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Establishment of UPLC Fingerprint of Zexie Decoction Which is a Classical Herbal Formula

TANG Wengiang'?, GAO Yanrong'?, YANG Changhua'?, LIU Bin"?, WANG Yanjiao'?, LIU Feng?®? (1.Shaanxi
Institute of International Trade & Commerce, Xi’an 712046, China; 2.Collaborative Innovation Center of Green Manufacturing
Technology for Traditional Chinese Medicine in Shaanxi Province, Xi’an 712046, China; 3.Shaanxi Buchang Pharmaceutical Co.,
Ltd., Xi’an 710075, China)

ABSTRACT: OBJECTIVE To establish the chromatographic fingerprint of Zexie decoction by UPLC. METHODS The
fingerprint was determined on ACQUITYUPLC®BEH Cis column(2.1 mmx=50 mm, 1.7 um), with acetonitrile(A)-water(B) as
mobile phase for gradient elution at a flow rate of 0.3 mL-min"!. The temperature of column was 35 °C. Full wavelength
scanning was employed and alisma B was chosen as the reference peak. The UPLC fingerprints of 15 batches of Zexie decoction
were studied and the similarity was analyzed with Similarity Evaluation System for Chromatographic Fingerprint of Traditional
Chinese Medicine combined with principal component analysis and discriminant analysis of orthogonal partial least
squares(PLS-DA). RESULTS There were 23 common peaks in the UPLC fingerprints of Zexie decoction. Among of them, 15
common peaks were assigned to Alismatis Rhizoma, 8 common peaks belong to Atractylodis macrocephalac Rhizoma.
Atractylenolide I, atractylenolide II, atractylenolide III, alisol A, alisol B, alisol B monoacetate were determined by the relative
time of the standard substance and the contents of these compounds were in range of 0.028 7-0.033 1, 0.029 5-0.036 6, 0.012 0—
0.019 4, 0.102 2-0.143 9, 0.469 3-0.701 2, 0.425 5-0.730 8 mg-mL™! in 15 batches of Zexie decoction. The similarities of
batches were 0.979—-0.996. In principal component analysis and PLS-DA, 15 batches of samples were divided into 3 groups
according to Alismatis Rhizoma that come from different provinces. CONCLUSION The established method is quick, easy,
accurate, stable and repeatable, which can basically reflect the overall chemical composition characteristics of Zexie decoction
and provide a reference to the exploitation and application of Zexie decoction.

KEYWORDS: Zexie decoction; UPLC; fingerprint; principal components analysis
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ELEE S
1 UBE5HF
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5 16052904 ; 4[EE>98%) . FHANE T LS .
17062701 ; 4l i >98%) . I AR P fig I (#L 5 -
16092604 ; Z1iJ>98%)¥40A [ 14 1|44 4t v 25 A5 Py Fl
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2 FAEEHR
2.1 Ak
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50 mm, 1.7 um); WA ZNE(A)-KB), BHEEDE
5 (0~1 min, 5% —10%A; 1~4 min, 10%—>55%A;
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10~15 min, 90%—5%A; 15~16 min, 5%A); i
M 0.3 mL-min'; ¥ 35 C; @K AR 090~
400 nm); PEAEE 6 ul.

F1 HMUKAER

Tab. 1 Information of herbal medicine pieces

OIS 7 it

e i 7X180401
7X180701

it 7X180402

7X180409

finye ZX180801

AR B BZ190101
BZ190302

pu i BZ180409

WHT BZ190903

L BZ190201

2.2 XF BRI TR ] £

KAk 0.004 4 ¢ HARMNES T, 0.0034 ¢ H
ANBEI, 0.003 6 g HARNERN, 0.003 7 g &5
2 A, 0.003 5 g FEIGEE B F1 0.002 4 g 23-LWEETS
i B 433 A R 5 mL s, A GE & H 58 4
e, SR T H B A B2 4 0 BRI s R
W B E R4S PRS0 1 mL, JINAE] 10 mL &
S, P AR A R IR VAR
2.3 RS AR A

