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Simultaneous determination of three atractylenolides
in Atractylodes macrocephala by UPLC

ZHOU Haiyan'?, GAO Yunjia'***, WANG Min’, ZHANG Qingying' , TU Pengfei'
(1. State Key Laboratory of Natural and Biomimetic Drugs, School of Pharmaceutical Sciences,

Peking University, Beijing 100191, China; 2. SinoPharm Pharmaceuticals Limited, Beijing 102206, China)

Abstract Objective: To establish a UPLC method for the simultaneous determination of three — Atractylenolides
in Atractylodes macrocephala. Methods: The samples were extracted with methanol for 30 minutes by ultrasonic
method . Three compounds in A. macrocephala were simultaneously determined by UPLC with Agilent Poroshell 120
EC-C4(3.0 mm x 150 mm,2.7 pum) ,with water ( A) - methanol ( B) as the mobile phase for gradient elution;
at the flow rate of 0. 5 mL + min~"; the determination wavelength was 220 nm and 276 nm; and the injection vol-
ume was 3 L. Cluster analysis and principal compoent analysis were performed by IBM SPSS 27. 0 statistical soft-

ware. Results: There was a good linear relationship between the concentration and peak area of all the three com-

ponents in the investigated concentration range (r >0.999). The average recoveries ranged from 103.05% to
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106.35% with RSD of 2. 0% —3.3%. Through cluster analysis, 24 batches of A. macrocephala could be clutered

into 4 groups. According to the principal component analysis, the cumulative variance contribution rate of the two

principal component factors was 98. 975% ( contribution rates of first principal components and second principal

components were 92. 124% and 6. 601% ). Conclusion; The method is simple,rapid, accurate and highly sensitive

to provide a reference for quality evaluation of A. macrocephala.

Key words: Atractylodes macrocephala; Atractylenolide Il ; Atractylenolide Il ; Atractylenolide I ; UPLC; cluster

