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Abstract Objective:To establish an UPLC — MS/MS method to measure the content of 18 characteristic compo-

nents in Fengshiantai tablets, and conduct chemometric analysis on the measurement results to provide a basis
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for quality control. Methods: The components were separated on Waters BEH C 4 (100 mm x2. 1 mm, 1.7 wm)
column with methanol and 0. 1% formic acid aqueous solution as the mobile phase by gradient elution at a flow
rate of 0. 2 mL - min~'. The column temperature was set at 40 °C. The injection volume was 1 wl. The detection
was carried out by electrospray ionization( ESI) , and electron spray ionization source was adopted in positive ion
detection with multiple reaction monitoring mode( MRM ). Results: The established methods showed a good linear
relationship in a certain range (r=0.998 3), whose average recovery rates of samples were 90.2% - 101.7%
with the RSD of 1. 1% —4.9% . The content of ephedrine ( calculated as ephedrine hydrochloride) , chlorogenic
acid, syringin, strychnine, brucine, berberine ( calculated as berberine hydrochloride ) , naringin, cinnamalde-
hyde, ginsenoside Re, ginsenoside Rg, , epimedin C, icariin, asperosaponin VI, glycyrrhizic acid ( calculated as
glycyrrhizic acid ammonium salt) , ginsenoside Rb,, notopterol, isoimperatorin in 39 batches of samples were
20.23 —141.75 g per tablet, 10. 50 —121. 69 g per tablet, 215. 24 —697. 34 g per tablet, 8.46 —42.42 ug
per tablet, 135.24 —363.32 pg per tablet, 91.29 —242.87 pg per tablet, 19.65 — 80.31 g per tablet,
22.57 —105. 05 g per tablet, 4. 69 —86. 88 g per tablet, 10. 32 —241. 15 g per tablet, 3. 36 —65. 07 g per
tablet, 10.79 - 390.69 g per tablet, 6.51 - 86.29 ug per tablet, 4.10 — 89.75 pg per tablet,
195. 55 - 566. 37 g per tablet, 96. 98 —448. 95 g per tablet, 0 — 132. 41 g per tablet, 7. 09 —232. 71 g per
tablet. The results of chemometrics showed that 39 batches of samples from 5 production enterprises were classify
into three categories, and there were certain differeces in sample quality among different production enterprises,
eight differential markers ( naringin, glycyrrhizic acid, isoimperatorin, berberine, syringin, ephedrine, pseudo-
ephedrine , strychnine) that caused quality differences were found. Conclusion; The established method is simple
and feasible, combined with chemometric methods, and can be used for quality evaluation of Fengshiantai tablets.
Keywords: Fengshiantai tablets; UPLC — MS/MS; characteristic components; content determination; chemomet-

rics; risk assessment; quality evaluation
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Tab.1 MS parameters of 18 components in Fengshiantai tablets
%y iR/ BB TET HEFLHLE Tl H
( component ) min (parent ion)m/z  (daughter ion)m/z  ( cone voltage)/V ( collision voltage)/V
WK B ( ephedrine ) 9.63 166.5 148.5 20 15
Fh )RR 25, ( pseudoephedrine ) 10. 13 166. 5 148.5 20 15
25 J5L R ( chlorogenic acid) 11.42 355.2 163.5 20 15
2T 1 (syringin) 11.79 395. 4 232.8 20 20
+ 5 (strychnine ) 11.87 335.5 223. 4 20 30
Y% ¥4 ( brucin) 12. 18 395.5 324.5 20 35
JINEEG ( berberine ) 14.13 335.9 306. 0 20 25
Hili J 3 ( naringin) 14.31 581.5 272.9 20 30
H: B2 % ( cinnamaldehyde ) 15. 61 133.1 55.1 20 10
NS BTF Re( ginsenoside Re) 16.37 969. 8 790. 1 20 45
NS BT Rg, (ginsenoside Rg, ) 16. 48 823.6 203. 1 20 40
] C(epimedin C) 16. 87 823.5 369.9 20 65
PR 2EFETF (icariin) 16. 88 677.6 369.0 20 30
)| £ F2 35 VI ( asperosaponin VI ) 18.25 952.0 259.5 20 60
H B ( glycyrrhizic acid) 18.99 823.5 453.3 20 25
NS BTF Rb, (ginsenoside Rb, ) 19.07 1131.7 365. 1 20 30
T ( notopterol ) 19.18 377.1 225.0 20 20
SRR #1 2 (isoimperatorin ) 19. 32 271.5 147. 4 20 35
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92.6% .95.6% , RSD 4> %/ 4.2% .3.2% .2.9% .
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Bl (brucin) 7. /NBEFH ( berberine) 8. fill iz (naringin) 9. 42 JZ ¥ ( cinnamaldehyde)  10. AZ:i2H Re(ginsenoside Re) 11. A H Rg, (gin-

