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[ Abstract] Objective: An HPLC-MS/MS method was established for the simultaneous determination of 15
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components [ betaine, agaritol, bergamolide, 2-(2-phenylidene) chromone, dehydrodiisoeugenol, D-( - ) -quinic
acid, gallic acid, protocatechuic acid, hydroxysafflor yellow A, rutin, isoquercetin, ellagic acid, luteolin and
apigenin ] in Qingxin Chenxiang Bawei powder (pills). The quantitative method, combined with chemometrics and
entropy weight-grey correlation degree method to analyze the comprehensive quality, provides a reference for the
quality control and evaluation of this preparation. Methods: The analysis was conducted using a Shim-pack GIST-
HP C,; chromatographic column, with the mobile phase consisting of methanol (A) and a 0,1% formic acid
aqueous solution (B). A gradient elution was employed at a column temperature of 35 °C , with an injection column
of 3 wL. Weisenxin platform was used for cluster analysis (CA), SIMCA 14. 1 software was used for principal
component analysis ( PCA) and orthogonal partial least squares discriminant analysis ( OPLS-DA ), and the
compounds with variable important in projection ( VIP) value greater than 1.0 were used as the criterion to screen
quality differences. The entropy weight-correlation degree method was used to analyze the comprehensive quality.
Results : The linear relationship of the 15 components was good in their respective ranges, and the linear correlation
r was greater than or equal 0. 999 0. Precision RSD were all lower than 3.00% . The stability and repeatability were
good, RSD lower than 5.00% ; The average recoveries were 93.62% ~105.10% , and RSD was 1.18% ~4.37% .
CA and PCA analysis classified 14 batches of Qingxin Chenxiang Bawei powder (pills) into 2 categories: manufacturers
D (D1 ~D4) were grouped into one group, manufacturers A and M (Al ~ A4, M1 ~M6) were grouped into one
group. Six difference markers were screened in OPLS-DA mode, which were D-( - )-quinic acid, agaritol, 2-(2-
phenylethyl ) chromone, dehydrodiisoeugenol, bergamolactone and quercetin, respectively. A2 has the best
comprehensive quality. Conclusion: The established HPLC-MS/MS method for the simultaneous determination of
15 components in Qingxin Chenxiang Bawei powder (pill) can be used for the comprehensive quality study of
Qingxin Chenxiang Bawei powder ( pill) combined with chemometrics and entropy weight correlation degree
method.

[ Key words] Qingxin Chenxiang Bawei powder (pill) ; HPLC-MS/MS; stoichiometry; entropy weight-grey

relational degree method; quality control; quality evaluation
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220507 ,220706,220814 221101 , 4= : D1 ~D4) M |~
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=98.5% ) . 5 M &z 1 (#it 5. BWB50378, 4fi #i
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0. 685,0.326,0.320,0. 316 mg-mL " X HR 5 1 34k ,
53 RS B A R R R VRS B TR — 10 mL &
R, R R ORE 2R 0 R A B B R R R 43 0l
713.70,3 990. 00, 4. 32,735. 00,300. 00, 14 340. 00,
1162.80,467.50,6 682.50,113.00,66.60,548. 00,
27.97,6.40,13. 27 ng-mL ™" 1R 4 X B8 5 7 e
2 ik mEEAE

WURE OB A £ (3 3 50 ), FRILZY 0.5 g, H
WRRE B IEHEIE T R A 75% W E 8 mL,
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3 pum) ;3 3 AH S HEE (A)-0. 1% W R (1 7K % W
(B) , BHEEPEIE(0.01 ~0.9 min, 10% ~22% A;0.9 ~
1.2 min,22% ~45% A;1.2 ~3 min,45% ~60% A;
3.0 ~5.5 min,60% ~78% A;5.5 ~6.2 min,78% ~
95% A ;6.2 ~6.7 min,95% A;6.7 ~7.51 min,95% ~
10% A;7.51 ~9.5 min, 10% A) ; /& FL 3 & 0. 25 mL-
min =" FEIEL 35 CHERERE 3 L, I SR AL I
F IR ( electrospray ionization, ESI) , 1F . 11 B T 1§ ;
MRM #5557 Bt R 4E s W5 %5 HL JE Oy 3,80 kV ((+ ) Fll
3.50kV( - ), FASARBH E N 3 Lomin =5 AR
PRBUR 10 Lomin ™' 32 LR BE S 300 C 5 I %5 771
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R1 FWPHES K

