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B B B &I e Sa0RARE3E (HPLC) F5 2 B 3%, AT R E 54, 7 ik A HPLC %, &,3%4% % Beosil Cus, i
A8 H 0.2% F B I ik - THE (B E 2 L) L ik A 1.0 mL/min, 4238 4 25 °C, #4324 10 uL, vAFF & 8 A A8, 4] 69 3L (S1~
S69) 24 44 A 5% 69 HPLC B, R IA P 25 &35 45 LU B AR L3R R 42(2004 A) )BHAT AR 74, 40 08 A%, R A HPLC- i
(MS) sk %52 A% 58 5k 4 [HPLC &4 F) L s MS St vt 53 1R, 0 R 5 AL KAen], 424858 B % m/z 100~1 200, FHEA
AN, (25 % :99.999 9% ), T A A 2 15 L/min, FIR AR JE A 350 °C, 3K 4 4 V, i3 54835 % 10~40 V], R JA SPSS
20.0 3424 69 P 2h M AR S AT R £ 0T, 4R 69 B A AL 69 HPLC B35 29 AN LA 1A 6 pL 25 M AR S s L A A Sh AR LB 3
K F0.900, %A HPLC-MS &% 58 h 29 N A0 3 R 4. 69 MM AR TR A 5%, 2,519,522 ,526,529.,S30,S33,
S34.838.843,S46,S49~S51,853.856,S57.564,S65 % 4 [ %£,84~86.S41 % 4 I %,S1~S3.S7~S10,S12,824,S25,854,S59
F A #,S15.823,835~837.839.S40,S47 S48 ,S52 .S58 ,566,S67.S69 % A IV £ ,S11,S13.514,S16~S18,820,S21,S27 . S28 ,
S31.S32.S42,S44.,S45,S55,S60~S63.S68 A V £, 45k AT HPLC AR B 4 B B Fe R R AT 45 R T A 49 B 2h 44
JLAR SR o 2 PN ARAARE
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HPLC Fingerprint Study and Cluster Analysis of Paeonia suffruticosa
HOU Xihong, GE Mei, ZHANG Yingchun, ZENG Zhongliang (College of Pharmaceutical Sciences, Southwest
University, Chongqing 400715, China)

ABSTRACT OBJECTIVE: To establish HPLC fingerprint of Paeonia suffruticosa, and to conduct cluster analysis. METHODS :
HPLC-MS was adopted. The determination was performed on Ecosil Cis column with mobile phase consisted of 0.2% formic acid
solution-acetonitrile (gradient elution) at the flow rate of 1.0 mL/min. The column temperature was 25 °C. The sample size was
10 pL. With the reference of paeonol, HPLC chromatograms of 69 batches of samples (S1-S69) were determined. The similarity
evaluation was conducted by Similarity Evaluation System for Chromatographic Fingerprint of TCM (2004 A edition). The common
peaks were further identified. Corresponding compenents of commen peaks were identified by HPLC-MS [same HPLC condition
as above; MS condition included ESI, positive and negative ion model, mass scanning range of m/z 100-1 200, dry gas of N,
(99.999 9% ), dry gas velocity of 15 L/ min, dry gas temperature of 350 °C., collision energy of 4 V, and the collision energy of
10-40 V]. Cluster analysis was carried out by using SPSS 20.0 statistical software. RESULTS: There were 29 common peaks in
HPLC chromatograms of 69 batches of samples, and the similarity was more than 0.900 cexcept for 6 batches of samples; the
corresponding components of 24 peaks were identified totally by using HPLC method. 69 batches of samples were divided into 5
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categories. S19, S22, S26, S29, S30, S33, S34, S38, S43, S46, S49-S51, S53, S56, S57, S64, S65 could be grouped into
category I ; S4-S6, S41 could be grouped into category II ; S1-S3, S7-S10, S12, S24, S25, S54, S59 could be grouped into
category Il ; S15, S23, S35-S37, S39, S40, S47, S48, S52, S58, S66, S67, S69 could be grouped into category IV; S11, S13,
S14, S16-S18, S20, S21, S27, S28, S31, S32, S42, S44, S45, S55, S60-S63, S68 could be grouped into category V.
CONCLUSIONS: The established HPLC fingerprint, component identification and cluster analysis can provide reference for

identification and quality evaluation of P. suffruticosa.