analysis; principal component analysis
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Tab.1 Information of 24 batches of Atractylodes macrocephala
=) SEARERF P iy
s L7 Rt o ) bR AT
(No. ) (collection location) . R (collection method ) (storage mode )
number) time ) time )
1 X20191201  WiIAH B E 2019.12 20214 FRHIECR iR
(Xinchang County,Zhejiang Province ) (direct mining of origin) (room temperature storage )
2 X20191202 WA EIEE 2019.12  2021.4 FEHLELR FEIE
(Xinchang County ,Zhejiang Province ) (direct mining of origin) (room temperature storage )
3 X20191203  WILAHER 2019.12  2021.4  FPEHIELR AR
(Xinchang County ,Zhejiang Province ) (direct mining of origin) (room temperature storage )
4 X20191204  WITAHHIEE 2019.12 20214 CHIER R
(Xinchang County,Zhejiang Province ) (direct mining of origin) (room temperature storage )
5 X20191205  WiIAHER 2019.12 20214 CHLER A E
(Xinchang County,Zhejiang Province ) (direct mining of origin) (room temperature storage )
6 X20191206 HHIAHE S 2019.12 20214 FHIER HICE
(Xinchang County,Zhejiang Province ) (direct mining of origin) (room temperature storage )
7 X20191207  WHTAHER 2019.12 20214 FEHIER SHCE
(Xinchang County ,Zhejiang Province ) (direct mining of origin) (room temperature storage )
8 P20191201 WHIAELE 2019.12 20214 FHIER HIE
(Pan’an County ,Zhejiang Province ) (direct mining of origin) (room temperature storage )
9 P20191202  WiTA B2 B 2019. 12 2021.4  FEHBLER FIRCE
(Pan’an County ,Zhejiang Province ) (direct mining of origin) (room temperature storage )
10 P20191203  WiTA B2 E 2019. 12 2021.4  FEHBER FIRCE
(Pan’an County ,Zhejiang Province ) (direct mining of origin) (room temperature storage )
11 P20191204 Wiy 2019.12 20214 FEHIER EWE
(Pan’an County ,Zhejiang Province ) (direct mining of origin) (room temperature storage )
12 P20191205 Wiyl 2019.12 20214 FEHIER FRTCE.
(Pan’an County ,Zhejiang Province ) (direct mining of origin) (room temperature storage )
13 P0191206 Wil A& LR 2019.12 20214 FEHIER ERE
(Pan’an County ,Zhejiang Province ) (direct mining of origin) (room temperature storage )
14 P20191207  WiTA B2 E 2019. 12 2021.4  FRHLECR e
(Pan’an County ,Zhejiang Province ) (direct mining of origin) (room temperature storage )
15 B20191001 B M ATiEIRIX ( Qiaocheng 2019.10 20214 FEER HiE
District ,Bozhou City,Anhui Province) (direct mining of origin) (room temperature storage )
16 B20191002 2448 M IR IX. ( Qiaocheng 2019.10  2021.4  FEHLEF IR
District, Bozhou City, Anhui Province ) (direct mining of origin) (room temperature storage )
17 B20191003 ‘284 Z M T eI X ( Qiaocheng 2019. 10 2021.4  FRHBER EIRACE
District, Bozhou City, Anhui Province ) (direct mining of origin) (room temperature storage )
18 B20191004 e M ATHENL X ( Qiaocheng 2019.10  2021.4  FPHBEFR ECE
District, Bozhou City, Anhui Province ) (direct mining of origin) (room temperature storage )
19 B20191005 R ZM T X ( Qiaocheng 2019.10  2021.4 FEHLELR FIRCE
District , Bozhou City,Anhui Province) (direct mining of origin) (room temperature storage )
20 B20191006 A =M T HERIX ( Qiaocheng 2019.10  2021.4 FEHLELCR FIRE
District,Bozhou City, Anhui Province) (direct mining of origin) (room temperature storage )
21 B20191007  “Z:faE =& i X ( Qiaocheng 2019.10 20214 HHIECR FRCE
District ,Bozhou City,Anhui Province) (direct mining of origin) (room temperature storage )
22 2019HO103 A =M 2020.8 20214 ZEZ MY FECE
(Bozhou City, Anhui Province) (Angoo medicinal materials market)  (room temperature storage )
23 2019HO201 {AHkAE 2020.8 20214 REZHHG ELY)
(Anguo City,Hebei Province) ( Angoo medicinal materials market)  (room temperature storage )
24 2019HO202 b 2020.8  2021.4  RZEZHTIY FEE

(Anguo City ,Hebei Province)

( Angoo medicinal materials market)

(room temperature storage )

2.5 FEEERLE RSD 43514 0. 6% .0.3% .0.3% ,RSD #J <3.0% ,
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1. HARNEE I (atractylenolide 1) 2. HAR A I (atractylenolide I ) 3. A PG I (atractylenolide [ )
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Fig.1 UPLC chromatograms of mixed reference substance (A) and A. macrocephala sample (B)

R2 WIERSERXAER

Tab.2 The regression equation, correlation coefficient and linear range of three components

o 5 77 . PR
( component ) (regression equation ) (linear range)/(mg + L")

FIARMNEEI (atractylenolide II) Y =15 437X +2 229. 6 0.999 9 1.318 8 ~84.400 0

FIARNEE T (atractylenolide 1) Y =24 370X +2 786. 1 0.999 9 1.225 0 ~78.400 0

FIARMEE [ (atractylenolide ) Y=31797X +4 912.6 0.999 9 1.087 5 ~69. 600 0
2.6 FRUE TR [SY/38

