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Abstract: Objective To develop a ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) method for
the simultaneous determination of twelve major components (sodium danshensu, protocatechuic acid, protocatechuic aldehyde,
caffeic acid, rosmarinic acid, schisandrin, schisandrol B, cryptotanshinone, deoxyschizandrin, tanshinone II,, schisandrin B, and
schisandrin C) in Fuzheng Huayu Capsules (FHC). Methods Chromatographic column: Acquity UPLC® HSS T, mobile phase:
acetonitrile-water (including 0.1% formic acid), and gradient elution, flow rate: 0.3 mL/min, column temperature: 45 C. MS
condition: electrospray ionization (ESI) and multiple reaction monitoring (MRM) were adopted, the retention time and detected
relative abundance of ion pairs were used for qualitative determination, the detected peak areas of ion pairs were used for quantitative
determination. Results Good linear relationships of 12 components were provided over the investigated concentration ranges (r >
0.999 0). The overall average recovery rates were in the range of 97.1%—107% and RSD < 2.0% (n = 5). Conclusion The method is
rapid, simple, repeatable, and can be used to determine the multi components in different batches of FHC simultaneously.
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P IEA )83 (Fuzheng Huayu Capsules, FHC)
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TSQ-Quantum AL, 45 surveyor AS
HzEFE4S, Surveyor MS Pump, Accela Pump ¥
FETIESE, TSQ Quantum Z 51 =2 PU AT A K
Xcalibur T {E%4 (32 [E Themo-Finnigan 24 7]); {4
FE Acquity UPLC® HSS T (100 mmX2.1 mm, 1.8
um, 3 [F Waters A 7] ); SB5200D U /1P (7

W Z IR A A PR A | s #ERF 458 2 AL
104 L7 RF CEIGHEPREE-FER) 2 A A PR A WD
YU TR (fE[H Siemens A ] ).

XS HERR (b5 1203260 FFE R (it
5 130519). JRULAEE (L5 100426). Tk T H %
(L5 120802). filk 4% (HIb'5 120731). HBE
FNE (5 120809) Lk 7 EEH (L5 120823).
FE TR 2 (HitS 120723). RIEFRR (M5
120729). FaPFSM (b5 100121) FES 1, (it
51001070 JiJLZEIR (5 1207060, oo $ >
98%, ¥ H LilgRi &R R RA R A Wik
(it 53209), FiiE/r40>98%, W H FifF Sigma-
Aldrich; FHC (flt*5 120901. 121003. 121210,
130316+ 130501 1 bifg sl 2547 BR A = $2 41t
O R (a4, W H Fisher Scientific Co (3
Santa Clara A 7]); 7K ASEE = HE2EK; H
IR A oM 4l
2 HESHR
21 ®iExH

Acquity UPLC® HSS T; (100 mm X 2.1 mm, 1.8
um) R BN LNE-0.1% HIRKE L, H
FEVEMRRE . 0~2 min, 5%~15%Z i 2~2.5 min,
15%~30% M 2.5~3.5 min, 30%~50%.J:
3.5~4 min, 50%~70%ZM; 4~8 min, 70%~73%
L 8~9 min, 73%~75% M s 9~10 min, 75%~
95%Z.Mfif; 10~12 min, 95%~98%Zfifi; 12~12.01
min, 98%~5%ZJE; 12.01~15 min, 5%ZJM; &
YN 0.3 mL/min; FEid 45 C; HEAEREN 5 uL;
M ] 15 min.
22 FRiE&4

