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Quality evaluation of rhubarb pieces by HPLC fingerprint, Q-TOF/MS
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Abstract: Objective To establish a more comprehensive quality evaluation method for rhubarb pieces. Methods Fingerprints of 35
batches of rhubarb pieces were determined by HPLC, the control fingerprint was established, the common peaks were calibrated and
the similarity was evaluated. Components of common peaks were identified by Q-TOF/MS and the content of 13 anthraquinones
confirmed by reference substance was determined. Results There were 45 common peaks in the fingerprint of rhubarb pieces,

including 17 anthraquinones (among them, eight bound anthraquinones of aloe-emodin-8-O-glucoside, rhein-8-O-glucoside, emodin-
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1-O-glucoside, chrysophanol-1-O-glucoside, chrysophanol-8-O-glucoside, aloe-emodin-3-hydroxymethyl-O-glucoside, emodin-8-O-

glucoside, physcion-8-O-glucoside and five free anthraquinones of aloe-emodin, rhein, emodin, chrysophanol, physcion were

confirmed by reference substance), two anthrones (sennoside B and sennoside A, confirmed by reference substances), 17 tannins

(among them, gallic acid, catechin, epigallocatechin gallate, epicatechin and epicatechin gallate were confirmed by reference

substance), two stilbenes [resveratrol 4'-O-glucoside and resveratrol 4’-O-B-D-(6"-O-galloyl)-glucoside, confirmed by reference

substances], four butyrophenone [among them, 4-(4'-hydroxyphenyl)-2-butanone 4'-O-B-D-(2"-O-galloyl-6"-O-p-hydroxy-cinnamyl)

glucoside, confirmed by reference substances], two chromones and one naphthalenes. The content of 13 anthraquinones in 35 batches

of rhubarb pieces was quite different. Conclusion The established method can be used to evaluate the quality of rhubarb pieces.

Key words: rhubarb pieces; high performance liquid chromatography (HPLC); quadrupole time-of-flight tandem mass spectrometry

(Q-TOF/MS); anthraquinones; multi-constituent quantitative analysis; quality evaluation
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B PE 4R “2.1.17 T, DuoSpray B 1§, ESI H
B, PRI . BRI 600 C, B
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— R AR K (DP) N—80V, Hif#RER (CE)
—10 eV, TOF-MS 21l [E]4 250 ms, B#FHE T4
VA miz 115~1 5005 20+ 5 1 ik

VSN m/z 50~1 500, CE N-35 eV, hifEkEE
¥ (CES) N 15eV,
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FHEE-8-O- M EBETT . PRI ER. KR, KiE
FOKERY . KR RE IR 708 11.64 8.6+
109, 11.3. 9.5, 8.8, 4.1. 18.8. 17.6. 7.7. 12.6.
5.925. 1.005. 2.985. 3.15. 11.085. 7.68. 1.635.
0.93. 1.8, 0.727 5. 1.74. 1.89 pg/mL [ A X} #
ARV, ERE, EUSHIETR, BPAR.

2.1.4 ARSI ORI B KL 0.15
g, FEEME, B 25 mL 2P, FE 24 mL A
Fi, HE 30 min, AHEIMFEEEREZE, B,
JeIt, HEUSRpEWR, RIS
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S35 ML 30 pL ¥ Waters Alliance =130
HERE R GME, K 35 HLRESITESUEIE DL ATA
AR BN E KM R mifn ) (hg il
SUEE AL |G AT (2012 JROY, LA ST 4R



)

