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Quality evaluation of Acroptilon repens based on fingerprints and QAMS method
combined with chemometrics and EW-TOPSIS method
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Abstract: Objective To establish a method combining high performance liquid chromatography (HPLC) fingerprint with quantitative
analysis of multi-components with a single marker (QAMS) for simultaneous determination of neochlorogenic acid, chlorogenic acid,
cryptochlorogenic acid, 1,5-dicaffeoyl quinic acid, isochlorogenic acid C, apigenin and hispidulin in Acroptilon repens. The comprehensive
quality evaluation model of A. repens medicinal materials from different producing areas was established to provide reference for the
overall quality evaluation. Methods HPLC method was used to determine the fingerprints of 16 batches of A. repens from different

origins, and the information of fingerprinting spectrum was analyzed by stoichiometric models such as cluster analysis (CA) and
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orthogonal partial least-squares discrimination analysis (OPLS-DA). At the same time, the technique for order preference by similarity
to ideal solution (TOPSIS), the weighted rank sum ratio (RSR) and the fuzzy combination of the two methods to construct the evaluation
model. With chlorogenic acid as the internal standard, the relative correction factors (RCF) of neochlorogenic acid, cryptochlorogenic acid,
1,5-dicaffeoyl quinic acid, isochlorogenic acid C, apigenin and hispidulin were determined and their contents were calculated to establish
QAMS method. Results A total of 23 common peaks were calibrated and seven of them were identified by the established fingerprint of
A. repens. The study of stoichiometric model showed that there were obvious differences among different producing areas of A. repens. A
total of ten differential components were selected by OPLS-DA method. The comprehensive quality evaluation model of entropy weight
TOPSIS method, RSR method and their fuzzy combination showed the consistent quality evaluation ranking results of 4. repens medicinal
materials from different producing areas. There was no significant difference between the results of QAMS with chlorogenic acid as internal
standard and the results of external standard method (P > 0.05). Conclusion The established HPLC fingerprint combined with QAMS
method is simple, reliable and has good repeatability. The results of the comprehensive quality evaluation model established are
comprehensive and objective, which can be used for the comprehensive evaluation of the overall quality of A. repens.

Key words: Acroptilon repens (L.) DC; fingerprint; quantitative analysis of multi-components with a single-marker; technique for order

preference by similarity to ideal solution; weighted rank sum ratio; neochlorogenic acid; cryptochlorogenic acid; 1,5-dicaffeoyl quinic acid;

isochlorogenic acid C; apigenin; hispidulin; quality assessment
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Table 1 Information of 4. repens

'S A SRAERT[A] FEH BLHE

S1 THFI% 2020-08-12 T A= NPl 2B~ 43°50'10"N, 90°17'48"E
S2 THFI% 2021-06-27 FrsE AL L B 43°26"20"N, 82°9'54"E
S3 THFI% 2021-07-06 WL B ARSI 43°44'15"N, 87°38'59"E
S4 TP % 2021-07-10 e B T M e e B EL 44°82"N, 86°53'52"E

S5 TP % 2021-07-11 Hram B N g 44°25'32"N, 86°11'3"E
S6 TP % 2021-07-25 Hram R IR 44°4'58"N, 87°3429"E
S7 THFI% 2021-09-03 WL B ARSI 43°44'15"N, 87°38'59"E
S8 TR % 2022-06-15 WL B ARSI LA 43°44'15"N, 87°38'59"E
S9 THFI% 2022-07-01 e B M E AR RE 43°55'32"N, 89°1272"E
S10 TP % 2022-07-02 FrsEpT R E I E 47°3'11"N, 89°42'18"E
S11 T0F 56 2022-07-03 GE TR IE S WAES 47°11'53"N, 86°8'15"E
S12 TP % 2022-07-04 HsEBT 2R T X 48°0'12"N, 88°17'43"E
S13 THFI% 2022-07-06 B R R IR T BRI 45°36'41"N, 85°2'3"E

S14 THFI% 2022-07-06 BRI 2 44°27'30"N, 86°20'42"E
S15 THFI% 2022-07-06 B IR R R AR 47°1'0"N, 87°1425"E

S16 TR % 2022-07-06 RS AT AR B 46°4020"N, 86°4'39"E
S17 TR% (48 2021-09-03 WL E ARSI LA 43°44'15"N, 87°38'59"E
S18 k% () 2021-09-03 WEL A RSN LA 43°44'15"N, 87°38'59"E
S19 k% (2 2021-09-03 WEL A RSN LA 43°44'15"N, 87°38'59"E
S20 TPI% (R 2021-09-03 WEL ARSI LA 43°44'15"N, 87°38'59"E
S21 TR% (Fh7) 2021-09-03 WELEARSFNIE) LA 43°44'15"N, 87°38'59"E

2 FEEHER 2.1.2 PIGIERIEIE R ERRICHT SRR . 4%

21 ARIFHINIFEZM HPLC 58 EiL #3110
211 ikt i%HA Agilent Eclipse XDB-
Cis (250 mmX4.6 mm, 5pum); SN 0.1%F R
WK (A -2 (B, BEMiEEE: 0~5min, 5% B;
5~15min, 5%~10% B; 15~20 min, 10%~14%
B; 20~80 min, 14%~26% B; 80~113 min, 26%~
38%B; 113~113.01 min, 38%~5% B; 113.01~120
min, 5%B; FEiR 30 C, #EFEE 10uL, PR E
1.0 mL/min, M KA 327 nm.