IR Ja]— i (1 SAe ) e, rnl 2.7 EE AR

FT0.2.4.8.12,15,18 24 h 470 7E , 15 A P R HURESL (1 SRR ), #52. 37 T0 R 7 1 1711

I AR T AR T igmiAR RSD 2050 & 6 (sl i, DA 2. 17 0 R @3 25 1k kA5
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RSD 7354 0. 4% ,0.5% 0. 5% , F W% J7 ik HE
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Tab.3 Recoveries of three compounds in A. macrocephala
o FRigdt R rp A HIEE Yoy A& -4 [l RSD/
( component) ('sample weight)/ (sample content)/ (added amount)/ (total amount)/  (recovery)/ (average recovery)/ .
g mg mg mg % %o
HAR PR I 1.520 3 0.279 7 0.148 5 0.438 5 106. 94 104. 07 2.8
(atractylenolide 1I) 1.539 8 0.283 3 0.148 5 0.441 7 106. 67
1.527 3 0.2810 0.148 5 0.440 6 107. 47
1.500 5 0.276 1 0.297 0 0.575 8 100. 91
1.506 2 0.277 1 0.297 0 0.582 2 102.73
1.5125 0.278 3 0.297 0 0.597 2 107. 37
1.500 1 0.276 0 0.4455 0.726 0 101. 01
1.502 5 0.276 5 0.4455 0.726 6 101. 03
1.504 2 0.276 8 0.4455 0.7335 102. 51
HARMEE I 1.520 3 0.223 5 0.176 7 0.412 6 107. 02 103. 05 3.3
(atractylenolide 1) 1.539 8 0.226 4 0.176 7 0.416 4 107. 53
1.527 3 0.224 5 0.176 7 0.413 5 106. 96
1.500 5 0.220 6 0.353 4 0.578 3 101. 22
1. 506 2 0.2214 0.353 4 0.5813 101. 84
1.5125 0.2223 0.353 4 0.590 3 104. 13
1.500 1 0.220 5 0.530 1 0.745 2 98. 98
1.502 5 0.220 9 0.530 1 0.748 9 99. 60
1.504 2 0.2211 0.530 1 0.7523 100. 21
HARMEE 1 1.520 3 0.222 0 0.106 2 0.3375 108.76 106. 35 2.0
(atractylenolide I ) 1.539 8 0.224 8 0.106 2 0.339 6 108. 10
1.527 3 0.223 0 0.106 2 0.339 1 109. 32
1.500 5 0.219 1 0.212 4 0.443 6 105.70
1. 506 2 0.2199 0.212 4 0.444 6 105.79
1.5125 0.220 8 0.212 4 0.448 9 107. 39
1.500 1 0.2190 0.318 6 0.548 0 103. 26
1.502 5 0.219 4 0.318 6 0.5522 104. 46
1.504 2 0.219 6 0.318 6 0.5520 104. 33
2.9 HEEE 2.10 HHEsHr
HO24 LA ARRES,, #2292, 37 WU R ik dl Al 21001 R 8 24 AR R 287

AR, 4% 2. 17 TUR 28 F AT b B

R4,

=4+
Qi»én

IATRY 3 A By 5 1 KB R RE A IBM SPSS
Statistics 27. 0 FPFHEAT RIS, R LRI %,



.10 -

vh 25 i b YE Drug Standards of China 2023, 24(1)

Pl Euclidean Jf gy EF 71150, BB LR ILIE 3, 45
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Tab.4 Content determination results of three components in A. macrocephala (n=3)