KEYWORDS Paconia suffruticosa; HPLC; Fingerprint; Paeonol; Cluster analysis

YR B ERHME YA P (Paeonia suffiruticosa An-
dre) BT AR B2, L SR A PR3 DA B 193 oA 3 B 1
FRISHN AT 254 0 ERHEY. 4P B BAT 3 Hustn.
I AR B Sk, AR BRI S R LB A R BT
AL DU HORE R SR Y, S AT IR 2 M RO S I
B IR AR B ST

T Bz DL PRARTT™ (I BRIFE) 2Bl b AR
BH= IR R ) B i B e, (8 D R T
SEMLENE RN 2 T — A FEIL 4R R T R RO R
TR MBI SO PH AT DL T, T8 AP R 2450 17 1l K%
KV A o B35 AN 5%, H2h FRIRCR A R I 245
AN Z PRI, 2015 4F Rt Hh 25 00 (—3) 4
PR B B REAR IR U P B S R E , AR
HE LA THT S A 25 08 ELSE N o

T S 1% AR BRH 4 T b S e rp 25 B R AR AL 2 A
SN TERE A EL DR RN S5 07 R B BRI, HL
ARG PR 2GR AUUARST , FRTC O PR A
Y RRIRAGY R RIEORY 1 H AP B LA )
FRE SN 2 M R SO R R A e R
BT, A WA AR SR S5 PR L 22 S5 Rl A L
BT I, S AR TR I A N S R
VAL T 5 1 3L 69 At P} B 20 b RE ah E A T AN
% (HPLC) 158U FE , LI D12 24 1 1 L DR 48 31l 1l
BN RS

1 #F
1.1 {88

LC-20AD %Y HPLC {¥ ({3 & DGU-20A3R it < HL
LC-20AD %5 ¥ % 2% 5.0 | SIL-20A [ 3l #EFE 2% . CTO-
20A HEEL A . LC-Solution 2 3% T-fE 3% ) . LCMS-8030 %Y
HPLC-JiT 3% (MS ) {X . AUW220D B+ J7 43 22— F-453H7
R A H A< Shimadzu 23 w] ; KQ5200DE R4 i
eI VAT (R i A5 AU AR AT BR A A ) ; DHG-9140A 74
P AP Y S LT (L T AR A IR SRl )
CS-700 1 = 3 Z2 T REM ML IR T KA T 5245 PR
NTIDN
1.2 K5

Pz By %t B 5 (FiE5 £ 150722, 4l iF . >98% ) A 24
T XT RE S (A5 2 150819, 46 i . >98% ) R X IR
ah (L5 150729, 44« >989% ) £ 1R H Mg %o B i
(L5 : 150903, 4l i . >989% ) ¥y H b1 fh oK = 25 R 4

T EHHE 2013FEFE20FE4E

K IBAT BR 2> w5 A AT 24 11 % B (k5 YY90574-
201703, 4 JiF : >98% ) 4% H ik 480 Ak A5 24 1 X B (i
5 :BWB51073-201704, 46 Ji : >98% ) ¥4 A H [ £ d
25 f RS A I 9 5 5 R I D X B R S A R
HA PR AL S . D-019-150925, 46 . >99% ) ; HIfiE . 2
i RIS R kol HAiGRI X R bt /K Atk
1.3 Zh#f