JRER S BRZR R IR S 1,5- —WHEREZE TR . 4% R R C.
FrRE mEmTENENEE, SaEEmS,
N R 4 Sl ) 75 B 28 IR R 0.278 6 mg/mL 2R iR iR
0.730 4 mg/mL~ FR&EJEEL 0.3154 mg/mL. 1,5- Wl
MEREZS /2 0.129 9 mg/mL. F&EJER C 0.193 6
mg/mL. 73 0.072 5 mg/mL FIE R & 0.222 3
mg/mL X SGE 2, BT 4 CUKMFEDELR
1%, %H.

213 SRS IO SR kR G
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Fig.1 HPLC superimposed fingerprints of 16 batches of 4. repens samples
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2-neochlorogenic acid; 3-chlorogenic acid; 4-cryptochlorogenic acid; 14-1,5-dicaffeoyl quinic acid; 18-isochlorogenic acid C; 21-apigenin; 22-hispidulin.
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Fig. 2 Characteristic peak attribution of fingerprint of mixed reference substances (A) and sample (B)



FED 20244E8 7 $55% H 168  Chinese Traditional and Herbal Drugs 2024 August Vol. 55 No. 16

JRER C, 21 SUWERNTRER, 22 SEENEERNER.
B 16 HLEESL (S1~S16) 5 Hxt IR 5 S0 &3 1) A1
AU 5 50°A 0.958. 0.979. 0.938. 0.910. 0.972.
0.980. 0.976. 0.893. 0.961. 0.984. 0.975. 0.973.
0.988. 0.972. 0.775. 0.956, Ff/fh S8 F1 S15 #HALL
FERXTAR, RIAAFEF=H 16 HETFI 5 254
BAAEZES

22 WEHEZESH

221 CA iBit SPSS 26.0 #AERt 16 LIP3
ZiM (S1~S16) (1) 23 /NI g i Bk AT R 3%
ST, SR 3. 45 RN, FE AL S1~S8.S10~
S11. S13~16 RN 135, FEdh S9. S12 Ny
2. KW 16 TP A FEAE—E ]
ZE5, R H o RAEAE T M AT SO0, A R AT
Re2 AR MR Ak B LSS5 3 2R
B R & M RUCE TS I, TR 36 245 44 16 77
Hh A RE TE 4 I B FL B R, B TR LR A H IR HAL
I

L e

5 10 15 20 25
S2 1 1 1 1 1
S16
S6
S11
S10
S13 —

S8
S3
S15
S5
S7
S1
S14
S4
S9
S12

ECHEER

B3 TRIRERBELENR

Fig.3 CA of A. repens
222 OPLS-DA  Jy 5 i th LU AN [R] 7= i 45 it
WFERhZ B 25, AP 16 HLTP 26 2544
(S1~S16) KFLA IR NEE, FA SIMCA
14.1 BAFHEAT 7040, LAY OPLS-DA 7 #risidiy,
LK 4-A. SR ER, BERLESH R Ry 5397
79 0.663 F10.919, Tiilige 124 0* N 0.570, ¥R
T 0.5, R PTE LA EA R G R T ae 71 AR
BBEST. XTRIEER) OPLS-DA BEAIBEHLHES B s
5200 RO, ZEREMG RPN @ (MK 4B 4 L
77 BIRT A IABENHEFIE R R? AL Q7 REHFTIY
BRI RS RS EMA. H OPLS-DA 15
B (B 4-A) AT, 16 HEFES Ao SN 3 28, H
RERESERIEA T HTETHER (K

+ 5631«
A I ml
4 S5 N2
31 57 sF 3
24 ® %54
S o1 S1 S6gg
S 04 S158%16
a -1 S14¢ gS10
S 5! S12 S11 @S2
— 1 ® 59 S13
74‘-
54— —— : S
-8 -6 -4 2 0 2 4 6
B e R?
L l¥eY]
] 0
0
5 -l
= -
R
-3
—4
02
Czo
o 15
=
>

1.0
(o N — — AT N O OO 0 [~ cn o
NN O~~~ — 00— — o — — Qo

———

EE S =SS ==S=S=SS=S==S=9==3===

VarID (Primary)

% 4 OPLS-DA 54 (A). OPLS-DA 28! E #1GFE|
(B). ZEHIEE (O

Fig. 4 OPLS-DA score plot (A), OPLS-DA model
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#x2 J[EENEER. FEMAENNE
Table2 E, D and W of each index

Vg5 E D w
1 0.861 0.139 0.044
2 0.881 0.119 0.038
3 0.826 0.174 0.055
4 0.899 0.101 0.032
5 0.914 0.086 0.027
6 0.880 0.120 0.038
7 0.889 0.111 0.035
8 0.925 0.075 0.024
9 0.928 0.072 0.023

10 0.864 0.136 0.043
11 0.903 0.097 0.030
12 0.946 0.054 0.017
13 0.842 0.158 0.050
14 0.815 0.185 0.058
15 0.882 0.118 0.037
16 0.791 0.209 0.066
17 0.866 0.134 0.042
18 0.881 0.119 0.038
19 0.780 0.220 0.069
20 0.927 0.073 0.023
21 0.933 0.067 0.021
22 0.490 0.510 0.161
23 0.903 0.097 0.030

B, ARAE IR SR B B B 7 & o TR ST
P FES S EEARMEE S (DY) &5 AR
MIBEES (D), FRRIE AT 16 HEITUFI A FE & (1)
XS BE (D), Dy AR PPN R TR S
m R ER, RZWRZE.

