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A qualitative and semi-quantitative study of Salvia miltiorrhiza aqueous extracts
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Abstract: Objective To qualitative research the composition of Salvia miltiorrhiza aqueous extracts by using Q-TOF-MS and to
establish a semi-quantitative analysis method of some active components in S. miltiorrhiza aqueous extracts based on Q-Trap-MS.
Methods The chromatographic separation was performed on a Waters Acquity UPLC HSS T3 (100 mm % 2.1 mm, 1.8 pm) column
with the mobile phase consisting of acetonitrile and 0.1% formic acid for gradient elution. The flow rate was 0.3 mL/min, and the
column temperature was 30 ‘C. In Q-TOF-MS, electrospray ionization (ESI) source was applied and operated in negative ion mode.
The capillary voltage was set at 2.5 kV. The nebulization gas was set to 800 L/h at 400 ‘C, and the source temperature was 100 C. In
Q-Trap-MS, electrospray ionization (ESI) source was applied and operated in negative ion mode. The ionspray voltage was set
to —4 500 V at 450 ‘C. The pressure of source gas 1 (GS1, N,) and source gas 2 (GS2, N,) were both 45 psi, and the pressure of
curtain gas (N,) was 20 psi. Semi-quantification analysis was performed with multiple reaction monitoring (MRM) mode. Results
A total of 26 components of S. miltiorrhiza aqueous extracts were identified, of which 15 components were common phenolic acids.
The two reference substances had good linearity ranges (> 0.997 6), and the values of precision, repeatability, stability and recovery
met the demand of Chinese Pharmacopoeia. The content of 11 unknown compositions was determined. Conclusion The
composition identification of S. miltiorrhiza aqueous extracts was realized with a high effective and rapid method, and a new idea for
the content determination of unknown components was provided.
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FZ N ERFEY S Salvia miltiorrhize
Bge. MFIRMRARZE, HET (PRAREZR), A
A9V AR B2 RS A BRI R h . 3
(A R A KA IRV TE 2 K38, ARSEER
PSR N KBRS, U8R B
(salvianolic acid B) FIH L (lithospermic acid)
EMRBEMFCATE LR . BHET, 2K+
(2 B 0 E B AR DA R 20T, Asgig st
T PURAF- ©ATI B BOR (Q-TOF-MS) #t—25
GrHT T PEB KRB AR 2 s xR 4
BT B DU I & By, BT DU ARAT -2k
BB (Q-Trap-MS) UMH R 5758847 7
e B, BRI BRI A, (A
X VA %o HER it () 0 oA 1 B A Ry B

X Q-TOF-MS WE i 7t, B T iz A4
MS" #E, AEEIERA T MS/MS B,
H Trap CE Control I Transfer CE Control 2 /Milf{i
=2, 0] DA E b MS" X N A 1) R = 2
FRORE T A I, R T o PR 28 g R A R 285 4 o 1
HIRKWFER . 7358, X T Q-Trap-MS (1)} & &
T, FLEERMLT — PR T, — i
PAE (PEZG ) 2015 SRR AR AN, T
AR IR UL, 20T RE TR AL 1 AN A X
MV EIEE . FEZY &, Ktk
M5 HEFHZ oK FE I I 11 B o3 () e o B )
BE 15.28~21.35 pg/g. ALK A PSS KV LSS
()2 8 B T2 AR 2 B O MR I (multiple reaction
monitoring, MRM) #E F#E/T2%, MRM R 7E
— R N ERR NS, MRS, £
Az AR BT HT MRM
BT BE R A7 B AT W I ik, m 35 f
RBEE 5 E TH0, S s A (5 L,
NI B e A DU A 5 A D R RS, SEIAHIR & =4
JE A AT E
1 X5

Acquity™ UPLC 8= S0 AR €21 5248 . Synapt
G2 Q-TOF-MS Jii i Z24. MassLynx V4.1 5 T/
S\ Acquity UPLC HSS T3 €44 (100 mmX2.1
mm, 1.8 um), 3%[H Waters 2 #]; AB SCIEX Q-Trap
5500 VU &R 50, By UFLC s 0B R 40 (R
# DGU-20A5R fit"<#l, SIL-30AC H Ik,
CTO-30A #:iR4f, LC-30AD WitHZ%); KQ-500DE
R RIEYSs, Rl s Es AR A,

