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Abstract: Objective Based on the supramolecular “imprinting template” theory, this study investigates the autonomous interaction
patterns of the component groups in Wuwei Xiaodu Yin (WXY, FL¥RIHFEX) during the preparation process from crude herbs to
reference samples and elucidates the quantitative transfer law of its quality attributes. Methods Fifteen batches of WXY reference
samples were prepared via water decoction. A UPLC fingerprint analysis method was established to identify key chromatographic
peaks and determine the contents of chlorogenic acid, esculetin, cichoric acid, neochlorogenic acid, cryptochlorogenic acid,

isochlorogenic acid A, isochlorogenic acid B, isochlorogenic acid C, glehinnalin, and linarin were determined at 240 nm. Parameters
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such as transfer rate, extract yield, total statistical moment, and information entropy were calculated for both the herbs and the reference
samples. Results The fingerprint similarity of the 15 batches of reference samples was greater than 0.9. Fourteen chromatographic
peaks were identified, with 10 characteristic peaks defined. The extract yield ranged from 43.27% to 53.43%. The transfer rates of
chlorogenic acid, esculetin, cichoric acid, neochlorogenic acid, cryptochlorogenic acid, isochlorogenic acid A, isochlorogenic acid B,
isochlorogenic acid C, glehinnalin, and linarin were 34.25%—42.72%, 51.52%—58.80%, 28.21%—32.04%, 56.26%—65.59%,
40.63%—53.89%, 22.35%—31.29%, 38.39%—46.22%, 34.02%—40.82%, 18.64%—20.96%, and 28.55%—32.63%, respectively,
with no discrete data observed. The relative standard deviations (RSDs) of the information entropy for the UPLC fingerprints of the
five herbs and the reference samples were all less than 10%. The RSDs of mean chromatographic retention time of total quantum
(MCRTt) and information entropy for WXY (crude herbs) were 3.90% and 2.25%, respectively. Conclusion Quality analysis of the
reference samples based on the parameters of the supramolecular “imprinting template” provides a scientific basis for the quality
control of WXY reference samples and the development of compound formulations.

Key words: classical famous formula; Wuwei Xiaodu Yin; benchmark substance; law of value transfer; supramolecular; imprinted
template; quality attribute; fingerprint; chlorogenic acid; aesculetin; cichoric acid; neochlorogenic acid; cryptchlorogenic acid;

isochlorogenic acid A; isochlorogenic acid Bj; isochlorogenic acid C; glifonlactone; limonide; total statistical moment; information

entropy
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Fig.2 UPLC chromatogram of mixed reference solution containing ten indicator components of WXY (A) and reference

fingerprint of 15 batches of samples (B)
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Fig.3 Comparison of chromatographic profiles between individual herb samples, negative control sample and WXY

benchmark preparation
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Table 2 Extraction yield of benchmark preparation and transfer rates of ten indicator components of WXY
BEkE R Img Z% )5 R /mg Fazx R /mg

