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FH Waters 2998 K AMEM B, AP Ky 235 nm, FIAHAK (A -85 (B), YEEE 0~10 min, 30%~45% B; 10~
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Qualitative evaluation of Atractylodis Macrocephalae Rhizoma from different habitats by
HPLC-PDA fingerprint combined with UFLC-Q-TOF/MS qualitative identification

SUN Xue, WEN Hong-mei, CUI Xiao-bing, LU Tu-lin, LI Wei, SHAN Chen-xiao
College of Pharmacy, Nanjing University of Chinese Medicine, Nanjing 210023, China

Abstract: Objective To establish and identify the HPLC-PDA fingerprint of Atractylodis Macrocephalae Rhizoma (AMR) and
provide a reference for the comprehensive control of the quality of AMR. Methods AMR was extracted with 70% methanol by
sonicating for 60 min. The analysis of AMR extract was performed on Inertsil® ODS-SP column (150 mm x 4.6 mm, 5 pm), column

temperature was maintained at 40 C, flow rate was 1.0 mL/min, and detector was Waters 2998 UV detector with detection wavelength

235 nm. Mobile phase was acetonitrile (B)-water (A) with the elution gradient 0 —10 min, 30%—45% B, 10—25 min, 45% B, 25—50

min, 45%—70% B, 50—55 min, 70% B, 55—62 min, 70%—30% B, 62—75 min, 30% B. Time-of-flight mass spectrometer (TOF/MS)
and electro-spray ion (ESI) source were used for the qualitative analysis in a positive ion mode, and mass scan range was m/z 50—1 500.
Results Comparing and fitting the peaks of AMR from different habitats (Zhejiang, Anhui, and Hunan Provinces), the HPLC-PDA
fingerprint was set up with six common peaks, and they were identified by UFLC-Q-TOF/MS as 5-(hydroxymethyl)-2-furaldehyde,

atractylenolide III, atractylenolide I, atractylenolide II, atractylenolide VI, and biatractylenolide. System suitability, extraction, and

chromatographic conditions of AMR were optimized. RSD of accuracy, stability and repeatability was all less than 2%. Measuring ten

batches and fitting fingerprint similarity, the values were all greater than 0.95. Conclusion The HPLC fingerprint can be used as

standard uniformity and stability of quality control methods for AMR slice.
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FIR Atractylodis Macrocephalae Rhizoma (AMR)
5 4§ B} ( Compositae ) 18 W) 1 R Atractylodes
macrocephala Koidz. TGS, AP N ZAF
R, BRVER, AUEE, WRHL B, B
A BRRRPK, IEFh. Rz g BRIz
AT IRERHR X, PRI B A S AN ],
NI EROT RAE T AR FAART S THINL 228
Wb, VPR, ZONAREER. ARmM R Z
A Thb KBERL I SKIKIEE . 280015 . o5
HOE, AARAEAT ZRSIUE 80y, AR PR R,
WEERA . 2R, 0 GO %,
TEARNPITRE , ARSI R IFE L S
AT, BAAE PR R B R AR IR
1 FES5RE
11 %3

Waters 2695 WAH{O IS R4 (FEZlii <L PUot
. AZhEEFERY, 2E Waters A7), JEH: Waters
2998 SEAMG A (5&[H Waters A 7] ); LC-20AD A

PUEAAH (DGU-20A3 B4, SIL-20A XR Y
H 23RS, CTO-20AC RUFEIRAN , HABH#AFD,
% $2 Triple Q-TOF 5600 7 i i A% (L £ HLE 25 25 1
JRARZ, FEHE AB Sciex AF]); AY220 74T R
S (HAREAT]D; TGL 16G BIELLHL (g2
SRFEUAY) ) MUL-9000 Series #4li/K R4 (5
Millipore 24 %]); FW100 B el (R
RIS R A T KQ-500B B 5 I i vk s
CEL LT P AR A PR A T o
1.2 K 5iRG