XS105 WA 53 2 — R, MR -5 28 TR
AT KONEEAEK, Milli-Q BBaiK #4, fHE
Millipore A F]; HEE. OfF, Fiikal, [E Merck
AF; B, ks, £HE Sigma AR HAREGH
BIR o4l

X YRR B (iS5 111562-201716, FiE4r
94.1%), B E a5 2 e e B TR s SRR
(#t5 FY18351203, Jli & 7%k 96.3%), WWH &
FAMBHERAR . 5 PSRRI S 735
N 20100201, 20110503 20111205 20111206+
2014A02, $BJHRER 12 Bzl A BR A = $24E,
ZFE AU K E AR AT A5
2 HESH
2.1 WEREARHH &

FREUT YR B XF IR 0.91 mg A1 BEER X I
0.99 mg, ;& 100 mL &, INgiKEm, ©F
ZEZ0E. BB FE 2. 100 50, 100, 200, 500
11000 %5, #%H.
2.2 i RIARIHE

FREL S PSRRI A2 1 mg, 77 E 2 mL
s, maiKiE g, EREZE, &H.
23 @IEEMG
2.3.1 UPLC/Q-TOF-MS/MS A ittt ly
Waters Acquity UPLC HSS T3 #£:(100 mm X 2.1 mm,
1.8 um), il 30 C, FEMEIREZ 4 Co WMBIHA
LE-0.1% TR KW, #HFEBENE, 0~3 min, 10%~
19%Z.J15; 3~10 min, 19%~23%Z./f&; 10~12 min,
23%~30%Zfif; 12~ 14 min, 30%~50%Z fi§; 14~
20 min, 50%~90%Z.ffE: 20~21 min, 90%~10%
CHE; 21~22 min, 10%Z0E; BEFEE S uL, A&
J 0.3 mL/min.
2.3.2 UPLC/Q-Trap-MS/MS iM% ik Ny
Waters Acquity UPLC HSS T3 ##:(100 mm X 2.1 mm,
1.8 um), 1 40 °C. FBNAHA L IE-0.1% F BRI
W, BEFEVER: 0.5~12 min, 10%~35%Z./; 12~
15 min, 35%~70%Z.JE: 15~17 min, 70%~100%
LM 17~18.4 min, 100%Z.J; 18.4~19 min,
100%~10% &L fig: #EFEE 3 uL, EBRRE 03
mL/min. 746, TERTIIAR RN, K il A
WAE 0~6 min #EE TR, 6~8.4 min #Fi i, 8.4~10.6
min SRR, 10.6~15 min 35, 15~19 min i3
SR R FERR AN PR IR B X & S, 0~19 min
T
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24 RIGHEH 310 kPa; JEANMA2 (GS2, Ny JE77: 310 kPa;

2.4.1 UPLC/Q-TOF-MS/MS Jfiili &4 K F e ms
FETUE (ESD, g, BHEHE 2.5kV,
HEFLHL T 40 V, $EHUEFLRE 5V, BSFIRIEEE 110
T, BAEFISMA (N R 350 C, AR
Ui 800 L/h, HEFLSIME 50 L/h, REMZE 0.2 s.
2B HEARE A A AR (Lock Spray™) #EAT R
B IE, AFEN S ul/min, [FFREE B 41
THY 3 R AR 2 58 (1) MSE Continuum
AR, R REE R R 20~30 eV, i
VG E m/z 100~1 500, (2) MS/MS i N
I, filf 4 % Trap CE Control 1 FH 2k 14 58 =34 20~
30 eV, H.filif# % Transfer CE Control 7% 4.

2.4.2 UPLC/Q-Trap-MS/MS fRIZE&MH B THN
FHLE 55 B9 IR (A B TR ) s 35T W5 Hi < —4 500
Vi MmEE: 450 C; JEAAAE 1 (GS1, N E77:

KRR (Ny) 7). 138 kPa; B ] MRM #E 0
P T, FRYIRESEULER 1, BHhSH
FIE BRI IZ IR “2.6.17 Tif “2.6.2” T F i,

2.5 EF Q-TOF-MS HIEMHHR

251 FIZZMRIZMFEE DU BRI
B X SIER, % “2.3.17 F “2.4.17 W AERE
ST FES KRR ORI A A E Y R R
SZZMBERET S RNEESE, THLLERERM
FHBER B B R IR By BRI 1 2L A A 22
GEF. BRER (m/z538) SiHIARRIREEE, 5T
TR R AR R, AP COy AR ER
mlz 493 [ R BT . IR UE MST R R
BB, W miz 493 EK 1 HTFB SR
(CoH 1905, m/z 198), £ m/z 295 [ =M & F o
iR WA 1.