69 HEHEFT B2 25 MR i B 25 H SR UK RV L3R
1), 280G R R 22 24 2 Bt BR B IR S Sy Lt -

F1 HAEAMKIER
Tab 1 Sources of P. suffruticosa

e K ke LBS

B w m W ES gm0
SU 20161014 2 EHREWCAFHEAR || $36 2017.1209  3~5  ERKiiE
$2 20161014 2 EPRAVLKFHEAR || 37 2017.12.09  3~5 KT
$32016.10.14 2 FERHVCATHEAR || $38 2017.1209  3~5  EEHE
$42016.10.14 20 ERHVTAHHEAR || $39 2017.1209  3~5  WKiliE
$5 20161014 20 EHRAWVCATHEAR || S40 2017.1209  3~5 Bl
S6 2016.10.14 17 FEPERAVLKFHEAR || 41 2017.09.05  3~5  EKHE
ST 20171103 4 REEMAR S 2017.09.05  3~5  EHKiliEE
S8 20171103 4 HHEMAR S432017.09.05  3~5  FREiE
SO 20171103 4 WEHBEAR S44 2017.09.05 3~5  EKHifE
10 2015.10.15  3~5 RPN $45 20151015 3~5  EKTifE
SIT 2015.10.15  3~5  BEpGIL e S46 2017.12.00  3~5  EKHiEE
SI22017.09.05  3~5 ki $47 2017.12.00  3~5  EKHiEE
SI32017.00.05  3~5 e S48 2017.12.00  3~5  WPEHiE
S14 2017.12.09  3~5 i $49 2017.12.00  3~5  FpHiE
SIS 2015.10.15  3~5  EKTE S50 2017.12.00  3~5  EKTiEE
16 2017.09.05 3~5 FKHiE S512017.12.09  3~5  FKHE
SI17 2017.00.05 3~5 TKIliE $522017.12.09  3~5  WRETiE
SI18 2017.09.05 3~5 Kl $532017.12.00  3~5 WPl
S19 2017.09.05 3~5 EKTiE S54 2017.12.00  3~5  EKHiEE
$20 2015.10.15 3~5 EKHiE 55 2017.09.05 3~5  EKHiE
21 2017.00.05 3~5 THKIliE $56 2017.12.00  3~5  WREIliE
$22 2017.12.09  3~5 THKHliE $57 2017.12.00  3~5  FpAli%
$23 2017.12.09 3~5 Tk $58 2017.12.00  3~5  FpHiE
$24 20171209 3~5 EKHiE $59 2017.12.00  3~5  FpliE
$25 2017.12.09 3~5 FKiliE S60 2017.09.05  3~5  WREIiE
$26 2017.12.09 3~5 THKHliE S61 2017.09.05 3~5  FpAliE
$27 2017.09.05 3~5 TpKiiE S62 2017.09.05 3~5  FpliE
$28 2017.09.05 3~5 Kk S63 2017.09.05 3~5  FpHi
$29 2017.09.05 3~5 THKIliE S64 2017.12.09  3~5  WREiE
$30 2017.00.05 3~5 THKHliE S65 2017.12.09  3~5 WP
$31 2015.10.15  3~5 LR S66 2017.12.00  3~5 TP
$32 20151015 3~5 e S67 2017.12.00  3~5  EKHiE
$332017.12.09  3~5 TKiliE S68 2017.09.05 3~5  WREHiE
S34 2017.12.09 3~5 THKHIE S69 2017.12.09  3~5 WP
$35 2017.12.09 3~5 T
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2 FiEEHR
2.1 IRIEHEH
2.1.1 @i%%M A% H  Ecosil Cis(250 mmx4.6 mm,
5 um) ; J B : 0.2% HRIE R (A)-Z 16 (B) , 16 B Ve
(PR AR W2 2) 3 W 3« 1.0 mL/min; K1 : 25 °C 5 #EFE
f#:10 L.,

x2 BEXRBERF

Tab 2 Gradient elution procedure

[ Jf] , min A% B,%
0~3 90.0—88.2 10.0—11.8
3~5 88.2—88.0 11.8—12.0
5~17 87.9—87.8 12.1-122
7~9 87.8—87.7 122-123
10~15 87.7-87.0 123—13.0
15~18 87.0—85.0 13.0—15.0
18~21 85.0—84.2 15.0—158
21~26 84.2-26.0 15.8—74.0
26~30 26.0—10.0 74.0—90.0
30~35 10.0 90.0
35~36 10.0—-90.0 90.0—10.0

2.1.2 FUEAM RAEBIZ & FIE(ESD, IE s+
RELCAGI 3 TG - m/z 100~1 2003 TS N (LB
99.999 9% ) 5 T 4 < & : 15 L/min; T 4 <R JE -
350 °C; EFEARAE R -4 Vs Rl RE R : 10~40 V.