LME (b5 1698630334, f#[E Merck /AT));
HEE (b5 20140624143, 114 & F A RRA A
WL nwl) htaikal; 95%4ms (sl s
14011510093, B R AR AT BRA T KAl
K CEED: HRRA A iral. ErARIL 10 4k,
BT RILONE A R AR, WK 1o FIRAER I
(#L5 20131109 HAPNEE T (L5 201311200
P01 L 2 RS E B

*1 #mER

Table 1 Information of samples

RS P #t5 iTE 7 i)
1 WL 22 B2 SCR I SRR 1408034 6 LR Z N TSR T LB 1410012
2 WL 2 OB NE R 1404160 7 1 e BREAT 1311086
3 WL 2 BB R ER 1404161 8 T RN 1308017
4 WHLH B B B LA 1401041 9 WL B AR B A 1403148
5 RN 1410142 10 YLVG by 1310167

2 FEEHER
2.1 ‘&N

4384 Inertsil® ODS-SP (150 mm X 4.6 mm, 5
um), FHif 40 °C, AR 1.0 mL/min, #aIAHA 4
JI§ (A 7K (B), PEBFEEN 0~10 min, 30%~45%
A; 10~25min, 45%A; 25~50 min, 45%~70% A;
50~55 min, 70% A; 55~62 min, 70%~30% A; 62~
75 min, 30% A. KH] Waters 2998 “LAMGIIZE, Kl
Bk 235 nm, ZHTIE] 75 min, BEAFE 10 pl.
2.2 FUEEH

TOF MS-IDA-MS/MS 5 3(, HLIgE 55 3 1 5
(ESD, RHZ&H stk (DBS) M7k, fEIEHS
TR R AR (GS1) 0.38 MPa
(55 psiD GBI LK (GS2)0.38 MPa (55 psi)-
A< (Curtain Gas) 0.25 MPa (36 psi)- 4fiBhin
HERELE (TEM) 550 C, WiZ5 H & (IS) =5 500 eV,
LRI (DP) —100 eV, filfif#Hi [k (CE) —40 eV
b fE L 7 15 eV JiUEEE G m/z 50~1 500,

2.3 JTERSARAYECH

R FICEAAR MBS 1. EARPER I 0 % 2
mg, BT 10 mL &fH, MAFEERS 10 mL,
SR PES I R PG T 6 B 1 mL, &
T 10 mL &, IMAHEERS 10 mL, BlHlE
WE 4 20.70 pg/mL (B IR N HEE I A2 20.10 pg/mL [#)
FIAR PI T T VA 0
24 XA RREL S

KPR A ARMK 0.2 g, & 10 mL B, N
AN T0%HIE, JFERE 10mL, %%, E,
AR (Th% 250 W, #1i% 50 kHz) 60 min, HX
o, TR, H 70% F AN IR TR, B U
&, 20 (12000 t/min) 5 min, BB, T 0.45
um PAFLIEE, RIS S
2.5 RMEAKRYIEEE

B & FIARMHA (kS 1408034) F-Lhalm,
#4200~400 nm ) PDA FHERE. 450 %I, A
RNHEE T, EARMEE I LE 220 nm e KA SR,
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RS R D, 1F 235 nm PEKAL IS B,
FREm AW, K SRR S8R, 7SROk
BCPIAR WO EE 235 nm 1 S RIIE K
2.6 SRYIBHE

TR CLAN B ORI T, EOR B T
5 AR TSR, R I kA Fr g i
B, BT DAde v FL v 2 508 1 R S T A o 2 R
HAR BN A G D 14.202 min, ARETTR 4% 2545 .
27 FEFER
271 REEEERE RS MEICE AR (S
1408034) 0.2 g, $% “2.47 I K 5 ikl & A i i
W, ARJETE “2.17 IR RIS SLIERE 6 Ik, RRIX 10
UL, 5 SR W AR ) R B TSF Tv) R e e i AR ) — 2K
PEo DLEORPIES T g2 i, oH T 6 MLATIE
(RIAFDNT O B N ) B AEDGT e THIAR ) RSD 339/ 2%
272 RErRE  KRERIAAAME (S
1408034 0.2 g, 4% “2.4” T K J7y2:H 2% AR i
SRIGHE “2.07 TUR AR 3 h HERE 1 Ik, Jille
15 h, Z35IEERE 10 pL, 5 GERFAEIGAR LR B B (] 70
FEXPIETRIAR ) — Sk vHEIL 6 AN AT AR
R B B ) B ARG I TR ) RSD 33/ T 2%
273 HEEMERKE KERINAARHEL (5
1408034) 0.2 g, VAT 6 fy, F% “2.47 T T 7%
ARSI, 4% “2.17 HERE 10 L b, %%
R AU U A T B B ) RN D TR () — 350k o TH A
b 6 AN R I ARG LR B B[] B AR S e T LR
RSD ¥/ T 2%.
2.8 BAAREIEIERETL