%1 Q-Trap-MS ! MRM #X 5%
Table 1 MRM mode parameters of Q-Trap-MS

R BB (miz) FET (mlz) DP/V EP/V CE/V CXP/V
KR 493 295 -65 -10 -15 -12
X1 521 323 —-65 -10 -15 -12
X2 551 321 —-65 -10 -15 -12
X3 565 321 —-65 -10 -15 -12
FHE R B 717 519 -51 -10 -24 -16
X4 715 535 -51 -10 24 -16
X5 731 533 -51 -10 24 -16
X6 735 537 -51 -10 24 -16
X7 745 547 -51 -10 24 -16

X AR A EIA
X is for unknown substance
O
OH o] on ?I ©
OH OH
OH o é
o ﬂ S
0 -CoH 05 ‘ -------- OH
0. 0O o
OH OH
x
m/z 295.061 8
--------- OH
(0]
OH OH
m/z 537.104 1 iz 493.110 6

E1

LEROBTRATHRERE

Fig. 1 Possible fragment pathway of lithospermic acid in negative mode
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FHARR B EREFHAT, %% 14 H, 193]
ST BT mz 717, 76 MSEAER FHT2M%, &
K1 TFBHE (CH 0Os, mlz 198) 153 — 2 H*
FBT miz 519, =HWWF BT m/z 339 Fl m/z 321
Gr R miz 519 Bt 25 14 FIHERR (CoHgO4s m/z 180)

©
OH
on -H e
OH
OH

% -CoH 1005
OH

C}w :1h%i:%

m/z 519.097 7

m/z 717.144 8

—0 Eh
o050 % {
— OH
3
S OH

A1 FFr3 R (CHOs, m/z 198) P24 1
Gh, miz 339 HEK 1 731 CO, IR UL &+
m/z 295, 1 m/z 321 F-E%K 1 73+ CO Bi45 DY 2 f
FrE T m/z293. F5HRILE 2.

252 PESKIEEW RIS S B ik

iﬁ Q™

m/z293.042 5

m/z 321.040 7

HO, IS}
o
lemo, oL ] o, oA e
oottt :
(0]
OH OH 22

OH
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2 FHEER B faB TR T RIRMENE

Fig. 2 Possible fragmentation pattern of salvianolic acid B in negative mode

5 2014A02) WL, & “2.3.17 R0 “2.4.17 TAE
HERE AT, A3 3 i . @ i UPLC/Q-TOF- MS/MS
I S A, WS KRB 364G Ak 2
J53 33 A o MR AT S I 5 15 00 15 FRDRS B AR X 40 T
i, NMF MassLynx E"i‘ﬁ/%ﬁikﬁﬁﬁ?*“m%
T, FasE &AW RS E R

P12 Atk & SCifdoE >, sn‘éfafm%ﬁﬁﬁ\
M, ST 26 NATREMIER Sy . HoHr, L 15 AV
WL E AR, ® T 11 AN EERAL B R
IR FIPD IR X1~XT 2. Gtk — 25 i 2 15 SCHR A
BT AT, HEN X2 AR EER B, X3 ONEE
FR XL FTE, X1 Al X4~XT7 NEyERZEMY, H X6

X7 SA 3 FPE S k. SR 2.
2.6 ET Q-Trap-MS M¥EEMR

X B WS FHE R SR FIRE R, R
X1 5RERAN TR gL, HAHERE
PRRER: AN, X2 R X3 AR LR B R R B

M. Fril, #EHEERIERN X1~X3 B0
AT ERE. Hd, X4~X7 588 B RIAEN

TEREL, HAMERERE R, Brelt iR
B 1ENIX 4 BRI ST e . SRR AN
FHHTEE B DL FH& B RV R {5 B L% 3.