B Ay Hm S (ESD; BN RA: Hl
WO A AR 370 Cs BAEIREN
350 C; H#IT A8 2 R NVANE (MRMD, %)
PR o K AR B A AR X, AR 22K 7R
IER R, T8 50 BB 10 23900 ok
ZZM (ESI) m/z197.6—136.4. WIHEER (ESI)
m/z 179.1—>136.4 Ji JLZEE (ESI) m/z 137.3—
109.4. PRIEFEE (ESI) m/z359.5—~162.3. JRJLZ
i (ESI') m/z153.8—~110.57. HMTH & (ESI))
miz 417.3—316.2. 1iMkT 4% (EST) m/z 401.2—~
300.2. LR T A2 (ESIY) m/z385.2—285.2. Tilk
THEH (ESTY) m/z 433.3—384.3. TLk 1% 2 (ESI")
mlz 399.2—~368.3. S-S (ESI') m/z 297.2—
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251.2. F}30ld 1, (ESI") m/z 295.2—249.2. Hili%
By (A%, EST) m/z230.0—121.2. Mkl (AR,
ESI) m/z228.9—~121.2.
2.3 MRBMBAEREEIE

43 RS SRR E S X6 T 5~12.5 mg, i R
FWIRIGERT 25 mL s, 2 EIKREN
200~500 pg/mL F5 7 0 FEA I 249, 4 "CUKAH
A e SO B 0GR, TR,
T 25 mL IR, AN IR 1 BRI BRI N 4
pg/mL, RIA3FRA 0 . 53 UL 5 me,
KRR e, WEREAMG AT 25 mL =i, i
WIEH 200 pg/mL, RIFFANARAEHL 4 CUKFITR

%H
24 HiXEARNHERAELK

J5 SRR 1) 3 A2 R4 ¥ A8 R i v
BB IEEAR R, WOH BRI, A0 H A
B BB PRI ] 2 NMRIR AT 5. JE0s
F3 50k B e 50% 95% I, 8 A b B 1) 4
529 10, 304 60 min. Z5HLILER 1. NERFTATEH,
FFRBEN FHC P 2590 h S R 1) 1 27 1 o S A 2
PRSI 2, 17 H R 75 AR 2 30 min AT HEHY
S64%, HA 30. 60 min JE¥ P BT 4> EE ek
AR, PR, ARSI PR B A 30 min 4K
A VAR o

%1 FHC ZFH S EARRREUAFIFIRE SN 8 T B3 BR
Table 1 Extraction results of each component in FHC with different solvents and time

JREHREE / (mgmL ™)

FEHGA A ¢/ min

PIZEW JEILRIR I LARME INHERR 1RGSR

TRT R T TRT JIZE T T

(SYRE L]

B ML R I, 4x AH
FA i 10 8.46 — - 0.22 0.57 1.02  0.35 0.02 0.17 0.01 028 0.05
30 9.33 0.51 1.31 0.24 0.60 123 034 0.02 0.18 0.02 028 0.06
60 9.40 0.49 1.29 0.23 0.61 1.18  0.36 0.03 0.18 0.02 029 0.06
50%FEE 10 9.01 — - 0.28 - 1.16  0.28 0.01 0.16 - 0.26 -
30 9.20 — 0.98 0.31 - .21 0.30 0.02 0.17 - 0.30 -
60 9.21 0.41 - 0.32 - 1.22 031 0.02 0.17 - 0.30 -
95%HEE 10 8.51 — - - - .21 0.25 0.02 0.16 - 031  0.06
30 9.01 — - - - .21 0.25 0.02 0.17 0.02 032 0.06
60 9.02 — 0.76 0.31 — 122 0.26 0.02 — 0.02 031 -

“=7 RRE

“—” undetected

2.5 PAMEXTERIAGATHI &

F /8 FHC 277 & A S S B i 22
FRT L BIEEL TR A B I PET B, d
“2.47 TGN J7 i B PR S
26 EREMER

Fie BRI AAT, A IO RS
VU BIPEX B A S uL HEREIN S, &5 B PERE
i AE S IR AL BT, W 1.