ME 10 AEA = AR HPLC-PDA &
W, SR BRI T HER ) “ h iR g s
FHLEVHN R (2004A D7 HEATEE R b, R
PR, FRLAGE 2 FOR IR I A2 g (RIS 1),
R AAG R B I TRIFAE X R RSD B dese

(BERAKT 5%) 3L, 1EANRHERE, WK 1.
Wt BIRTTIE, E EIRBAREIERE T 6 MRFIEIE,
LR A UG 2 D RIS L, DA 2 08 S 06, &F
VY S UBE PR AFINT DR B ST TR) S AR R (B £ 5% 2 N
FEME A 0.16 (& 1) 1.00 (1§ 2). 1.56 (I&3). 2.06
(I 4), 328 (I§ES5), 3.54 (I§E6).

FEBFREN 10 FEAS R = Hu [ AR o R £50.2 g,
% “2.47 TR JEE R R, AR atR “2.1”
TR 10 L 2347, 93RRI, 455 WK
2 A 20 30 SRR, 10 HEARE = Hu ) FAKE i
FEIEVE ARG PR B I TE) RS2, RSD 34/ F 2.0%.

6
2(s)
L1 |
i o 2

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0 65.0 70.0 75.0
t/min

1 B HPLC-PDA RyIE 4L
Fig.1 HPLC-PDA fingerprint of AMR

0.0 5.0 10.015.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0 65.0 70.0 75.0
t/min

2 10 #itEBK HPLC-PDA 8 &% & fnE
Fig. 2 Overlay of ten batches of AMR in HPLC-PDA

fingerprint

F&2 10 #tAK HPLC-PDA #54 [E & £ G U8 3R B At ja)
Table 2 Relative retention time of common peaks of ten batches of AMR

- AR GBI
WS 1 2 3 4 5 6 7 8 9 10 RSD/%
1 0.159 0159 0159 0160  0.158  0.158  0.158  0.158  0.158  0.159 0.44
2 1000 1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000  1.000 0.00
3 1556 1558  1.556 1562 1564 1563 1560  1.564 1565  1.560 0.21
4 2057 2058 2059 2066 2076 2075 2071 2076 2074  2.069 0.37
5 3284 3276 3294 3300 3276 3270 3259 3264 3271 3249 0.47
6 3543 3534 3555 3560 3.531  3.525 3513 3518 3527 3.503 0.51
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Table 3 Relative peak area of common peaks of ten batches of AMR in HPLC-PDA fingerprint
A X} U T A PR 7 R
o5 P

1 2 3 4 5 6 7 8 9 10 THEY%

1 1.687 1564 2425 1506 1.740 2989 0973 1.198 4538 2474 2.109 17.430

2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 8.265

3 0.885 0.739 0.824 0957 0981 0.854 0.818 0.788 1.129 1.048 0.902 7.457

4 2.387 2459 3363 2031 2358 2571 1.313  0.655 3.208 1.336 2.168 17.920

5 0.393 0406 0.624 0390 0.570 0.785 0.239 0.154 0.766 0.368 0.469 3.880

6 3.6901 4874 7858 4336 6389 11.670 2243 1.812 7303 4.325 5.450 45.040
2.9 IRWEEHEIAEITEN B0 T DR B I TR o) B, AN A 1 AR Fi S0 1
KA E KA ML RS h i ea &g, HIER TR T UFLC-Q-TOF/MS 1]

