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HPLC-ESI-MS/MS [G]B7 7E PU48 H,50 9 FhERRL 5

KRR, FRRHE, B K, Wy
WPEER RN A 22 BE 29t s, i KJR 030001

% ZE: B #77 HPLC-ESI-MS/MS EFIEHE A AR FHE, AT LE. AWRTEH. AkRTFEL. Ak
TR AVE IR E . RAME IR . RAEHIR R O P RS I 2. A3k HPLC R4 Agilent Zorbax
Eclipse Plus Cis 1 (100 mmX4.6 mm, 3.5 pm), VRBIAHAFEE-0.1% FEAKER, BV, AFE 0.4 mL/min, #FEE
20 pL; JFIRERAHEBIE . EE TR (ESTD, B RN (MRM) [FE P# AL 9 Fif o gk AT & &
. ER UM O ARG B FHE. AW T LR, AW TFEE. AR TEL. Ak TR, AEEER. B
JEER . RSB AN 52 2 B8 bl 1) e M S B 23 531 8.50~850.00 ng/mL (#=0.999 7). 1.32~132.00 ng/mL (r=0.997 4). 9.60~
960.00 ng/mL (+=0.999 8). 12.00~1200.00 ng/mL (»=0.999 3). 11.50~1 150.00 ng/mL (+=0.997 9. 21.70~2 170.00 ng/mL
(r=0.999 7). 23.80~2 380.00 ng/mL (r=0.999 6). 10.70~1 070.00 ng/mL (+=0.999 5). 8.54~854.00 ng/mL (+=0.998 0),
SEHIINEERIWCR 3 30 98.3%. 100.3%+ 99.2%. 100.4%- 99.1%. 97.7%- 99.0%- 98.9%. 100.3%, RSD 1E 7> #1759 2.21%-
1.78%- 2.19%- 2.23%- 2.18%- 3.03%. 2.51%- 2.72%- 2.10%. 8 LU IAES A 9 FioE R 2 B &4 H 0 il 67.6~
425.6. 0~131.5. 2.1~258.0. 0~71.2. 23.2~678.8. 806.4~1310.8. 718.5~1293.7. 11.5~123.2. 10.9~62.4 pg/g. &t
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Simultaneous determination of nine bioactive components in Sishen Pills by
HPLC-ESI-MS/MS

ZHANG Xiao-xia, LI Xiao-ni, HU Shuang, CHANG Rui-miao
Department of Pharmaceutical Analysis, School of Pharmacy, Shanxi Medical University, Taiyuan 030001, China

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 nine major bioactive
components (deoxyschizandrin, y-schizandrin, schizandrin, schizandrol B, schisantherin A, psoralen, isopsoralen, evodiamine, and
rutaecarpine) in Sishen Pills. Methods The chromatographic separation was performed on an Agilent Zorbax Eclipse Plus Cis column
(100 mm % 4.6mm, 3.5 pm) with a gradient elution of methanol and 0.1% formic acid in water at a flow rate of 0.4 mL/min, and the
injection volume was 20 pL. The nine major bioactive components were detected using an electrospray ionization source in positive
ionization mode (ESI") and quantified by multiple reaction monitor (MRM) scanning at the same time. Results The linear ranges of
deoxyschizandrin, y-schizandrin, schizandrin, schizandrol B, schisantherin A, psoralen, isopsoralen, evodiamine, and rutaecarpine
were 8.50—850.00 ng/mL (r = 0.999 7), 1.32—132.00 ng/mL (» = 0.997 4), 9.60—960.00 ng/mL (r = 0.999 8), 12.00—1 200.00
ng/mL (» = 0.999 3), 11.50—1 150.00 ng/mL (» = 0.997 9), 21.70—2 170.00 ng/mL (» = 0.999 7), 23.80—2 380.00 ng/mL (» = 0.999 6),
10.70—1 070.00 ng/mL (» = 0.999 5), 8.54—854.00 ng/mL (» = 0.998 0), and the average recoveries were 98.3% (RSD = 2.21%), 100.3%
(RSD = 1.78%), 99.2% (RSD = 2.19%), 100.4% (RSD = 2.23%), 99.1% (RSD = 2.18%), 97.7% (RSD = 3.03%), 99.0% (RSD = 2.51%),
98.9% (RSD = 2.72%), and 100.3% (RSD = 2.10%), respectively. The contents of eight batches of the nine major bioactive components
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were 67.6—425.6, 0—131.5,2.1—258.0, 0—71.2, 23.2—678.8, 806.4—1310.8, 718.5—1293.7, 11.5—123.2, and 10.9—62.4 ng/g,

respectively. Conclusion The developed method is simple, specific, and sensitive, and it can be applied for the determination of nine

major bioactive components and the quality control of Sishen Pills collected from different production batches.

