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Abstract: Objective To establish the UPLC fingerprint for effective quality control and scientific evaluation of Picrorhiza
scrophulariiflora. Methods The analysis was performed on Waters ACQUITY UPLC BEH Cis column (100 mm < 2.1 mm, 1.7
um), using acetonitrile-0.5% glacial acetic acid aqueous solution as mobile phase for gradient elution, with the flow rate at 0.3
mL/min, the column temperature at 32 °C, and the detection wavelength at 295 nm. Total of 25 batches of P. scrophulariiflora and its
adulterants were analyzed. Similarity evaluation combined with hierarchical clustering analysis (HCA) and principal components
analysis (PCA) were used to evaluate the quality of herbs from different batches. Ultra-performance liquid chromatography-
quadrupole time-of-flight tandem mass spectrometry (UPLC-Q-TOF/MS) was used for qualitative analysis in the positive and negative

Yis HEA: 2017-10-09

TEF RN K (1994—), 4, Wi-LAEE:, BFRTRARZHZiIT K. E-mail: Zhangkejia_3@163.com

«BEEE 2 M, o Zdg, HLASIE, BHFCT AR 2 R R IS R PN B 7S . E-mail: liping2004@126.com
il %%, &, WA, BTSRRI R . AL K EFREMS AN . E-mail: heyi@tasly.com



<686 ¢ ¢ %% Chinese Traditional and Herbal Drugs 25 49% %5 33§ 201842 A

ion modes. Results There were significant differences in fingerprint chromatogram among P. scrophulariiflora and its adulterants.
There were 16 common peaks in UPLC fingerprint of 22 batches of P. scrophulariiflora, and 12 peaks among which were carried out
for chemical components identification with the similarity at 0.939—0.998. Twenty-two samples could be classified into three

clusters. The PCA result was consistent with that of HCA. The four symbolic compounds in samples were verified by PLS-DA

analysis, which identified that No.1, 12, 9 peaks were picroside I, picroside Ill, and scrophenoside C. Conclusion The
establishment of UPLC fingerprint and the recognition of chemical pattern of P. scrophulariiflora can provide a more comprehensive

reference for the quality control of herbs.

Key words: Picrorhiza scrophulariiflora Pennell; adulterant; UPLC; fingerprint; similarity evaluation; hierarchical clustering

analysis; principal components analysis; partial least squares discrimination analysis
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Table 1 Information of sample batches

b R | itk PR bk L
s1 PEREL 1| S10  pu)i1 S19  PhHE 13
S2 pEgL 2| S11 7HK 8 S20  PhiE 14
S3 B RE S12 VEK9 S21  7hiEK 15
S4 PEE 3| S13  ASF1 S22 PhjE 16
S5 VL 4 | S14  PHL10 | S23 P 17
S6 PERELS | S15 P11 | S24  JERIASR
S7 gl S16  AfF2 S25  PhE 18
S8 PERL 6 | S17  PERK 12
S9 pEEE 7| S18 Pyl 2

2 HEEHER

21 BIESRIEEH

211 k% Waters Acquity UPLC BEH Cig
WAE (100 mmX2.1mm, 1.7 um). FzhHY 0.5%
VK BKIET (A -2 )15 (B); BEEBERL: 0~6 min,
8%~10% B; 6~10 min, 10%~11% B; 10~16 min,
11%~13% B; 16~19 min, 13%~18% B; 19~26
min, 18%—~23% B; 26~28 min, 23%~95% B;
28~29 min, 95%~8% B; A& 0.3 mL/min;
KM 295 nm; A 32 °C; JEAEE 4 ul.
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w, HfR.
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BUASE MR G 3 50f) £ 015 g, ¥
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Fig. 1 UPLC fingerprints of 22 batches samples of P.
scrophulariiflora
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L2-WABGETF | 132K HF  14-B0ETT H 168051 B
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B2 22 #tAEEAMHEERKE