Dy=DI(D*+D")

T8 D, A R/INKE 16 SETTURI 2R 5 B R 45 1
THER, WK 3. S5 RERHEAR 3 MRS .
BB A EARSE, HoR KR, B, #A
e f K HE 4 B
232 JIALRSR ¥ RSR k&R AN 712,
DIV FR bR IR OSSR AT G it 0T . B
B n AN R m AN TR R R R,
A SPSSPRO TELR 4 843k 4T IRl 54 Al B 2N Ak
B RJE, (ERBAUER C SR E, IRIEFR AR
HR/NHEF S RIRIK R FARIR R AR R AE VRN 1R
PE, TH5 RSR EAHES . FRET RSR (43R
RAtsE, B S ARSI S A R,
E 4 RSR IFRIR R FFHRRIR R WA R SR
HE (R, fJa—WiH (1-14n) BIE, 53|
Probit { ( BFUTRFT B IR A7), LK 4.

L Probit {6 4 H A5 &, RSR AN R, 5
BRI FE, 193] RSR AGiHE, HRIE IZE AT

<3 16 #HLTNIIZHE TOPSIS RE R EITMNER
Table 3 Entropy weight-TOPSIS model quality evaluation
of 16 batches of A. repens

YT D' D D He7
S1 0.725 0.474 0.395 7
S2 0.824 0.253 0.235 15
S3 0.675 0.521 0.436 3
S4 0.590 0.602 0.505
S5 0.740 0.484 0.395 6
S6 0.825 0.259 0.239 12
S7 0.707 0.436 0.381 8
S8 0.840 0.267 0.241 11
S9 0.728 0.516 0.415 4
S10 0.873 0.270 0.236 14
S11 0.810 0.296 0.268 10
S12 0.692 0.554 0.445 2
S13 0.853 0.236 0.217 16
S14 0.818 0.254 0.237 13
S15 0.766 0.511 0.400 5
S16 0.791 0.329 0.294 9

F4 16 HTNII% RSR EE REIFNER
Table 4 RSR model quality evaluation of 16 batches of A.

repens
%7 RSR BUBC S O T 0 Bl Pk in) 1% Probit
S100.309 1 1 1 6.25 3.47
S130.415 1 2 2 12.50 3.85
S6 0.458 1 3 3 18.75 4.11
S2 0.460 1 4 4 25.00 4.33
S110.469 1 5 5 31.25 4.51
S8 0.476 1 6 6 37.50 4.68
S140.497 1 7 7 4375 4.84
S5 0.507 1 8 8 50.00 5.00
S160.526 1 9 9 56.25 5.16
S1 0.546 1 10 10 62.50 5.32
S9 0.561 1 11 11 68.75 5.49
S150.572 1 12 12 75.00 5.67
S7 0.625 1 13 13 81.25 5.89
S120.640 1 14 14 87.50 6.15
S4 0.674 1 15 15 93.75 6.53
S3 0.729 1 16 16 98.44 7.15

HF RS, 1R85 F RIMLE R, B8 P E<
0.01, AKFREIEEME, 54 7 HIHRECH 0 BE
FRi%, BRAIARE (R A 0.97, AR
NIRF5: T ZERHK 2% (variance inflation factor,

VIF) 2&3#/NT 10, RIS %A 2 B L2 i) 71,
BRI R 4T . [R1H77F28 RSR=-0.003+0.104 X
Probit, J5Z M4k BN F=459.97, P<<0.01, 9]
B SR Gt [V 7 AR Geit 3 o 153 RSR V£ 1Y
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gEW, WK S, EREIR, 16 HLTUHZ M (S1~
S16) W EEMAMH K EEH . SEAKRFF. BT
R R 22 I O b e ) 2% 4 B R
EORZLIE

2.3.3  JHAL TOPSIS 25 1AL RSR AL A 4
SLVPAT R BT RO B E RS, K InAL TOPSIS
AINAL RSR AT D, {E A1 RSR AE AT AL
FORIBE S, L W X D+ Wo XRSR AT WHE
D, RSR [FIALELL N 1:0. 051, 0.1:09. 05:
0.5+ 0.9 : 0.1 5 F&ENL, A5 THE RGBT
MAHET - W B2 JZN7 BT A0S0, e &
PEHE P 25 R AT 256 0 o IBORI R & 15 20 W PR

SEREIR, 16 #IFIZH (S1~S16) i AL
LR =/ B . BB F#ERT; R
BEZE AR P oy s b I AR AN AR AL . HLAR s B
* 6.
24 ZROEENE
241 LRMEXRR ORESWREL“2.1.27 TN &k R IR
SRIERR . BRSEJERR . 1,5- WHERE S TR . ot R R
C. AARER. MENRMIRMHEE, s s
AARFRREE, 3% “2.1.17 TR il 24043 5 5 i
i, DUETHIRUAARER (V) BEREIR B RS AL bR
(X, ZeilbrdErhZe. S5RRW 7 N TES HIK
FEJE I 2R R R RAF, Wk 7 Fios.