% %y ty/min BB m/z THT m/z Tll 4 e ik eV
1 IEAT 1.119 118.1[M+H]* 58.1[M+H-C,H,0,]" -27
2 LA I 4.399 319.2[M+H]* 30L.1[M+H-H,0]" -15
3 A P i 6.846 207.2[M+H]* 202.0[M+H-CH,]*/174.0[M +H-CO]* -22/-30
4 2-(2-H ) A 7.895 251.3[M+H]* 160.0[M+H-C,Hg]" —24
5 KA SRTHEH 8.313 327.2[M+H]*  203.0[M+H-C,Hg0,]*/188.1[M +H -CgH,,0,]" -14/-20
6 D-( -)-ERM 1.164 191.2[M -H] - 127.0[M -H - CH,0,] ~ 19
7 BETR 2.370 169.3[M-H]~ 125.0[M-H-C,H;0] "~ 16
8 JR LA R 3.078 153.3[M-H] ~ 109.1[M -H -CO,] ~ 17
9 FRALLTH A FE A 3.359 611.3[M-H]~  491.2[M-H-C,H 0,] "~ 26
10 T 4.862 609.2[M-H]~  300.0[M-H-C,H,,0,]" 40
I S df e A 4.934 463.2[M-H]~  300.0[M-H-CgH,05]" 28
12 AL 5.187 301.0[M-H]~ 284.1[M-H-H,0]" 31
13 i e R 5.899 301.0[M-H]~ 151.1[M-H-CgH,0,] " 22
14 R B HEZ 6.162 285.3(M-H]~  133.0[M-H-C,H,0,] - 36
15 FEEE 6.789 269.0(M-H]-  117.0[M-H-C,H,0,] - 34
4 KUEXEER WS B, T 37 WUR SRR Ao DAXS IR i i
250,500,1 000, FER B R AR AR (o), W 1T FR O G0 AR B () 847 [l

H % I R VR A R IR VR
2.000,3 000 Fil 4 000 wL, 43 %1% T AR 5 mL % &

LA, R R 2 2 R A, R

IR A IR

P30T, 15 A B 1545 H B R 2Pl R R ar, L

#2,

R2 HOUIUE/NRECIL) 1S Do i &M C R % 545 1]
‘ A elen| SE it TR K R
%5 % |l = 5 r
/ng-ml "~ /ng-mL~"  /ng-mL ™!

1 e y=5.226 x10*x +5.128 x 10° 0.999 5 35.69 ~713.70 1.70 0.56
2 L7 I y=2.349 x 10*x +2. 892 x 10° 0.999 6 199.50 ~3 990.00 5.84 1.93

3 b R 9 BR y =8.377 x 10*x +4. 380 x 10° 0.999 0 0.13 ~4.32 0.04 0.01

4 2-(2-K %) (R y=3.076 x 10*x +8. 689 x 10* 0.999 7 36.75 ~735.00 0.76 0.25
5 LKAZRT &G y=3.152 x10*x +8. 205 x 10* 0.999 6 15.00 ~300.00 0.24 0.08
6 D-( -)-EJeM y =8.270 x 10x —2.792 x 10* 0.999 3 717.00 ~ 14 340. 00 21.62 7.14
7 WE TR y=1.040 x 10°x -2. 151 x 10° 0.999 9 58.14 ~1 162.80 10.98 3.62
8 S LA R y=2.178 x 10°x -7.376 x 10° 0.999 8 23.38 ~467.50 2.51 0.83