G FIARPER I FIARMER I FIARNER 1 J58 3
(No. ) (atractylenolide Il ) /% (atractylenolide II )/% (atractylenolide 1 )/% (total) /%
1 0.020 0 0.016 0 0.0159 0.052 0
2 0.019 2 0.016 3 0.028 0 0.063 5
3 0.026 5 0.022 8 0.018 6 0.067 9
4 0. 006 7 0.005 4 0.012 1 0.024 1
5 0.0237 0.024 8 0.022 4 0.070 9
6 0.030 1 0.019 1 0.024 4 0.073 6
7 0.042 2 0.030 1 0.0190 0.091 3
8 0.009 6 0.007 2 0.011 3 0.028 1
9 0.005 7 0.004 9 0.009 3 0.019 9
10 0.004 7 0.002 7 0.010 4 0.017 7
11 0.005 9 0.004 0 0.007 5 0.017 4
12 0.0223 0.021 4 0.018 0 0.061 7
13 0.005 0 0.004 0 0.008 3 0.017 3
14 0. 006 1 0.004 6 0.010 9 0.021 6
15 0.015 4 0.016 0 0.0180 0.049 5
16 0.038 0 0.0250 0.024 5 0.087 5
17 0.008 4 0.008 5 0.011 2 0.028 1
18 0.0115 0.011 9 0.0135 0.036 9
19 0.011 6 0.012 1 0.0139 0.037 6
20 0.011 0 0.010 5 0.011 6 0.033 2
21 0.014 3 0.0119 0.017 4 0.043 6
22 0. 006 0 0.003 2 0.013 7 0.022 8
23 0.0150 0.010 6 0.016 1 0.041 7
24 0.008 5 0.004 9 0. 006 2 0.019 5
0.10
0.09 — RN T
0.08 m {ARAE I
0.07 — R ATEER I

0.06

0.05

TE(%)

0.04

0.03

0.02

1 2 3 4 5 6 7 8 9 10

12 13 14 15 16 17 18

PS8

19 20 21 22 23 24

P (I~7-HIEHT B, 8~14-WiTLiE %2, 15~22-%He=M, 23~24-Tdk)

2 RRFHEGREZHEERSITE
Fig. 2

Column analysis map of mean content of three components in A. macrocephala from different origins
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Fig.3 Dendrogram cluster analysis of A. macrocephala
2.10.2  FM4M0HF I IBM SPSS Statistics 27. 0
AR 24 HER AR 4 288 (3 DS E AR P E
B i S ) BEAT AR AL AL B, L R4 B

DTSR SRR AR , 64T o 4 br , X457
Hu B AR 2R EA T PR

RS AREFTEMBLRE

Tab.5 Variance of total variance interpretation of A. macrocephala

HRAE 5 PR FAFIEE R T 0. 2 e R 1y 77 22 Bt
TR KT 90% 1 SR 48 32 B , ASBIF 5 i £ B
T FEA 2 A AR LK S — U i
fiEfE 3. 685, Lotk Ny 92. 124% 5 55 — F i i
FFIE(E R 0. 264, HTTHR AN 6. 601% , 3% 2 4> A
Sr R R 2 BTk R N 98.725% o DL T
TR A A SR LR 4, AT LR
HRPIE (R 1 A9 2 A JE B A RER R, BT I 2
ENVLINYS SN S VA SR STy TS S
7, Al WARHCAT 2 A~ £ BEAT 3 M i o

4 -~
3 -~
pu
E 24
I -
0
1 2 3 4
J 5 #
E4 #zH
Fig. 4  Scree plot

VIUEFFAE{E (initial eigenvalues)

FRHF I FZR A (extraction sums of squared loadings )

i/
(Coﬁim) ait P i i ait P il
(total ) (variance ) /% (‘cumulative ) /% (total ) (variance ) /% ( cumulative) /%
1 3.685 92. 124 92. 124 3.685 92. 124 92. 124
2 0.264 6. 601 98. 725 0.264 6. 601 98. 725
3 0.051 1.275 100. 000
4 0. 000 0. 000 100. 000

T AR HU) R BERE SN T i B
M S e i A R BT B 945 L B R 2 A AR B Y
PR B FE AT IESCTERE , #31 4 RARAE 2
FIRO PRI BE AR, 45 R AR 6. i 6 nl 4

w6 TRHFEAES

Tab. 6 lLoad matrixes of Principal Component

AMEBRE S — R AR R, AR SRR, IR
PR T AE5E — o BB w4, B AR AR e 5
TR R AR, VWIS — F L BRI AR AT
Ho S 4 A FRBRIYIE OL o

WIUEH) B3 46 % (initial component matrix )