Chinese Traditional and Herbal Drugs

Z: 8

SUETEE I, A T A Budk T B Bh LR, 0
PAZ mRZIE, AR TR RIS, A e HhA I 45
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Fig.1 HPLC fingerprint of rhubarb pieces (S1—S35) and reference fingerprint (R)
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Fig. 2 TIC of rhubarb pieces (A) and mixed reference (B) (negative ion mode)
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Table 1 Identification of common peaks in rhubarb pieces fingerprint by Q-TOF/MS
[M—H] MA+Cl”

ras) . \ oo o A N
5w SR el s (jffﬁ) bl Sl (j‘ffé) e KBRS
1 3.072 Ci3HigOw 331.0671 331.0677 1.9  367.0437 367.0435 —0.7 K& TH-3-0-p-D-H M Rk 2324
2 5.822 CisHigOm0 331.0671 3310682 3.4  367.0437 367.0439 04 & TER-4-O-p-D-H & HEH Rk 2324
3 7187 CjHeOs  169.0142 169.0157 8.6 2049909 2049914 23 H&ETFER® LATES

4 12.592 CisHiOs 289.0718 289.0724 22 325.0484 325.0487 08 JLZKK*® LGB

5 13333 CyHx016 729.146 1 729.1473 1.6 765.1228 765.1240 1.6 FEHZ B-1-3-0-% & T Rk 4

6 13706 CxiHz016 729.146 1 729.1474 1.8 7651228 765.1234 08  FiHE B-2-3-0-H B THER® Rk 4
7 14.138 CxHisOn 493.0543 493.0558 3.0 REETIIFHRGETEE" LATES

8 14.524 CxoHaO12 577.1352 577.1364 22 613.1118 613.1134 26 JFRIEHFEBI Bk 4

9 14799 C44H3402 9171337 917.1337 0.0 F{LH & B-2-3,3--0-% A FHEME BRE 2425
10 15.824 CisHi406 289.0718 289.0718 0.1  325.0484 325.0486 05 FILFEK:® LATES

11 17.191 CooH2Os 389.1242 389.1236 -1.5 4251009 425.1008 -02  FIZEf5E; 4-0- A&k » ZRUIEE

12 18.801 CnHisO1 4410827 441.0834 1.5 477.0594 477.0603 19  FRILFERLATRE LATES

13 19.686 CsHaOn 477.1402 477.1412 2.0 5131169 513.1175 1.1 SEfET? KTEE 242529
1420260 Ci3HasOn 477.1402 477.1405 0.6 S13.1169 SI13.1180 2.1  ¥EfEHEFFD ATHE 232429
15 21.499 CisHisO7 309.098 0 309.0983 1.0 3450747 345.0753 1.9 2-O-F [ BE-p-D- R FEH MRk 24
16 22.308 CioH100s 233.0455 233.0461 2.4 2-FBE-S- R TR A 60 S fJEmE 18
17 22674 CuiHxO10 431.0984 431.0989 12 467.0750 467.0760 2.0 FHLEKKEE-8-0- AT JoYiEsS

18 23.751 CisHisO7 309.098 0 309.0933 4.3 1-O0-FE B t-B-D- 1 i B 7 Bk 28
19 24.564 CaHacOr2 5411352 5411368 3.0 5771118 577.1143 43 [ZE 4-0-p-D-(6"-0- B B TE)-FAFEH ©  —HK 2%

20 26.568 Ca2H3:02 861.1884 861.1897 1.5 8971650 897.1686 4.0 Hi5+ B JoliTES

21 27.146 CoiHisOn 445.0776 4450782 1.3 481.0543 481.0552 1.8  K#M-8-0-H&ifit JoYiEES

22 29.070 CxHnOn 461.1089 461.1099 2.1  497.0856 497.0863 14  1-0- & TEE-2-0-IHERE-p-D- A B HETF 0 Bk 2325
23 30.522 CaH3s02 861.1884 861.1887 0.4  897.1650 897.1665 1.6  Hi5H A* JoliTES

24 31547 CoHagO1s 613.1199 613.1212 2.1 649.096 6 649.0973 1.1 1,6-—-O-B B TBE-2-O-EERE-p-D-ARIMETF 0 #EFRK 24225
25 32.646 CHnOn 4611089 461.1097 1.7 497.0856 497.0857 02 1-0-% & TEE-6-0-IWEERE-B-D-H A b MRk 24
26 33.098 CxHxO12 487.088 2 487.0898 3.3 KHEHR-1-0-(6"-0- L Bk)--D-Hi G K ¥ EEE 16,26
27 34000 CoiHaO0 431.098 4 431.0989 1.2 KER-1-0-ME R R