2.2 BRHFIE

221 RAXIEMAEW 7 5K % PRI B Wy A 24
IR AT S PR R SR ST
P TR AR AR AT 24 B 453 o, i P 4 3] o i o —
Xof Bt I 88 YRR 5 43 AR 2 e B s B — o) B S O 2 T 4%
0.8 mL, & F[A— 10 mL ki, B e B840,
il B A 1 mL 7% 0.266 mg J} K7 B L 0.798 mg AJ 25 F |
0.884 mg P& TR . 1.393 mg A LA 25 .0.143 mg &
F 2R .0.096 mg FH K2 7 )5 11 .0.090 mg < H Bt 4R Ab AT
AT A KT IR IR T

2.2.2 XSRS & MRS 1L 80 H
it s UM K 0.5 g, W& FRE , B T 50 mL 5o P, A& 2%
70% MBE 50 mL, FRE T i, 8 A (B2 700 W, 45134 : 40
kHz) #5030 min; B, 507, FRRFRE i, FH 70% H
PRI S VA A, BB 25T 5 46 0.22 pm B FL B ASEE 5, B
LEUEW, AAS .

2.3 FHikFEE

2.3.1 KEHERE 222730 FHHK AR (S .
S19)a i, ¥ “2.17 WU T a5 S50 4 22 AR I 22 6 1K, LA
T R By 06 F £ B IR (B R Ge TE AR 25 B G0 SR A S I8 1Y)
AR B[R] RIAR e T AR, 25 5, 29 g I AR X
BRISFE] Y RSD 24 0.01% ~0.37 % (n="6) , %} 1 [f1 B i)
RSD 4 0.54% ~3.53% (n=6) , Ay NG % R 1T,
2.3.2 FAEMRE  HC2.2.27 3 N AN SIE R (G .
S19)if &, /il T T CE 0.2.4.8.16,24 h B %
“2.17 I RIS A EEREIN R | LAFE R B0 i) £ B B [ 1
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WG TET FHCA 22 B 10 SR 45 AT 068 () AT (% B BT PR AR R Xof
A . &5, 29 AN dL A 6 AH XF % B BsF R Y RSD R
0.01% ~0.32% (n="6) , FHXJ W T AL RSD 4 0.47 % ~
4.65% (n="6) , F WA S A e =00 T ICE 24 h g3
2.3.3 ERMRAE KBRS (45 :S19) 18
i, 36y, $42.2.27 R J5 vk A A T L R
“2.17 30 RIS RN R , DA B B 0 %) £ B ] AR
UEE THT R Ry 2 B 110 53 25 A 068 118 R X3 B ST [ AR X6 0
TR 255, 29 /> HAT W4 AH X B4 B 8] 1Y) RSD 2l 0~
0.62% (n="6) , #H X} 14 Ti FL /) RSD 4 1.47% ~4.97%
(n=6), RPUA L FELZ R

2.4 HPLC-MSiE4EE o

2.4.1 HPLC-MS#EarEER AN HL69 HEZ5 M A ik
R A, F12.2.27 TR Jy vk o A R T L PR
“2.17 I R SRR |, R 2 s SR
AL BEAf 22 45 (2004 A) )X 69 #2544 £ & 1 HPLC &
TEVEA T /04T, A% HPLC F5 80l i LR 1 /T 2.

