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UPLC fingerprint and chemical pattern recognition of Salvia miltiorrhiza stems
and leaves from different habitats
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Abstract: Objective To study and establish the UPLC of Salvia miltiorrhiza stems and leaves (SMSL) and analyze the specific peaks
composition by ESI-QTOF/MS, and provide scientific basis for the comprehensive development and utilization of resources SMSL.
Methods The fingerprint of SMSL was established by UPLC, the samples were conducted by Acquity UPLC BEH C,g (100 mm x 2.1
mm, 1.7 um) and eluted with acetonitrile and 0.1% formic acid at the flow rate of 0.4 mL/min. The detection wavelength was set at 280
nm and column temperature was 35 ‘C. Negative ion mode was chosen for qualitative analysis. The capillary voltage was set at 3.0 kV.
The nebulization gas was set to 800 L/h at 400 ‘C, and the source temperature was 120 ‘C. The similarity evaluation, cluster analysis
(CA), and principal component analysis (PCA) were used to deal with the experimental data, in order to find out the similarities and
differences among the 12 batches of SMSL from five different areas. Results The specific chromatogram of SMSL was obtained, and
13 common peaks were identified by ESI-QTOF/MS. Similarities of the 12 batches of samples were 0.823—0.997, the results of CA
and PCA were consistent with similarity evaluation. Conclusion The establishment of UPLC fingerprint of SMSL and the application
of chemical pattern recognition can provide a more comprehensive reference for the quality control of SMSL and the utilization value
of non-medicinal parts of S. miltiorrhiza.
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HZhERHKRESEBEY TS Salvia
miltiorrhiza Bge. WITEMMZE, 25 H B
MAGTE 22—, T (PR ARLE), HA%
BEAgE . TR A okt HORTESY 3 B A A
FF 2 v 7K P 0y TR 2 0 I s 1k ) 2 i 25 A5 30k
SR PF Bkt RO, E KRR,
FCHb b 22 R A AT A8OR) TR 7, g R B R 2 A
W5 gy,

AL FFNIACHE FCUE SEPF 2 280 B AT SRR
M LA R T 35 S 2 BRI
W) Hidd: “FHS 2 BATE AR, ORI
7 MEEA R, P2 b2 LT
TS 1, SRRy, (H5HF 5 AR R
B, LIKIEFRASHRE B B, Bt
A, PEZREM PR S EEISE . =i, L,
R KA G EIATO, a TR T O R
Wi PEI A BERBTRRARI R TL . BT 51
B 087 2 h e & 7 P 1 b N s EP e
MHRSCEIS AT,  ASEE SR BAT = 0 e il
e R B UPLC ¥, #3775 25 UPLC 4F1E K
i, LA e #E 0 DU AR AT - KAT I A (quadrupole
time-of-flight, QTOF) H itk 57 AXF LA I AT
SEPERN AT, GG AL SRR 3 B
SHT (PCAY IR, Sy FE S 2im aih
SFRAER T E SRR RS, LU T2 2 R)
RRE, SEIRAT -t - AR ARG G — .

1 UE5H
1.1 48R

ACQUITY UPLC %t (—JtiksE, Hzhit
FERS, RS, M FEPIRIEE, Waters A F]);
Synapt ™ Q-TOF JFii{%X (Lock-spay %11, HiWi%
BT, Waters 237 ); MassLynx™ J5t i T4 ki
(Waters A7) ); DHG-9023A 4 i fhHe i3 5 IR T4 46

C RS 2 S s A BR A W) D Sartorius BT125D
HL 7 M R (BEEZEZ R AR D EPED #4liK
RE (R 558 SRR IEABRA D KQ-250E
R Uy CRALRBIE S A PR A D
AnkeGL-16 GII B0l (_Lifg 2z 2 RF2E AR ),
1.2 #l

SRS 2 GIE'S MUST-13030108)  BIHERR (41t
5 110885-200102) /" (HIk*5 100080-201409). 3k
IETE IS 111871-201203) F0 [ v =205 24 5k
SEWFFTRE: S LS (MUST-15070211), 48%%
2 (b5 MUST-15022407). FHRWR B (b5 MUST-
13030203). FH®IE A (Hit'5 MUST-13030701) F1
% C (A5 MUST-15011305) #3064 At 52 34 K [+ 61
PR IR A, iU £ KT 98%. HE (R
FAERHAE B A 7D A 4t all, 205 (& E TEDIA
NTD) RRERY A Mitkal (SEE ACS AF]D, B4l
K B Milli-Q 4K WL