28 34.713 CoHasO1s 613.1199 6131220 34  649.0966 649.0987 33  12-"-0-B A FEE-6-0-WEEBE-p-D-H AT HEFF 0 WERE 2425
29 34974 CisHis0s 233.0819 233.0826 2.9 2-(2-FRTHE)-S- AR T- R A 0 fJ5mE 18
30 35.810 C3HaO12 487.0882 487.0892 2.1 KER-8-0-(6'-0-LB)-B-D-Hi & BREE 16,26
31 36.574 CoHaOo 407.1348 407.1355 1.8 4431114 4431114 —0.1  6-HEAKRIEER-8-0-p-D-H A FET E= 24
32 37428 CHxOi3 623.1770 623.178 1 1.7 659.1537 659.1543 0.9  4-FRHIKI D TH-4-0-p-D-(2"-0-F & TB-6"- K T HH%

O-RFRHEHE F B )- T 17

33 40252 CyHyOo 4151035 4151039 1.1 4510801 451.0804 0.6  KEE-1-0-H&HT R

34 41111 CyHyOy 4151035 4151038 0.8 4510801 451.0806 1.0  KEE-8-O-Hi&iHTs » R

35 42308 CuHaOw0 4310984 431.0988 1.0 467.0750 467.0757 1.4 FEKER3-FHE-0-F 4T ({25

36 42.659 CaHaoOro 431.098 4 431.0993 2.2 KHER-8-0-ME R R

37 46.159 CyHnOn 607.1821 607.1844 3.8 643.1588 643.1608 3.1  4-(4-FFEFI)-2-TH-4-0p-D-Q"-0- B & THE K THIE 24
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S
T [M—H] M+l o Lt 5%
W wimin DI e s (f‘ffﬁ) b SehRll (fffﬁ) et ¥R ik
38 47.394 CuH2012 501.103 9 501.1047 1.7 537.0805 537.0812 1.3 KEE}-8-0-B-D-(6'-0-75 —Bh)- &1 i HF/ K ) B 30
1-0-B-D-(6'-0- K — Bk 4 % ¥
39 48.430 CoH2O0 445.1140 4451148 1.8 481.0907 481.0917 2.1 K& HE-8-O-H & piy » il S
40 53.225 CisHioOs 269.0455 269.0458 0.9 3050222 305.0222 0.1 FiEk#EE JLYIEES
41 59.034 CisHi00s 285.0412 285.0405 2.6 o-BRERER (FREPFERER) O B 14,23
42 68.093 CisHsOs 283.024 8 283.0258 3.5 KHEH JEyTEES
43 71.381 CisHi00s 269.0455 269.0468 4.7 KEH JEyTEES
44 72726 CisHi00s 253.050 6 253.0513 2.6 KW JEyTEES
45 74.140 CigH120s 283.0612 283.0618 2.1 IEE JEyTEES

a- 2 SES A L 0f MR ELGP BN s b-SCHRIE R R B B

a-This experiment was confirmed by comparison of reference materials; b-Literature was confirmed by comparison of reference materials

BHETE . KPR I RE-8-O-HI A BT 8 A4 & T IR
K2R E. KR, KER. KEMM KRR
FRE 5 M 25 204 B b o] R LR A, -3 0
TRHE 2 SCHR A R A R BRI, B S R 2
AN CGRET B MIFET A XY@ 18 5 s il
BRERY 174 (PR BE TR, JLEE. RKE
TFILEREE TR, RILERMRILEREET
T i 308 T o) B EERE AR A, S 11 AN STk AR A0S
ML, R OHEERSY 2 A (B RE
A-O-FEFEF ARSI 4-0--D-(6"-0-% BT
Pk )-7e] e A, S8 Ik o) B B A ], R R R
B 4 ANLH A -5 B R EE-2- T fi-4'-0-B-D-(2"-O-
BB I -6"-O- %t ¥2 b J7 19 )- i %) B 7 e 1 ok HE
i EERFRRIA AR 3 AN SR Hh 25 SR K HER i L o 7
N, BJREE S 2 A, 2R 1A CUikbeR
i toF B ot B A o