(AR ) 4 h R IR g DK IE I 36 56 -+
THEEREET N CBRIE AW, ARZW, A
TR, DUKZH, EET, R, BT
7K5% (AR E RSV ) (B Rt
(i AR Al R 07 F R DU — PN 155 g, —
F4 200 mL 3, FREGEDS 77.5 g, HIAR 31 g,
hn/K 400 mL, ¥ 30 min, 5K KB R,
/N KRB B K538 200 mL, 2045 i & 5B
100 mL JEREAE 2 5 mL, KR ATRFERE 2 25 mL
ZE e S A P 30 min, B HI, P EE
KEZIE, B0, B EERZ 0.45 pm HfLuE M
U8, RPASEI VA s AR AN RIS R A R AL
A, U EITERE 15 HEWRERTE K BURRE &
(S1~S15), BARHITFE WK 2, I4% Bk Ty
)] B BRI RS K RILVRCRR AR 7K IR
2.4 ISR
2.4.1  [UEPREEBRES RS B I IBUETS 4 (St
WA, % “2.17 UMM, SR 6
W, ERIBE L, DL 1S SIEEERE B S ME, &
FRIE AT W AR X R B3 B TH] 1Y) RSD ¥4<1%,  AHXT i
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A TRSRITE I E AR R

xk2 FEBEHHETEILEK

Tab. 2 Combinatorial information of Zexie decoction

%' [ERCE e AR S
S1 ZX180401 BZ190101
S2 ZX180701 BZ190302
S3 7X180402 BZ180409
S4 7X180409 BZ190903
S5 ZX180801 BZ190201
S6 ZX180801 BZ190101
S7 7X180409 BZ190302
S8 ZX180402 BZ180409
S9 ZX180701 BZ190903
S10 ZX180401 BZ190201
S11 ZX180801 BZ180409
S12 ZX180409 BZ190101
S13 7X180402 BZ190302
S14 ZX180701 BZ190903
S15 ZX180401 BZ190201

242 HEWRE BEBEHSHERHAER 6
By, #% “2.17 BN O SREKIRIERE, £ RRIE L
A W AH X B IS E] Y RSD $41<1%,  AH %I i AR )
RSD #j<5%, RAAFEELEMRIF, fFEHHEA
BTG AR 2K

243 FREMKE  BCER T BENEE %S
B, % 217 R @ERM, 5E 1,
3, 6, 9, 15, 18 hilllXg UPLC i, LI 155
WEFEIEEE B S Mg, 450 R, SR
ARXT PR BRI [A] ) RSD ¥49<1%, AHXTIE LAY RSD
B1<5%, FIAULKSEITE 18 h N TR R AT
244 LREMEZE R <237 T FIHK N IE R
il & 7 o il A 2 R B . BRTE . AR
PADREE VIR, e “2.17 TR iE A HatEE, It
eEEEE, WE 1,

2.5 151 UPLC f8 a1 rY i AR EE PFAr
2.5.1 151 UPLC f8atElignyssr  #% “2.3”7
T 7 A 15 R AR s v, R 42,17 T
TS N T E, e AR AL,

B 15 IS0 UPLC EBIE S A 2
RO EIEAUEE TR RGE” (2014A RR)EKF:, 4218
BIFPE S, &2 8KIE IR RS G
e R SR, , BT 23 N IAIE, H
Hi1, 2, 4,5,6,9, 10, 12, 14, 15, 16, 17,
18, 21 Fl 22 SR AR, 3, 7, 8, 11, 13,
19, 20 F123 Sk A AR, $5INT 6 I,
SRR 3 SN EARNERT, 7 5 HEARNEET . 9
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B 1 208 nm T4 & # UPLC &3 [

A=, B-SAIRIFVEK BT C—HAR A ARKAOR; D-FEI5Y; E-R
BXIRE 3-FRNERIL; 7T-FHARNBR D ; 9-IF1ERE A 11-FIARNER
I; 15-FEEE B; 18-23-Z ISR B,

Fig.1 UPLC chromatogram of samples in 208 nm

A-methanol; B-single Alismatis Rhizoma decoction; C—single Atractylodis
macrocephalac Rhizoma decoction; D-Alismatis Rhizoma decoction;

E-mixed reference; 3-atractylenolide III; 7-atractylenolide II; 9-alisol A;
11-atractylenolide I; 15-alisol B; 18-23-O-Acetylalisol B.
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Fig.2 UPLC fingerprint of 15 batches of Zexie decoction

