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Analysis of Natural Medicines by Micellar Electrokinetic Chromatography (MEKC) (II)
—Determination of Atractylenolide III in Atractylodis Rhizoma—
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We have investigated a method to analyze the marker substance of natural medicines by employing capillary elec-
trophoretic techniques such as micellar electrokinetic chromatography (MEKC). We previously reported a simple
MEKC assay method for calycosin in Astragali Radix and its fluid extract. In this investigation, we analyzed the marker
substance atractylenolide III in Atractylodis Rhizoma. Atractylenolide III was clearly separated from the other compo-
nents in A. Rhizoma and its dried extract by simple solvent extraction with hexane and subsequent MEKC analysis with
sodium dodecyl sulfate (SDS) within 10 min. Validation of the analytical procedures of the assay method was per-
formed according to the Japanese Pharmacopoeia and International Conference on Harmonization guidelines. As a
result, we confirmed that capillary electrophoresis, including MEKC, is a powerful method for estimating the quality of
natural medicines and traditional Chinese medicines consisting of various components.
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Fig. 1. Chemical Structure of Atractylenolide III
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=, Ex 722 ORIERMS atractylenolide IIT @
SFTICBIL T, Z#FE TIC HPLC AT L 2 Mt
WMEYND S, CEEZEHL ZmEIERn. £
ZT, MR OREIFHTIEFITH D MEKC
FEEHALEE YV D2V OEERS Do ITiED
EHEICDODWTHRFA LA, T/bB, atrac
tylenolide ITI O BikZ WA T 21 H 0, T
AL, RELABIEICIOWT, ICH (In-
ternational Conference on Harmonisation) 77 R
T4 KRTARDOGHEN) F—2 a > a2BEI1T,
FRELME, EE, ERE BERCS AT LAEGHER
BT —4%%E2WE L=, £/, atractylenolide III
FRIEOEAEMFAELT, ExY 7YY KRUEY
7Y aVEEEOELEA BFEEEGEIF A
-F) %3 0w MTDWT atractylenolide 111 @& &
DHEE =TT 7z,

£ BR O

1. &8  EvrPavi3ioy MIHAKRKE
MR OBEAL b OEFHALE. £, Ev oY
2 OFgIE R T & % atractylenolide II1 13, FiJ¢
TR D AEFERHBA E L THIREN TSR
WEZTOEEMEALE. Ev Yo VviEGE,#
AN, TIVTAERTERNL O AF L BB EE
BRI F A -F3 0y &ALk, Table 112k
EHEGO WA (PELASRHEID) Zx
KR

2. AE  WEFEOMFSPUTLTAKNY T
FAT ARG, MERTIVF MU DL
(SDS) : FHIATAIAFXRY =7 0x M,
KRBT b U D L KROEERE T 5 )L« Frilifb 22 R ik
i, AY =)V RONFY > b7 o<
NS TR, PIFIVIT—T)b  FIEHIEE T 36
HEEABRH, pre ROFCZEFHIFI
(HBAE) : S bRkt 2 U 7z

3. EREE EERIZ1Z, CE % & : Beckman
P/ACE 5510 system, %347/ 7 b : Beckman System

Table 1. Common Prescription of Boui-Ougi-Tou (Accord-
ing to Explanation of Chuui-Shohou)

Boui-Ougi-Tou

ASTRAGARI RADIX (#%&)

SINOMENI CAULIS ET RHIZOMA (F5E)
Z1ZYPHI FRUCTUS (KZ)
ATRACTYLODIS RHIZOMA (Fift)
GLYCHYRRHIZAE RADIX (H2%)
ZINGIBERIS RHIZOMA (%4:3%)
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Corresponding amount of about 1g of Atractylodis Rhizoma

<—Hexane : 20mL
<—H-0 : 20mL

Shake (15min)

v

Centrifuge (3500rpm, 15min)

Hexane layer

Shake (15min)

Centrifuge (3500rpm, 15min)