senoside Rg, ) 12. #1725 C(epimedin C) 13. ZFFF (icariin) 14, JI| Sz 32 3 VI (asperosaponin V) 16. A
Z:BF Rb, (ginsenoside Rb,)  17. FEIH % (notopterol ) 18. SN Hij ] Z (isoimperatorin )
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Fig. 1 Extraction MRM chromatograms of negative sample( A) ,mixed reference substances(B) and sample( C)
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Tab. 2

x2 BEFNRS L]

Results of linear regression of the investigated compounds

Ji43 ( component )

77 2 (regression equation )

r

284470 [ (linear range) /(g * mL™")

JEE #05 ( ephedrine )

TR FE 5 ( pseudoephedrine )
%R ( chlorogenic acid)
ST #F 1T (syringin)

=+ 97 (strychnine)
T ( brucin)

JINBER ( berberine )

Hili % # ( naringin )

15 K [ ( cinnamaldehyde )
NS4 Re( ginsenoside Re)
AZ B Rg (ginsenoside Rg, )
1725 C(epimedin C)
PESEET (lcariin)

JI 227 224 VI (asperosaponin V1)
HHFR ( glyeyrrhizic acid)

NS H Rb, (ginsenoside Rb, )
JE 15 B (notopterol )

SERKTTEH % (isoimperatorin )

Y =5.605 x10°X -2. 077 x 10*
Y=9.751 x10°X +2.592 x 10°
Y =8.766 x 108X +2.921 x10*
Y=1.830 x 108X +1.324 x 10*
Y=7.917 x107X + 1. 667 x 10*
Y =4.389 x10°X +8.945 x10°
Y=1.210 x10"°X - 1. 584 x 10*
Y=2.233 x10%X +111. 677

Y=8.192 x 108X —4.798 x 103
Y =3.721 x 10X - 1. 065 x 10*
Y =1.088 x10°X +6.305 x 103
Y =3.201 x107X -59. 289

Y=9.033 x10°X +8.958 x 10°
Y=9.646 x 107X +8. 109 x 103
Y =6.069 x 108X +7. 680 x 10*
Y =1.493 x 107X - 650. 926

Y=1.642 x10°X +3.758 x 10*
Y =4.394 x10°X +3.893 x 10>

0.999 6 0.025 ~2.591
0.999 1 0.017 ~1.723
0.999 3 0.141 ~14. 122
0.999 3 0. 008 ~0. 835
0.999 5 0.009 ~8. 892
0.999 4 0. 065 ~6.538
0.999 7 0.022 ~2. 191
0.999 5 0.029 ~2.901
0.998 6 0.019 ~1.938
0.999 7 0. 040 ~4. 047
0.999 2 0. 008 ~0. 856
0.999 7 0.023 ~2.281
0.999 1 0.020 ~2.072
0.999 7 0.093 ~9. 283
0.999 8 0. 089 ~8. 855
0.999 8 0. 059 ~5.961
0.999 6 0.010 ~1. 078
0.998 9 0. 033 ~3.256