Fig. 2 Mutual pattern of UPLC fingerprints of P.

scrophulariiflora
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(2012A), FIHH 7%, B S11 S ik By
ZHRENE, RAANEEITE, Ao RS, Pl
VENEHH I 25 (0 BB S, AT AR LEE VR

FLABLEE 45 R W3R 2. SHEFE A AL AE 0.939~
0.998, FRUASHLIHATIE T EM X F2E; HE 1. 2
AN 7 M B0 TR A S T R R S B SR AR A
8L, RO\ BA BT FEAR— 0, HF 7 0 (1 e ThI
B ESR, RIS EGAR. AFE 21
PLE i, K& S10. S20. S23 AHALE AR AR, H
R FE AL EE R o

F2 2 HAEFEAMBUESITESR
Table 2  Results of similarity of 22 batches of P.

scrophulariiflora

it ARDUE | dibv ARRUE | ft ARRUE
S2 0994 | S11 0995 | S20  0.958
sS4 0990 | S12 0984 | S21  0.995
S5 0967 | S13 0980 | S22  0.994
S6 0996 | S14 098 | S23  0.939
s7 0978 | S15 0998 | S24  0.977
S8 0992 | S16 0995 | S25  0.994
S9 0996 | S17  0.983
S10 0958 | S19  0.982

25.3 REMIIER X3 #E (tbik S1. S3. S18)
DA % B SE R ot e (XS RHEY R B
i |agotis brevituba Maxim.) [FETE “2.37 TR
TS AR, % “2.1.07 T2 i skt
ARSI, 733 3 HEVRYE S ¥ UPLC .

DL 22 # s A R A O B, 5 3 IR
P S S A O LA R AR, 4 RAE L
4 0.078~0.114. 3 #LIRIF M UPLC ik &1 5]
BRI LB LA 3.

ME 3 FTLLEH, 3 HEIRIE & 1 UPLC B (04
T\ % B 0 200 Xt (% B ] e U T AP0 B
— 3 M SRR MR EE, I IR TR |
FEEEIEH HEHAERZESR . WIHREMEN

3 3HLIREMEY UPLC BISHEEDMARHERXM
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Fig. 3 Comparison on UPLC fingerprint of three batches of
adulterant and mutual pattern of P. scrophulariiflora
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Fig. 4 P. scrophulariiflora samples in positive (A) and
negative (B) ion mode

£ 3 PHEEHHMIERS UPLC-Q-TOF-MS iR RETEL
Table 3 Information of identified compounds in P. scrophulariiflora by UPLC-Q-TOF-MS

AW tmin BETIEEG Mz  BERE mz) #E (X109 47 KRR MSE B jr {2 B Sk
1 083 6652139 [M—H] 665.1718 — CaoHaOy FREHEMERE A (-)503.1606,179.0517, 13
689.212 6 [M+Na]* 689.169 4 (+) 543.133 3, 527.158 8, 365.106 3
2 110 3611126 [M—H] 361.1135 -2.49 CisHzOmn (-) 199.057 7, 169.040 3, 181.049 8, 14
151.039 4

3" 117 3451186 [M—H] 345.118 6 0 CisHzOg BRI E (+) 185.005 7, 167.032 5, 149,052 4, 15
369.115 9 [M+Na]* 369,116 2 -0.81 137,053

4129 169.0121 [M—H] 169.013 7 -9.47 CiHeOs BT’ (-) 125.076 5, 97.023 3 16

228 329.0920 [M—HJ" 3201236 - CisHz08  JHHIERTF C (-)167.0334 17

3531212 [M+Na]* 353.1212 0

6" 254  321.0945[M+Na]* 321.0950 -156  CuHs0r THH (+)137.062 1 12

70 361 3271061 [M—H] 327.1080 -5.81 CisHaOs  KLHATHEH (-) 165.053 6, 150.031 7 18
351.105 0 [M+Na]* 351.105 6 -1.71 (+)167.0747