FIAL 6 N BT ARSI J A O SRR TE 3 R d i
X bE TN, A5 R AR 2 AR ) G nE
AT 5 CERIC ST LS . 16 SIEE—%IK
W s th m/z 233.045 5, NHES TR TIE [M—H]
TE g, M—H] RAERMBER 1 5T CO,,
P miz 189.054 7 WA E T, [M—H—CO,] B
JafkikEk CO A CHs, 74 m/z 161.060 1 Al
146.036 0 [MFF B 1, 5 CHRIC 20 2-F &5
Be-7-FR B 0 S5 o A — U 18 S UEAE— 2]
Bl g 1 m/z 309.099 3, AHES T FiIE [M—
H: 7E - Zaiieh, [M—H] & A 20 E 3 2 b
(CeH100s), 774 m/z 147.039 9 MIWER BT, [M—
H—CeH10Os] B 5 2% 1 4+ F COzy 724 miz

103.055 7 MR BT, kR B miz
161.061 6 IR &1, N [M—H] R4k E KA
iR (CoHs02), 53CHRCE 1-0-FE % BE-B-D-7
TR A — Y, R E R B R
A RKFHRALEZR T R 26 SR 30 SUE7E
— R B 545 Y miz 487.089 2, JUES T TUE
[M—H]; £ g, 26 5§ [M—H] KAZ
fREIAERE, P74 miz 325.033 9 HITER BT,
[M—H—CeH00s] Bl J5 %% 4l (CH,0), 722
m/z 283.024 9 M BT, [M—H—CeHi0s—
CH,OT B JE K Ik % & CO, il CO, 724 m/z
239.033 4 A1 211.040 5 I &1, 30 S H I m/z
283.024 8. 239.034 0 f1211.039 1 KA E T, 5
26 SUEREAT N —EL, A F R 43 ) S Sk
IR ER-1-0-(6'-0- L Tk)-B-D-H1 & B . K3
fR-8-0-(6"-O- 2. Tk)-B-D- 7 % bl £ — g [1620-22.261 - 29
SEAE— R A Y miz 233.082 6, AUED T
T [M—H]; fEZRFSEH, [M—H] R4 2#E
ZE4 CH3;CHO, 724 m/z 189.055 8 A BT, 5
SCHRIC R 2-(2- 38 1 2k )-5- F 5 -7- 2 31k 8 Ji il /i
A — Y, 38 SUETE — RS R A miz
501.104 7 A1 537.080 5, 5 RHESD T & FlE [M—
H An& &7 [M+CI; £ g fiitkd, [M—
H] R AERARE RN IR E &5 (CoH;0s), 724
m/z 253.051 4 KT, [M—H—CoH1205]” BJS
WIRER CO, 433724 miz 225.055 3 A1 197.071 6
(R 2, AR SCHR IR TE PO R 23 9 oK B 1 -8-
O-B-D-(6'-O- 75 I8t )- i %) B H 5 K 35 M3 -1-0-B-D-
(6"-O-T4 Tt )~ 1 5 ¥
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22 BAERERSEENE

221 3% R 430 nm, HARE“2.1.17
To AZAAE T R S AR S50 IR e B LI 3
2.2.2  WHESAWNIR R RIS 25K R -8-
O-HIEHEL 5.64 mg. KIEMR-8-O-H &ML 9.64
mg. KNEE-1-O-F & 4.04 mg, 777 E 10 mL
s, KEE-1-0-H EHEE 10.3 mg. K H-8-0-
G PR 8.88 mg. 7 EE K IE BR-3-F4 Y BE-O-Hi )
1 7.24 mg. KIEHK-8-O-H & HETF 10.24 mg. K3
= HF-8-O-F & BT 4.28 mg, 705 E 20 mL &l
B, 2 70% B R ZIRE, RS, R 8 MEA
R ER T HR A AT 23 RS 2 R UK 3 3R -1-0-