Key words: HPLC-ESI-MS/MS; Sishen Pills; deoxyschizandrin; y-schizandrin; schizandrin; schizandrol B; schisantherin A; psoralen;

isopsoralen; evodiamine; rutaecarpine
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G1329A HEHBhEFERE: 3200Qtrap™ JiiiAx, E[H
Applied Biosystems 2], L4 DY A/ 2k 14 25
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HPLC {514y Zorbax Eclipse Plus C1s 3 (100
mmX4.6 mm, 3.5 um, FEE Agilent AF]); &
25 C; JBIAN HEE-0.1% FRRKVE; LRIEREE
Yeli: 0~5 min, 40%~60% F % ; 5~15 min, 60%~
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mL/min; AR 20 pL. FISEHREII KT 20 000,
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5 B (ESD; IEE P (4); £k
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Table 1 HPLC-ESI-MS/MS data of nine components in Sishen Pills

5% fr/min Mw MSi (m/z) MS2 (m/z) DP/V EP/V CE/V
TR THE 25.67 416 417.1 316.1 68 10 25
HRTZF 31.72 400 401.2 300.1 68 10 26
TR EEH 16.47 432 415.0 384.0 68 10 25
TR TFEE L 18.99 416 399.0 367.9 65 10 25
TR T H 21.55 536 415.1 339.9 80 10 30
WERER 11.40 186 186.9 130.8 50 10 30
AN IR R 12.01 186 186.9 131.0 50 10 30
T, 18.43 303 304.1 133.8 52 10 30
T IR UK 20.78 287 287.9 115.0 79 10 65
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h C
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a-psoralen b-isopsoralen c-schizandrin d-evodiamine e-schizandrolb f-rutaccarpine g-schisantherina h-deoxyschizandrin i-y-schizandrin
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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 (C)
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2.3 AERECH

2.3.1 PR AR VERIEC ] 20 R B AR BT
PR, AR LR AR FER. IR L.
FRFEEH . AVEIRR . RAMVEIR R RACEBIAN
REVE R, BT 10 mL &, BT HE-
0.1%HRRI/KEW (4 1), MBEZIE, B 9 F
TR 0T HE S A A T . AR T IR A U R )
1 :200.2:200.4:200. 10 : 200. 50 : 200. 100 :
200 B DFRE, WCH] R R YIS [R5 5T
MRS, Rl PTAIRNALE 4 CURFEHIRAT -
2.3.2 MR ECH] RS BRI E]) 5K
ANFEET PSR R 0.5 g, BT 150 mL B
FEAETEIRR, 75% 0% 25 mL #A $2 5L 30 min, i

JEEL s, IR FEE-0.1% R AK AT (41 1) Fis
BRI EmERE, RIS, B afE HPLC-ESI-
MS/MS Z3#THi A 0.22 um I8 ER .

24 FEFER

241 ZRMERAR. BIR (LOD) filE &R (LOQ)
B IR IR VRAR IR “2.17 “2.27 TR (01 A0 R
TR HEAT ARSI, LK HE o I P R AL AR (X0,
FARIETHIAUA AR (V), ZfilbrrEfhsk, BT
PERENE, BEIFSETabni 2Pty 2 A % 24 ()
SR RGN R VAT AR, LUERELL
3118110 0 1 KR &R LOD M1 LOQ, 45
BIE 2. FTH FEARPIAE AR B8 10 7 A FE S [
WEILRIFHEERR (r>0.997),

®2 AT 9 MAEMMS KL S EMEXSH

Table 2 Calibration curves and related parameters of nine components in Sishen Pills

L% LR TR r LR VI /(ng-mL ") LOD/(ng'mL™) LOQ/(ng'mL™)
AT H R Y=217.85 X+11413 0.999 7 8.50~850.00 0.018 0.068
HKT LR Y=108.36 X—12 796 0.997 4 1.32~132.00 0.079 0.250
Fk Y=82.979 X—1296.9 0.999 8 9.60~960.00 0.077 0.300
FIRFREL Y=37.622 X+937.37 0.999 3 12.00~1 200.00 0.096 0.360
Tk THE Y=51.568 X-+6313.2 0.997 9 11.50~1 150.00 0.046 0.092
WE R Y=192.65 X+39 609 0.999 7 21.70~2 170.00 0.019 0.087
AN IER Y=207.63 X+33 645 0.999 6 23.80~2 380.00 0.025 0.095
R Y=111.79 X+10 930 0.999 5 10.70~1 070.00 0.037 0.086
P 3 LT Y=170.73 X+10 318 0.998 0 8.54~854.00 0.029 0.068