AU PR RS0 (2004A RO %F 10 LA [F] =1
(1) AR B SR AT AL 208, FF 10 #EER
o35 R G AR R S (RD BEAT AR LE
EOCRAIE S 0.5), 1~10 HEATAIBUE 20510 A
0.988. 0.994. 0.990. 0.998. 0.991. 0.967. 0.978.
0.950. 0.984. 0.986, R4l W18 3. 455 &0,
10 b 71 AR 5 56 L3 1) AH ABLE V7 25 R 3 K T
0.95, ULHIIX 10 fib 1 ARIEAT W 0T H Wi i) K350

R

A4 S10

- ‘ -89
[ b— ) S8
J - AN . S7
- R GNP i S— —s6
b S DI S5
BN S U W b S4

! Y |

4 \m——w-_Ji»M..._,JJ}_%A e — 33
o ‘-AL—_LH._._/J;\__J?\./\L_FA,._A_.AW_t_m_AA* S2
W %___L_ﬁ,ﬂ__.“,fb\_...\__'_a_; S1

0.0 5.0 10.015.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0 65.0 70.0 75.0
t/min

3 10 #tE7K HPLC-PDA 545 EEHRIAE TN B ZLECE
Fig.3 Automatic matching figure of similarity evaluation of
ten batches of AMR in HPLC-PDA fingerprint

2.10 UFLC-Q-TOF/MS EH%3)

K UFLC-Q-TOF/MS J5 ¥2:5%F FAARBEAT 5 1 4
M, FIH] Analyst TF 1.6 #4FREEHHE, K Peak
View # A+ XIC Manager ZhRERHT H stk &1
fi e Al CGRnE WK 4). BT Formula
finder HJREM LA WA 73 7, &5 B RFIERE
J, FRHE UFLC-Q-TOF/MS SVE 17 Bl rh A i

BT 5. BT SR LK 6, BER I
RARME S, BETHET 6 Metm— %, —
it e DL 7

3

6

/

5 20 25 30 35 40 45 50 55 60 65 70 75
t/min

155 LIRS 2-FIRMBR I 3-FIRMER T 4-FIR R 1T
S-FARMEE VI 6-%U A g
1-5-(hydroxymethyl)-furaldehyde ~ 2-atractylenolide III
4-atractylenolide Il  S-atractylenolide VI = 6-biatractylenolide

|

2 5
?
i

!
5 10

3-atractylenolide 1

4 H7KAY XIC Manager fH&EEINE
Fig. 4 XIC Manager screening overlay of AMR

1.853

48.789
49.651152.923 53.323
46.168

10 15 20 25 30 35 40 45 50 55 60 65 70 75
t/min

0 5

5 BAMEBSTFRANSEFRE
Fig. 5 TIC with positive ion mode of AMR
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22.048
21270 31328 43 785
1833 13900 " 35.161 533?59
ﬁ2549 31 18 I 33393 194 8251
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0 5 1015202530354045505560657075
t/min

6 BAMEBTRASBETHHESE
Fig. 6 Dynamic map of positive ion mode of total ion of AMR

LAV 2 s, ZELREAR TR 13.900 min F7E EST
PR B i e (B 7-B-1), W E] m/z
249.148 9 [M+H] 1 m/z 231.138 1 [M+H—H,0]"
(R P B T, 4RI m/z 249.148 9 [M+H] ™k ot
ST, FIH Formula finder #PF UL A fE
1 7T 25 41 BN CisHp00;, H1j B A XS 4> 1 RN
249.148 5, SZME N 249.148 9, %K 0.5X10°
THRER (B 7-B-2) I 249.149 1 [MA-H]
231.138 8 [M+H—H,0]". 213.126 8 [M+H—H,0—
H,0]". 203.142 2 [M+H—H,0—CO]". 185.1323
[M+H—H,0—CO—H,0]". 161.132 6 M+H—H,0—

x4 BREZEEZELFRSH MS/MS DHFER (EBTFIEN)
Table 4 MS/MS analysis of chemical components in fingerprint of AMR (positive ion mode)