0 5.07 10.15 15.22 20.29 25.36 30.43 35.51
t,min

1 69#LZ5 4 mAa HPLC B nis s Eig
Fig 1 HPLC superposed fingerprint of 69 batches of
samples

25(51)
x50

36.19 4 17

27134

29

>
£ 18.08-]
S)

8 15
9.02 12 \16\ i
14
fe s WA Jwa
—0.03 T : T T T

T T
0 5.07 10.15 15.22 20.29 25.36{ 30.43 35.51;
t,min

2 ARSI HPLC X RIS EIE
Fig2 HPLC reference fingerprint of samples

2.4.2 FRETER SR 2 kR SR TSR LR
M 2552004 A) ), LA B HPLC X BR 48 4 B i Sk Xt
WE R TR AAAR LB PEA . 455 R, 69 25 B RE L R,
4% 6 A AHALLEE /N T 0.900 A1, HE 4y 63 4 AL EE 34k
F0.900, 2 B FCHR 43 24 A it 1R) 22 S A /N o i RS 1
B PRI 3,

26 27 28

TEIEE 2013EFE20FFE4E



®3 OMAMERBMUETNER

Tab 3 Similarity evaluation of 69 batches of samples

G LS G LS G HDAE
S1 0.993 S24 0.994 S47 0.998
S2 0.938 825 0971 S48 0.999
$3 0.842 26 0.994 S49 0.996
N 0.691 S27 0.946 S50 0.995
S5 0.787 S28 0.929 S51 0.993
S6 0.717 $29 0.956 852 0.984
S7 0.988 S30 0.952 $53 0.998
S8 0.992 S31 0.903 S54 0.998
S9 0.945 $32 0917 S55 0.868
S10 0.902 $33 0.994 56 0.982
SI1 0.942 $34 0.987 $57 0.985
S12 0.939 $35 0.997 S58 0.988
S13 0.933 $36 0.996 859 0.999
Si4 0.997 $37 0.998 S60 0913
S15 0.930 $38 0.998 S61 0.954
S16 0.999 $39 0.995 562 0973
S17 0.932 S40 0.996 S63 0.922
S18 0.951 S41 0.986 S64 0.994
S19 0.979 S42 0919 565 0.997
$20 0.948 543 0.980 S66 0.997
S21 0.896 S44 0.954 S67 0.990
S22 0.994 S45 0918 S68 0.930
S23 0.998 S46 0.981 569 0.980

2.4.3  JEEWERFEIA AT HR S MS 2 K i
A5 B S PR R R IR], 25506 BE 5 MS {5 B R SCik A 1Y)
MS Bt 2 A R i R SO i A e R A T G
FA VA T A 25 I . 2 S5 TR A X R MS JRL 3 A 1
U B T X, B i 4 .8 .9, 11,1424 .25 /3 Jl &
PR AT BB FRRPER R R A2
T ORH A AT FFR B s I S T 29 M
U PRI 4,
25 BELHW

DA% A 0 R o U 1T AR A A8 1, SR FH SPSS 20.0 %k
4, DARK FGRE 2 43 )2 5 2875 v 1) Ward 32 6 69 Jtt 24 4+
AT R GRS, TEULIE 3. P I 3 AT, BER PG
BN 10 B, 69 HL 2 AR 5 T 2ROk 528 - S4~S6 Sy H PR
TT RO AR AR PR AE 17 4 e DL B R 25 b RE S, 5 H A 2h
MFE SO B 25 AU /N T 0.800, Fl S41 5 A5
112552k B RV HE ) S1~S3 #H: i FER {4
U ST~ S9 ek i bk S3 AR HAAR L K F0.900, [F]
S10.S12.S24.S25.S54 ,S59 A4 M 2k ; mi B 25 M AL &
FERAET V.V,
3 Tt

FETR IS, 2B FL A TR TR B 4 B Ay H e

Fz4 IR HAPLC X RISSE i h & L FIEXT ML 2 HIHENEE L R

Tab 4 Speculativeness and identification of corresponding components of the peaks in HPLC reference fingerprint