252 MRUEPEY 2 i E SRS AL
JEVEM R (2004A MO0, 4R WLk
3o 15 UG A FE i 5 A A O S S0 14 AH
IBEFE 0.979~0.996, AHUAE T AU 3T 15
SIEFTE I B) IG5 B BT, N (A Ho
AW, B 15 SRIER B ik h S g,
L 15 S0y 2 BRI THA3 25 A U6 () AR GO PR
I R FURE X DA TR, % A WA 194 R X B B ] 11
RSD #4>1%, £ A WAH X0 i AR 25 A K,
FBETS 17 AL~ A SRR B, (A5 vk ) A e

R3 ISHFBHERE G RIEEERAENE

2,53 ERMUGT R 15 S RERE B)
YERNZ BRI  THE A A AR X 2 BRI I B
FIAERTIE TR AR, 153 23x15 IEdmdaig:, 4580
4,

B 15 KRS AEES 23 A AT WGAR X 06 1t
FUWE R As &, R SIMCA-P 11.5 #f4ik47 e
BEPUN(PCA-X), WLEEHE S B SR RGO, 15
LS PCA 1543 56 B ¥ [R*x(cum)=0.921,
Q*(cum)=0.558], W.F 3,

£ PCA I | R2%x(cum) Ml Q*(cum)ZiFHr

BRUE R AT T EER bR, WA BUEEET 1,
Ui IR TR [ f R 1 ) 5 TR BB ) i, ASBF 5T
71 PCA 7 R2x(cum)>0.9, Q*(cum)>0.5, H.%%
RATf5 o 15 AL IRFETE 1 P AN R 4k 3 4,
S1, S2, S9, S10, S14 11 S15 K% 1 4 (Wuil),
S3, S4, S7, S8, SI12 Fll S13 M4 2 41() 1),
S5, S6 F1 S11 KA 3 dl(H i),
254  IEACE/N L HAH] 5T (OPLS-DA) %
FHA Wi R R I OPLS-DA BFFERE i 6] 25 5
PR 15 HEEEVS AR & A5 B [R2x (cum)=
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Tab.3 Similarity of 15 batches samples and contrast chromatographic fingerprint

. POBEE]
FEa S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S
S
S1 1 0.997 0995 0990 0.997 0980 0978 0980 0979 0978 0974 0977 0974 0974 0972 0.991
S2 0997 1 0997 0992 1 0984 0980 0981 0981 0981 0976 0979 0974 0973 0971 0.992
S3 0995 0997 1 0993 0.997 0985 0983 0984 0984 0983 0979 0.982 0.977 0.970 0.968 0.993
S4 0990 0992 0993 1 0992 0986 098 0986 0986 0986 0982 098 0980 0977 0975 0.994
S5 0997 1 0997 0992 1 0984 0980 0981 0981 0981 0976 0979 0974 0973 0971 0.992
S6 0980 0984 0985 0986 0984 1 0995 0996 0992 0992 0989 0992 0987 0967 0.964 0.994
S7 0978 0980 0983 0986 0980 0995 1 0998 0997 0997 0992 0995 0991 0.968 0.966 0.995
S8 0980 0981 0984 0986 0981 0.99 0998 1 0997 0997 0993 0.996 0993 0.966 0.964 0.995
S9 0979 0981 0984 0986 0981 0992 0997 0997 1 1 0995 0998 0994 0968 0.966 0.996
S10 0978 0981 0983 0986 0981 0992 0997 0997 1 1 0.995 0.998 0.994 0.968 0.966 0.996
S11 0974 0976 0979 0982 0976 0989 0992 0993 0995 0995 1 0.997 0998 0969 0967 0.994
S12 0977 0979 0982 0986 0979 0.992 0995 0996 0998 0.998 0.997 1 0.994 0967 0.965 0.995
S13 0974 0974 0977 0980 0974 0987 0991 0993 0994 0994 0998 0.994 1 0.967 0965 0.992
S14 0974 0973 0970 0977 0973 0967 0.968 0.966 0.968 0.968 0.969 0.967 0.967 1 0.997  0.981
S15 0972 0971 0968 0975 0971 0964 0966 0964 0.966 0.966 0.967 0965 0965 0997 1 0.979
POBEEE'
i 0991 0992 0993 0994 0992 0994 0995 0995 099 0.996 0.994 0995 0992 0981 0979 1
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Tab. 4 Relative peak area of common peaks of 15 batches samples