27 MR FRER

KA OR AR A IE &, KIS R
HIJFRER RS 15004 1000, 500, 250, 125, 50.
25. 10, 5. 1. 0.4 ng/mL, HIANWFREH, HHAE
TRFRA T ORI EEY ) 100 ng/mL. 7E_Fid (o
ZAT N REREDE LI RS () W T AR P A 06 T AR
FIECAE A P ALRR (YD, DLERE Jot & B R R AR AR (X0

1EE, el e S bniE 2, 19 202k m] )= 7 7
F}&#EM Y=0.000 8 X—0.019 5, r=0.999 8, £k
76 10~1 500 ng/mL, MR 5 ng/mL, & &R 10
ng/mL; i) LR Y=0.000 3 X—0.010 0,7=0.999 8,
2RV 10~1 500 ng/mL, PR 5 ng/mL, & &
PR 10 ng/mL; J5i)LA%H ¥Y=0.000 3 X—0.0303, r=
0.999 4, £PEJER 25~1 500 ng/mL, FMFE 10
ng/mL, €M 25 ng/mL; MIMEE Y=0.006 1 X—
0.006 8, r=0.999 1, ZMkEH 10~1 500 ng/mL, £
PR 0.4 ng/mL, EmEIR 10 ng/mL; KEFHFEK Y=
0.002 8 X—0.042 5, ¥=0.999 8, £k 7Ll 10~1 500
ng/mL, IR 5 ng/mL, & 10 ng/mL; Tk
B Y=0.005 4 X—0.078 0, r=0.999 2, ZVEyulH
1~1 500 ng/mL, Kl 0.4 ng/mL, 5% & PR 1 ng/mL;
TR THEZ Y=0.020 7 X—0.205 2, r=0.9998, £
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Fig. 1

PEEHE 5~1 500 ng/mL, &rFE 0.4 ng/mL, & =R
5 ng/mL; F&S}ZH ¥=0.028 2 X+0.038 9, r=
0.999 9, ZMEYEHE 1~1 500 ng/mL, PR 0.1
ng/mL, EEM 1 ng/mL; TR TFHE Y=0.0473
X—0.141 4, r=0.999 6, £&¥EiEH] 1~1 500 ng/mL,
KrIPR 0.1 ng/mL, &R 1 ng/mL; FFZE 1, Y=
0.036 1 X+0.009 4, »=1.000 0, Z&PEVEH 1~1 500
ng/mL, FMFR 0.1 ng/mL, &R 1 ng/mL; Tk
T 4% Y=0.019 8 X+0.006 3, r=0.9999, £

5 10 15

t/ min

BRI (B) FIBAMEMERIAR (C) HRIE FREILE
lon chromatograms of sample solution (A), reference solution (B) and negative control solution (C)

il 1~1 500 ng/mL, MR 0.1 ng/mL, &R 1
ng/mL; TIMKTNZE Y=0.004 7 X—0.007 2, r=
0.999 9, ZMEVEHE 1~1 500 ng/mL, KMFE 0.1
ng/mL, EEFR 1 ng/mL.
28 REEER
R 3R — 4t (it 121003) AR
jJu)\LEV\JﬁFm FEI €217, “2.27 TR0 R
WAL 6 I, Wk EigE . 12 Maikig s
mﬁw%m\ LA RSD 7370 0 FHZ 300 1.4%. IR
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JUATR 0.4%- JELATE 0.2% WNHERR 1.8%. ki
FIR 1.4%. TR TREF 0.5% LR FEEL 1.3%-
K P2l 1.2%- IR+ F 2 2.0% FHZ 11, 0.6%-
HR T L5 1.9%. TR TFINE 2.0%, KUK
g R
29 EEMRE

R R b (bS5 121003) BHR AR 6
B, INNIER AR, FE2H “2.17, “2.27 i
T SRR T, R AR 12 Mkl
W BRI TR LLAE ) RSD 2300l A PF2 240 0.9% i
JLZRIR 1.8%- JRUJLATHE 1.3% WIHERR 1.7%. 2Kk
TR 1.2% R TEEF 1.6%. HRTEE L 1.6%-
BaFHZ i 1.7% IO H 2 1.6% FHZ1 114 1.4%.
T T 4E 1.1% TR TR E 1.4%.
210 FREMRE