\ % ‘ ez ) L

Ea T i Rk HLife
_ BHRIE B WA /% SHUE BRI WATE /% GHRAE B WA /%

{21 Yt Yl
S1 3820 42.67 1494 5.09 6093 25348 611.03 74.62 17.73 36.04 216.12 216.12 1627 2.62 53.89
S2 2897 3493 10.18 430 58.63 265.14 548.27 47.11 2530 42.72 250.52 250.52 9.87 296 50.49
S3 3890 4558 1148 4.79 6290 23091 540.49 47.46 2834 3747 26193 261.93 11.85 242 47.56
S4 3537 36.80 1432 558 6236 227.40 544.76 7251 12.77 36.09 211.16 211.16 1520 248 50.70
S5 40.14 49.07 1237 5.62 59.86 290.70 670.41 59.13 33.96 38.07 252.55 252.55 1240 239 51.69
S6 4194 4959 1251 6.61 61.04 280.75 668.67 72.02 20.75 36.87 293.70 293.70 1298 3.03 55.62
S7 28.67 2938 1541 446 58.20 205.20 505.61 46.74 12.61 36.32 209.69 209.69 1640 2.62 4142
S8 27.05 30.82 1049 4.54 59.00 260.21 539.85 52.70 20.45 42.45 228.77 22877 1036 2.32 47.74
S9 3629 44.05 1091 4.81 60.71 220.86 493.50 48.81 26.76 38.81 200.76 200.76 11.54 2.15 53.47
S10 3640 4500 12.12 448 59.10 249.29 624.03 7035 13.69 3521 262.18 262.18 1226 2.61 50.33
S11 39.07 4588 11.32 439 63.44 263.97 627.54 56.17 2844 37.07 274.07 274.07 11.50 2.81 45.06
S12 2595 2091 1923 598 56.26 230.45 567.76 87.75 1535 34.35 222.66 222.66 21.59 2.88 40.63
S13 3377 31.17 14.13  6.18 65.59 269.23 672.75 58.00 1232 36.23 233.41 23341 14.87 241 48.50
S14 30.53 3839 10.73 435 57.10 228.87 504.49 48.08 13.88 40.40 199.77 199.77 1126 2.65 50.04
S15 31.65 31.89 18.87 4.79 56.98 253.54 498.49 89.13 14.67 42.10 189.84 189.84 20.99 3.03 46.84
RSD/% 4.39 7.11 8.71

F2E R R B/mg FERJEIR A/mg S 2 JE R C/mg

s ez et

Fidn ke S Bk
GHRIE BFATE WA /% BIRAE BFATE WA /% SHRAE BF5TE AT /%

{21 {ZL Yl
S1 52.56 73.16 4525 1037 40.82 51.15 140.73 80.50 7.62 2235 61.87 90.07 69.14 7.97 37.01
S2 42.16 7378 26.37 9.68 38.39 54.50 106.80 59.87 7.48 3129 61.53 130.71 4232 7.83 34.02
S3 4745 66.59 3427 8.67 4332 42.09 103.23 48.83 8.85 26.16 5424 96.66 50.54 9.42 34.63
S4 4648 61.80 42.55 822 4129 4448 9857 7391 7.82 2467 5731 101.03 5229 7.87 3555
S5 60.09 108.86 3134  7.69 40.63 56.86 170.75 5690 7.36 24.19 77.85 150.97 59.72 7.89 35.62
S6 75.67 12841 4042 8.76 42.61 76.27 204.18 75.08 8.10 26.54 102.97 202.61 62.01 9.60 37.55
S7 40.10 5332 39.84 820 39.56 39.24 8826 59.50 7.43 2529 48.08 6578 53.06 897 37.62
S8 4040 6190 28.21 7.42 4142 5172 130.04 6125 6.77 26.12 61.69 97.34 49.74 7.81 39.82
S9 4448 61.85 33.61 7.75 43.10 3942 9524 46.65 851 2621 53.11 9270 5396 9.95 3391
S10 67.56 99.90 38.06 822 4622 67.04 161.90 68.87 7.46 28.14 9443 177.71 63.16 936 37.74
S11 55.96 103.95 28.61 7.76 39.88 53.28 169.69 5022 7.10 2347 70.54 117.64 47.30 7.88 40.82
S12 3344 4344 3434 880 38.62 40.05 8346 80.16 7.53 2340 45.18 6049 58.73 9.82 35.01
S13 3747 43.07 4433 8.30 39.15 40.85 100.87 58.60 6.92 2455 4930 7847 5825 8.04 34.05
S14 4237 63.18 3291 836 40.57 41.17 98.18 4584 741 27.19 5452 9506 53.16 9.21 34.63
S15 3543 37.70 42.56 8.92 39.73 38.14 7228 7574 745 2453 4737 14.05 94.64 9.60 40.05
RSD/% 5.09 8.63 6.38
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% E % /mg ¥4 21 AN BE/mg = 2K /mg FAtH/mg N
T Al s AL T A Ay
g AR EHT /% - RIET  Hl% i ST /% g, BRI % F/%
S1 19.68 60.39 5.76 29.75 12.80 6348 20.16 54.57 9571  57.01 62.43 20090 31.07 48.74
S2 24.67 70.80 6.22 3204 950 4745 20.01 54.88 95.10 57.70 41.64 135.07 30.83 44.10
S3 18.68 57.19 6.89 29.16 1627 77.62 2096 4140 80.36  51.52 47.20 149.86 31.50 50.73
S4 19.92  60.13 5.84 3020 11.14 5343 20.84 39.56 7195 5498 5120 178.78 28.64 44.43
S5 19.20 61.19 5.86 28.64 12.56 6041 20.79 3326 60.73  54.77 60.70 205.73 29.51 48.96
S6 28.48 85.11 6.52 31.08 984 5279 18.64 41.11 7028 5850 71.37 258.50 27.61 53.43
S7 1749 48.85 6.99 31.33 878 4569 19.22 3276  59.10 5543 61.74 197.96 31.19 43.27
S8 26.09 86.10 6.36 2821 8.88 4503 19.71 5322 90.51 58.80 40.04 13826 28.96 52.73
S9 2047 65.58 6.12 28.55 14.03 6822 2057 39.18 71.63  54.69 43.12 151.01 28.55 4593
S10 2726  90.59 5.76 2829 8.86 46.74 1896 38.14  69.67 5474 6197 207.19 2991 53.79
S11 19.67 60.53 6.38 2940 11.19 58.00 19.29 3236 60.06 53.88 57.80 177.13 32.63 50.64
S12 20.69 6597 5.06 29.13 13.15 6445 2041 3595 6926 5190 62.77 193.38 32.46 54.33
S13 2439 73.27 5.33 31.04 11.17 5851 19.09 42.73 81.24 5259 50.88 171.52 29.66 44.60
S14 20.53  73.99 6.50 25,51 832 40.00 2080 37.35 7029 53.14 67.31 207.05 32.51 50.66
S15 24.08 72.61 5.48 30.83 10.52 5027 2093 39.83 70.00 56.89 4743 165.63 28.63 4534
RSD/% 5.57 4.05 4.10 537 17.99