2.6.1 TE RIS AR BER AP R Ht
K (k5 2014A02) W, 4% “2.3.17 i1 “2.4.17

TEAF R, 55 1 AN VURAF A XS 70 )
AEEAN 521.1 (X1). 551.1 (X2). 565.1 (X3).
715.1 (X4). 731.2 (X5). 735.2 (X6) F1 7452 (X7),
196 HWORH IV R B B ] o) 7 Bz s B A 18 T R T 8
Fo gERE 2, HERAH, X1, X5~X7 %2
EL 1 THEER (CH0s, miz 198) A Rl v
B I W BT, T X4 R R 1 4Tk
2 (CoHgO4» m/z 180) AE FM N H i ) — b v
To Hr, X2 CERERBPFED M X3 CEERX
HliE) HRER 1 TSR (CH¢Os, miz 198)
MIFBRILEER, TR 484, Bl E
SERABENIE T “2.5” WO PHB BRI T e T IR 7L
2.6.2 583 MRM BB 240 Ao xd e i
MR B AV RIS WA 2) 50 ng/mL, 43 A ELEEHEN
Q-Trap-MS B S, % H ik H B ER 4 245
FHUFFI L (DP) L i3E 1 FEUE (EP) . il i g FLU& (CED
MHOBEE (CXP) MHUIE, HEEERT 412
BBl B 3 X1~X3 (25, 7% B
1) 4 NMSHEEBEEN AR X4~XT7 . R
1. “2.5.17 BURNCHHEE, RER e KA KERIE
N LR B R FE P miz 493, ik miz 493 1E %
FPR MRM BEU RS 7 S0 B LK 3.
2,63 LRMEXR. MR AEER W3 L
“2.17 TR R YR OO R, & “2.3.27



3602 * ¢ %% Chinese Traditional and Herbal Drugs 25 50 % 25 15 3 2019 £ 8 A
2 FABKIREEF 26 MEERS
Table 2 Identification of 26 compounds from S. miltiorrhiza water extract
s BET TET 57 RETAIA TR 1RZE/(X107) fg/min LEsR Uk
1 137.0215 109 CHO; 138.0317 -17.5 3.03 JR )L 24
2 179.0372 135 CoHgO4 180.042 3 15.6 3.63 W R 24
3 197.0467 179, 135 CoH,(O5 198.052 8 8.6 1.78 &5 25
4  313.0746 269 C7H,40¢ 314.079 0 10.9 4.68 PR F 26
5 339.0521 321,295 CisH ;05 340.058 3 4.7 6.79 PR G 27
6  359.0798 179, 161 CisH 605 360.084 5 8.6 8.53 LA 28
7 417.0856 373,197,175  CyH;500 418.090 0 8.2 6.94 PR D 24
8  491.1005 293 Cy6H0010 492.105 6 5.5 14.09 FHAER C 29
9 493.1107 295 Cy6H,,010 494.121 3 -5.7 11.56 PR A 30
10 5211343 161,323 Co4H6013 522.455 4 9.2 5.94 X1 20
11 537.1041 493,295 CyH,,0, 538.111 1 1.5 5.35 PR HL 23
12 537.1041 493,295 CyH,,00, 538.111 1 1.5 5.74 S HL 23
13 537.1041 493,295 Cy7H»,04, 538.1111 1.5 9.12 LR 28
14 5511136 293,321 CysH40, 552.483 0 -9.8 13.04 X2 23
15  565.1368 321,293 CyoH015 566.509 5 3.9 13.72 X3 23
16 7151299 535,321 C36Hp5016 716.597 9 0 13.43 X4 23
17 717.1448 519,321 C36H30016 718.153 4 -1.1 7.95 FHIER E 24
18 717.1448 519,339,321  C3gH;306 718.153 4 -1.1 10.84 P8 B 31
19  717.1448 519,339,321  C3Hj3046 718.153 4 -1.1 12.50 FHER R Y 32
20 731.1630 533,353 C37H;,046 732.640 4 25 12.87 X5 23
21 7351575 537,295 C36H3,045 736.629 1 1.9 6.19 X6-1 23
22 7351575 537,295 C36H3,04; 736.629 1 1.9 6.86 X6-2 23
23 7351575 537,295 C36H3,045 736.629 1 1.9 7.56 X6-3 23
24 7451733 547,295 Ci3H34016 746.667 0 4.8 14.03 X7-1 23
25 7451733 547,295 C3sH34016 746.667 0 —4.8 14.23 X7-2 23
26 745.1733 547,295 C;3H3406 746.667 0 4.8 14.30 X7-3 23
#3 LEBRMADHE B UERESBREYRNERER
Table 3 Fragment information of lithospermic acid and salvianolic acid B and their respective substances
IR 2R BT (m/z) BERET (miz)
R 537.104 1 109.026 9. 135.045 6. 185.025 8. 295.061 8. 493.110 6
X1 521.1343  135.045 6. 161.022 9. 179.031 3. 197.040 5. 323.075 4. 359.071 5
X2 551.1136  109.026 9+ 197.040 5. 231.027 1. 293.042 5. 321.040 7. 339.052 1. 353.066 3. 519.097 7
X3 565.136 8 109.026 9. 197.040 5. 245.046 7. 293.042 5. 321.040 7. 339.052 1. 367.079 0. 519.087 6
FHBER B 717.144 8  109.026 9. 135.045 6. 179.031 3. 185.019 9. 197.046 7. 249.051 2. 277.050 4. 279.028 5.
321.040 7. 339.052 1. 519.097 7
X4 715.1299  135.045 6. 179.031 3. 185.019 9. 197.046 7. 267.064 9. 279.028 5. 293.042 5. 321.040 7.
339.052 1. 491.100 5. 519.087 6. 535.087 1
X5 731.1630  135.045 6. 179.031 3. 197.046 7~ 309.075 3. 335.057 9+ 353.066 3. 507.129 2. 533.114 3.
551.123 8
X6-1. X6-2. X6-3  735.1575  185.019 9. 269.043 1. 295.061 8. 321.040 7. 339.052 1. 357.058 7. 493.110 6. 519.097 7.
537.104 1
X7-1. X7-2+ X7-3  745.1733  185.019 9. 197.040 5. 201.017 7+ 295.061 8. 321.040 7. 339.052 1. 519.087 6. 547.123 2
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AN “2.4.27 WURAFRERED BT, LUK b P e [ AR