6353 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15
1 0.140 0.142 0.148 0.145 0.142 0.140 0.149 0.141 0.141 0.142 0.142 0.143 0.144 0.141 0.140
2 0.163 0.164 0.163 0.165 0.164 0.169 0.167 0.166 0.166 0.166 0.167 0.168 0.169 0.167 0.650
3 0.230 0.233 0.189 0.234 0.223 0.227 0.230 0.230 0.233 0.234 0.224 0.234 0.233 0.234 0.232
4 0.115 0.116 0.117 0.117 0.108 0.109 0.116 0.117 0.116 0.116 0.106 0.116 0.116 0.115 0.117
5 0.300 0.132 0.132 0.132 0.118 0.116 0.132 0.131 0.130 0.130 0.119 0.128 0.129 0.129 0.131
6 0.119 0.120 0.122 0.120 0.113 0.114 0.120 0.118 0.119 0.119 0.118 0.119 0.119 0.119 0.117
7 0.464 0.465 0.472 0.470 0.457 0.451 0.471 0.471 0.463 0.462 0.451 0.477 0.477 0.465 0.461
8 0.138 0.135 0.134 0.133 0.125 0.127 0.135 0.130 0.132 0.132 0.128 0.134 0.134 0.131 0.139
9 0.137 0.136 0.143 0.140 0.131 0.132 0.145 0.145 0.136 0.136 0.134 0.147 0.148 0.132 0.131
10 0.177 0.176 0.178 0.170 0.166 0.162 0.176 0.173 0.171 0.172 0.165 0.173 0.174 0.168 0.169
11 0.443 0.446 0.451 0.449 0.442 0.440 0.450 0.445 0.447 0.447 0.446 0.446 0.445 0.445 0.448
12 0.132 0.132 0.132 0.132 0.122 0.124 0.131 0.131 0.131 0.131 0.121 0.131 0.131 0.130 0.132
13 0.227 0.229 0.229 0.230 0.229 0.225 0.229 0.230 0.231 0.230 0.260 0.230 0.230 0.232 0.230
14 0.119 0.119 0.119 0.119 0.119 0.118 0.118 0.118 0.118 0.118 0.118 0.118 0.118 0.117 0.119
15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
16 0.078 0.078 0.078 0.079 0.078 0.072 0.079 0.078 0.078 0.078 0.078 0.078 0.078 0.077 0.079
17 0.132 0.134 0.147 0.149 0.128 0.128 0.148 0.142 0.130 0.130 0.260 0.146 0.145 0.131 0.130
18 0.588 0.581 0.624 0.626 0.612 0.615 0.627 0.628 0.589 0.581 0.611 0.624 0.623 0.580 0.586
19 1.209 1.252 1.411 1.415 1.246 1.246 1.413 1.411 1.212 1.262 1.262 1.412 1.417 1.215 1.240
20 0.342 0.343 0.330 0.329 0.333 0.330 0.327 0.331 0.343 0.345 0.335 0.338 0.331 0.341 0.345
21 0.264 0.263 0.237 0.236 0.217 0.219 0.234 0.231 0.260 0.262 0.220 0.231 0.310 0.259 0.258
22 0.199 0.175 0.181 0.186 0.195 0.202 0.187 0.183 0.199 0.204 0.206 0.187 0.183 0.204 0.206
23 0.673 0.675 0.657 0.665 0.685 0.698 0.654 0.660 0.678 0.681 0.682 0.655 0.659 0.679 0.681

98-7-6-5-4-3-2-101 23 456 7289
R?X[1]=0.581745 RZX[2]=0.275779 #[1]
Ellipse:Hotelling T2(0.95)