TR B3 46 % (rotating component matrix )

WY

( component )

ERF L

FHsr2 FHisr 1 FHsr2
(‘principal component 1) (principal component 2) ( principal component 1)  (principal component 2)
Zscore(F,) g (total) 0.999 -0.040 0.520 -0.078
Zscore( F, ) FHARPHEEI( atractylenolide IT) 0.972 -0. 166 0. 506 -0.322
Zscore(F, ) FIARPIERILatractylenolide 1) 0. 968 -0.202 0.504 -0.392
Zscore(F3 ) AR NARIatractylenolide T) 0. 898 0.441 0. 467 0.858
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2.10.3  JREZEGIEN LA X, X I0ER 2 AR
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L, 00k X, =0.504F, + 0.506F, + 0.467F, +
0.520F,;X, = - 0.392F, — 0.322F, + 0.858F, —
0.078F, (i1 : FakxUh s it F R R IR br itk 5
AR ) o ¥ BIRFRIBA GRS PR 2 S F
BT T 25 STER AR BUS A5 B R 256 I i 2R
GBI R g X (G5 00) MR B Xy =
(92. 124X, +6.601X,)/98.725, FHELL | F kL
THEAT AN [A] 7 b AR 25 0 0945 20 (B A S A HE T
SR T, US— BB AR &, 155

£7T RRAFRGRIES RS FEFHAHL

E R 3T —HEROUR AL ZE R ILIEL S T o Hr
RERIDIEERIEARY G BREH ERIE, i
TR B o —28, RREZEM I —28 WL 22 (0
— 28, IRE AR IR I3 7 FL X, Wi 2 e
FHIT, 5t B T F A Al SRR M X S SRR

HIZE 7 Al O 1.2.3.5.6.7.12.,15.,16 21
AIRERRZE A5 02 > 0, HEL 7 SRR 255 19 0 fi
o SRS WHRT B AR 7= 250 1500 8
i WIS 2 AR 0 Bk B M AT LR &
PR HERY 5 250 v =B R PR B R R A
—H

Tab.7 Principal component scores,comprehensive scores and ranking of A. macrocephala from different origins

G S FE RS 5 MRSy Lt He4
(No. ) (first principal component score) /X, ('second principal component score) /X, ( comprehensive score) /X (ranking)
1 0. 730 -0.220 0. 658 8
2 1. 940 1. 550 1.914 5
3 2.030 —-0.380 1.874 6
4 -1.520 0.210 -1.408 17
5 2.400 0. 190 2.259 4
6 2.570 0. 480 2.431 3
7 3. 800 -1.290 3. 464 1
8 —-1.240 —0.090 -1.165 16
9 -1.910 -0.130 -1.793 20
10 -2.060 0. 160 -1.914 21
11 -2.160 -0.370 -2.046 24
12 1. 560 -0.250 1. 438 7
13 -2.140 -0.200 -2.016 23
14 -1.740 0. 100 -1.621 19
15 0. 620 0.270 0. 598 9
16 3.640 —-0.090 3.383 2
17 -1.220 -0.120 -1.155 15
18 -0.470 —-0. 050 -0. 446 13
19 -0.410 -0.010 -0.385 12
20 -0. 820 —-0.260 -0.780 14
21 0.130 0. 400 0. 142 10
22 -1.590 0.570 —1.438 18
23 -0.070 0. 240 -0.051 11
24 -2.040 —-0.700 —-1.955 22
3 itig >R PP B 75 S B 30 min A5 D R S RTAL 317 1% o

FESERRRITTE T, S H R b i) S O X Gl
IR ) | B O 0] (A TR AR i £ 1 | H e
HIZK) BRI E] (10,30 ,60 min) S BEAT T %4, 45
RILF 8, FAE S, HEEH A PRI 30 min 3R
BORBE, AR, s iy . L, fe 2k