of samples
, M-H] (m/z) N
e i ¥ AT . [M-H] S SR ()
3 WRTFEEARE BETFREAERE CsHiOu BLIS 331.26 191,169,137
4 BETR" % CTH60; 169.10 169.01 137,125
5 A RS CoHOp 44520 445 40 281,174,159,137
6 AR AR CrHyOuS 543.13 KR 505,465,384,312,261,137
7 JREERBY JRAEE R CoHxOp 577.15 577.13 483,425,407,330,289, 159,125
8 AR SERES CuHxOp 495.15 495.15 505,465,165,137
9 WEFRTE" DS CHiOs 183.10 183.02 137,124
11 FHE B A FHE B2 CuHxOp 459.15 459.15 293,197,165,159,137
12 FHEBHESH FH % CaHx0p 459.15 459.15 293,197,165,159,137
13 WEE3- AR R CoHyOy 625.15 625.14 300
14 A AR CoHxOy 479.10 479.16 449,435,335,301, 165
15 #EfFAB/C/D™Y FHE B CoHOy¢ 611.20 611.16 577,555,445,393,343,169
16 WEFEAZH" AR CaoHyOss 63120 631.17 545,509,469,399,335,199,169
17 SRR FFTk CuHyOn 787.10 787.10 763,611,525,469,393, 165
18 WEE3-0- %A FEE AR R CuHaiOs 615.25 615.10 463,300
19 IEE-3-0-% & BE AR A CuHaOss 599.20 599.10 528,447,335,314,165,137
20 ERTRTE" 28 CiHn0, 335.05 335.04 183,165
20 WRFBEALATAHE SERieN CyoH:Oy 647.25 647.16 525,399,327,313,290,271, 165,137
2 JHEfBgm OEEN CoHyOy 629.25 629.19 599,399, 165,137
23 FHgfrem NZFR CaHOss 599.25 599.18 505,477,447,419,314,165,137
4 EWEEMAAHT SEANEES CuH::0n 583.10 583.18 629,553,535,197, 165,137
25 FHEE" FhHE B2 CHiOs 165.15 165.06 147,137,123
27 HEFFAB/C/DMY FHEB% CoHuOy¢ 611.20 611.16 577,555,445,393,343,169
29 HETFAB/C/D™Y FHE B CoHuOy¢ 611.20 611.16 577,555,445,393,343,169

(60% .70% .80% .90% )VE Ay $ B 7 sk Fr) $2 BUROR o
S5 R 70 9% WA A HRBUA IR, ik Hod i £,
W i R 8 47, ke e A 70 9% FR A R BUA T IR
B3}y 0 FE M I RO I e B . BB

T EHHE 2013FEFE20FE4E

T AR A FRIBUSHE] (15,30 ,45 .60 min) X HEBHCR
(52, 45 5 30 min A4 BUECRAL T 15 min, M AFE
PRI ] f5 R R TC W B 22 51, R % 46 30 mindEh
RIS [
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$2583 810
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Fig 3 Hierarchical cluster dendritic diagram
A XS 69 HEAFT R 2 RHRE L FEA T 20T, -4
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PR K B2 Ly , IX BEEAT By Al Ay R AP B 254

AT o 42 1 ) B B R

69 L2 bR A 3HE(S1~S3) Ay E PREVT 711 2

AEAE I HORFE AR, 3L (S4~S6) Ky H BRE T 1) 17 4E LA

Y HCRFE S 34 (ST~S9) R & U™ 1 A -4 19 A 2R

Koo AHRUEPE SR B, AR RKAERRAE 1T 4E K LA ERY

YRR il (S4~S6) BYARUEE 13/ F 0.900, T H A% 1T 65

B SRR (BR S21.S55 4P ) A BLEE AR 73 5 KT 0.900,

B T A ARAREBRAE 3~ 5 AF AUy b RR b i AR E o 2R

BT AR AR RAE 17 4E R DL B 25 B i (S4~S6)

N S41 N —2, Won 5 HAM LGB AR i AT B 22 5%

PRI T3 H0 34~ A R (S1~S3) R B A R A

i (ST~S9)RESR A —3& , BRI 7™ b s o o AR AL

PEo TR HAb 2 AR R R 5 Ah 32, HARAUEE

RZ KT 0.900, F 75158 25 bR h A 27l o3 B A E

WEE 22 3077 1 A AR R iy = R

AR ) 55 Z2 b IR 2 S M T ™ A — s e sl

L5 TR A SE T £ HPLC 48 80 4345 e A

R R AT g P Bz 2 B4 1 O M50 F S B

S ptcE .
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