5 fy/min TR e ATk

1 2371 127.039 1 [M+H]", 109.042 2 [M+H—H,0]", 97.933 2 [M+H—CH,0] ", 126.031 69 CeHs05
81.936 5 [M+H—H,0—C0]", 55.936 4 [M+H—H,0—CO—C,H,]"

2 13900 249.149 1 [M+H]",231.138 8 [M+H—H,0]", 213.126 8 [M+H—H,0—H,0]", 248.141 24 Cy5H3004
203.142 2 [M+H—H,0—CO]", 185.132 3 [M+H—H,0—CO—H,0]",
161.132 6 [M+H—H,0—CO—CH,CO]", 157.100 7 [M+H—H,0—CO—H,0—C,H,]",
144.100 6 [M+H—H,0—CO—C;H,0] ", 129.069 8 [M+H—H,0—CO—C;H,0—CH;,] ",
119.085 8 [M+H—H,0—CO—CH,CO—C;Hy] ", 105.069 9 [M+H—H,0—CO—CH,CO—C,H]",
91.055 3 [M+H—H,0—CO—CH,CO—C;H—C,H,]",
79.055 9 [M+H—H,0—CO—CH,CO—CHs—C,H,]"

3 22,048 233.153 6 [M+H], 215.142 | [M+H—H,0]", 187.146 6 [M-+H—H,0—CO]", 232.146 33 CysHy0,
145.099 4 [M+H—H,0—CO—C;H,]", 131.084 2 [M+H—H,0—CO—C;H,—CH,]",
117.068 9 [M-++H—H,0—CO—C3H;—CH,—CH,]", 105.069 | [M-+H—H,0—CO—C;H;—CH,—C,H,]",
91.054 0 [M+H—H,0—CO—C3Hs— CH,—C,H,—CH,]",
79.054 4 [M+H—H,0—CO—C3Hs— CH,—C,H,— C,H,]*

4 31328 231.1379[M-+H]",213.1272 [M+H—H,0]", 185.131 8 [M+H—H,0—CO]", 230.130 68 CysH,50,
157.100 6 [M+H—H,0—CO—C,H,]", 143.084 9 [M+H—H,0—CO—C,H,—CH,]",
129.069 4 [M+H—H,0—CO—C,H,—CH,—CH,]", 128.061 7 [M+H—H,0—CO—C,H,—C,H,]",
115.054 0 [M+H—H,0—CO—C,H,—CH,—CH,—CH,]"

5 48785 203.179 6 [M+H]", 161.132 8 [M+H—C3H]", 147.116 4 [M+H—C3Hs— CH,] ", 202.172 15 CysHyp
133.101 9 [M+H—C;Hs—CH,—CH,]", 119.085 5 [M+H—C;Hs—CH,—CH,—CH,] ",
105.070 1 [M+H—C;H—CH,—CH,—CH,—CH,]",
91.055 3 [M+H—C;H,—CH,—CH,—CH,—CH,—CH,]",
79.056 0 [M+H—C;H,—CH,—CH,—CH,—CH,—C,H,]"

6 53.969 463.2855[M+H]",231.137 9 [M+H—C,5Hy0,]", 213.126 4 [M+H—C,5H,0,—H,0]", 46227701 CyoH3504

185.1333 |:N[‘|’H_(:151'12(]02_HzO_COTr

CO—CH,CO]". 157.100 7 [M+H—H,0—CO—
H,0—CH,]". 144.100 6 M+H—H,0—CO—C;H,0] -
129.069 8 [M+H—H,0—CO—C;H,0 —CH;]"
119.085 8 [M+H—H,0—CO—CH,CO—C;H¢] "+

105.069 9 [M+H—H,0—CO—CH,CO—C4Hg]
91.055 3 [M+H—H,0—CO—CH,CO—CsHs—C,H,]
79.055 9 [M+H—H;0—CO—CH,CO—C;Hs—C,H,]"
TR BT HEMZAL G AR A T
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£S5 ARELEILZFRSH UFLC-Q-TOF/MS N TXRIZ£R (EEFiER)
Table 5 UFLC-Q-TOF/MS analysis of chemical components in fingerprint of AMR (positive ion mode)
. ) , 5 X [M-+H]" /(m/z) .
5 f/min Y ST Zik . S BE(X10°)