8" 423 167.0340[M—H] 167.034 4 -2.39 CeHsOs  FHRR — 12

9° 595 379.099 3 [M+Na]* 379.1005 =317 CisHuOs  JEMH (+) 268.998 0, 177.037 3, 149.011 8, 19
1329537

10 702 520.1572 [M—H] 529.155 7 2.83 CasHa001  pikuroside (-) 511.1389, 349.085 6, 167.031 8, 20
5531532[M+Na]* 5531533  -0.18 123.0442

11 769 523.1452 [M—H] 523.1452 0.00 CasHz5013  verminoside (-)323.070 4, 179.029 2, 161.023 3, 14
547.142 7 [M+Na]* 547.1428 -0.18 133.0276

12 895 641.1647[M—HJ 641.1718 -11.07 CosHaOrr B H D () 501.097 9, 479.111 8, 311.066 6, 14
665.166 5 [M+Na]* 665.160 4 436 167.0094

13" 921 167.0714 [M+H]* 167.0708 3.59 CoHuOs  AHZHH (+)167.0714 12

14 1164  633.179 0 [M+Na]* 633.1795 -0.79 CasHauO1s FRHETER T F (+) 313.059 6 12

15" 1201 507.149 9 [M—H]" 507.150 3 -0.79 CuHasO12  HEET IV (=) 307.080 2, 265.061 0, 163.036 7, 14
531.147 5 [M+Na]* 531.1479 -0.75 145.0269
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WA twimin - BEEFICEE (mz) B mz) ®E (X108 7R LR MSE {7 & Sk
16 1329 663.189 6 [M+Na]* 663.190 1 -075  CooHO1 JRFEBE A (+)313.0873 12
17" 1421 537.1603[M—H] 537.160 8 -093  CasHaOw FHEETF 1IN (-)337.0900,193.0428, 21
5611586 [M+Na]*  561.1584 0.36 175.036 6
18" 1652 5111453 [M—H] 511.1453 020  CosHosO1z WA 11 (-)349.0904,235.0589, 14
5351432 [M+Na]*  535.1428 0.75 167.033 0, 163.038 6
19° 2065 507.150 0 [M—H] 507.150 3 -059  CuHOn HEMWH (-)345.0811,231.0610, 14
163.048 0,145,028 7
20 2135 653.2062[M—H]" 653.208 2 -306  CaoHseOus 1-[2-(4-(34-dihydroxycinnamoyl)-3-  (-)491.123 1,161.0206 14
glucosyl)glucosy]ethy-3- hydroxy-4-
methoxybenzene
21" 2198 4911554 [M—H] 491.1553 020  CoHosOu HHHETTF | (-)199.0617,147.0405 21
515.153 1 [M-+Na]* 5151529 0.39
22" 2205 537.1613[M—HJ 537.160 8 093  CosHsoO1s 6-PZRMER:RE (-)375.1047,261.0746, 21
193.046 9, 175.0378
23" 2260 537.1606 [M—H]" 537.160 8 -037  CasHwOw KWH (-)375.1088,261.0749, 14
193.0480,175.019 0
24 2316 8132810 [M—H] 813.2817 -0.86  CaHsoO2 EIEH H (-)637.2137,491.1758, 14
329.088 2,175.042 0
25 2402 667.2239 [M—H]" 667.223 8 015 CaiHaOs % B (-)491.1589,175.0362, 14
193.045 7
26 2504 829.2750[M—H] 829.276 6 -193  CyHsoOn BUHETF A (-)667.2169,193.0027, 14
175.0155,491.138 8
21 2546 4731434 [M—H] 473144 8 -296  CaHaOuo scrophuloside A (-)307.078 4,165.0524, 14
163.046 8, 145.024 4
28 2612 527.1519 [M+Na]* 5271529 -190  CosHosOu MEEHTF A (+)177.0527,149.0269, 22