A 18.64%~20.96%, RSD A 4.05%; SF4¢LHIE A
RN 22.35%~31.29%, RSD A 8.63%:; F4EIR
% B ##% A 38.39%~46.22%, RSD N 5.09%;
FAER C HR%AN 34.02%~40.82%, RSD N
6.38%, Kaak IR %N 40.63%~53.89%, RSD
N 8.71%: 10 NMEPRIE R HIHF AE & H IE
70%~130%, Jc & HE .

B R =T ER I BRI R 4E

TR A = BEMERE mh AR AR Lo SR A TR TR AR bR
BE
24 REZFUETE
SMEG AR T Girt A B A i —
5 AR R BEARVE SR VRN T VAL 10T IR K
T SO T 45 SR T Ry 4 R A e v 1t 2
MZMES MRS, YL “asEHmH” BURME SRt o,
MR 4 N EAYE-Y B LG — S5 5
= E ¥ (area under curve of total quantum, AUCT)+
S N % (area under curve of total quantum per
AUCPWr ) . & 2 — Br i ( mean
chromatographic retention time of total quantum,
MCRT) 5 &8 —Fi%E (variance of chromatographic
retention time of total quantum, VCRT1) . H 1, AUCr
5 R REMEAER, WEEM T4 ET By
A7 B E R GRS AUCPWr. MCRTT 5
VCRT U 7 73 ZAE A 28 R HE AR e S 568 5 ~F 35 DR B

weight ,

IS 18] R B HORE S, M TR S 1Y) =4 5 A
BR7, AT AR — BT AR S 5 5 Dy it A
RO, SESHELRR “RGES” KEBEIIAT
ZI RV, RXHMES “ R JIARA b
FRERRE, SKFERME Ty am iR E LA .

FER 1 “EEER” EARHESE T, BES
HEAEGE NG 5B ETRE, 0S8
BT BB A D B AL 7 iR - AUCT Xof AR 2 B
TSR PR R R R, AUCP W B BE R A
ISP 279 5 , VCRTr U R AEABLAR A FH A8 2 [ /i (1] 24
FE BRSO . IR — A S RS HiRA
LA AT E L A, MBS R 3, HEARAE
“EIRAR (AR FIARURERE , 1248 B RENS 2 WVEAN
ANFIRE S TE] B " BEARAT I ROARALE, AT
SEILAR S b R EZRFAE IR 2R S AT S AR
AT AR, BTSRRI A VRS 102, B
G Th FEE SRR 5 SR 4 HY 06 I 1) B R Ak
BEAT Bt o3, I THES BUR K S RS ES
B, SN RF E I 1R B A R RS B0 R B R
fibo BEAh, ZINEIERA M. JrTrknss
DEF o Ferbr, G VERT G F T 2544 B HERE i (B
RITHIFD s ERESIE A, A BT R R
BB VER B AT,