3AEAEMEEL (SIND AR R A Jo Bk P D e A N0 PR

(Y) XA R ERE (XD FATLMERE, 52 (LLOD), LASALEYIN 10 £% SIN FHXT B T B
FETTFE Gt REAMAMIEHE; DS EN  EARKEER (LLOQ). ZHILE 4.
9.72 9.04 7.43
PR B S B X1
11.10 12.08 11.41
X2 X3 X4
10.92 7.99
X5 7.60 | [X6-2 ;<37'f121
X6-1
24 12.83 ]13.60
N 6-3 _ X X‘7-1‘ Hﬁ3
6 8 10 12 14 6 8 12 14 6 8 10 12 14
t/min t/min t/min

B3 YKEf. FEEE B 5 X1~X7 BRiLE

Fig. 3 Mass spectrum of lithospermic acid, salvianolic acid B, and X1—X7

R4 EERIFEER B MFREHZ

Table 4 Standard curves of lithospermic acid and salvianolic acid B

oyl Pt il 26 r LEVEEE /(ng-mL ™) KB/ (ng-mL™")  EER/(ngmL™)
HER Y=84332X—179 436 0.999 6 9.9~4950.0 0.56 1.85
FIEEE B Y=9 244.9 X+365 666 0.997 6 9.1~4550.0 0.23 0.78

2.6.4 FEEEOREEINE S N H R AT
AE2 R, JFHME TR F. @ 3 DNMREIREW
K%

(D) HPWREZER: B “2.17 1T &R R
W (19.81 49.5. 99 ng/mL) AISHEHER B X H
(18.2, 45.5. 91 ng/mL), % “2.327 F1 “2.42” T
SAFRESHT, S WDELEIEAE 5 B SR 5.