3.7% .2.5% . 1.3% . 1.4% . 4.4% . 4.6% . 4.3% .
4.2% .4.9% . 1.7% .3.5% ,4.3% .4.2% . 1. 1% .
4. 3% , FWIATTEA BT IRE IR R
2.4 FRAEEDE

BUS AN Al 39 HEAE A, 3 i 4 2. 1. 27 T
TR A R T, 2. 27 WA AR
R 11 5 7 BT 0 i A5 SR AR 3
2.5 Akt
2.5.1 BN RS ERZESHT (hierarchical clus-
ter analysis, HCA) j&— ik B B0 #r ik, nT LA
P L S A o AL ) A 2 4 0 Y 22 Sk R
Simca 14. 1 4%} 39 HERAE S Y 18 ki & &
HEAT HCA 25 R LK 2 39 AR i i 45 A 7 Aol 5
3 2,ABE IR, C.D k& Hh—3k,
HCA S5 R 3 WY [F] — A= 7 4l 1 B i ot B — B0 48
U, TS [ A= 7 Al A it BT S A7 — R 22 57 o
2.5.2 FpUrsrAr SR SPSS 25.0 FffXT 39 it
FEELAY 18 Ao s 64T 32 803 23 #r (prinei-
ple component analysis, PCA) , 13 41 3¢ R B
;22 o0k R AR 4. DIRRIEAE > 1 AR HUR
HE 1S FNHT S A Ty, RITTHRAR 83.000% , KW
Hil S A F2 o0 7T AR R KR 22 28 b 18 A gy

83. 000% ({5 B, A RAFAAAERNE
2.5.3 EAfmER/ANZIFGN M k2B oA
5 A i I A 2 e 1) D R O 2 b 0 22 S BTRROR
Y, ABIEFEHE T HCA Il PCA Z5 2, R ] Simea
14, 1 B kAT 1E 52 D e /s — 30 531 73 At (orthogonal
least squares discriminant analysis, OPLS — DA) , i1
ZEFSY S AR 39 HERE i H AN R 4l 43 25 W]
(& 3),5 HCA R 5, 7edrnyfiilg, £it
fEBERE IS R X AL RPY 43500 0. 821 i1 1, Tl g
J1Z%0 0° 4 0.778, 3 >0. 5, & W iy OPLS - DA
BERITGE P 5, TN AR ) RAT o

7S £ B B 5 (variable importance projec-
tion, VIP)fE#EAT I 734, LL VIP {E > 1 S pRifE, i
e 8 AN VIP A > 1 1y2e iy (K1 4) 20 iz
HHRIRR S BRETEA R VDR 2R TR RS Y
JRBCA 7, 20l VA s T 2 B b H R IR T L
R AT A R A SR, 1 8 AN XA R A A
AR ERL T AR 22 0 EEAREY . ot
SERATHASEAAY AR 228 R it P 2 b B
FENE HEA WA AR R T SR T 25 e W R, A
I3 1 TR i 25 55, AN Rl R4 o Jo 6 22 57
B, S Al W SGTE IR AR i
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Fig.2 HCA of 39 samples of Fengshiantai tablets
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Tab. 4 Initial eigenvalue and variance contribution rate of principal components

FEnsr WA FHIEE T ZE TR EiAy e
(principal component ) (initial eigenvalue) (variance conturbution rate )/ % ( cumulative variance contribution rate) /%
1 7.552 41.953 41.953
2 3.256 18. 087 60. 040
3 1.716 9.533 69.573
4 1. 341 7.452 77. 025
5 1.075 5.975 83. 000
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Fig.3 OPLS - DA scatter plot of 39 samples of Fengshiantai tablets
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ST RIS E 13 A 2GR rp 18 ANMFRAEPE LT &
Jrids, w5 2 RAEL 2 YRR IA T AR oA i 2R D
il /D g M 2 b B R AR E B R R, BT AT
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Fig.4 VIP score plot of 18 components in Fengshiantai tablets
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0. 1% WIREW HEE -0. 1% LR NG -0. 1%
LR LI =10 mmol - L™ ZFREZT) 4T T
FEE AR 0% W B R 7 30 min I R -
0. 1% PRV W16 L Uk I, 45 100 24 4 B 5 4 11 42
YR, 8 W O 1, EL 3 06 SR R T 3 5
3.3 HERIEST R i