105.001 5

* Al R AR Pk
" is composition confirmed after reference substance
27 WFIHEFDH

56 4 MAHABLRE 22 731 _E AR X 4 1T S B AN [R] 41k 24

MR S [R] o #0dE— 25 R H 1BM SPSS 19.0 A1
SIMCA 13.0 BAF 0 AS [FI b 3 72 24 b4 Fi S0 i 1Y)
JiR 46 AT HCA FiT PCA.
271 REDN KEADILE XTSI IE
HFEAL, 1595 22X 16 B8l 0, 5 A\ SPSS 19.0
A, DL [P 24 B B FE B (between groups
linkage) MFRICHEEES Ceuclidean distance) 1E N
MPZ, KA Q MK HEAT HCA.

GERE IR, BAN Ry 15 I, 22 4t
BHBERE S 3 R3K: B 1 KAHE S2. sS4,
S7~9. S14. S16. S19. S21. S24; % 2 kf
i S20. S23; % 3 FKAHf: S5. S6. S10~13,
S15. S17. S22. S25. &KW, K HKAE
TEF= M AS LG, % 7= Hb A 3 % 245 14 2 T8) (1) AH
KAk G 73 M 45 R — 3. /v R 3 K1
JR A AT e R AE M A B i B R —E W

= =A
Zaly 5 S o

2.7.2 PCA ¥H SPSS 19.0 i it @ttt 22 #t#H
HEZM RS EIEHAE AT PCA, SR H ARG R
WRAEME R o 2, Wk 4. DSFHEME (VIP) >1
NPEEUARAE, 13 EIR/T 4 A3 55 1 Rt J5 22 sk R
N 84.344% (>80%), MUZHLHT 4 A5 A5 RI ATt
TV, BARRTHEZEAM T 16 AN Em
84.344% M5 B &, HAMRFARFEME, &LV
BB 2 IR

R DR 1 fir R A, A0 52 i B 9 24 1 R
2R WA R — Sy, 1A 2 B E RS R
ME B FEH, 1 EXTIERFERA T EikiE
4, 6. 7+ 9. 11~16; 5 2 F R4 T Eok 1 itk 1.
2. 5; 3 M FEREMIKIES: 4 R E
Bk A kg 3 E .

