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Simultaneous Determination of 7 Components in Salviae Miltiorrhizae
Radix et Rhizoma by UPLC-MS/MS

ZHAO Guo-xin, LIU Meng, LI Ling-chuan, ZHOU Xiao-li®
(Institute of Chemical Industry and Food, Zhengzhou Institute of Technology, Zhengzhou 450044, China)

[ Abstract | Objective; To establish a UPLC-MS/MS ( Ultra performance liquid chromatography tandem
mass spectrometry ) method for simultaneous determination of 7 components in Salviae Miltiorrhizae Radix et
Rhizoma: protocatechualdehyde, salvianolic acid B, rosmarinic acid, tanshinone [, tanshinone I ,,
cryptotanshinone and dihydrotanshinone. Method: The separation and analysis were performed on Hypersil Gold
Cy (2.1 mm x 100 mm, 1.9 pm), with 0. 1% acetic acid solution-methanol as the mobile phase for gradient
elution. The column temperature was set at 30 °C with flow rate of 0. 3 mL+min ~'. Electrospray ionization ( ESI)
source was applied and operated in alternating positive and negative mode. Selective reaction monitoring ( SRM )
mode was used to quantify the 7 compounds. Result; The 7 compounds showed good linear relationship in the

-1

range of 1-460 pg-L ™~ . The average recovery rates were 83.41% -116.05% ; the detection limits were 0. 046-
0.5 pg-L 'and the relative standard deviation was less than 4. 7% . Conclusion; This method is rapid, accurate,
reproducible and sensitive, and has been successfully applied in the simultaneous quantification of 7 components in
Salviae Miltiorrhizae Radix et Rhizoma. It can be used for the study of Salviae Miltiorrhizae Radix et Rhizoma and
its prescriptions as well as for quality control.

[ Key words ] UPLC-MS/MS; protocatechualdehyde; salvianolic acid B; rosmarinic acid; tanshinone I;
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FFS 025808 Ay B A W2, — 2 IR AT
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TESTB S s ORI 2 R RIS,
PI R B, JRUL S S L R ok 2k 7 R 45

FURG, A3 SC k4R 38 T 1 P VR0 0 1% -5 335 19 1)
(LC-MS) J7 2 Ph A0 W7 FH 5 0 B W i B
EPF 2 5 i 0 8 D 2 D7 v 22 SR 8 0 0 3
WU AR SR A SCHRAREE T v A 3 -
M 3 (HPLC-DAD ) kil " (846 0 45 A
TEAEAL IR TR I P B g v e — 2B . A SOk R
Y 126 0 M €385 ¥ (UPLC) [R5 7 % 2 bk
Il o A (EP S & F L -
I P A K, L SR AN A8 . AR SR T 85 A0
€2 33 - 3% 1K (UPLC-MS/MS) {4 7 3 [l i e
A6 PR 2 T A TG T T R A R B AR
B, 28 4 Y R 98, T AE 7 min 45 R — W (8335 40 B

REEA VRN P2 09 9 7E T B 4 45— b bRt | o 1 Hb
IR
1 #FHE

UltiMate 3000 7 ## & &0 A 6 3% 12, TSQ
Quantum Access Max #I = T DU 2% T ¥ Fi B 4%
(Thermo, USA) ,Milli-Q System #4li /K {¥ ( Millipore ,
USA ), XSE205DU %Y £ % & 43 1 K F ( Mettler
Toledo, #ii—t-) ,KQ-50B 7Y 7 i ¥ Pk # ( B 1L i
FALER A BRA A o

X B P2 TCHE S 110867-200406) , i fh 2
fi (4t 110852-200806 ) , £+ Z: M 11 , (L= 110766-
200619) , 7 JLZ5HE (5 110810201007 ) , F3 M3 iz B
(41t 111562-201313 ) ¥ fiy v [ & i 245 i A6 5 BF 5
Befe it s —EFF S W (Hit 5 MUST-14062317, 4l i >
98% ) , & 1% F MR (it 5 MUST-14020115, 4f & >
98% ) L Hf 2 MR AW RO IR A m R fE,
Fig FH R oh skl K OB Ak B S R (NS
B2 ABRA WL 4iE5 20120323 ) , 2 5 P2 R ()
R— W 254 BRA W 45 3141002) , 52 75 112
T AL (R i 24 8 W A A BR 22 ), it 5 13102)
FHZ i S g T 024l iy A BR 2 D S
1409209 ) ¥ 2 1 &3 3K
2 AEEER
2.1 MRS 3R EEARE T RO R
JLZEWE 10.0 mg, PHERR B 9.2 mg, KL FH R 9.2

mg, FFZ0 1 10. 4 mg, PFZHI 11 ,9. 6 mg, 22
9.8 mg, “E S 10.0 mg, I H S350 % i OF 2
ZKE 10 mL, T 4 CTFRHMLT.