AP TR 0.75 mL, KFEE-1-0-%8 &4 1%
B 1.2 mL, PRI ER-8-O- A M. KIER-8-
O-HEHEE . KIEWY-8-0-H B HiHF F1 K #E K -8-0-
ARG5S 2.5 mL, K3 H BE-8-0- & bl
T 3.5 mL, /525K 3 -3-72 F R -O- i 4
I 5 mL, & 25 mL &, hn70% M EEE
ZI%, BREY, WAk 8 AN4h o B IR R & 0 HE R IR TR
A KB 8 g & BRI A 0 R VA A 1
mL, ¥ 25mL EEH, I 70%HEERZIE, 75,
Bc i 8 A4 4 0 B R R A5 56 TR VA B RS SRR
KiEME 6.88 mg. K 7 HIK 8.36 mg, 777 & 10 mL
B, AEKER332mg. KEXK4.64mg. K

11 |12

13
A
J 1
o _A
7
1
B 2
8
3 )
* \
12
C
10 11
9 LB
A J\ W
0 10 20 30 50 60 70 80

t/min

IR R-8-O- MBI 2-KRIIR-8-O- M &M 3-KRWHE-1-0-MEMT 4 X3EH-1-0-MEH  5-KIEH-8-O-ME T 6-7 L RIER-
3RHIE-O-MEME TR R-S-O-MEMH 8- RMETB-S-O-MA M 9-/E AR 10K 11-K38HK  12-KREEy 13- K08 5= R
1-aloe-emodin-8-O-glucoside  2-rhein-8-O-glucoside  3-emodin-1-O-glucopyranoside  4-chrysophanol-1-O-glucoside  5-chrysophanol-8-O-glucoside

6-aloe emodin-3-CH,-O-glucoside  7-emodin-8-O-glucoside

13-physcion

8-physcion-8-O-glucoside

9-aloe-emodin  10-rhein  1l-emodin  12-chrysophanol

3 RERA#E®R A SMEREFREANRR B) &5 NFERERRAERSM (O 8 HPLC

Fig.3 HPLC chromatograms of rhubarb pieces (A), mixed reference substances of eight bound anthraquinones (B) and mixed

reference substances of five free anthraquinones (C)
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) 10.4 mg, 2 HIE 20 mL £, InFEEEZ]
FE, $B2T, WO S NI RS A B ER T TR G G
AREEWICREIR . KR KPR PR SR %
1.0mL, FZERTEER. KEME &S 2.0mL, &
10 mL &, MHEEZE, 85, Bk S Mt
B EERVR A 0 RS VAT A RS R 5 N Y
BERRA R A A1 mL, B 25 mL &)+,
HEEEZIE, 227, BRSNS R VR A ) 18
AVl Bo

223 EMERRFEEH  palkEERIN 8 N4EEA
FEVER B 0 BRI VR I 5 AT 5 28 R IR VR 4 5 HEL A v
B 2.5, 125, 25 ul, 8 M5 &R EERIR A XIS
TR 5 AN R BBV A X IR S VAT A S 10,
20, 30, 40 uL, % “2.2.17 Wi KOs aRE,
SEVEMAVE, PUEHEA () SEkEEE (X0 #H7
AT, 15 13 ADEERSEE 1) BE 77 R R TS
B, W% 2.