3 15##F G PCA B4 H
Fig. 3 Plot of PCA of 15 batches of samples

—6h__ . T T TS T A
-8 -7-6-5-4-3-2-1012 3 45 6 7 8

R2X[1]=0.572751 R°X[2]=0.281469  #[1]
Ellipse.Hotelling T2(0.95)
B4 15 ## & OPLS-DA &4 A
Fig. 4 Plot of OPLS-DA score for 15 batches of samples
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Fig. 5 OPLS-DA load diagram of 15 batch samples
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Fig. 6 S-plot analysis diagram of the relative area of the
common peaks
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2.6.1 ZAMECRFELE  AHIKEERREC 227 W
() ERLE 43 0 BR SRV G &, A TP BERE B 6 A
FHUREE, $e 2,17 gk, o EE R R
L, DAETIFR(A) AR, Bt Wk B (C) AR AL R o
FAR NS TEEIETREN C=3.026x107°4+0.002 1,

R?=0.998 8, &Ml 0.020 5~0.042 1 mg-mL™';

AR PER I [E1)95 7 C=2.843x107°4+0.003 8,

R?>=0.990 5, &V 0.021 3~0.042 5 mg-mL™';

FIAR AR T[N R C=2.804%107°4+0.001 5,

R?>=0.997 8, &MV 0.008 1~0.025 1 mg-mL™;

PG A [MIEFFRER C=3.495x1074+0.009 1,

R*=0.994 6, k1Ll 0.081 4~0.167 5 mg-mL™';

BUGEE B A5 FE C=2.329x1044+0.011 5, R’=
0.998 6, Z&PEVLH 0.350 1~0.851 2mg-mL™'; 23-
CEFERE B [MIH 52 C=3.799x1044+0.004 6,

R?=0.998 4, ZEVEJE R 0.350 8~0.852 7 mg-mL™!, %
A 1 R T 1) o e VR P Y R N R O R LA
2.6.2  JNFERICARIRE  HE 237 TUTIAT AR
EHAL W, JFIEEIr 1 1 M EARNER
. BEARANERI . BERAERIT ., PEERE AL S
i B Fl 23-ZBEFTSEE B XTIR S, % “2.17 Tif
AR, IPREEREGMS TP A ARNEE T,
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RSD {H7r M 0.89%, 1.21%, 2.24%, 2.56%,
2.71%, 2.35%, WEBGJELS, FFARINELK,

2.6.3 FEEGHSER S ENE % “2.37 T
JrEdeE 15 MmN ESSRE R, % 2.1
WA SRR AT , TS TR AT
T,

15 fEFEEHTEARAEE T . AARAEET . A
ARHNESI , FIEEE A, FIS5E B M 23- OB TSE
B Y maas R LR 5
£S5 ISHBFEAHSFAAART. ARABI. A%
WEET, FER A, BEBRBM23-LEBFEEBHNEAE

Tab. 5 Contents of atractylenolide I, atractylenolide II,
atractylenolide III, alisol A, alisol B, 23-O-Acetylalisol B of

15 batches of Zexie decoction mg-mL™!
B FIA FIAR FIAR ?3":‘2"%’ ‘i%i‘i"a' ‘23-Z;r§5%
2R g T LR WA WiB EIEMH B
S1 0.030 8 0.030 1 0.0194 0.1022 0.6934 04255
S2 0.0317 0.029 7 0.0192 0.1034 0.6836 0.4367
S3 0.029 1 0.0321 0.012 6 0.1258 04756 0.632'1
S4  0.0319 0.036 6 0.0174 0.1311 04862 0.6534
S5 0.032 1 0.034 4 0.017 6 0.1421 05032 0.7308
S6  0.0313 0.0312 0.0192  0.1029 0.5108 0.7194
S7  0.0319 0.030 9 0.0192  0.1033 0.4901 0.6723
S8 0.0301 0.0319 0.0124 0.1234 0.4832 0.6491
S9  0.0308 0.0358 0.017 1 0.1359 0.6879 0.4401
S10  0.0331 0.033 8 0.0180 0.1378 0.7012 0.4319
Sl 0.028 7 0.032 6 0.0120 0.1227 0.6902 0.723 1
S12 0.0316 0.029 5 0.0192  0.1045 0.4796 0.6519
S13 0.0309 0.030 3 0.0192  0.1038 0.4693 0.6438
S14  0.0315 0.036 1 0.0175 0.1367 0.6712 0.4297
S15  0.0329 0.034 2 0.017 8 0.1439 0.6893 0.4268
3 itg

