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Abstract: Objective To develop and validate an high performance liquid chromatography coupled with electrospray tandem mass
spectrometry (HPLC-ESI-MS/MS) method for simultaneously qualitative and quantitative determination of 13 major bioactive
components (ferulic acid, costunolide, baicalin, paeoniflorin, tetrahydropalmatine, rutecarpine, berberine, palmatine, evodiamine,

naringin, hesperidin, saikosaponin a, and saikosaponin d) in Jiawei Zuojin Pills (JZP). Methods The chromatographic separation was
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performed on a Thermo Syncronis Cis column (100 mm x 4.6 mm, 3.0 um) with a gradient elution of methanol and 0.02 mol/L
ammonium acetate in water at a flow rate of 0.35 mL/min, and the injection volume was 10 pL. The 13 major bioactive components
were detected using an electrospray ionization source in EST" and ESI™ ionization mode, quantified by multiple reaction monitor
(MRM) scanning at the same time. Results The linear ranges of ferulic acid, costunolide, baicalin, paeoniflorin, tetrahydropalmatine,
rutecarpine, berberine, palmatine, evodiamine, naringin, hesperidin, saikosaponin a and saikosaponin d were 2—80 pg/mL (» = 0.999
2), 0.5—20.0 pg/mL (»=0.999 1), 3.5—140.0 pg/mL (» = 0.999 8), 1—40 pg/mL (= 0.999 2), 0.3—12.0 pg/mL (» =0.999 1), 1—40
pg/mL (= 0.999 2), 3—120 pg/mL (» = 0.999 7), 2.5—100.0 pg/mL (» = 0.999 5), 0.5—20.0 pg/mL (» = 0.999 3), 0.5—20.0 pg/mL (r =
0.999 1), 1—40 pg/mL (= 0.999 1), 0.3—12.0 pg/mL (» = 0.999 2), 0.3—12.0 pg/mL (» = 0.999 2), and the average recoveries were
99.5% (RSD =4.11%), 98.9% (RSD = 4.88%), 100.2% (RSD = 1.08%), 99.2% (RSD = 3.23%), 99.5% (RSD = 4.13%), 99.7% (RSD =
3.23%), 98.6% (RSD = 2.78%), 99.9% (RSD = 3.12%), 101.3% (RSD =4.53%), 98.7% (RSD = 3.43%), 99.8% (RSD = 3.58%), 97.9%
(RSD = 5.22%), and 101.3% (RSD = 5.13%), respectively. The contents of 12 batches of the 13 major bioactive components were
0.324—0.383, 0.051—0.072, 3.225—3.466, 0.154—0.198, 0.015—0.062, 0.144—0.199, 2.145—2.982, 0.441—0.953, 0.032—0.099,
0.062—0.089, 0.111—0.178, 0.012—0.065, 0.011—0.069 mg/g, respectively. Conclusion The developed method is simple, specific,
and sensitive, and it can be applied for the determination of 13 major bioactive components and the quality control of JZP.
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Ik 22 4 AL (Jiawei Zuojin Pill, JZP) Hi 14 Bk
AT AR, AR EEE . HI R, TEES. e,
ARAE. BEEM. 4. A2 B BRI,
MREz . BEIERAZR. MAMHE, g, REHE
PIMCNE G, EIEHERG K BRI, Ry
I, JFARERES . MR, 2 Z4MEMEIEEK,
BRI bR EE T . S8R, ZERHR. K&, FH AR
Fo. M. MR, RIS . BAUERE, 8 Bk
BT REAR G, MR EEEIEER, O
A BIEBE NS, FRMEAF, HATpyikEse
AT AR, JONEZE . HEORANEZE, N2,
WAEH, BATVREY., Sifilmes. AT
7 IR K B AN S|S0 e 5 el i 5 2%
ARG Bl ImR E s %2 m] L
BT B R B R, R RS 518
iR, FIRT LS R, RS RT B
P85 B s A, ZGEsGR M, JZP
AT DA 1 e (1 AR 0,