Water layer

l <—Hexane : 20mL 1

v
|

v

ﬁ

Hexane layer

v

Water layer

Evaporate with N2 at 37°C

«—I.S.solution : 5mL

Sample solution

Fig. 2. Extraction Procedure of Atractylenolide III from Atractylodis Rhizoma and Kampo Formulations
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Fig. 3. Validation of Analytical Procedures —Specificity—
(a) Extract solution from Atractylodis Rhizoma, (b) Standard solution (atractylenolide I11), (c) Internal standard solution, (d) Extract solution from Atrac-
tylodis Rhizoma added internal standard solution.
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Fig. 4. Identification by UV Spectra with a Photodiode Array Detector
(a) Extract solution from Atractylodis Rhizoma, (b) Standard solution [(atractylenolide III), (c) UV spectrum of extract solution from Atractylodis Rhizoma,
(d) UV spectrum of standard solution, (¢) UV spectrum of extract solution from Atractylodis Rhizoma and standard solution.
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Fig. 5. Validation of Analytical Procedures —Linearity—

Table 2. Validation of Analytical Procedures —Accuracy—

Recovery value (%)

Repetition
80% 100% 120%
100.3 99.3 97.2
98.0 97.5 99.1
3 99.4 100.5 98.7
Average (%) 99.2 99.1 98.3
SD (%) 1.16 1.51 1.00
RSD (%) 1.17 1.52 1.02
Average (%) 98.9
SD (%) 1.15
RSD (%) 1.16
*95% confidence interval 98.9+0.88

*t—t (n-1, 0.05) - (a/y/n) <u<z+t(n-1,0.05) - (a/4/n)

X: average n: sample size ¢: standard deviation.

tylenolide III D iR 24 VIR U 6 [FlfT > 7/ziliR
fi k% Table 4 IR, B DIRL 6 FOEREHARD
FRUEMRZEL 0.02%, AHXIRMEMR AT 1.79% £ 720,
atractylenolide III DI EIED E O R TH 2
T E RO EMN AR Thd I LR E
ZERTDHERKBHERTHD CHBE N

Fiz, VAT LGB & U T atractylenolide
I FEHEVEIR DR D IR U 6 [Al7E ARF O BB 2 i it
L 7= #5582 Table 5 I27;79 . Atractylenolide III &
LS. W8 & OykEFsf I, E— 7 EEERE -2
S O R HER 2 (RSD) 1, £1€40.36

Table 3. Validation of Analytical Procedures —Repeatabili-
ty—

Standard deviation: [(ggr) (%) 1.15
Relative standard deviation (%) 1.16

*90% confidence interval

. N N
* % . <A<
90% confidence interval W/Xz (n=1,0.05) :UR:\/JCI 1=1,095)

S: sum of squares, n: sample size.

0.83<0x=1.99

Table 4. Assay of Atractylenolide III in 1 g of Atractylodis
Rhizoma (from North Kores)

Repetition Quantity of atractylenolide III (mg)
1 1.128
2 1.132
3 1.103
4 1.106
5 1.098
6 1.143
Average (mg) 1.118
SD (mg) 0.02
RSD (%) 1.79

Table 5. Validation of Analytical Procedures —System
Suitability Test—

Ratio of . .
Repetition migration time Ratio of Ratio .Of
(min) peak area peak height
1 1.11 1.794 1.333
2 1.11 1.806 1.333
3 1.11 1.791 1.313
4 1.11 1.805 1.313
5 1.11 1.784 1.294
6 1.12 1.790 1.333
Average 1.11 1.795 1.320
SD 0.004 0.009 0.016
RSD (%) 0.36 0.50 1.21

%,0.50% KT 1.21% 720 BATFIFERTH o /7.
L s L, atractylenolide III & 1.S. 8B & D% H
Wi WAL, KEIRERHI O RSD 1349 0.5% f2 )% T
HBHDITHL, E—IVHEKRIE —2 &S D RSD
B3R T8 EELEREEER--. — TR,
EFETHEHEAL TH, ZOFEAEDONTYVFI
KEL, CELTIMEEXREZHRAT 25513, LS. %
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Table 6. Assay of Atractylenolide III in 1 g of Atractylodis Rhizoma
Quantity of atractylenolide III (mg)
Repetition Lot A Lot B Lot C
(from North Korea) (from North Korea) (from China)
1.113 1.498 0.554
2 1.137 1.511 0.546
3 1.129 1.551 0.543
Average (mg) 1.126 1.520 0.548
SD (mg) 0.012 0.028 0.006
RSD (%) 1.07 1.84 1.09
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Fig. 6. Analysis of Boui-Ougi-Tou Dried Extract F