224 FEEEAK

Pany

= o)
e
0 0N

¥

g

I3k B I 8 A4 A 1Y R

®2 BAEERERDEVASEREMEE

Table 2 Regression equations and linear ranges of 13 anthraquinones

Xof HEL i EVEpyE r M g
PSR R -8-O-F G A Y=911 758 X—13 065 0.999 9 5.64~2256.00
KIER-8-O- i B Y=568 371 X—7 907 0.999 9 9.64~3 856.00
KIER-1-O-H B Y=919 883 X—3 446 0.999 9 1.212~484.8
KIE-1-O-F B Y="741 460 X—4 958 0.999 9 2.472~988.8
KIS -8-O-F B Y=1034202 X—10473 0.999 9 4.44~1776.00
PSR E 35 k- O- i B b Y=1 025361 X—12 886 0.999 9 7.24~2 896.00
KIER-8-O- i Hi Y=886 957 X—6 353 0.999 9 5.12~2 048.00
K E HE-8-O-7 & P Y=1007 383 X—9 027 0.999 9 2.996~1 198.4
FIEEREER Y=1 853225 X—6 542 0.999 9 3.32~1328.00
KM Y=1 020 896 X—7 277 0.999 9 6.88~2 752.00
KEHR Y=1898 738 X—8 077 0.999 9 2.32~928.00
KW Y=2 368 966 X—41 000 0.999 9 10.40~4 160.00
PN Y=371 648 X—7 544 0.999 9 8.36~~3 344.00

TRA X IR ST A RN S /N B8 R B ER TR A %o TR A
WA 10 pL, JELL 6 YGHEAENE, 1R RHE
F-8-O-H EHEEF . KIEIR-8-O-H #FEH . Kig&-1-
O-HEFELF . KIEW-1-0-H M . KIEE-8-0-
BEFEF . PERHERI-BHFE-O-HERH. K
TR-8-O-HI G HEE . KITR W BE-8-O- & H . ™
ZREZR . KER. KR KA Rs R
(R T ARG, 5 RSD, 45K 3, £HUL
A kEE B R AT

225 FaoEtEiE $REL “2.1.67 TURMER 430
nm FRIERERE, e3P0 13 AN RS g AR AR

B, TF% RSD, Z5HNFE 3, RUPZMEHA M IERIE
24 h WHSGE

2.2.6 FEEMERK  FRE “2.1.77 TUNMER 430
nm FEIERER, dbl 13 AN B AR AR 4
8, ANEVATTFET 6 Yl 5E 1% o 1728
B MNH RSD, R NE 3, RN LN E

YRS .
227 FEIMCERRL FEOE ST MK 6 1, &R
250.075 g, AlkEE AN —E AR 13 4> EER2E
Xof i 2% VRO B, N RE & 24 mL i Aq, $542.1.47
TR 7 B RV, 0 RS B R 30 L i
FEM 2 FEvH 5 0L B 13 /S Easd B D0 RE [l e 26 &
RSD, Z53IW.% 3.
2.2.8 FEMIE LA RPE I “2.1.87 BTN
SEM S1~S35 (1) 430 nm (A3 &, 5% 13 AN B
JFRAT VTR, AR BV 77 R TS b 2 e o0 1 &5
&, FRIE 4.
3 g
AR ZH BT BRI AR K S 45 A Y R A T
HRE, 500 SCERic BB, 8 MRS &
TR0 R VR 50k HEL v VU %R L 70% R BV
KRB ER i B R 58 2 Fh, DAY
WF 58 2 B b Ui B R B 2, (ELJi B B R AN 25
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Table 3 Results of precision, stability, reproducibility and recovery test for content determination
W FEE R AR HE MR [ W
RSD/% RSD/% B HU(mgg") RSD/% “FHIEIRE/% RSD/%
PRI RS-0 M B 2.51 3.24 0.754 4.63 96.84 1.60
KGR -8-O-H A 2.40 1.67 1.715 2.04 100.92 1.57
KER-1-O- M H i 2.24 4.50 0.197 2.46 95.11 2.19
KW -1-O- 0 & 2.54 3.90 0.870 3.54 98.73 121
KHEEW-8-O-H A 2.50 3.22 1.115 2.15 96.85 1.85
FIERER 3R E-O-HE P 3.06 3.12 1.027 2.09 96.15 3.70
KFER-8-O- M H i 2.51 1.85 1.181 1.47 96.91 3.44
K 2 E-8-O- R & B 2.46 0.83 1.029 2.50 98.18 2.83
FIERE R 1.39 2.67 2.102 243 98.03 2.86
N 1.62 245 8.046 2.72 99.84 4.70
KER 1.23 2.18 2.572 1.54 98.04 3.40
KH 3.39 2.02 6.784 1.23 96.97 2.68
PN Gl 0.80 1.73 9.896 1.33 96.56 1.73
F4 KERAP BANERERSSENELER
Table 4 Results of determination of 13 anthraquinones in rhubarb pieces