(2) HIAKESE R B “2.17 TN L5 RN
TR (19.8. 49.5. 99 ng/mL) AISHHER B X &
(18.2. 45.5. 91 ng/mL), % “2.3.2” Al “2.4.2” T
SAFBERE ST, 3 AR RIERE 3 &1, JELERE 3 do
GRS,

2.6.5 BEEMFMAERE  SPATRCH R — S
IKIREUIRE S (165 20110503), #95 pg/mL, 36
By, 4% “2327 F “2.427 TiZIEHERE T, DLEE
FRgE, WEHAR RSD A 7.45%, {REARS[A] RSD AN
0.08%; UAFHEIR B i, &AL RSD 4 6.11%, fx
BA A RSD A 0.05%.
2.6.6 HIFEMIWCEE  Ed ik KRR A A v 2ot
BPFZKIREY) GtS 20110503) 25 5 pg/mL F1
R AR E, B ZEmh A 80%;.
100%F1 120%E 58 PR, $% “2.3.27 Fil “2.4.2”
TSN RS0 HT, e vH R P R R IR PO S
Sl AR, AR R 23501 96.59%. 97.65%
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1 97.59%.

2.6.7 SEillE B 227 TR 5 {2 KIREY)
LR SR IETR, % “2.3.27 Al “2.4.27 TH4A:IERE
GIHTs ARG AR B U TRIAR 7 il AN SR S R ANy

3 g
30 i FREREGER

FES KRR 2 K TRy, B4 KR o)
NIRRT, AR s 5, K25 R 3k

B2 B HIARHERNZE ., THER AR & &
& AR, Tk E R

=5

Hr, X2

ZERME 6.

i FRR R M, 1525 HAh ) SOk, 5 Acquity
UPLC HSS T3 #, I T RIGHI4 B3R, Hak,

LERMNEEE B3 AR REREMNFEEE

Table 5 Precision of three different concentrations of lithospermic acid and salvianolic acid B

W TR/ HWHKERE (n=5) HIEKS 25 (n=9)
(ng'mL™") T A RSD/% fREG IS (3] RSD/% W& AR RSD/% LR BB 6] RSD/%
HER 19.8 3.16 0.09 9.38 0.18
49.5 3.35 0.06 12.92 0.19
99.0 1.58 0.06 12.57 0.20
FHH L B 18.2 1.71 0.09 15.81 0.14
45.5 1.79 0.05 3.79 0.18
91.0 1.55 0.05 1.42 0.15
Fz6 ASKERYHT U MEASHEENE
Table 6 Content determination of 11 components in S. miltiorrhiza water extracts
e t/min ES B e e )
20100201 20110503 20111205 20111206 2014A02
X1 7.43 0.57 0.27 0.43 0.49 0.66
X2 11.10 — — — — —
X3 12.08 1.58 0.20 0.43 0.25 2.03
X4 11.41 1.41 0.82 1.50 1.77 0.58
X5 10.92 12.48 9.13 8.97 8.88 8.75
X6-1 7.60 1.04 1.40 2.44 2.44 2.36
X6-2 7.99 1.45 1.93 2.83 2.66 2.91
X6-3 8.24 0.21 0.37 0.45 0.37 0.50
X7-1 12.83 0.02 0.02 0.01 0.03 0.35
X7-2 13.41 0.86 1.03 0.81 0.89 2.87
X7-3 13.60 0.05 0.11 0.04 0.05 0.34
B — 19.67 15.28 17.91 17.83 21.35

BRI i S A RS, G NEET, B [M—
H], FrLAER Q-TOF-MS #BEAT 20 Hr ik, i
fE .

3.2 Q-TOF-MS E4 27

FEXTPFZ K S B Hh 6 B 130 AT 7 1 SN

A FH S R, T R SRR AR B
A T M. @B LCIRFIISHR L E (f
SRS T TR AR D, F R R &

F B P 5 - RO B B I, AN T 52 420 T Y 4504
—EFERE AR TR, W T b (S T
SN 58 5 WP RN IR
3.3 Q-Trap-MS ¥ EEH1F

FHZ KRR ARG [F) oy SR L 11 AR
BRI B AR T P I R B AT 4K B R 5 h 7 1 B
v, ARSI RSk B R, B AR R I R AE 8.4~
10.6 min RS> (FHBER B, REERS) KOS
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D5 5 HR A A S — B, X AE RO B
TRBA AR — 5, fEHm ST Ho4h, &
X 4> F R R, Kt B R RS CE 28 4 4>
JR B S 5N T B R KNI A%, A R A X Hs S50
S B e AR, AN ) B A B 8 AN B X A
J5i8id Q-TOF-MS ) MS/MS #R /G5, FEEER
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H R 1 o A A A BB R S, e X R R
[ B 6 22 Tl i 2 RO S B AL T T 38 4%
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