2.2 RAEXMAGEER RIRERR 2.1 30F
X HE AR VA 1.0 mL, F B SE 5 2 100 mL, i IR
£ RV R (JRULZE S 10.0 mg- L', SR R B
0.2 mg L, TR 0.2 mg- L, TS I
10.4 mg-L™ ', P& 1M, 9.6 mg- L', B2
9.8 mg-L™ ', & +ZM 10.0 mg- L"), T4 CTF
R URIRAT

2.3 faldh i

2.3.1 FMRRERT ORSBARE EIREES 1.0 g
e £ WEAC, WE AR ), BB 43 1 ¥ T 100 mlL
P, E S, WA AL PR 1S min, #E R , EH]H AN
SEVRAS B R FEA) L 0,22 pm B SAL B E I g
2.3.2 WRREET R E RO S W
5.0 mL, % F 50 mL &, A Es A R = 20 1 B
51, H00.22 wm B fcFL kB A BB R, R —
SE L BN

2.4 o 1% 4 1 Hypersil Gold C, o &%
(2.1 mm x100 mm,1.9 um) , % sh4HH 0. 1% H 2 %
W(A)-HEE(B) B8 BEVEMD (0 ~ 1 min, 10% B;1 ~
8 min,10% ~90% B;8 ~ 10 min,90% ~10% B), i
# 0.3 mL-min "' FER 30 C,#EFER S5 pl.

2.5 FUi%seF HimEgE R TR (ESD) AR 2R
TR &R, % Mk 3 kV, 28 U R E
400 °C ,¥5SJE 17 275. 8 kPa; §f B <. JE /7 68.95 kPa,
TYNE (B RS ) IR EE 320 °C K6 7 Xk 5 ;e
JO7 B - I (SRM) o 4% 20 43 W il 25— %k B2 A O 2
BUE WK 1,

x1 RiEsH

Table 1 MS parameters

o ﬁ%’ﬁa‘l‘ﬁ] BEE T FHEF il 428 g

/min /m/z /m/z /eV
JiLZS 4.04 137 136" ,108 22,25
FHE R B 4.86 717 3219 519 32,21
ik ik R 4.91 359 161" ,197 20,20
FHZ 1 6. 44 277 249" 178 20,36
FZE I, 6. 83 295 277" ,249 17,22
[SERET] 6.47 297 251" 254 22,25
—HST SR 6.16 279 261" 233 16,22

D N EERET.
2.6 LMEXRELE O OREEI2.2 TN A H IR
AR %44 0.1,0.5,1.0,5.0,10. 0 mL & 100
mL A, H 50% W EE KB R B E S BN
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FREFE 2 100 pg- LAY WP HC0.1,0.2,
0.5,1,5 mL & 100 mL 8%, FH 50% H it 7K 15 W
P B 25, AEA5 2 10 X BRI . 3R X R
W 28 0.22 pm f3 £L OB B ok U8 J5 , #F 47 UPLC-
MS/MS F3#r , 335 B WL 1

! i

2|

3 4 5 6 7 8
t/min

Lo BB T2 JRLEEE ;3. Rk FR 4. T RR B;5. FFS0 1;6.
“EASZET. S, 8. BFSE(E 2 [F)