5 AR 39 MEUHE AR R B ( LLER TR PR
wsit) OURR B (AR IR DO R BRI ) (R ER 5%
THEH LT ST N BERL (DL R /) BE
i) HHECH EEEE ST Re ASRH Rg WA
Z A Rb, WIAE C BT ) SWg 5 VL H
B (LAH R R BcTt) (I I S W 3% A9 3% i Y [
43 5k 20.23 ~ 141.75,10. 50 ~ 121.69,215.24 ~
697.34 . 8.46 ~ 42.42 135.24 ~ 363.32,91.29 ~
242.87.19.65 ~ 80.31,22.57 ~ 105.05, 4.69 ~
86.88,10.32 ~ 241.15,3.36 ~ 65.07, 10.79 ~
390.69,6.51 ~ 86.29,4.10 ~ 89.75, 195.55 ~
566.37.96.98 ~448.95.0 ~ 132.41,7.09 ~ 232.71
pe s Ao HEWA TR A A R ) ] A
Al AR At S — ECPE B, AN [ A b Ta] R i B

SRR o MBCH | H SRR L S MR /N BE

ST RSO RR B T 8 AN 5
AR A 22 5 1 E BN, 0 VR T A R H
B EORA RT AE RR BT R ST, B R Al B
KU BT Bkt

B RERS PN RERE , B i o A B I T 3l
R, SHEI T BB ARl Y i 5 A 7= T2, TR IR R 4K
[ RN g G (A i 3 N = 5 (A 0 o 4
R T SO AR E R B R o

BERZEG T - A B Al B AACBORE SR AR L
45, D Ay BB AR X
3.4 RN ARG

G248 Fr e il B BR T O JsUBE A 2, 2 [ 2020
AR AR N RG] 24 L) 25 B4 bR L SE IR, %
JEE Al UL AR 7 ) T B PR 4545 A T RY
AN RO e H R R KR /N T 4. 92 mg (17 00
BT R ) |, DL 70% He AR 0T, 1 il
%Z%é’\jiﬂgﬁ:( C21 szNz 02 ) ﬁ‘,@yﬂ 160 ~ 440 we,
PASh BT ( Cps Hyo N, O) 3, A3 F 110 pgo B
TN E 14 39 HURE Al b 7 | S B R R
254390 Ay 135,24 ~363.32.91.29 ~242.87 pg -
R BRI A A R - T R R

0 et i AR, B2 78 30 0 A ol 7 5% 3 ) B R TR
i

il E5 R i 1 T R B e R AT S
g3 SORBREERLY , B A 077 TR YT 7R 1 0 b g 5]
P AR S ~ 10 mg 2 B EEAER , i ik
A LA IEBE R P M A R G B E S8
JEIE B R 050 KGR 22 38 7 1 1 il o — 3K 2
A, —H 2 ~3 % HHA T d O RSE TR T
KN 2. 64 mg, fIKT AT H koK i, g
WS AR o AL 75 H o 2 2 2, Al i AREE , AT BF
Feim R R R DT 2 R, R ST
AT RRE R, R 2% T 70 R A A e XU AR R AR
3.5 Jhgh

ASCHENL T UPLC = MS/MS 2 [] B 0 i XU 22
R 18 AMAREPE Ry, HoA PR ERS St T
SRAFIC A I AR A A A A
PRGN AN TR A2 77 Al (8] X 22 28 e 10 8 14 B
T, DU 22 4 P A 0P 2 A D7 T KGR 2 28 R
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