9 BT AR A y =3.576 x 10%x + 1. 145 x 10* 0.999 0 344.13 ~6 682.50 16.24 5.36
10 BT y=5.123 x10*x - 1. 889 x 10* 0.999 8 5.65 ~113.00 0.36 0.12
11 S y=8.937 x10°x - 1. 651 x 10° 0.999 8 3.33 ~66.60 0.23 0.08
12 B y=1.647 x10%x — 6. 847 x 10° 0.999 1 27.40 ~548.00 2.78 8.22
13 i e R y =6.375 x 10°x - 5. 596 x 10° 0.999 2 1.40 ~27.97 0.38 0.13
14 NS y=9.767 x10°x - 1. 879 x 10° 0.999 2 0.32 ~6.40 0.04 0.01
15 FRR y=1.275 x 10*x = 2. 349 x 10° 0.999 6 0.66 ~13.27 0.14 0.03
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5 BEEXR

F % 5 BOR 8 W 3 000 pL, & T 5 mL 45 5 i
IR R S 2 T3 IR S A 3 0
6 W, I+ H A5 ik 15 > a4 e 1 AR RSD 43 5l A
0.94% ,1.61% ,1.13% , 1.40% , 1.22% , 0. 58% ,
2.82% ,0.63% ,0.63% ,2.54% ,2.64% ,1.97% ,
1.70% ,2.89% Fil 2. 65% , 3¢ WX 3805 55 Ji BL 4T
6 EEMHIW

B M1 54 5 (it 5 :2306053) 6 {5, 4227 T
J7 il 2 A W, T 37 R A& AR 43l 1k R 4y
B oA Bl 15 AN a3 & i ol 42,43,
1572.99,0. 19,203. 40, 82. 95,3 979. 67, 150. 08,
90.21,1786.16,16.47,5.10,100.41,3.82,0.95 #l
0.97 pg-g ', RSD 4r %1% 0.82% ,0.41% ,1.51% ,
1.00% ,1.97% ,0.88% ,1.78% ,1.26% ,1.71%
2.22% ,1.94% ,2.88% ,3.99% ,2. 11% #1 2.99% ,
RUZ T EEA RIFWER T,

B ML 58 S 27 TR 5 2 il g fE K A
W, FU3" 8 F &4 0,2,4,8,12,24 h i} it

BEAT M, AR ik 15 A4S 4 1 1L RSD 430
0.68% ,0.26% ,2.00% ,1.17% ,3.43% , 1. 04% ,
1.93% ,1.11% ,0.82% ,2.33% ,1.59% , 4.23% ,
2.39% ,3.49% F1 3. 04% , F W FE W AE 24 h 4
BA RIFREE,
8  hnAEE YR

FRICE AL 4 & 11 M1 S 4 5 6 0y, B 24
0.250 0 g, 73 5l A i v B 0 Wk B ot £ 24 100% 1) L
AT B 27 IR 7 ik A R U, T
“37 IR A Ay MAEREI E TS LR 15 A o
I B 10 Ui 2R 43 51k 99.47% ,96.41% ,103.56% ,
95.88% ,92.41% ,93.90% ,97. 58% ,101.23% ,98.43% ,
94.4% ,102.23% , 102. 10% , 93.62% , 103. 71% Fi
105. 1% ,RSD 4351k 3.32% ,1.81% ,4.17% ,3.39% ,
3.64% ,1.56% ,2.63% ,2.37% ,1.76% , 3.23% ,
3.48% ,3.33% ,4.37% 4. 11% 13.34% .,
9 HEmEBEENE