FE R E R e (b5 121003) AR5
INNIE RN PRI, TERE €217 “2.27 TR (0 i
LA IZE 00 24 44 8. 12 24 h #FESHT, i
kIR 12 ANk L RIS ELIE K] RSD
IIRAFEFS R 1.7%. FULAR 0.9%. J5 LA
1.0%. WIHERR 1.6% RIERIE 1.5%. FLkFEEH

1.9%. HWTEEL 0.9% BRPFSHT 1.7% HW%T
2 1.3%. SIS0 1, 1.8%. FiRT 4% 0.9%. 11
RN EE 1.8%, RIFHLAI 24 h IWEEATEE
211  nEEEERIRLE

R BPRE I B A —HE (65 120901) A4
0.1g, 54, 5% T 25 mL EHF, IS
A, VRAIA), 1% “2.47 TR 7RISR
WL N R R IR, 55, JEk, 75 “2.17,
“2.27 LUK BRI A T E PSR L
RIR B LA WNERR . RRIEA IR HRFRE
TR TEEL . BEaSFBE. TR TR &, SFE L.
hRTLFE. IR TFNENE, HERER. 45
SERICR 3 5 h 99.9% 105.0%- 97.1%- 108.0%-
101.1%- 101.0%- 98.5%- 102.3%- 100.6%- 102.0%
98.8%- 107.0%, RSD 4374 0.55%- 0.07%- 0.28%-
0.99%- 1.20%- 0.74%- 0.11%- 1.08%- 0.31%- 0.09%.
0.08%-+ 0.11%.
212 #ERNE

BURTFRIfES FHC, R “2.47 10U ikl st
R, % “2.17 A1 “2.27 (O3S RERER I,
GERNIE 2,

%2 AREHLXR FHC PEMHEIBIEEMNE (X+s,n=3)
Table 2 Determination of multi-components in different batches of FHC (X +s, n=3)

JE S H / (mgeg )

e e s L 5 LR J L 2 i I R LTI Tk TR
120901 9.694+0.73 0.6940.05 1.48+0.12 0.2440.13 0.65+0.15 1.124+0.18
121003 8.46+£0.93 0.53£0.05 1.77+0.79 0.27%0.13 0.671+0.42 1.054+0.22
121210 9.08+2.09 0.67£0.15 1.54£0.36 0.224+0.04 0.64+0.14 0.89+0.12
130316 8.22+1.74 0.49+0.01 1.24+0.03 0.224+0.06 0.661+0.14 0.98+0.17
130501 9.73+1.78 0.52+0.14 1.46+0.32 0.2240.05 0.58+0.10 1.06+0.29
H B A E / (mgg ™)

Tk T, Ka )2 FiU St FFE 1, Tk T4 % TR T
120901 0.38+0.05 0.031+0.01 0.184+0.02 0.01+0.01 0.314+0.02 0.07£0.02
121003 0.354+0.03 0.034+0.04 0.17%+0.01 0.01+0.01 0.3440.05 0.07£0.02
121210 0.3440.07 0.0240.02 0.184+0.03 0.024+0.01 0.2940.10 0.08+0.02
130316 0.361+0.05 0.031+0.01 0.17%+0.01 0.01+0.01 0.3440.06 0.06+0.01
130501 0.38+0.04 0.031+0.01 0.214+0.01 0.014+0.02 0.354+0.06 0.07%0.01

3 itig Bk Acquity UPLC® HSS T3 (100 mm X 2.1 mm,

AT SCHRARIE S 58 1 AN )RR N A 2Ry
(53 B Y, SR SR R T L1
AARKSEI , B (A T 5 TR 188 L 0
HuTUAAaRa o i), Mok 45 CHOAER. A5

1.8 um) (i, R ERrA Bk, M LR A
L R R . FZHY BT E 2y, e
O R R KNS )3 s e A e 22 e, B
T3 A S e U TR 2 2 B R B AL 5T
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P o OGRS SR R A
UPLC-MS/MS X} FHC 91 2 B o0 Jir e 37 (1)) 2
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