H SIMCA 13.0 73 #1115 2] PCA 19731 (1A
5), AILLEHFERIIREERE HCA 41—
PAZE 1~3 E o3 s i, B 22 #Eif i
B A, YRR 2 R AN K. PCA 4
5 HCA 145 A0 H.A5 LLENIE.
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T4 HBEEMAEREE
Table 4 Characteristic value and variance contribution rate
WIGRRFAEE FEHCE T FIEA
U5 &t 77 Z R DT R I% SFTTHRZ/% it 77 ZE TR % ST /%
1 7.632 50.879 50.879 7.632 50.879 50.879
2 2.026 13.505 64.384 2.026 13.505 64.384
3 1.696 11.309 75.693 1.696 11.309 75.693
4 1.298 8.651 84.344 1.298 8.651 84.344
16 0.015 0.098 100.000
£5 VAETFHEEN 2.7.3 s/ ZIFIG M PCA I PLS-DA 157>
Table 5 Component matrix Kl 6-A 3B 22 #EH % 2 [0 — & 1 X,
it 2 ) Ut AR R R S b oy L B — e
Es2 N e AP N
1 2 3 4 e 5P . AR PLS-DA B VIP B Kk T 8%
e e o Tovb SREMEEEMS. BN VIP>1 R
. . : : N3 3 sk E R 6-
3 -0.516 0.371 0.330 0.656 ﬁﬁ@ﬁ%ﬁﬂz}ﬂ(’ ’D%JL‘ 6-B- 5\‘\ 1. l?\ ‘9
4 0.913 0.005 0131 0.283 SUERT VIP KT 1o UiBH EAT T IE BRORE df 28 (1) 22
5 ~0.058 0598  —0.589 0.345 SR FEEAREN, 2550 1. 12, 9 S 165 B R s
6 8;2: 8-336 ‘g-ggé 8(2);6 EWTF C. WIBET I MBIEET |, 5 SIEiEH
7 . .057 -0.07 —0.025 S e T N
F 4 Al 5
8 0.310 0.389 0.788 0.025 {%/ﬂ%jﬂﬁ%%
9 0.713 0.370 —0.344 —0.287 A 4
11 0.809 —0.365 0.000 0.094 3 &
. 2 1 S48 S1§
12 0.836 0.384 0.224 0.025 . 8
13 0.858 0.054 0.299 0.246 = 9 M S
14 0.926 -0.184 -0.222 -0.129 -1
15 0.640 -0.131 0.335 -0.247 *5 TS
16 0.834 —0.108 —0.045 0.410 :4
75 ~
8 6 -4 2 0 2 4 6
t[1]
B 20 4
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>
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Fig. 5 PCA results of P. scrophulariiflora
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T ARG (ZIE. BED, AFKAH
(0.1% R 05%Z . 2 mmol/L 2824, AFE K
AR (300 32, 35, 37, 40 C), RHEME
W4 [Acquity UPLC HSS T3 (100 mmX 2.1 mm, 1.8
um)~ Acquity UPLC BEH C1 (100 mmX2.1 mm,
1.7 um). Cortecs UPLC Cis (100 mmX2.1 mm, 1.6
um) PR e SCEE e, IRAE SR CIE AN,
0.5% Z. 12 Ay /K AHBEAT A B2 We i, (i AL TR N
32 °C, Acquity UPLC BEH C1g(100 mmX 2.1 mm,
1.7 pm) AEIERE, R NIRRT, kg
WEH %, WeTRESF, S ERBOREUME. SRR PDA
I A0S B S AT A KA, PR K TR R AL
BT e, Rk SRR, 2SR FE 295 nm Ay
For e K o
3.2 WEZFIRINAEMLE

22 LR it S STAN [F] 7 Hh B B AR AU, SR
WA 16 A I, TS RIS T A S iR 2t 3L
U PR BH N ) 22 s/, R EA —E 2, R
B AN [5) b 0 ) 3 2 2 1) 350 20 A 27 B 1 B BT AN
7] o AEARYE HAHARE AT LA Y, 22 #2584 BOARBLRE
THEEERIIRT 0.93, Ui W S HLIXZH BT EAHXS A2
S, BRI —8E. H PCA =454 B BIR &
HEFE AR B 2 7 AR HCA K 22 HILH T IEZGM %
N3, RTINS, SRR
PTG R . M IR R AT R AE AL S O R B R
—EMZEF T @ik PLS-DA MR H T S mak
a7 I 4 A ZE SRR EOR I ) o XA RE BT 4 T 3
RHRES SFEM . R SRR KR, e
BRI TE B | A S 11 HAT ORI PR
PRI, BB C HEMA i 1 FH 1P, 32k
I B3 REE RS B IR I A RSF — B, S20 1 S23
B 2 LA i, 3X 5 22 HHRE il AR 4 RS AR
—H, HEPIE T PRSI AT SEPE A AR
PE.

3.3 /Mg

ARSI U SEI B 2GR UPLC fa gt &lik,
UIRTAZ Y S iy RN TR e Y DRl 5 S I 9 &y
PR AR, T DU A T B I H A i A 2 B )
FE, HEeBUrrX o ilmiE 5N, a4
SUETERT T HORZR . 56 (it E B &5 2
X AT 28 AN EArBEAT TS E , IR AT T B
PR P 5 AL AT BT B AR AE I 4R THE B JII R 3
R o BE— PG ARIETHS . REHr A PCA X5
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