F5 16 HTPFREITFN 2EIER
Table 5 Grading of quality evaluation of 16 batches of 4. repens

374 RSR G FHE (A1ED Bag RN
75 >0.619 S3. S4. S12
R4 0.411~0.619 S1. S2. S5. S6. S7. S8. S9. SlI. Sl4. S15. S16
— & <0.411 S10. SI3
6 16 #LTIIZ TOPSIS A5 RSR EEMEEE REIENIER
Table 6 Fuzzy combination quality evaluation of TOPSIS and weighted RSR of 16 batches of 4. repens
. DufH RSR 1 0.1 D,+0.9 RSR 0.5 D,+0.5 RSR 0.9 D,+0.1 RSR
BiE HF  BdE HEE HiH e A Hey HiE HEF
S1 0.395 7 0.546 7 0.531 7 0.470 7 0.410 6
S2 0235 15 0460 13 0.438 13 0.347 14 0.257 14
S3 0.436 30729 1 0.699 0.582 2 0.465 2
S4 0.505 1 0.674 2 0.657 0.590 1 0.522 1
S5 0.395 6  0.507 9 0.496 9 0.451 8 0.406 7
S6 0239 12 0458 14 0.436 14 0.348 13 0.261 13
S7 0.381 8 0625 4 0.601 4 0.503 4 0.406 8
S8 0.241 11 0.476 11 0.452 11 0.359 12 0.265 11
S9 0.415 4 0561 6 0.546 6 0.488 5 0.429 4
SI0 0236 14 0309 16 0.301 16 0.272 16 0.243 15
S11 0268 10 0469 12 0.449 12 0.368 10 0.288 10
S12 0.445 2 0.640 3 0.621 3 0.542 3 0.464 3
S13 0217 16 0415 15 0.395 15 0316 15 0.237 16
S14 0237 13 0497 10 0.471 10 0.367 11 0.263 12
S15 0.400 5 0572 5 0.555 5 0.486 6 0.417 5
S16  0.294 9  0.526 8 0.502 8 0.410 9 0.317 9
RT BROTHEMETEREEEE
Table 7 Results of linearity for each component
L% HHAFE AR FR LR PEYE Fl/(mg-mL™)

AR R Y=33 031 X+34.722 0.999 0 0.005 6~0.066 9

LR IR R Y=35201 X+87.286 0.999 7 0.007 3~0.1753

[ 2k i B2 Y=32203 X—8.049 0.999 0 0.001 9~0.0189

1,5- - MnEmEZE iR Y=58 899 X+5.322 0.999 5 0.000 8~0.010 4

AR C Y=47 472 X+1.244 0.999 4 0.000 8~0.011 6

HHRE Y=50998 X+4.928 0.999 8 0.000 1~0.007 3

[EERIES Y=59 189 X—1.119 0.999 7 0.000 9~0.022 2
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242 FEEFERE  AREUITCPIZRE MR (S7), 2 5108 92.38%- 99.52%- 106.07%- 107.09%- 99.48%-

“2.1.37 WURJ7iEl s il s v, % “2.1.17

TR i S A ISR HERE 6 IR, 45 B TR AR R IR

SRR FRGERE . 1,5-ZHEEE TR . RS 5 R
C. FrkER - =T RIETA ) RSD 730514 0.45%-
0.34%- 2.79%- 1.26%. 1.45%. 2.59%. 1.00%, %
AN A 2 B R AT

243 BEEWIRE  HUE—HOX TR SR A R
(S7), F% “2.1.37 TR HiEFATHIE 6 ik i i
W, % 92107 UM EIEFAE . SR BNk
JRER . SRR . FRSRR IR 1,5- et e TR
SRR C. frkaE. mEAIRSER RSD 7074
1.83%42.99%- 1.88%-3.38%- 2.72%- 3.00%- 1.86%,
KFZ LM BRI

244 FaEtEiREG:  #% “2.1.37 TR 7R AHR
FVETRL AT 04 20 4. 6.4 8. 104 120 24, 48h
R SR ERHSRR. SRR BRGREIR. 1,5-
TR TR . FARJEIR C. SRR, mEMR
WETH ALY RSD 435N 0.48%-+ 0.29%- 2.61%-

1.97%- 2.22%- 2.22%K1 0.79%, B S iAE AR
48 h Wi RIF.