B1 7 %#xRRIRRETF(EE) UPLC-MS/MS

Fig.1 UPLC-MS/MS chromatograms of 7 standard substances

B L3R F IR 508 A P R 0 % 2.4 T 2.5
TN G35 - TR AR AR A, LT BB a3 Y o vk
JE (g L71) S BEAR A , DL 1T AR Sy S A g 77 2R 1
M. ZR LK 2,

x2 THASHEERAFEMBEXRY

Table 2  Regression equations and correlation coefficients of 7

chemical drugs

5y -1 [ml )5 5 r
/gL
S LAS S 0.10 ~1000 Y =59.5142 +332.338X  0.997 6
FHE R B 0.092 ~460 Y =2229.26 +1 034.6X 0.998 4
KRR 0.184~920 Y= —480.366 +878. 123X  0.999 3
FH&H 1 0.208 ~1 040 Y=33773.6+35015.4X  0.9917
FFZEN,  0.192~960 Y =23250.1+52 522X 0.997 4
K- 28 0.196 ~980 Y =20395.6 +37 924.9X  0.996 3
ZEASH S 1~1000 Y=462382.1+45241.4X 0.993 6

2.7 R INBR AN R A E AN 2.1 T A
—Xof R B 45 WOE B, T 50% W R AR BR, 4 2.4 A
2.5 WUF (055 - 0T 3% A% 1R I E 7 vk A s PRURT E A B
LA 9 N JFOLZE 5 (0.05,0. 1 pg-L™"), FHE
iz B (0.046,0.092 pg-L"), ok & % 2 (0.092,
0.184 pg-L™ "), JF& M1 1 (0.104,0.208 pg L"),
FZ W M, (0.09, 0.192 pg-L™"), K& £+ = il
(0.098, 0.196 pg-L™"), — 4 FF & Wl (0.5,
1 pg-L7'),
- 62 -

2.8 JFEREICRIKE B 100 mg- L' PH2 I ST
100 mL, 735 A 2.2 T {8 5 X IR A 2 Y0
AR P AR 3 A e R TR A X R U A, A R
VW6 1y, ML 3,

RI THASHEMEDKE(=6)

Table 3 Recoveries of 7 chemical drugs(n =6)

o FEA PR AR W5 Rl RSD
/g /ng /g /% /%

JE LA 2.71 1 3.61 90. 04 1.6
2.71 10 14.31 116.05 1.1

2.71 100 91. 66 88.95 1.9

FHE 2 B 0.08 0.92 1.09 109.97 4.3
0.08 9.2 8.43 90. 81 3.7

0.08 92 86. 88 94. 35 4.5

K ik R 2.15 0.92 3.19 112.53 3.2
2.15 9.2 12.24 109. 66 3.8

2.15 92 91.33 96. 93 2.5

PS80 1 0 1.04 1.12 107. 85 2.3
0 10. 4 11. 09 106. 64 1.2

0 104 89.13 85.71 0.8

FEEE 0 0.96 1.01 105. 71 2.2
0 9.6 10. 58 110. 21 1.0

0 96 83.33 86. 81 0.7

T F+ 2 0 0.98 1. 04 106. 38 3.3
0 9.8 10.18 103. 85 0.9

0 98 85. 86 87.62 0.7

ZE ST S 0 1 1.05 105. 03 4.7
0 10 11.21 112. 11 0.9

0 100 83. 42 83. 41 1.3

TEFREE R 2T 58 O 10 mg,

M 3 Al E Ik B F- 2 [l i 2 7E90. 04% ~
112.53% ,RSD < 4.7% ; v ¥ B F 4 [6] 4 & %
90.81% ~116.05% ,RSD < 3. 8% ; 1 vie Ji - ¥4 [ g
%Hy 83.41% ~96.93% ,RSD <4.5% , 45 B W,
2 B3 ISR )

2.9 EwEMRKE WFE a6 14, 2l
F0,6,12,18,24 h FATHE A & , 45 1 s 45 o
(U T AR RSD 19~ 59 4E 43 3 8 JE L 25 8 0. 9% , 7+
MR B 1.2% , kR 0.8% , 20 10.5% ,F
S 1, 0.8% 22 1. 1% , S ZE0.9% ,
F LIRS I TAE 24 h DR HFRROE .

2,10 FESINE R BRSBTS R 28 5 )
Z259) 7 B o 1 %, 2347 UPLC-MS/MS 4341,
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B2 AREEEFSHYH UPLC-MS/MS
Fig 2 UPLC-MS/MS chromatograms of different types of Danshen

F4 TEEBEASHRPTHEIUE

Table 4 Determination results of different types of Danshen
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