i A (mgg™)
& g FERER- KERS-0- KEE-1-0- KEM-1-0- KEM-8-0- FEKHE3-R AEES-0- KERTES- /L S R E ) N

B-O-HEMT WERT  AOET  HEET  EORT TRoWERT WeRT  oWERT KER FRTGk
Sl 0.726 1.692 0.195 0.848 1.083 1011 1.197 1016 2161 8361 2618 6900 9.999
$2 2231 3.594 0.556 2282 3.031 0.938 2.984 2256 1401 S5.146 2026 4278 7.652
$3 2,950 12.662 0.923 5.019 0.971 0.835 3.014 2931 3639 13362 2856 4528 8.601
S4 0.352 0.801 0.124 0.489 0.576 0.874 0.691 0.775 1761 7484 3364 7354 9.139
85 0.217 1788 0.355 1475 1.858 1.353 1.537 1131 2269 8274 3780 7.720 12925
S6 0.406 0.782 0.149 0.525 0.843 0.809 0.943 0970 1511 6505 3451 6.888 11.294
s7 0.923 0471 0.196 0.850 1390 0.840 0.440 0496 1631 4126 2686 8.041 12.037
S8 2776 4.488 0.893 3.788 4251 0.591 3.361 2764 0748 1901 1.049 2434 4720
$9 2.467 7.081 0.879 3.595 5.389 1.453 5.065 3270 1582 7.079 3210 6390 8.075
SI0 1.89 11.946 0.535 2244 1.092 0.583 1.146 0543 0872 7443 0781 1.800 1963
SIL 0.638 0.778 0.167 0.466 0.784 0.735 0.610 0306 1184 3.005 1711 5396 7.915
S12 0.841 2.007 0.345 0.995 1.085 1.069 1.508 0797 2366 8912 3424 6.665 10483
S13 1913 3.920 0.530 2.560 3.516 1167 2.806 1617 1520 5338 1934 5016 7416
Sl4 0461 0.745 0.116 0.465 0.771 0.648 0415 0267 1144 3741 1593 5499 6335
SI5 0441 0.762 0.149 0.641 1.101 0.840 0.523 0371 1253 3747 1934 6164 8219
SI6 2.684 1.976 0.468 1527 2174 1281 1059 0959 2250 2421 1223 5439 9.150
SI7  0.59 0.717 0.160 0.568 0.853 1.566 0.597 0328 2608 7.98 4315 9582 15.138
SIS 0.640 0.934 0.212 0.622 1.081 1.345 1299 0.594 2514 9670 5014 9332 15902
S19  0.269 0.267 0.078 0.261 0.678 0.859 0.354 0460 1721 7.093 3.143  6.674 11.747
$20 0421 0.579 0.112 0415 0.721 0415 0.551 0.635 0963 3.116 1544 4565 4.960
$21 0.537 1.564 0.214 0.674 0.576 1.185 0.885 0405 2081 11541 3451 6.137 10.682
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i JRE A (mgg™)
o FERER- KEMR-8-0- KEE-1-0- KiH-1-0- KEH-8-0- FERKE3-HR KHE-S-0- REXTES- HE - INE
S-OMEMEY WENY WERY  WARET  WERE RR-oMEEE WEEE  omERYT KHZE FH
$2 0329 0.402 0.142 0.364 0.664 0.724 0.684 0757 1070 4855 2257 5.096 6.903
$3 1814 2304 0.506 1.863 2.446 1.419 1.891 1278 2087 5487 3.106 7.749 12.391