W14 HEE DU NBREL (L) 4% 27 W0 R Jr ik
il B L S I U, T3 TR SR EE AR E L H AR
WS AR SR ERIE 3,

£33 HOUUE/ABRBCIL) 1S ARSI e 45 R pgeg ,n=3
o 2-(2-% ¢, rE 5
Hi5 B U Y il - HF P9 B D-( -)-ZERWR ' FR JR L2 iR
3 T A
Al 56.24 1794.58 0.32 200.48 94.80 2 714.08 130.32 149.94
A2 54.97 1 885.54 0.60 209.73 78.89 2 486.45 121.36 132.04
A3 60. 44 1737.72 0.21 242.89 73.53 4 052.21 192.69 44. 64
A4 68.98 1 800.20 0.31 238.16 86.82 4 067.06 200. 62 56.73
D1 92.65 331.53 0.40 94.82 110.76 3 448.95 337.40 121.42
D2 119.39 375.18 0.25 117.69 84.18 4 068.57 369.77 85.73
D3 129.75 471.29 0.26 123.91 87.31 4 045.40 346.56 91.02
D4 126.95 466.71 0.25 123.52 89.04 4 065.74 352.38 91.20
M1 44.89 1574.42 0.19 206.15 84.14 3972.52 154.87 93.65
M2 69.98 1 459.75 0.24 140.86 56.22 4176.40 200.70 100. 00
M3 85.60 1331.22 1.09 199.72 72.96 4 043.46 149.11 108.55
M4 80.46 1295.72 1.06 198.34 70.56 3937.78 145.20 106.72
M5 56. 16 1789.32 1.02 226.05 63.87 3775.95 132.23 70.37
M6 47.25 1372.62 0.23 184.87 76.82 4 009. 66 150.63 98.57
Edi| 44.89 ~129.75 331.53 ~1885.54 0.19~1.09 94.82~242.89 56.22~110.76 3 448.95~4176.40 121.36 ~369.77 44.64 ~149.94
mean 78.12 1263.27 0.46 179.09 80.71 3776.02 213.13 96.47
SD 29.15 590.39 0.34 48.98 13.56 530.02 94.36 27.93
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5% 3

%5 BRI EROEK A HT St B ¥ AL ik Bz % ARRFF FFRE
Al 2 466.28 21.37 5.15 103. 84 4.34 1.36 1.73
A2 1 468.68 18.81 5.56 102.18 4.73 1.32 1.14
A3 2001.71 26.13 8.35 95.62 6.34 1.36 1.00
A4 1582.06 23.41 6.55 103.33 5.81 1.32 1.32
D1 924.13 12.69 8.29 81.09 6.10 1.78 2.41
D2 1364.09 13.99 11.67 82.00 8.28 2.04 1.87
D3 1341.46 18.06 12.56 84.93 8.15 1.96 1.64
D4 1226.57 16.35 11.96 86.40 8.41 2.06 1.76
M1 1794.68 17.13 5.19 97.57 3.93 0.98 0.95
M2 1790. 14 20.02 6.21 127.36 4.25 2.08 2.99
M3 2073.29 31.39 10.33 100. 81 5.13 1.23 1.37
M4 2029.10 31.10 9.99 100. 94 5.07 1.18 1.37
M5 2 069.02 27.87 6.62 118.86 3.88 1.08 1.01
M6 1751.07 19.57 5.76 101.80 3.73 1.24 1.23
TE R 924.13 ~2 466.28 12.69 ~31.39 5.15 ~12.56 81.09 ~127.36 3.73 ~8.41 0.98 ~2.08 0.95~2.99
mean 1705.88 21.28 8.16 99.05 5.58 1.50 1.56
SD 412.89 5.95 2.68 13.14 1.67 0.39 0.58

10 kZEHEZ-REEH
10.1 B2 2 47 ( cluster analysis, CA)

K 14 HEAE AL TP 1S A R 1Y i RO 5 AT
AT EHEAT CA b, Rl E 2 R E 0 e
BTV R BB R L 1 LUy

T RIBENER TR AW KE AT ZMM
F (Al ~ A4 M1 ~M4) R4~ D] (DI ~
D4) Ry 2 UL A T M M T G ] BT
B8, =) 8K EREAG —E X%,

D4 D3 D2 D1 M2 A2 A1 A4 A3

M6

M1

[ =

M3

M4 M5

Group
iEaT
b
PP PR

D-(-rZJemR
RRTH®
JFILEFR

T
ST
BAERR
)&
ARERF R
R

1 14 HE3EOUUA /AR B CIL) B & B 3R 2 R 23 By

2-(2- K Z I a i
REZRTHL

RRATEEAFHEA

SR
A
D
M
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10.2  FE @ 4% 4 #7 ( principal component analysis,
PCA)