2.45  JFEEICRRLS B E TIOR3 R ok
K (ST 64, FMFEL 0.5 g, FEWE, Ak
FEIMN G AR (0.558 4 mg). ZEEFRR (1.314 8
mg). BERGEERR (0.220 8 mg). 1,5-WmEEEZE Tk
(0.0909mg). FEEEER C (0.0077mg). &R
(0.094 3 mg). HZEATZE (0.200 1 mg) [N
W, 3% “2.1.37 WU il e FE AT, e & i
SHIETRIAR, THEIIRE IS ) RSD . 45 R B
WAL SREIR . FRsR IR 1,5- e 4 T 2
SRR Cy T3 = 2R A2 B At [l Wi 4y

91.50%-103.34%, RSD 4354 1.53%-0.88%-2.88%-
2.01%-. 3.30%- 3.21%-. 3.32%.
25 TRPFEHF 7 5T QAMS BIE L
251 MXNKIERT () MTHE 78 “2.1.17 I
R, BDORA X VAR R 2. 40 6.
8. 10, 12, 14, 16 1 18 uL, i34 A,
A i Tt E AT, SRR AP, THE B R
R BRZRIEER . 1,5-ZWmHERE 2 TR . Rt ER C.
FRE BERRM fo PFME, 750008 1.051 8,
1.263 7. 0.643 8. 0.7332. 0.713 5. 0.629 6, %
L3R 8.

fsi="fs/fi= (As/Cs)/(AI/Ci) 1]
Ay REEIRE NAF TR, Cs IR IR AR, 4;
PR SY | VTR, CooFRIIZE Sy i R
252 AFEMERRER for W FEERBOR S
X G SV TOE B, KA Agilent-1260 v R AH (4
WY R4, Agilent Eclipse XDB-Cis Ll ft:, HEA
FARRE (0.9 1.0v 1.1 mL/min) X} £, (R0,
ZERUWIR 9 Frow, &Y fui I RSD /T 3%, &
BHAS [EHAR AR BN & 7 fors T0 3. 35 52
253  AFEFEREAT £ 5 R Agilent-1260 %Y
= SO 1A R G, Agilent Eclipse XDB-Cg i
¥, BRI (28, 304 32 C) X fui HISIA
ZERNER 10 s, &Y foi 1 RSD #4178 T 3%,
T RIFEIR AT & B5Y for T0 2 25 5200 o
254 AFEIGIEREXT £ 52 R Agilent-1260
RS RO AH TS R G, BEA[R] hEEE A (B 1
Agilent Eclipse XDB-Cis+ £ 2: YMC-Pack ODS-A
Cis~ #£3: Agilent ZORBAX SB-Cis) X fo; [I52HH
ZERNE 11 s, &Y foi I RSD /8T 3%,

®8 RUFRRBRANRIN fu MELR

Table 8 fidetermination results with chlorogenic acid as internal standard substance

g - S
IEFFERVIL S smmsyanm [ ammianmn S w5 S smm/sammC S S sk
2 1.0532 1.2210 0.6376 0.724 5 0.6856 0.601 1
4 1.0457 1.286 3 0.6304 0.741 6 0.702 1 0.6252
6 1.056 6 1.254 2 0.6155 0.743 8 0.733 5 0.623 9
8 1.053 1 1.226 9 0.6557 0.708 4 0.720 5 0.638 2
10 1.0455 1.2709 0.642 7 0.750 4 0.6970 0.6394
12 1.050 3 1.286 5 0.6413 0.7212 0.732 8 0.6317
14 1.053 8 1.2814 0.661 9 0.716 7 0.702 8 0.6315
16 1.056 1 1.269 6 0.654 9 0.7556 0.745 2 0.638 8
18 1.0518 1.276 1 0.654 4 0.7370 0.702 4 0.636 5
P4 {E 1.0518 1.263 7 0.643 8 0.7332 0.713 5 0.629 6
RSD/% 0.38 1.95 2.29 2.21 2.82 1.92
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£9 ARMEIREXT fui BIFNT
Table 9 Effects of different volume flow rates on f;

AR B/ (mL-min™")

i

[ammpann [ ammsanm S 15— [ smmy/samm C Sammin [ ammnsins
0.9 1.0514 1.256 8 0.6327 0.750 2 0.713 4 0.630 5
1.0 1.045 5 12709 0.642 7 0.750 4 0.697 0 0.639 4
1.1 1.053 3 12235 0.606 8 0.725 7 0.689 6 0.617 2
P 1.050 1 1.250 4 0.627 4 0.742 1 0.700 0 0.629 0
RSD/% 0.39 1.95 2.95 1.92 1.74 1.77
F= 10 ARIFEERST foi 895200
Table 10 Effects of different column temperatures on f
R/ C Ju
S s [ mmmimnmn S w1, 5- e S ammssiamm C L L T
28 1.052 1 1.2453 0.6372 0.732 6 0.707 2 0.623 5
30 1.0455 12709 0.6427 0.750 4 0.697 0 0.639 4
32 1.054 5 1278 1 0.6222 0.718 3 0.709 1 0.627 1
FEME 1.050 7 1.264 8 0.634 0 0.733 7 0.704 4 0.630 0
RSD/% 0.44 1.36 1.67 2.19 0.92 1.32
F 11 AEGEIEERT f B0
Table 11 Effects of different chromatographic columns on fy;
ik Jo
fﬁk!ﬁ%&/?ﬁéﬁ!ﬁ%& f?:kﬁ%é/\%?:kﬁ%é fﬁﬁlﬂa‘z/l,S-;WJHMer‘:iM f?:k‘JﬁMé/ﬁ‘?:k‘JﬁMéC f’é-x‘lﬂﬁ/r’?i$ fZ-x‘JEEﬁ/\:JTM?é
FE1 1.0455 12709 0.642 7 0.750 4 0.697 0 0.639 4
2 1.054 3 13259 0.667 9 0.771 5 0.700 9 0.618 4
3 1.039 7 12577 0.669 5 0.758 0 0.678 7 0.6150
FEIME 1.046 5 1.284 8 0.660 0 0.759 9 0.692 2 0.624 2
RSD/% 0.70 2.82 2.28 1.40 1.71 2.12