_‘ A #H 5 o,

1 2371 SFRHUALEEEE CeHeOs o oH 127.0390 127039 1 0.1

/

2 13.900 HARPIER T C,5Hy05 249.148 5 249.148 9 0.5

3 22.048 HAR P 1 C,5H,0, 233.153 6 233.153 6 0.0

4 31.328 HARPER I Cy5H;50, 231.1380 231.1379 -0.1

5 48.785 HARPNER VI CsHy, 203.179 4 203.179 6 0.3

6 53.969 WA C3oH350,4 463.284 3 463.285 5 1.3

3 g SR B D

3.1 ERFHMER

X PRBCGAF R BT 20 Rl B A R
VA CHUEE L 95% L) S O 7 A AR 73 2 (30%
50%-+ 70%-~ 90%). HEHUTE] (30, 60 90 min)
GHAT T HE. GEFREENRR, REHER
WOy O HE A L SR A 70% A3 B 1)
4 60 min,
32 BIEFRHRER

KHI HPLC-PDA, %% 7 £/ Cis AT
WA Inertsil® ODS-SP (150 mm X 4.6 mm, 5 pm)-.
Kromasil Cig (150 mmX4.6 mm, 5 pm). Hedera
ODS-3 (150 mmX4.6 mm, 5 um). Phenomenex”
ODS Cjg (250 mmX4.6 mm, 5 pm), Z5HEH
Inertsil® ODS-SP (150 mm X 4.6 mm, 5 pm) AEfE4L
Up oy B 45t g, UG TR) L AE 2, 0 B BT o

HET LG /KFIEE-/K 2 P sh Ak 25 B
ARIGETI, S5 RRIN, LI-7KRG5 B45 B R
B O, BA LR BECR . [N, KA
BEIEDENE, %52 T AR LG SR B A B AR %4k

TN, a3 A AL (38140, 42 C),
AR (0.94 1.0 1.1 mL/min) . 1 %% (Waters 2695
FT Agilent 1260 =y 80BAH (1% R 40 ST T %42,
GEHIEHAE, e T A&,

3.3 IhE

— SR AL SE i) TLC vE5 He s AT HPLC 92
AT W, B A TR T AR
PRI o) T 24 0 R0 = ol EAT AR g, IR Sk
P 25 LSk . Bk, AR ESL T
FIAR HPLC R4 K, ohre T 6 ML IR
W, I H B4 #F UFLC-Q-TOF/MS J7 k) 34
VEREAT TSR, MR T 6 AN b 2 ik
gy, Rk S HULRRRE . AORNEE I RN
B I, ERMEE . EARNEE VI FIRE AR M.
LTS Sy AT BASE vl . M. R AIAHE
ABLRE X 48 20 Bl EAT VRAY, AN [k R AL R
U, KT 0.95, BEBHANIR =L CHFVL . e ORIl
M) AR AR 7 s — B i
Bre oo e T A R, oA SRR T
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. 127.039 1
Al A2 97.9332
559364 81,936 5
109.0422 127.039 1
PR W [ s PPN 1300 VRN PYYO PRI | | Y TR I i _
120 122 124 126 128 130 132 134 136 60 70 80 90 100 110 120
- B2  91.0553[105,069 9
231.138 1 119.085 8
185.1323
129.069 8144 100 ¢ 213.138 8
249.148 9
232,041 Q 249.1491
250.152 1
1 P 'l ——
150 200 250 300 350 400 60 80 100 120 140 160 180 200 220 240 260
c2
C-1 233153 6 910540 131.084 2
79,0544 1050691
1 06s o 450994
81.0702 ' 141.069 0187.146 6
234.157 1 J 143.084 5 215.142'5
233.153 6
. A4 ‘ [l |_|.J'.||._ a7
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