ERT, AR s — B 2R R —
ANHE R, X EZERE LR T A2 R E AR A
(Q-marker) IS, ZRLVPAN o A2 R R AR
HBUSI0, DR TR R gkl T2,
RGO k121220 3 o Bk P V86 7 Bt JZP gt
TSN, (PEZH) DLERR/INEERAE iz
2R bR . 2 SR 1 S v A S A
T RO R R RS, SR e Th RE AN
RGPEN T R 80R A iy, A St e 567 5 B
AT R R, BT AR, BE

BEEH AT, PIBIRR. M. B, AE
KRG, AR OER. RAEFm. RATIIRE. 2
FHE T ay SRR d NEEDR . VT TR bR ALY
#A77 HPLC-MS/MS VA [RIE 2 JZP H 13 Fhifebr
Bor T, SR s ] JZP B
1 (U

Shimadzu LC-30AD i & &G0 AH L4, B E
Triple Quad 5500 i, 3EE AB Sciex AHl;
Sartorius SECURA225D-1CN + /52— K, 14
[ Z£ 2 R W A7) ; KQ400ES A i veas, Rl
AR A A

Sof R LB EE R (IS 110773-201313, &5
$99.6%) A2 (k5 110736-201842, i)
] 97.4%). WET (5 110715-201821, &g
] 95.4%). KEFEBEANE (L5 111524-201710, Ji
B 99.5%) IR 4 F (JitS 110726-201819,
JROE g 99.8% ) . Z o PR B (S
110801-201608, J5i 55141 99.7% ) shER/INGEw (3L
5 110713-201814, JRE /73 86.7%) ThIR 57T
(JiL5 110732-201812, FiE4> 40 97.6%) 2 B A
(L5 110802-201710, Jii & 741 99.6% ) Al S £ (4t
5 110722-201815, JiETH 91.7%) #EEH (it
5 110721-201818, FiE5-4L 96.2%). SEHEH a
(#L5 110777-201912, FiE5r40 94.8%) LEHH 2
d (fit%5 110778-201912, FiE4ELL 96.3%11) T
B E a2 ke insf sl g, N, takal,
VIR A IR AR ACONHSiK, HAKR b
afi, JZP 3t 12 Mk, dbm R E AR A A,



¢ $# Chinese Traditional and Herbal Drugs 3£ 51 % 2 143 202057 A

* 3695

L5 1705061 1705062, 1705063, 1903226; LI
RTIERIZGH R AR, #5554 190102, 190501
190903, 191101; VLI HEHRIEHIZAR AR, #
541900217, 1900524, 1900809, 1901004; 45
%5 N S1~S12,
2 FESHR
21 BEEHG

i #3A Thermo Syncronis Cis £ (100 mm X
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PRFREE 0.35 mL/min; fF#E 35 °C; @A 10 uL.
22 RigEH

BN E S IR (ESD; 1E7 & 1A
FIRPIE; B FIEmI S B 4.5 kV: BT IRIRE
500 C; WE%ESJE ) 413.685 kPa (60 psi); FHBhN
P E S 413.685 kPa (60 psi); AT E 77 206.843
kPa (30 psi); fEHESCNES; HENZ VI
MW (MRMD . HEZEILEER 1, %o 32 E
BT eigE e 1.
23 SREXREMIB/REEIE

REEMRETERRR . RERNEE. S, A
. EHROER. RRFEXIL. DB E5T.
ROCERR . A RS SRR a HYEHE
H ARG E, SE TERS, N 50% H EEE

£l BEORESH

Table 1 MS parameters of various constituents

£ R
WA OBTER ETR ) "