FEHAS [F B AR & 5o 1 fos TS0 3 52, 3 FH
[EY/308

255 ANFEAXEXT fos M2 RHA Agilent-
1260 74 = 0B AH i 4 (488 1) A Ultimate
3000 OB AR B A (ACEE 20, A A
X fon IRE o &5 WK 12 Fiow, S foi 10
RSD ¥J/NTF 5%, REAANFEALCER X580 fo
RT3 R

2.5.6 (il sE 7 S B w08 N R X Ok B

BFTE] Crys) BEATUETE LT, ris= trp/tres) (i I AR
55, s ANFRERIEIR), A5 T MR
I 18] 76 AN [F] L€ i 4 (FE 1: Agilent Eclipse
XDB-Cis. #f 2: YMC-Pack ODS-A Cis. £ 3:
Agilent ZORBAX SB-Cig) FIAS AL #S (X3 1:
Agilent-1260. 1% #% 2: Ultimate 3000) [ 5 1,
SER WAL 130 G5 IRARWY, 25 AR 23 (R A 0 OR B
{6 RSD /T 5%, BEHIH ris BEAT (185 06 € £ 55
NAAT .

* 12 AEILEEIT foi BIFIAT

Table 12 Effects of different instruments on fy;
e for
i S smmsnm [ smmanmn S sman/1,5- o ion [ s C S s S sz
10581 1.0518 1.263 7 0.643 8 0.733 2 0.713 5 0.629 6
1282 1.123 0 1.200 7 0.677 1 0.761 0 0.667 6 0.589 6
P51 1.087 4 1.2322 0.660 5 0.747 1 0.690 6 0.609 6
RSD/% 4.63 3.61 3.57 2.63 4.70 4.63
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® 13 FRIGEEMARLENEINIF S 7 M5 ExHREE

Table 13 Relative retention values of seven compounds in A. repens by different columns and different instruments

A e Fils
% Vs 5 T Vasr g/ 4 R V1, 5- i e 5 W/ 4 S ¥ sisisim Claim ¥ peseg/ s Ve /5
il 1 0.686 1.079 2.184 2.596 4.582 4.708
2 0.750 1.068 2.161 2.550 4.230 4.316
¥ 3 0.704 1.053 2.263 2.578 4274 4.365
P H1E 0.713 1.067 2.203 2.575 4.362 4.463
RSD/% 4.617 1.223 2.444 0.914 4.400 4.782
s 0.686 1.079 2.184 2.596 4.582 4.708
13085 2 0.693 1.068 2.227 2.562 4.353 4.479
FH1E 0.689 1.074 2.205 2.579 4.468 4.593
RSD/% 0.791 0.728 1.362 0.932 3.632 3.513

25.7 FEAhEEE

K QAMS H1 ESM Xf AN [d]
e 16 HETTRI 2 2544 (S1~S16) FITH 3 3 A [ 45

fr (S17~S21) H ) 7 AN AT S &EE . 45

W 14 fin, QAMS Fl ESM i IS B4 K56

L), P>0.05, K] 2 AN HI& B LR
7R, HMASEZN RSD H/MT 2.0%, &Y
PP SZ ) QAMS VEHE T R AT, W] F T T50RI 44 2544
A5 B

#Fz 14 QAMS 5 ESM S24R
Table 14 Content results of QAMS and ESM

G5 SRR (mg g )

HEIRR (mg-g) BEHER (mgeh) 15-ZMMHEEIZE TRR/(mg-g") FEJRRR Clmgg") FFHE/ (mgg!)

BERIE/(mgg?)

ESM  QAMS  ESM  QAMS ESM QAMS ESM QAMS ESM QAMS ESM  QAMS

S1 2302 0.624 0620 0207  0.202 0.306 0.314 0.065 0.066 0213 0213 0186  0.182
S2 1.315 0.505 0.502 0271 0.265 0.126 0.130 0.098 0.100 0.111 0112 0.145  0.142
S3 2122 1.226 1218 0285 0278 0.216 0.222 0.100 0.102 0.191 0192 0381 0374
S4 2207 0.955 0.948 0391 0.383 0.125 0.128 0.068 0.069 0.174 0174 0329 0322
S5 2314 1.104 1.097 0328 0321 0.084 0.086 0.072 0.073 0.125 0126 0379 0372
S6 1.390 0474 0471 0.193 0.188 0.187 0.192 0.066 0.067 0219 0220 0249 0244
S7 2.592 1.100 1.093 0400 0391 0.162 0.167 0.077 0.078 0.190  0.190 0375  0.368
S8 1.195 0294 0292  0.147  0.144 0.185 0.190 0.112 0.114 0.115  0.116  0.188  0.184
S9 4.028 2129 2116 0509 0498 0.192 0.197 0.081 0.082 0.063 0.063 0275  0.269
S10 1.722 0750 0745 0272 0.266 0.069 0.071 0.064 0.065 0.031 0031 0382 0375
N 1412 0.680 0675 0233 0.228 0.102 0.104 0.070 0.071 0.070  0.070 0230 0225
S12 3.788 1.851 1.839 0628  0.614 0.217 0.223 0.143 0.145 0.086 0.086 0404 039
S13 1.568 0.637  0.633 0441 0.431 0.097 0.100 0.066 0.067 0.120 0.120  0.168  0.165
S14 2.074 0.676  0.672 0430 0420 0.071 0.073 0.037 0.038 0.102  0.102 0139  0.136
S15 1.208 0416 0413 0.195 0.191 0.170 0.175 0.031 0.032 0280 0.281  0.053  0.052
S16 1.180 0570 0566  0.221 0.216 0.100 0.103 0.054 0.055 0.113 0113 0113 0.111
S17 0.011 0.004  0.004  0.002  0.002 0.005 0.005 0.016 0.017 0.400 0402  0.030  0.029
S18 5.128 2386 2371 0.808  0.790 0.220 0.227 0.099 0.101 0.028 0.028 0501 0491
S19 1.767 0.353 0.351 0.150  0.146 0.288 0.296 0.030 0.031 - - 0.039  0.038
S20 2.696 0.070 0070  0.069  0.067 0.896 0.921 0.029 0.029 - - 0.005  0.005
S21 0.967 0.014 0014  0.027  0.026 0.011 0.011 0.037 0.037 - - - -
P - 0.980 0.912 0.930 0.908 0.989 0.921