24 S EL R D5 1R EUENE B 2 A Tl IR A
AU B — By, HL R 2% AR 4L AR B
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B AT AR R AR 5 LB i A o B A e 3
AR, R SE T AR R M R ISR S .
&R ATy R AR SUEIE S B R R AR, E
KRR IEM N —ME R oo, tHEHAG B

fH, AT RO S T ARRI 2 A B LR
RE HETTAZ R R R b R
BROLIRHR . 15 1 WXY [ k2 bR S0
GRS AL (5 BRI B RS R, SRR 3.

&3 15 WXY RERGHIELEENSERITES Y. EREMERE (Xts,n=15)
Table 3 Total statistical moment parameters, information entropy and information content of UPLC fingerprint of 15
batches of WXY and medicinal materials (X £ s, n=15)

Sy EH/A  AUCT (X109 MCRTr/min  RSD/%  VCRTr/min? FEH RSD/% fEBEE (X107)
SR 131+10  13.14+£320  23.74+128 538 87.95+342 4672022 475 6.17+1.71
AT 83+9 1754027  21.13+1.60 757  21223+14.62 4.83+022  4.62 0.85+0.16
B35 7% 123+7 4214059  29.58+1.09  3.69  21222+21.24 5.11+0.17  3.37 0.2240.03
RET 50%5 1.5240.33 12254066 541  126.05%=17.14 4.00=028  7.05 0.60+0.12
BIHT 9448 3.20+0.53 1765+1.33 755  116.95%2522 410030  7.44 1314021
WXY 136+8 714122 23524092 390  11507+6.04 5174012 225 3.69+0.67
3 Wit T Bkfebr, BIIRSUENE S 2R T T

3.1 $ERRMERSTIEE

2T S HAENE, EAATEVERE . THHUEH
e BCHE A DE. AT . B RIFET L4
FEREL, DUZGPERRARL, B B oI ikas
TR ER 2T, TR SRR, AT AR
LSRR TT A R DRI DT K. BhZ5 %,
il 25O LR BRI s 29tksRrh, BhFIfE
PR, RERAEE AR HEUTIEM S S IR

WXY 56| LD HPLC VA TR, =
FNERETT RS MR B AR LA ERSE
TRy, UMLK, GRIE
AREZR. AP, R, BRI =
wEEEHR, HAPR. Pt Puwmes AR
L BN, SERAVCEDENERIE. B
FAC T ARy, RERIEDTR . Pl
SEAERUC, SAEH R I A R S AR R
BABR . PUE LR Tm 0. 5 ER E A
P EACH T ICE MEERR SRATAEY), B BIR .
PUREE A RSP 4B, =
B LR NEACH T RAETE RSy, AR R E S
RIALEW, BRPUK. PUEAL. TUMIEIERISh, &
AT A IR 7K 0 Ik ok R A A 7 A A i 4
FIUOY, R R AR B XA B U R B R
TP AP ARIE TR S (rp E 245 ) 2025 SRR 7%
FRZG T RAR B ZR, IR & WXY 2520k
ZYEURFAL, ARTFURIERRIR . WEkER. sk
M. LRI AL FERIR By AR C. RIL
LR HETR A& HI NN R S SAEH R E B AR bR .