3.0 KRR A

£ 190~400 nm N, >RH 3D @il , XHEE
Irap A, 258K 208 nm KA
B, SR 2D i@ s HIR 4 200, 208, 210, 220,
260, 280, 300 nm FHESHAY UPLC 35S EIHEATXT L,
ZEIRLH], 208 nm FIRLPRR, AR RZE,
Hor B AR G A ZER, 5 HA A i v
PR L $E 208 nm 1E i3T5 ) Ja SRR I o
3.2 HishH g BERE

FEHRMBFEMAR 2 RGNk, £
fR2E0 0 = ds . ke . kg . Rk
EAL G ARG HEE T LNE-01% BRI
ZNE-K . ZHE-0.02% = LW AE R R s A R4 7
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PR UPLC i, 4553 -k & s R 40
1% UPLC Rl 25 -7K 2 G853 85 1 DL R P 45
I, KRR OG- KAE i shAe, If R B R BE
R O iR X RS 1 A T AT o
3.3 IR ER YRR

FIARNES T EARPIER A AR AR IHE A
R FEG RGNS, A R B i i O E bR
i HEAT B R i 0 R EE AL RS
i B Fll 23- L BEPRTEIE B /2315 19 B4 1y,
1 PETE 7 A9 i J S G T R 429, i HL
X 6 Pl B EA SEE ) UPLC M3 I b 43
B ISHESHTAARNER T . AARNER .
HARMNE . FIEEE A PRISEE B M 23-BHFS
I B 1 & & P48 /%14 0.031 2,0.032 6,0.017 2,
0.1213, 0.5810, 0.577 8 mg:mL™", & EIkshEH
g 0.028 7~0.033 1, 0.0295~0.0366 , 0.0120~
0.0194,0.102 2~0.143 9, 0.469 3~0.701 2, 0.425 5~
0.730 8 mg-mL™", i 23-ZBEFIEEE B AU 30
Bl AK, HR2aTENES RS ELIEN
70%~130%4 , A [l RIS R i 45 il oy
TRAAEZES, HA] USRI s 25
PR TR
3.4 AHRUERMZ TG

AN ] 7= b AN [R5 305 A AR 59 15 4t
15 W R S UPLC 48 o0 B 3% M L R
0.979~0.996, FRIAFETE A i i) — B S . PCA
SRR, 15 MRS A RE SRS P AN [F] 43
3 41, UAHRTEERTE RS r i AR AL S
FEU R AP E—E 2 5% . 1 OPLS-DA T, Xt
15 FBHFER AT T S-plot 708, 18 S15(23-
LEEEETEEE B) ., 23 S 2 SR 22 S IR FAE
b 3 2 DTSR AR, A A Y 25 SV o
Horp 18 451 (23- PR TE i BYXT 15 LA i 73 2 A
A TTHCR K, B AR RIEIR B EETE ER 5 23-
LEEFEER: B SN ERERK, X5EENE
MZER—2, 23-WEFTEEE B ok A TS5, HY
1Y 22 5 FEE RN 2R TS 1Y o AL OO [R]
R o 23-Z RS EE B HA AR . T R RE I
NG FME, RPETE R ARtk e B 7= oA
00T 7 9 R AN [R5 MRS 23- L IR TS BE B 7
) FEE R RS,

AW T 24 SN UPLC $54C
B, e T 23 MR, I AARNER T .
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FIARMNE T . FAIRMANET, PRISEE A, FI5E B
M 23-ZBEEEEE B 6 MME2Emsy, JExtH& &
HEAT T 5E o 15 HEPETE 19 UPLC $8 80 RE A1
IEEA 0.979~0.996, AU >0.900, 1A PIEE
I, AARNEET . ARAERI ., FI5E A, F5
Bz B M 23-ZBEFIEEE B BY& & HH 550 A
0.0312, 0.0326, 0.0172, 0.1213, 0.5810,
0.577 8 mg-mL™"', WISt 75 7 g iRk 2
FRAE, AU 7 e P T e, A MR, R R,
RS W B A I o 1 o o BRI TR
%, KBTS R — 2 R R & S48 T 9 o 3
Bl B4 o
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