AR T R 2 S5, LA 14 3L 0 VTR A IR B
()15 ANl o A8 &, § A SIMCA 14,1 ¢

P rf BEAT JG M 0 PCA G A, 45 2R WP 20 B R
Al ~ A4 M1 ~M4 55 DI ~D4 43 BB A T 5
PR i ) P S B R RO, R A TR R 22
i NS

I'®
4t WA
3t @Al Mo
2L A2 @DI v
1 Mi@g, /o
E 0 oM2
= D4

-1t QA4 D3..D2

OM5 i

2r M3‘A3

3t

4}

10 N s 4 2 0 2 4 3 8

t1]
B2 14 HE3E O U N BRE (L) B b s 7 i PCA 15453 &

10.3  IEX R/ 23 iE-# 3] 247 (orthogonal par-
tial least squares discriminant analysis, OPLS-DA)
T AR 5 2 5 0 O 7 S ), O RE S 4
B A5 BE L 11 (1) 2 5 5 A5 . R S SIMCA 14, 1
B A B B E AT OPLS-DA, 3 — 20 73 #r 14
HERE 5 B, B AR R BT R B RE 1 S RPX R
0.937,R’Y 3 0.964, il fE /1 2 ¥ Q° (cum) Ky
0.768, L1 1= 3 S8y > 0.5, RUIHA T B A K4

H4k

y >~ -H

M4,D1 ~ D4 73515 —3, HRRPCR E U]
5 CA I PCA Jp B &5 R AH ], ik — 25 56 WA o (0]
AR 22 5 o R O 3 1 S BORE O 22 5 19 B
4y, LA7E B AL {H ( variable importance in projection
VIP) > 1 bRl i 22 ' . dilEl 4 al 0,
L 6 N BTE 2 RY, 0h D-( - )-E R .
DA YRR 2-(2- R K ) B B A 5 T &l b
T TR R 3R, B 6 Aot AR 14 SR

e ReaE T IR 3, S5 R, AL ~ A4 R ML ~ J 25 5 E A .
-t I
_ ~ [
2r P ™~ Ho
f 68 v
1} A4@® \
N / \
= / D4 \
T 0 f - “:
g \ oD! Yx‘l J,"
. M6 /
Ll N . P ,/
3 L N N ;V. I ./ ] N . N
-10 -8 -6 4 2 0 2 4 6 8
1.000 66 * [1]
B3 14 L0 U0 AR (L) B il 43 & it OPLS-DA 1553 1A
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1o SEm 52 UL A DU BE 53 0 F AR 4 :2-(2- K 88 (Al ;5. R A K THW;6:D-( - )-ZBRIR;T 8B T
8 LAMR ;9  FRILA AT A A10:. 2 T 511 Mt T 512 . BREMR ; 13 Ml i 5 14 R B R ;15 738 &K
4 14 HEIE VTR NRE (L) AR S R 5 i VIP

11 B{-kREXBE-REEN
11.1 B{RGEITERE(W,)

AL A] 38 Ao A A 8 AR S B (E) A
Sl A G b W, AT 3kt B 32 UL AR 1) et 25 o He v
E, e br i 5 BN 2 M s BT L E,

ceyay =120 b) AR A AT b
y, = - mint) AR (1)
max (x;) —min(x;)

1.1.2 HHEMS WA O FAXIHE M

i ! RIW, (SRR 4) ol P =2 — 3% P, =0,
K HE AR 078 Ak B8 43 B8, 50K B 4G A 0T PEAG BT Ak =1 Yy
AW E, BN B bR LR T sk, W, WE X P, =0,
2 NP g = Ny 7 (I E = _ b Y., P, InP, A(2)
111 ERAMI  BEA a A TERTS,D nn
AR AT 0 =14,b =15) 2, 50 i 40T w1 Th A (3)
50X G2 15 AP 55 BT X 0 HBR (= 1,2, T (=5
x4 KW EMES W AE
Y- K, W, RRIET E; Vi
TS 0.860 0.079 R H A E A 0.939 0.035
7 DU 0.899 0.057 BT 0.906 0.053
6 T PO 0.742 0.145 S 0.843 0.089
2-(2-K 238 A 0.923 0.043 BEAER 0.891 0.061
REAZRTHM 0.936 0.036 Hit Kt 3% 0.848 0.086
D-( -)-#JemR 0.952 0.027 AR B 0.890 0.062
W T 0.814 0.105 FERE 0.845 0.087
JLAS R 0.936 0.036
11.2 RBXBEESHHBEENL Y,=X,/X, AR(4)