FED 20244E8 7 $55% H 168  Chinese Traditional and Herbal Drugs 2024 August Vol. 55 No. 16

* 5637 »

3 itig
31 Wik SIARSIE G AR R EE K IFE

AHIF T3 AL LR R S I A RIS AT (50%
FEER 50% £ T « AN [FR SN AR K AH2E 1 (0.1% T R
TR 0.2% R FRVE . 0.1%0K LFRIEWD HEATH 4,
DA UG (P AN, W TR R 1R R /IN B 40 8 T e 24803 o
PL 50% F RE/E AR AGE ) BHELL 1250, HE7E 30
min {EAFRES FREUO 2. BTz G s s
BAHAKAH EEBIAEOR, W+ T i K P SE 47 1Y) Agilent
Eclipse XDB-Cig 0 i #1347 8 S0 & 77 15775 52
MAEIRAAH KA IR, 27KA A 0.1% FER Ik
i, kAN o B R, RIikdE &
JiE-0.1% H BRIA AR B AH o
32 BWENESHR

HH 2 48 SU I O R R R 2 B R T I
gz —, HPLC $54UEE N2 H AT H &2
1 — R Fa g wE, B n] DU B[R R 4 22 oy
(R FR BA I % S5 (48— 20210, AR SEG #1716
HEAS )= Hh T0F) 56 250 (e SC &g, 15817 23 4
HAWE, FFIA THSER . SRR RS
1,5-0nEBE s i . FARERE C. FR R, BE
RT3t 7 Mg, I CA 25 BATEN, 16 LT FI%
RPN 2 25, ooy BAFAE = Hh 22 SR L, 1 B
A — = H MM R —EZ R, 8o A ReE
VBN THR 46 256 I E— bR, B TR LA H IR
HoE . A IR S IR IR 3R R IR
ZEA A M R 2. OPLS-DA ikt 10 42 5
PEFR B, IX L RS 7 X 40 AN [R] 7= b T0 P 56 2
P e S E AR
33 ZEERETFMERNT

WIS FHRAL TOPSIS {5 H11 RSR A0 Bk A
M, MR T TIUPIAE R B LR A VRN AR AL, K TOPSIS
% RSR LGB GEARLE &, rTHE PR 1A
PEo KA “HE2 507 B PR 45 I F i R — Bt
20k T S VR AR 1) S B RE AR AR ANk B . ds P A ST AR 2R
XF 16 U R ST AN, SREANFEIEVEN
SERAFAE /NS, (BB EBLRFF—E 16 TN
5 250 A AL B PR O B L S ERTE
Bl 2R 117 5 o B2 22 LR b Ry vl b AR R A
DRI, B R 2 A 3 TR A TOPSIS A1 RSR V2454
BB 28 B VPN A TR RE S 5 R A TP
R E, NP R RS, B
J AT 57 B4 e

3.4 QAMS JEMEENL

I QAMS ¥, WARMIINIE E /2 S . i E N
PR AR AR B 25 15, € vl el T AR £ BE
AR e, BHEMEL, SRR E. SHEREL
W AL AR, B B T, e R
{1, WA ST I 4 5 B N AR -

AT 538 I AH R OR B I [R5k 25 52 ¢4 1 e (1) o
PENL, LI H%LT Agilent Eclipse XDB-Cis
YMC-Pack ODS-A Cig. Agilent ZORBAX SB-Cis-
Cosmosil 5 Cis-AR-II. Agilent 5STC-Cys 5 fR L34,
I Cosmosil 5 Cis-AR-1I. Agilent STC-C s NREFS
B EIR . FarER C AT R Bk g AT IR I
B Gnl R ERE, & e R Agilent Eclipse
XDB-Cis» YMC-Pack ODS-A Ci5. Agilent ZORBAX
SB-Cis 3 MR iE A T iAES . 1X 3 R AL A (1 AH X
{REFIS 1] RSD 34/T 5%, - H 7 AN idr g
BIRAZN . AW, A sEl o E s K AR
FFRBRKIEIE, HAHHEEIROKR, liess R
B 3R AT P IE A 43 B TR 28 24 A A ot Y VR
R 7, o BRI
35 TPHARBL 7 HLERSBREERSTT