2.4.2  HIEFIH MRS RS FRIEUK. .

3 PREIRE (AT HE 8.5, 85.0. 850.0
ng/mL; FikT &K 132, 132, 132.0 ng/mL; F
Tl 9.6. 96.0+ 960.0 ng/mL; TLPRT-H¥ 2, 12.0.
120.0. 1200.0 ng/mL; FiPRF B H 11.5.115.0.1150.0
ng/mL; #MEFFEE 21.7. 217.0. 2170.0 ng/mL; 5
AME B 23.8.238.0.2380.0 ng/mL; 2K HHHH 10.7.
107.0~ 1070.0 ng/mL I 2 B3 KBl 8.54+ 85.4. 854.0
ng/mL) FVR-E 0 I A, B AE 1 d hE R A
6 LA SESE 3 d R RZE %8 H AR H TS 2 2, 1
SEUETHIAN . 2550, DL RSD &5 Jokfir & H Py A H A4S
25, RSD 43 7E 0.66%~2.62%F1 0.17%~2.38%.
243 FEEMERE HUS 16080045 [PU#HALEE
i 0.5 g, “PATHRE 6 f, %I “2.3.27 W7k &
BOR AL, ARJE L “2.17 “2.27 TR it AR 1
ZAFE, A, THEARS R 9 Pl
ROy R E I RSD . 455, ATHE. I

TR KR TEEH . IR TR L% THE
WETRER. FBAMVEIER . SRR 52 B8 KBk T
RSD 173515 1.41%-2.63%- 1.78%-3.08%+2.95%-
3.56%- 1.98%. 2.42%. 3.77%.

244 FoEtilEg AR FEEE NIRRT R
M. BRI — LS (LS 16080045) V&5 HIAE
AFEINTE (0. 24 44 6. 8. 12, 24 h) AT,
S50 9 P B I THI AR RSD {H /N T 2.25%.
KHERNEZBR 24 h WEE.

245 e R RS RIS 16080045
YA IR S 0.25 g, MRS /1S & 2 50T
50%- 100%- 150% 3 7K, 25 B0 RE Sl I VS &=
AR E I, $208 “2.3.27 TSI A
SR, SRIGLA “2.17 “2.27 T €A R 1 4%
M, dsFEmA, 0 AL R A 9 Pk
A3 IORE Y AT RSD . IRIGAERFAHAEL 3
Wo SERVUBIAH O PR R TH R %
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T 7 ARTER . IR TFEES R THEH
WETEE . RAVEIRER . R 52 B R
S RIS 23 5N 98.3%- 100.3%- 99.2%- 100.4%.
99.1%- 97.7%-+ 99.0%. 98.9%. 100.3%, RSD 14
SN 2.21%1.78%12.19%+2.23%+ 2.18%- 3.03%-
2.51%- 2.72%- 2.10%.

2.5 PRI E
WANA ™ R AN I DU A AU, i, 1206 3

“2.3.27 T i AT B BRI, AR R L 2.17
“2.27 WM TSRS A E, IDsRIETAR, 7>

AT EA AR 9 FE R IR B, 4
RIE 3,

®3 EEALP 9 HMBEYRSHIMELER (n=3)

Table 3 Quantitative determination of nine components in Sishen Pills (n = 3)

RES B/ (ngg™)

T URNKTHRE AWNTZE ESTWN IORTMZ HWKTRET ISR AR SEEW KR

g
S1 425.6 <LOQ 5.1 <LOQ
) 308.8 <LOD 32 <LOD
s3 67.6 112.9 237.8 62.6
S4 72.1 129.2 256.8 674
S5 72.6 131.5 258.0 712
S6 125.8 <LOQ 22 <LOD
S7 130.9 <LOQ 2.1 <LOD
S8 130.0 <LOQ 23 <LOD

678.8 924.4 923.7 86.3 62.4
346.5 12233 1263.4 123.2 61.2
23.2 1 050.7 11683 16.6 18.0
23.6 1101.5 11874 19.0 21.6
25.1 1310.8 1293.7 222 24.0
170.1 806.4 718.5 11.5 10.9
172.9 821.1 720.5 14.5 12.7
170.5 815.0 744.3 11.6 13.4

SRR, ANFEEAFERGR PR, B
W7 L3R AN T AR IR 3 R A ik i, & &
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R EA RSy 2 ) Er e 2 R . WP AL Y
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(Turcz.) Baill. ({FFRIL FLBK ) B4 FLbk ¥
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T BRI SR, 3 DA TR FEOR TR
T AR 9 EE R FR A -
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P R AR S, A AR 3 R TR E AR
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o B S AAEZE S, B2 nT Ul 28R 2
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o @R ME R a5 R 2 H th n) e A A (A BEES
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SRAFIE B R BRI TR] L 250 1) € 40 FEE A e £ F
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XDB-Cis+ Agilent TC-Cis A Agilent Zorbax Eclipse
Plus Cis (i) maHA R (FEE-K, HEE-H
FRAKVEWO « BEMLAFAF AR AR TR (0.2, 0.4,
0.6 mL/min) 5. A [0 S EMEEEETE, N
AN TAFELHIE) 1R . HIREN R . SR IR,
LIRS, 55 aREMIETE RiF, (HEEE PR
IINERIEIN, 15 958EE FHa. mE&n®
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AL B R . R AR RN, AR E
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