12 f{EFFZ 2R, PEANE B ER 1. M)
FEIRZE p P R 25K B IR S N R TR
REJEHEYIT S Salvia miltiorrhiza Bge. (M 25
Mo BEASRE S 20 0 TR (50 °C) 0F T HET,
P A OB R R R, L TR AR A
% H
2 FHiESH%
2.1 UPLC S#h&t
211 (a4 Waters ACQUITY UPLC BEH
Cig (100 mmX2.1 mm, 1.7 pm) Oi%AE; KRN
35 C; WA LG (A) -0.1%F /K (B),
BEEEVEME (0~1min, 5%A; 1~3 min; 5%~10%
A; 3~7 min, 10%~15% A; 7~11 min, 15%~21%
A; 11~15min, 21%~33%A; 15~17 min, 33%~
70% A; 17~18 min, 70%~80% A; 18~20 min, 80%
A; 20~21 min, 80%~5% A); AR E 0.4 mL/min;

F1 R#AFEFBASEN

Table 1 Twelve batches of samples from different habitats

Tt i 5 FEHl/ A KA (] T it i 5 FEH/ A KA 1A
S1 L PR 2015-07 S7 PSR 2015-06
S2 thipgge i 2015-09 S8 IR/ —5 2015-07
S3 thipgge i 2015-07 S9 IWRAEP—5 (R 2015-07
S4 B 4 % 2015-09 S10 IR B 2015-07
S5 T F AR AT 2015-07 S11 IR B 2015-07
S6 T % B 2015-07 S12 IFR ] 2015-08
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HEFESR 2 pls ATl 280 nm.

2.1.2 JRiE4fF ESI¥; #1470 ESI'. ESI ##
X BAE K 3.0kV; HEFLHEE 30 V; UK
40V; B FPEREE 120 °C; BOAFIIERE 400 C;,
HEFLALEL 50 L/hs G 800 L/h; fiff e
i 6~40 eV, B TRER 1 Vs i m/z 100~
1000, #H#s KA AFIHE: Centroid.

22 BREHE

22,1 ORI R SRR SR
MERR. 2T, SR . REFR. KRR P
% B PHYR AL FHYR C XIS IE &,
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222 Al DR R (40 HD 1g,
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TR 73 3 A SR, I SRERE 6 I, skt
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BN 3.0%, FFAFRIERITE 2R, R A ES
[E3/338

233 FEMEiRE  HU ST SN, 4% “2.227
TR 7l s, 3 ilAE 04 24 4. 8. 12,
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FFERRE e 2k, 45 R M E 24 h Y
FoE
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2.4.1 UPLC-UV FFEEIE N, 23 70k 2 W
12 HEZEHFE S AR SR 2 uL, TN EAR (A,
kg E, AR OEE S Pk iRa
Pl B AL RE PPAN R 48 7 C Il 2% 24 ML 51 2% 2004 A 150,
HERE S12 ‘S Sh ol o S IR, 500w N RS
I 0.1, R A 7 Flnl i [ B VCHC AR Bl 2 285
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1 12 #tFABEMHEEN UPLC-UV 4HERIE (a) R
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Fig. 1 UPLC-fingerprint (a) and reference-fingerprint (b)

for 12 batches of samples

#2 LRHASEMHBEUELIRER
Table 2 Similarity of 12 batches of samples

RN HHALLEE ARE TR HHABLEE
Sl 0.912 S7 0.823
s2 0.974 S8 0.955
S3 0.988 $9 0.997
S4 0.989 S10 0.993
S5 0.985 sil 0.996
S6 0.991 s12 0.990
242 JATEREE L9 SN ZIIE, bRos il

FHZ 2t UPLC-UV (il 13 ANy, JLAyig
(R THTA Z FR T 90%, T A5t i 1 55 2 R g AH
XTOR B IR RSD {H . &5 SRR, A5 ok 3L
A R R AFO A B ISEIE) RSD L 320/0 T 3.0%:; T ARNS
UEE TR AR ) RSD AR ZE 0K, Horfr 3,713 51U RSD
HECR, SR WA 3 NI 4.

