67, 2010.

4. Korea Pharmacognosy Soc., Pharmacognosy, Dong-
myungsa, p.166, 2010.

5. H. S. Choi, M. J. Lee, M. S. Na, M. Y. Lee and D. B.

Vol. 25, No. 4, 2012

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

2.

Choi, J. Ind. Eng. Chem., 15(2), 275-280 (2009).

. F. Wang, T. Ogata and 1. Tomohiro, Technol. Med.,

2(1), 24-28 (2009).

. U. Bhosale, R. Yennanarayan, P. Prachi, M. Zambare

and R. S. Somani, Annals. Neurosci., 18, 44-47 (2011).

. N. C. Neogi, R. D. Garg and R. S. Rathor, Indian J.

Pharm., 32(2), 43-6 (1970).

. S. B. Han, C. W. Lee, Y. D. Yoon, J. H. Lee, J. S.

Kang, K. H. Lee, W. K. Yoon, K. Lee, S. K. Park and
H. M. Kim, Arch. Pharm. Res., 28(8), 902-8 (2005).
T. Lu, C. Mao, L. Zhang and W. Xu, Zhong Yao Cai,
20(10), 507-9 (1997).

Y. O. Kim, S. W. Lee and S. E. Lee, Kor: J. Med.
Crop., 17(6), 470-4 (2009).

S. Yu, Y. Zhang, Zhonghua Zhong Liu Za Zhi, 17(4),
275-8 (1995).

D. B. Xiang and X. Y. Li, Zhongguo Yao Li Xue Bao,
14(6), 556-61 (1993).

X. M. Chen and G. Y. Tian, Carbohydr: Res., 338(11),
1235-41 (2003).

S. D. Lee and K. S. Kim, J. Kor Acup. Mox. Soc.,
16(3), 287-315 (1999).

W. S. Do, K. H. Kim and K. S. Kim, J. Kor. Acup.
Mox. Soc., 18(1), 157-169 (2001).

S. M. Jung, S. I. Choi, S. M. Park and T. R. Heo, Kor:
J. Food Sci. Technol., 39(5), 564-8 (2007).

J.H. Kim, J. Y. Ki, J. Y. Ann, H. J. Park, H. J. Kim, H.
B. Kwak, J. M. Oh and Y. K. Kim, Kor: J. Herbol., 25(1),
65-74 (2010).

F. Xie, X. Li, Sun. K, Y. Chu, H. Cao, N. Chen, W.
Wang, M. Liu, W. Liu and D. Mao, J. Tradit. Chin.
Med., 21(3), 225-31 (2001).

J. Li, H. J. Li, P. Li and H. Qi, Biomed. Chromatogr.,
21(8), 823-828 (2007).

K. H. Son, J. H. Hwang, S. H. Lee, J. H. Park, S. J.
Kang, S. Y. Chang and K. S. Lee, Kor. J. Pharma-
cogn., 30, 335-339 (1999).

Ratra, S. Parminder, Curr: Trends. Life Sci., 4(Adv. Ecol.),
81-5 (1979).

M. F. Marcone, F. Jahaniaval, H. Aliee and Y. Kakuda,
Food Chem., 81, 7-12 (2003).

S. Ogawa, A. Yoshida and K. Reiko, Chem. Pharm.
Bull., 25(5), 904-8 (1977).

J. Li, H, Qi, L. W. Qi, L. Yi and P. Li, Anal. Chim.



256 Dae Hyun Kim et al.

Acta., 596(2), 264-272 (2007). 28. Korea Food and Drug Administration, Guidelines for the
26. J. Li, P. Li, H. J. Li, Y. Song, Z. M. Bi and Y. J. Li, J. establishment of concentration limit for crude drugs,
Sep. Sci., 30(6), 843-850 (2007). Seoul, 2007.

27. X. H. Ding, Fenxi Ceshi Xuebao, 19(5), 53-55 (2000).  29. J. S. Kang and Y. S. Jang, Korea patent, 10-2011-0030475.

Analytical Science & Technology