HT T A TR P8 JB A 938 B 1T BE X 4 2R A S
i, DRI T A 0 e v 7 2 B A R S o Rl
PEAT MR AR B, F R A AT 5, o X
JE G K, X, R AR B SRR

11.3 HHERBXKRY

TETE S BE 5 91 5 R AIE 7 51 22 (8] B9 SR BE I, 1
Se i BUR L2 25 17 51 (BRI A R il v A 45 A 19 B
KA Y, ) Fife 26 2% 17 51 (R A B i vh A d8 1
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Mf/ME Y)W LS5 7 91 Gk & B0 3 X
R p A BRI p (HIRER 4 TPAEOC
AR W, fE .

A +pA,L

R T ey, AR(S)
A=A 1Y, -Y, | NE(6)
A=A, 1Y, — Y, AR(T)
2 5 B CHE RO A

up = YA_Y+ ,pf';‘j;m AR (8)
A, =AY, -V, ~nF(9)
Ay =AY, =Y, AR (10)

11.4 XBEERBEXMNXEE
W2 2% 1y 3 S BK B i 22 5 % 17 51 B 1

RN PSR

I &
721::1 §k<.\»>

1
72?:1 §k([>
n

FE AR AT BRI A KR
e AR (13)
Tiy ¥ T

R A F8 B AR T G 156 B R /N X D A X 52 i 47 HE
ALVEERIES, AT Rp A2 85 iy, A
K.DJ K M FMI KIS B A 0.470 ~
0.523,0.496 ~0.504 F110.458 ~0.463 ,#&/~x A | K
R ESREERK,

A1)

i) =

2~ (12)

Ty =

RS 14 OUUAE NBREL L) AR SR B R it HE 4

Hi5 mEXRKE mOREKE  MXSREE BEHEA || S5 mEXRKE ROCEKE O MXSCERE REHA
Al 0.765 0.729 0.488 6 M1 0.735 0.631 0.462 12

A2 0.693 0.759 0.523 1 M2 0.749 0.634 0.458 13

A3 0.751 0.636 0.458 14 M3 0.719 0.645 0.473 8

A4 0.732 0.648 0.470 9 M4 0.718 0.647 0.474 7

D1 0.761 0.773 0.504 3 M5 0.745 0.642 0.463 10

D2 0.751 0.739 0.496 5 M6 0.733 0.632 0.463 11

D3 0.712 0.707 0.498 4

D4 0.715 0.728 0.504 2

- i FUR F MRMRIE B2 B 4 U i, 2 05 28 L T A

1 $EHRE S B

RUEREFE BB 22, BT e W R AR 225 T (O
Ao N RIERIN [ 25 41L) 2020 4F it — 36, Hrh AR ALE T
U AL 214 (A ELE 05 I 2 8 AR o0 i D D0
PUEE ERE TR OREAEEOR A ML "R TH
My, Ao 4 bR U 225 T ARG SR B
2 BiE-REFENRLL

ABEFEH 1S AT I o3 £ AN [ 3l AR 2% F T
I B ROCR AT 0 B N [R], PR B K T
AR 2 AR (HEE-0. 1% W1 R /K 1 AE-0. 2% W R
7K Xof S 2 AR 9 5 W, 5 R 3R W 25 0 S A O Y -
0. 1% R 7K I 2% 8 73 5 315 e e I a5 18 L 20 5 2 de
U5 TR X1 0 T3 45 25 6 I ol T SR A
i BB 2 A 5 s A i Y R B0 B A i A 4K 2
JEF-RE 1 Sl A5 0 T O N Y € i I 15 5 O
BT M R SR . D AT 3 AT A5 A S W, AT
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