(a) Extract solution from boui-ougi-tou dried extract F, (b) Standard solution (atractylenolide III}, (c) Internal standard solution, (d) Extract solution from

boui-ougi-tou dried extract F added internal standard solution.
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R=1.18X (try—tr1) / (Wo.sn1+ Wi sn2) (1
IR, tr1 - DPEEERIEICHWS 2 DOWED
TRFFIFR (R <tgo)
Wosnis Wosn - THNENDOE — 7 @I OHRICH
JAHE— g
PLEDGHTEND F—2 a UHERK D, SEERE
L 7= atractylenolide III & 251X, W& n 4

RN Th D I & RO BER I ERIEN S
FNHTELEBEETDE, EX TP aVHO atrac-
tylenolide IIT O & &% HIE T 2 DI 1435 H Al a7z
AR FETH D Z ERI NI
3. E+v 72 aydhad Atractylenolide III D FE&E

HELEMBHRICEDE, ExrYay3oy b
ZHAWT, £0v DR L 3 A0 atractylenolide
III DE & 21T /2R & Table 6 IT/RY. #0O v
FEH, #ORL 3 EHEIETO RSD 13 1.07—1.84
% ERIFRERTH- =, i, SEIERICHNWE
Ex 7 YaViddteififE 2 0y N ROHEEE v 7
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Fig. 7. UV Spectra of Atractylenolide III in Boui-Ougi-Tou Dried Extract F

(a) Extract solution from boui-ougi-tou dried extract F, (b) Standard solution (atractylenolide II1], (c) UV spectrum of extract solution from boui-ougi-tou
dried extract F, (d) UV spectrum of standard solution, (¢) UV spectrum of extract solution from boui-ougi-tou dried extract F and standard solution.

Yay 1oy hTHB, atractylenolide I D E
EERIE, BEEEY VP av 17Oy KO
EY v a2 70y kdd atractylenolide 111
& B % HPLC %12 THIE L 7= STk Eo
tylenolide II1 & & @ fir /Ml — i K& : 0.33—2.09
mg/lgJHAEHE) ¢ —-HLEETHo .

4. Ex 72 aVEREEEAME B D Atrac-
tylenolide Il DEE Ev 7Y VEAEDESH
#1z, & [EKE L /= atractylenolide 111 & &% D
HzElB7z. GEITEY 7 DV EEE S -EID S
5, BEHELGZETFZ -F 82BN ThiTZ
frorz.

¥, Fig. 6 ICPiEHBELTIETF X -FIZIHH
LR ORREZ/RT 7O NT F L%, Fig. 712
T4+ MTAFT—RY LA &R EHERHL - — 28
—HOEEROIERERT. PEREBHLELFX
-F #i s Hic, atractylenolide IIT A2 &z g o
E—2r B L EBBRRZ2REOE—V 2R L 2
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TV BB THELZEZA, WEHEDAXRYZ M
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Z -F s o ¥ — 2713 atractylenolide 11T & fif

(atrac-

Table 7. Assay of Atractylenolide III in 1 g of Boui-Ougi-
Tou Dried Extract F

Quantity of atractylenolide III (mg)

Repetition

Lot A Lot B Lot C

1 0.063 0.131 0.103

2 0.065 0.129 0.102

0.063 0.128 0.099

Average (mg) 0.064 0.129 0.101

SD (mg) 0.001 0.002 0.002
RSD (%) 1.56 1.55 1.98

AL

Table 7 ICBHEHEHLETF A -F3 0y Mo
atractylenolide IIT @ #5 R (B s EH IR T+
Z -F 1 g f1® atractylenolide IIl & &) #xR7. &
Ow bEBHEEDIRL 3 EMEIETO RSD IX 1.55—
1.98% TH D, HEFEITFRAWAINS O EEEZS
WIEERTHD I EaBET D & BAFIRAER &k
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