5, WIEGRME SRR 2 AN E O AT =D
Wy HRE— DR SRR A3 7 2568 - R ol R 1)
AL, NI WXY 45 e R K i R 2
(1) o A A R A A
3.2 IBWENEE RS

ARSI (FPEZH) 2025 SERRAHKE T,
i€ T WXY UPLC FeSUEIRE ksl 261 TR K
WP, ELECT 235, 240 nm FIRINBCR, KL
240nm FEIEEEREEE ., TIHED, 2EHAR
WA, W AR K . TR AR R,
TR TARITRSIA CFREE-0.1%F BK BT L NE-
0.1% HERZKIF O AR E (0.2. 0.3 mL/min) Fl
HRERE (1. 2ul), & HHE DL LNIE-0.1% R K%
BRI, ARFR & 0.3 mL/min, AR 1 ul N
BRE A, FERER AT R, LT 50%. 70%-
100% FH B ISR BRI, 45 R o 7n 4l BT Tk 1
AR B, DR e FH &l PR A R BUA R, T
15 EE R W P S PR SO A . TSR

ROV B HARIB TR, KER - RRAIE
WSS AT LR 2 . K BV B FEAERE i 2 R) SE IR e 3 A%
B, JRBET A TT R TE A I R R gk AR I R AR e
PEo MUEEL LG aRfE T e SR E, &, T4
T ST A B AR SR s S DTk R, LT
NAHLER A BB 2K . %2R A DOK T R
Uf, BRI T RIS {ER AN X BA
SRR, BAE Cis (i s) 2 i e R I AT 1)
PTREAREE, PR R B 77 Fia U v i S 2 1) i
Ferl, ABFFTE X WXY JEHERE S Ry
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B ERIR B A S PR S, 4R T BT h 2
OPEIERIE . SRR Bt RIRSE RAH WLIRE
ROy EERIE T AR, AR AT 47T
BOTHR; ST E NI 5 TR M S, A
T U AE R 4 A6 00 [T A ot SR ARV O, RS AR
RIS EAR L R s FIRE, 2K O R
SAEH T B B kR, BRI R SRR T
BEAE R AT
33 BHTF “ENTIRAR” o

A FEIG EIE AR R, 52
A SCHRIRTEAR L, 2 br o e #8 2R a5 R
&, HEERKERAR, X—FLTPERIIRER,
PG UF AT R 1 “ENIEREAR 7 BRI T AR B
(I AT REFH AR 2 3 U /N T S T
RAEN “BAK” Gl XK RAEBSTER,
U T A LB AR R YA IR, ATt T
M RIS LA RIS I (1) K 2 T BT
T o IR LR AW A By ] R B 240, AR B
IR I RGER 4y, ik 5 252Ny T Ry
LA SAYRI B, X a] Be2 il “4T 1
fik BhZi85” G mBAREHE ik —.

R 2 AT%1, 10 NMEVRERTTE “ k- iR
i SRR ESRRBAT NEN RS E
Ft: SRR A NIR B R AR, HRRE
&, YA FEME R T R AR R R TN
o ) EIRASEAR s T A 470 DX P 5 550 20 B o e 7
KAWL, MIATRe TR “ B 7 A2 it
BT, SSEREERZRAEEIINA S £
WS LA () 5 S M 5

UPLC FR&UEEDHT BN, 15 #EIEMERE Y
MCRTr 515 BEHME 2 A 23.52 1 5.17, W&
RSD ¥MET 10%, HFTA R EdE 54 T 418
70%~130%, KK BART E—FE S T 28E
PERLIF. 563K 3 RARZRAL S ESR T ESH)
ELim] L, 42450k 8] 25 RSD<<10%H , $t7R 3« B
TR 7 ARALL, BRI SARR e, ZIERTEPERT ReAR I,
AERIGPRECARAK YR #57 RSD=10%, I J 241k
6] “EPIREAR 7 223, W HH T 2M R S s
Yl WERREEHERTE, WXY Zi# 1) MCRTT 5
15 2@ RSD 43510 3.90%5 2.25%, #t—25 i B F
EH 15 MR /TR B I E R A& R I3
P, ONIEERE i 1 R4 0 B e W S A

AR FL NG WA Ty BEERE L ONAZ 0, BAEEEST

HFRTF A B SR PR FE i, R AERE B SR BRE T
FAEAGEFIFIRT A W EE S, HARE VAR
TRAETT T R R . 25 AL, b, AR
FERR SR S M 757255 PR R B R GE T L 5 )™ A
Pl FEULIERS b, AR IRSUEE . 10 M
O EE. BRI, FEN. FREELLE
HMFERS R G LY LRI T B, BB T AbT7 FE AR Ak
T E 2G4 HERE it ] ) B AR s A
Fl@AFR FIAAEH ) FRITAEAZTR
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