HE/V BEE/V
B B 1R [M—H]"  193.1/133.6 =50 =30
KRERNEE [M+H]"  233.1/1453 70 30
HEH [M+H]"  447.2/271.0 115 20
AU [M+Na]"  503.1/219.0 105 25
WERRZE [MHAHY  356.1/192.1 110 30
REEGREE [M+H]"  287.9/115.0 52 30
INBET, M]* 336.1/320.1 90 35
EEyT [M]* 352.1/308.1 90 33
REEER, [MAHY  304.1/134.0 105 26
Tl e [M+H]"  581.6/270.4 70 25
B [M—H]" 609.2/301.2  —70 -40
SERRETE A [M+Nalt  803.0/203.0 100 78
SR D [M+Na]®  803.0/203.1 100 78

fRIFMRERZIEE, FAT, WIS IR i ST A
R R 50T I i S VRS B, 0 50% YRR R
BZIERS], WS EBIELRR 10 png/mL. A& IE
5 pg/mL. A 100 pg/mL. AjZ5E 5 pg/mL. %E
PR 4% 1 pg/mL. RAETEIRIL 5 pg/mL. /NEERH,
60 pg/mL. 25T 30 pg/mL. RACHEHE 2 ug/mL.
MR 4 pg/mL. FEEH 5 pg/mL. SEEHETH a 2
ug/mL 524502 d 4 pg/mL FIVR A BRI
VKA ORAT -
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BUASE R, B, L 1g, KEKe, BER
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Fig. 1 Total-ion chromatograms of reference substances (A) and sample (B) obtained in positive-ion mode and second mass

spectrum of reference substances
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Table 2 Linear relationships, LODs, and LOQs of various constituents

2%y EEpy r L VEVE R/ (ugmL ™) o H R /(ug-mL™) & E R/ (ngmL™)
Rl E R Y=1122 X—2 341 0.999 2 2~80 0.100 0.300
RERE N Y=1452 X+35.75 0.999 1 0.5~20 0.020 0.040
EES Y=134.7 X+5.745 0.999 8 3.5~140 0.140 0.360
AUt Y=25.83 X+4.735 0.999 2 1~40 0.050 0.120
EHER LR Y=478.3 X—24.38 0.999 1 03~12 0.013 0.030
TG Y=579.1 X+267.3 0.999 2 1~40 0.040 0.110
INBET Y=351.2 X—269.1 0.999 7 3~120 0.120 0.300
EEIT Y=123.5X+13.77 0.999 5 2.5~100 0.130 0.240
FIR B, Y=346.8 X—563.8 0.999 3 0.5~20 0.024 0.060
Tl HZ Y=55.66 X—3.793 0.999 1 0.5~20 0.021 0.040
B R 1 Y=67.12 X—17.823 0.999 1 1~40 0.030 0.090
SR a Y=114.8 X+7.245 0.999 2 0.3~12 0.016 0.040
SeHEE d Y=163.7 X+423.8 0.999 2 0.3~12 0.020 0.050
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£ 4.66% BRI 4.37% /NEEH 2.69%. L5
VT 2.94%. AU 4.84%. AT 4.59%. 18 R
4.83%. YEHHEAF a 4.32%. LEHHET d 3.98%, 1
N 5%, R TIERTE 12 h WEE.
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HUtE5 9 1903226 [IFE S, 4% “2.47 TR ik
il R RV 6 1, % “2.17 R “2.27 TR 2 AF
M5E , skt &, M43 % %5 i & 5330 RSD 437l
HIBTERIR 3.67% R EFIEN R 3.53% BE5H 3.15%.
AT 2.97% IEHHR LK 2.94%. 528 B IR
4.13% /DNEEBR 1.95% BT 1.75%. 2
4.37%- T 4.83%. R AT 4.98%. SEHET a
4.64%- SETARER d 5.04%, BI/NT 10%, KA
BRI E SN R,
210 fntEEYERIKLE

O S ERFES (LS 1903226) #4H, HX
2)0.5g, FEEWE, HEWI 61, 77 EHEEH
W, A RIINAR S . T 3 R R AT S i
BWWOER, 1% “2.47 TUR 70 4 40 s i
BEREDE, TREINFEESCE, S5 RPTEER . KE&RE
WG, EEF . AT, EHR LR, RAEIK.
ANBEB. VT RIRPEE. RHECHE . BERE . 5
AR a HYEHRT d FCPEInEE R 5 5 A
99.5%+ 98.9%. 100.2%-. 99.2%. 99.5%. 99.7%-
98.6%+ 99.9%. 101.3%. 98.7%. 99.8%. 97.9%.
101.3%, RSD {E7518 4.11%. 4.88%-. 1.08%.