2.4.3 SLAUWERIHE SR A O IR 2 2% S
Bk IR R — . B R (e A i AT o T,
YE T 10 NI TR I E Sy, b1,
4. 5. 6+ 7. 9. 10, 11. 12, 13 SR X
w0 R e P S . IR . T R
FEAr. BRIERIR . KR, IR B. MR A
FUPFEYER C, 7 5 W20 it % s #E W I Mt e %, &5
RS,
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Table 3 Relative retention times of common peaks
it AFXT O B 1 (]
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12  RSD/%
1 0195 0.196 0.196 0.195 0.196 0.195 0.195 0.195 0.195 0.194 0.194 0.194 0.356
20271 0271 0271 0270 0272 0271 0270 0270 0270 0270 0271 0270 0.236
30292 0292 0292 0293 0291 0290 0291 0291 0291 0291 0291 0290 0.268
4 0413 0414 0413 0413 0413 0412 0412 0412 0411 0412 0412 0410 0240
5 0761 0760 0.759 0.758 0.760 0.759 0.751 0.759 0.758 0.757 0.758 0.757 0.321
6 0791 0790 0.790 0.789 0.790 0.789 0.788 0.789 0.788 0.788 0.789  0.788  0.132
7 0866 0868 0864 0863 0865 0864 0863 0871 0863 0867 0863 0863 0.302
8 0951 0949 0950 0.949 0950 0.949 0.949 0.949 0.949 0.949 0.949 0.949 0.078
9 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000  0.000
10 1.068 1.064 1.065 1.064 1.063 1.066 1.063 1.063 1.063 1.063 1.063 1.063 0.199
11 1.095 1.092 1.092 1.093 1.092 1.093 1.099 1.094 1.095 1.093 1.096 1.095 0.177
12 1147 1.143 1.144 1.143 1.144 1.145 1.143 1148 1.148 1.145 1.149 1.149 0.201
13 1273 1269 1270 1270 1271 1271 1274 1275 1276 1272 1277 1277 0.221
F 4 HBIEMBFIE@MR
Table 4 Relative areas of common peaks
e AFOT Ve THI AR
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 Si1 S12  RSD/%
1 0004 0012 0015 0014 0016 0.014 0017 0.013 0011 0017 0010 0014 26226
2 0017 0.037 0075 0.034 0043 0.031 0.010 0.042 0.030 0.048 0.042 0.047 43375
3 0.009 0.005 0.023 0.003 0.032 0.051 0.005 0.002 0001 0.003 0002 0.012 124.606
4 0033 0.054 0164 0.077 0.148 0210 0.057 0.106 0.079 0.093 0.091 0.125  49.223
5 0.023 0082 0.045 0.065 0.026 0.009 0024 0.032 0024 0.031 0041 0.037 54936
6 0.010 0.020 0.017 0.049 0.025 0.005 0.038 0.021 0016 0.023 0024 0.020 52297
7 0.019 0038 0.032 0.055 0.027 0014 0108 0.029 0025 0.033 0032 0.032  65.860
8 0.027 0019 0019 0063 0042 0.039 0.030 0.035 0040 0.037 0.034 0.038  33.168
9 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.000
10 0.005 0.029 0.014 0.034 0018 0014 0.004 0019 0022 0.042 0016 0.018 55738
11 025 1254 1061 1.042 1.159 0779 0.095 1.651 0914 0951 0.678 1.061  46.430
12 0.009 0.020 0.018 0.022 0.020 0016 0.009 0.027 0025 0.025 0017 0.024  30.886
13 0.001 0061 0.111 0.020 0.084 0.007 0202 0.022 0046 0.048 0.039 0.060  94.631
#z5 HBEEMUERSEE
Table 5 Identification of chemical components from common peaks
= fz/min ESI (m/z) ZHWRET (miz) 4 HoE AR
1 1.691 197.046 2 395,179, 135 CoH,,05 PR =
4 3.925 179.0352 411, 135 CoHgO4 IBNHERR
5 7.548 609.145 9 300, 301, 662 CyH30016 T
6 7.844 463.089 0 301, 464, 609 Cy1Hy001, SR
7 8.686 301.034 4 505, 389, 371 CsH,00; M e %
9 10.373 359.074 6 161, 179, 719 CysH,¢0g RIEA R
10 11.424 537.194 3 519, 357, 493 CyH,015 KR
11 11.910 717.140 8 519, 321, 339 C36H30016 FH R B
12 13.005 493.110 9 185,295, 313 C6H2,010 FHBTR A
13 14.588 491.096 1 293,311 Cy6H20010 FHH R C
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2.4.4 MUEET 5 12 PSR R
FREUETEAR LS, SRS 25 R B AR A
0.823~0.997, A E-HEUPFZ 25 mHRE il 15T B AH G
Fasg, MBI 0T LUE AR P o 2 25 4 2 i
IYFEAR—, K WAAAER DA R 3 2 4,
FEAh S7 (PR 93 e 50 AR, 7= H A 1l
RIS ZEM RS (S9~S12) AL % & o
245 BEGH REH PR WS GAK
BELCRFIE N LAV, TR ST AR A S AR AR Z (] R A
WO R BRI R I — PR R A B, H
AE N T2y e T PR R ) 2R A
DT ARSI 12 AN P S ZE R S AT
FRGUEBE T, KA 13 AN ik g, KA ItE
UV THT AR N SPSS 19.0 Rk, SR AL aE 8%,
16 FH WK CGER B0 12 L2 AT 52K 007, 45 R LI
2. WEGEEREY], 12 AR TS
AP, B S10 46, P ikl 4R (25 KR (S8
S9. S11 1 S12) 5 LAh = HuAFE 5t 73 50l 28 9 —3K,
VU L 2R (K 25 5 TC A = b PR A7 A — 2 57
WG 2 R A AT WA W TR T LUK IR, L%
BEBERIAE 3 SR 13 5% (FHRE C), R
ORI e RIS Bl AR PE 2 25 G At R B A
EZRMREZ —, FRWEOH R 9 A0 rE2 22t
FEab (S2 A1 S4) BOMAHIT, Ui BASRER I B 7
S L SE B B AR .
24.6 PCA 701 b T EBHPEN 13 DMILA K
Iy NIRESL 5> HEGE ST, K SPSS 19.0 KR4 12
HEPF 225 RE AT PCA 20 W, 45 A58 3 Mgk
FRAEAE I %S PC1. PC2, PC3, %4> PCl oF
BkE N 55.5%, oTikFEECN, BEHERRZ; PC2
TTHRE N 19.3%, PC3 TIkEA 11.3%, # 3 A F
AT B DT R 86.0%, T LAEHLET 3 AN Rsr
AE S W PE 23 28 rh A 27 )03 IR AR AE o 43 ) BA
PCl. PC2. PC3 @ AAbR RATHGY, 193] 12 4t
FEat i) 3D-PCA 73 M #2 E (J& 3). &%, S7
SRE S HARE S BGY SAREE R, R B ST S5t
SN (G IRrE 50 S HAb = MMy S22
PEAROK, 3X—25 B 5 ARBURE 20 #r 45 SR A — 30
3 iWig
31 REAERER