AT TOPIZ A FFAL (R 22 i, T8,
Bl 7 B o AT SR IE . 5 RKR,
TP A R AL ) & B2 R, RAWSER .
SRR FREEIRER. 1,5- WNHEREZEE TR . Rat AR
C fETUPIZ M IR 250 . 1. FhrrhIyReta
B, FrpEr 4R R A PR S R BR AR A & =
MEEMRAR UM 2 ). FiF. 16, SRRRAE
FAALE S B G MR IO AR 25, M,
16, 1,5- ZWmHEmEZE 7 BRAE 2N AL I & B v 2
AR 250 1y M. 48, REJERR C E%
AR & B S BRI IO By 250 AR
16, ZE. AR ORI R R, Fr Rk
MR ER R BSOS &R, W
MZER TS AL SR R AR L 2, & AR
A FT A RN HAE R B3 X — 1&g 245 >)
PR 7RIS AkHE, I HICP s 256 o suh, &
Gy, DRI, SRS RS AT REOR B A Fr s TP
S SR RIS .

RBAR AL FAREEAGA R
B3 3k
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* 5638 « PER 2024E8H $55% B 168 Chinese Traditional and Herbal Drugs 2024 August Vol. 55 No. 16
[2] #rEMYEmRERRS FEEYE (EHEE M) [13] REME, fRL¥, fkbow, 5. 5T HPLC-QAMS £iR
BERFE: BisEA: A AL, 1999: 309. PR BG4 2 E 2 SO AL TOPSIS i K46 R
[8] RiGHH, W—H, (FTEE % TOHHEEYESE RS HIFMN ] FEPELAERBARE, 2023, 30(5): 127-
RO (0], RO R, 2022, 53(9): 1-5. 134.
[4] BARMR, 5kT, 0, 5 TCNELER T[] [14] PNERNE, EHZ, R, & AT -NZWE2Hr =
o 2524 3, 2006, 31(22): 1869-1872. R R 0T IER R/ Z FRik- 5 Bt
[5] JiEE, #ilE, #B, 25 IETREL-TOPSIS M7 4h &4 S A OB T AR M 7 v () 3R VD 50 AR SR A R TR
A PR P 2 ok AR 5 S ) = M AR 38 % R AR R A A [J]. HEEZ4, 2023, 54(24): 8077-8085.
[7]. H%E24, 2024, 55(1): 68-76. [15] Z¥g#e, BLE, FHi, & BAMHET SRR TE &
[6] FRERvE, 4%, Mpim, %, ETRaEiLYS a1 HAHIE A A TP R H 2000—2016 £4EZ2 77 40 { ik T
EYMEMESENFAMBRETRNRHA D). ] R fE [7]. 2224, 2020, 24(4): 838-841.
R, 2023, 39(2): 37-50. [16] T, #&E, Tkt T8 EAMAHE TR
[71 ks, Tukis, £58. HETHRE T RASHE LAV IR E QR SR I R B (7] &
PRI VPN BRI [J]. i 2 4 T Al b4 R AR AR, 2021, 12(4): 1636-1643.
%, 2021, 12(10): 4303-4308. [17] Z5/NBH, EAMR, EF, & BT U2 iREm A
[8] HRM, BIER, rEHE, % ET OPLS &a ki MR EESIT A [J]. PR, 2022, 53(20): 6354-
TOPSIS X AN [A] 7= i 8 BH 1 48 0l 55 25 & it &= 0 6360.
[7]. *hEZY, 2020, 51(12): 3284-3291. [18] Eifa, ZEWed, HWNEHMA LRE, & —WZIHER
[91 ZHEE, =%, 9. REEEE & —NZ AR T B 52 AT AR R 6 FPZRER S Ao [7]. B,
R R AR TR A [7]. L2y, 2022, 53(11): 3480- 2019, 50(17): 4170-4175.
3486. [19] FEXHE, MRANER, = F, & BT —NZ P45 B
[10] M3, PEtfatt, =20, & TRt a6 —Nz BT AR PR A D B ORIV [J]. R
PPV TE AR = e 4= LY R & [J]. R, 2023, 24, 2024, 55(7): 2397-2404.
54(21): 7186-7192. [20] FRwest, i, WPRAR, 5. 5T UPLC fagt&ik4s
[11] SEime, XbesR, RAMN, & TR H LA AT RN A F S S A AR [J]. P
UPLC FHEBEIER 2 F805 4 & X LA [3]. RAR 24, 2021, 52(1): 227-233.
FEMIT TS5 &, 2022, 34(7): 1169-1180. [21] Sun M M, Wu H W, He M, et al. Integrated assessment of
[12] R, FRO¥, ek, %. 2+ HPLC-QAMS/GC medicinal thubarb by combination of delayed luminescence

RG22 080T 43 At AL TOPSIS AT # &R
& [J]. PRz, 2023, 45(11): 3670-3677.

and HPLC fingerprint with emphasized on bioactivities based
quality control [J]. Chin Med, 2020, 15: 72.

[t 29]