#=3

3.23%44.13%- 3.23%- 2.78%- 3.12%- 4.53%- 3.43%
3.58%. 5.22%- 5.13%.
211 H@REENE

FERRA 12 MAFHALIK IZP, 3% “2.47 TR
JrA S AR SRR, TE “2.17 R €227 T&HER
HRENE, THESE, SRR 3. 1240 IZP FE&
IR BEIR . AREIRAEG . BT, AJ24TF. i
ROFE RAGW /ADNEEG. BT RACH
MR B, SRR RT a SLEERT d =
BRI 0.324~0.383. 0.051~0.072. 3.225~
3.466. 0.154~0.198. 0.015~0.062. 0.144~0.199.
2.145~2.982. 0.441~0.953. 0.032~0.099. 0.062~
0.089. 0.111~0.178. 0.012~0.065. 0.011~0.069
mg/g.
212 FiHESH

2 SIMCA 13.0 X & 25 B AT G vk 553 it
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SEVE, [ 07 126 HH 0T 245470 o e 225 S A S S T P
9y e BERIY TG, FRBIRE LR PHES 5> A B
MZEAr R ok, L 2, 3. B2 %
By 12 #LIR JZP fEE 2SR, 40 3 2K, Hrh S1~S4
NE 12 S5~S8 NE 22K; S9~S12 N 3 2K,
B 3 383 2 BT A 1R o0 R8T DT R I 2R B, /N BER
ELDyT. FZEAR . PESEF 4 PR AU R B,
R YR EZE S A REERmW, XL 4F
b2 A3 1 B AR A 2 O

13 MBYHESBMELER (n=3)

Table 3 Quantitative determination of 13 components (n = 3)

JREWE (mg-g™)

=) , 1yt e b

s B B ﬁi? WA AjEH %ij ig; ANBEBR ELILYT SRR R RS RCEE %ff iff
S1 0.324  0.051 3.225 0.154 0.022 0.144 2912 0953 0.035 0.082 0.139 0.028 0.045
S2 0.351 0.060 3.358 0.161 0.027 0.149 2982 0.948 0.041 0.081 0.141 0.029  0.041
S3 0.366 0.052 3346 0.159 0.018 0.151 2.946 0.922 0.033 0.089 0.139 0.031 0.040
S4 0.381 0.055 3.357  0.168 0.015 0.147 2.841 0.920 0.032 0.073 0.154  0.030 0.051
S5 0.363 0.051 3.321 0.169 0.029 0.166 2.153 0.511 0.059 0.089 0.123 0.061 0.062
S6 0.371 0.061 3.361 0.178  0.028 0.159  2.162  0.555 0.070 0.079 0.111 0.065 0.068
S7 0.383 0.053 3466 0.167 0.034 0.168 2.145 0.541 0.067 0.082 0.121 0.062  0.069
S8 0.369 0.052 3458 0.175 0.032 0.172 2.148 0.549 0.063 0.081 0.122  0.064 0.061
S9 0.356  0.051 3.351 0.197 0.056 0.199 2.533 0.451 0.098 0.070 0.171 0.016 0.012
S10 0.371 0.058 3349 0.198 0.054 0.192 2526 0.441 0.099 0.068 0.173 0.012 0.016
S11 0.383 0.062 3364 0.188 0.062 0.188 2.536 0.443 0.086 0.064 0.178  0.013 0.014
S12 0.364 0.072 3348 0.186 0.053 0.189 2.542 0453 0.084 0.062 0.176  0.017 0.011
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Fig. 2 Scatter plot of quality scores for 12 batches of drugs
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