$24 2869 1.032 0.504 2359 4.151 1471 0.883 1412 2210 1166 1.09 8.038 12,037
$25 0510 0.786 0.149 0.580 0.959 0.944 0.931 0780 2027 7.533 3529 7580 11.170
$26 1386 2819 0316 1471 1.165 0.696 1.561 0708 1237 5045 1580 3.158 4272
$27 0308 0.491 0.097 0.369 0.734 1.565 0272 0213 2173 7.665 2.969 10952 11259
$28 1062 1.447 0.293 1.203 1.456 1.149 0.981 0588 1899 7.103 2.628 6.840 9.530
$29 0447 1.029 0.131 0.734 1317 1.103 0.691 0458 1546 6028 2373 828 871
$30 0362 0.997 0.146 0.383 0.673 0.636 0.545 0395 0930 6331 1807 3711 6563
$31 0614 1.023 0.142 1.009 1715 1.035 0.961 0.691 0900 2968 1736 3.799 5.608
$32 1539 3.104 0.466 1.643 1.724 0.535 2357 1153 0958 3721 1560 2.861 5.150
$33 0437 0.849 0.096 0.620 0.866 0.592 0.441 0361 0666 1.899 1.085 2293 3.797
$34 012 0273 0.021 0.091 0.156 1.627 0.057 0.091 2235 8371 3.003 7.58 10.897
$35  0.200 0.407 0.021 0219 0339 1.409 0.119 0.122 1449 6222 2851 5393 9978
R 24 BRI — RN, U Rgs & 1Y BRI HORFE 13 AR RS 0] R, 2017,
T A8 2 B A R, (R E ) 2015 4F 48(23): 4994-4999.
BRI TS R M, A B R I OF, RO, S5 BUCREH RO
I 8 A2 2760 LR S /i 8 PR T g‘@fﬁfﬁ%ﬁiﬁwg‘ﬁ*ﬂﬁ L.
S PR SR B LTS 4] FEHE E R SR, 45 KEAZEHIO R
SCHRRIE S EL 280 nm Al 430 nm {F 3 RIEHEAL HERE [3]. "PREZEE, 2014, 12(4): 354-359.
FREORIBAC, UL 280 nm FHWEECARIE™, () prakes, HRW, R, 4 R
HOARHETE L 280 nm AFNFRSUEIE RGBS, A FIACHUR R [J]. HHE25, 2014, 45(21): 3041-3047.
PR BT TR L, 430 nm BAC IR H I3 R [6] Chen F F, Qi H Y, Shi Y P. Fingerprint analysis of
BEE A BY, ik Hm At gl 40 ok BUER 2K il 496 I i) Codonopsis Radix by HPLC coupled with chemometrics
T, AWFFLLL 430 nm 7E ZR4 1S g analysis [J]. Chin Herb Med, 2013, 5(4): 307-312.
HK [7] ZeaF, RauE, B b, 2% W TR HPLC-MS
Y 4 A z3 2 s .
B A B I L B o, (B jzili%ﬁﬁn 0. WAL 5K, 2016, 31(4):
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FIN BT R A, R — s 2 2 WA 0] 2P, 2018, 41(3): 475-480.
SR, R 3 EREMESRATA, AFRPRIEKE (o) A4, ke £ & % AZIJ0H HPLC 1840
R R EBRE S S EERRK, WRAAEREE P 2 7 K Z bR A E B E R ()], g,
TR 51 ke BEVE I FH 24 22 4 n] RN IR & =4S 2 1T 3 30 2017, 48(20): 4167-4173.
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50(5): 442-448.
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