T3 58 AN A s A & ge (Y mE-OK L H -
0. 1% W2 . H #E-0. 3% W IR B 0. 3% LR ) A
R (29 °C 30 °C 31 °C 32 C 33 C) KL AA
Vi (0.48.0.50.0.52.0.54 mL « min~") % UPLC
RS T T . B 2 R H Agilent Infini-



h 25 I b e Drug Standards of China 2023, 24(1)

tyLab Poroshell 120 EC-C; (3.0 mm x 150 mm,2.7
) S AT LAY -7 A i Sl A AT BE VR L

WA

.13 -

R : ARG I AR Mg T4 220 nm, (AR
NS T 24 276 nm,

EIRE i
BS5 Emeaor—fisd
Fig.5 2D scatter plot of PCA
T8 RPG X ARRIE A Fe BB A 0 H KL R
Tab. 8 The results of extraction method, extraction solvent and extraction time
Pt il FIARPEEI FIAR BRI FIARPIREL J8sy
(preparation of sample) (atractylenolidelll ) /%  (atractylenolidell)/ % (atractylenolidel ) /% (total )/ %
H2IUT 2 (extraction method) #8745 (ultrasonic extraction ) 0.017 1 0.014 2 0.014 4 0.045 7
[8]37 (heating reflux method ) 0.017 3 0.014 7 0.014 5 0.046 5
BT (extraction solvent) 7K (water) 0.003 4 0.000 5 0.000 0 0.003 9
50% Z.1%(50% ethanol ) 0.014 3 0.010 7 0.009 7 0.034 7
75% ZF#(75% ethanol ) 0.017 2 0.013 9 0.014 3 0.0453
1% (ethanol ) 0.016 1 0.013 7 0.014 2 0.043 9
H % ( methanol ) 0.017 1 0.014 2 0.014 6 0.0459
HREHUHR] (extraction time) 10 min 0.016 9 0.014 2 0.014 5 0.045 6
30 min 0.017 1 0.014 2 0.014 6 0.0459
60 min 0.017 1 0.014 2 0.014 4 0.0457

e 3 A B AH OGSO, & B PR 2027 08 1 R AL R
LA P DR " o B i 2y
ity R IS I8 PR i AT B0 UE A O, T AR
B 276 nm, J5H AR 220 nmo 55 IR
FEARZ R BRI, SNBSS, HARE
ML, AR AES s lE. EE5 KA
UPLC IR ORI 1 5258 LRIy o0, I fiE
BRI AE 3 A FOR BRSO B 5 4

AHTFE P S I AR PR 235 PR R, DL =
P AR B O AR o T RER R g
M, M BUE AN TE, 2207 PP R 2544 1 o

N X I s S E RN 25 4 B 4R S5 . R
FEABEREFE i 12 I DL AT 002, Tl o0 M (9 23
AR HE S 2588 R Y i R HE T AR — 2
EHWCEN AR LR AL T LRI = A
b, WANIRPER K, B CLRIZERO™ 2564 Sk R
AL Ak, H B LR G R Bim k. %
SEZGIA BT AF 7 3 A I 18] 55 24 25 %8 24567 14 o
FEEERLA R, A AR SR S B BRI R W B 2
YRR 1) 2568, ELAT il 25 PR, 22 57 SRt
L SEE M BUR PP 5 A Z Atk i iR
FRAE Al AT AR 6 UE R, DU RE A8 S 47 s P AR
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FEE RV AR T  IRAFE , AR M
SRR S W SIS ER T B R RN 432 A
12 BT, DT 334 10 45 AR 5 4 42 o i f G
EALRL A AR RS 43, T 45 AR 75 3 AR 26544 F0
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BRI, A BT BRS

55 R UPLC 30 AR 256 b 3l AR PTG
SRR T S I E T, 24 HE R 25 R
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