2 FEAN A LB B WL 70% 80% 90% FH )
ANEFEEUR ] (30 45, 60 min) XU R
W, 45 SRR 80% FHEAE s ), B R Ab B 45

o
0 5 10 15
S2 ! '
ss 4 —
S3
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20 25
L ]

2 12 S EMRERIKE
Fig. 2 Dendrogram of 12 batches of samples
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Fig. 3 PCA diagram of 12 batches of samples
min, B GEXEFTS 250 rh Gy R 2 B Oy B I 2 )
ey, HEsERE.
3.2 BILFRGRL

ARSI Al B A B R P LR T 280 nm A
254 nm AN[FISEACTS I g e m NG L, 45 SRR
280 nm YK T AR S WL 1o IR AR, i
HREE HARL TR, L+ 280 nm A2
- UPLC Fr 8 EHE R IR . 4] “2.1.27 TR
UPLC-QTOF/MS 73 #1454, %o F IR VR 5 5% J it o i
SR AT EST. ES 14, KB ES" &M T
Wi A5 5 88 /0, TAE BS 454 T n] LTS 21 R L i [,
fETR, Pk, P2 i REE R ES™
B AT 04T o
33 ASEMRLUEEITM

ASEI B UGS S 2SR ALK, SRR
UPLC-UV iR, BERA M S WU it rh A i oy 1A
KL, AR HPLC 7 FRSCEn, Bt i) i 2
4%, 21 min BPRI5eResrtr, HARBUE S, 7rExes
I, i#iL UPLC-QTOF/MS X %A Wi 1 3
FEZth b2 RS 3 EA AR B0 P R 2R N
R, PEon ] REA PSR ARG Préadh.
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TR BT S5 AR P VS M TSR s fy 12 T
SRR AT EnT a0, B3 WA O B I ) 22
SRV, AR ZE R BOR, RIIANFEIRE T
SRR A R BRI R 4
HIATIEATR N IR G R T W, ST 51452 Gt
TLIRr R0 B RE i Z2 A 0K, EEERIERS
AR B, DRI WV 57 P F 228 e A X
Fob= 7z, SRR TR PCA
IIHTEE R, BASKUE, REWTY, BRIE. T RIAEH
PIZZEMBRN—, 1o (LRI S8R S
FCfb = FRORE S AT AE e 25 5%, LI 3ok 1
FUBREEIRZR KT, 38 AN 1 2280 R A e AL
FIOI R R PARAE—E 22 5. S2 A1 S4 Rl
W9 At tZ2Emt, fERIPPRE RN,
WS 22 m i, AU S BRI .
FARMIASSERE ST A v, rsE, oA
Z 2 BRI A BN B T R B IR AR o
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