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Abstract: Objective Based on the combination of HPLC fingerprint and chemical model, the method for optimizing the extraction
process of Yiqi Huoxue Tongbian Recipe (YHTR) was established. Methods The fingerprint of YHTR was established by HPLC, and
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the contents of seven index components including chlorogenic acid, echinacoside, calycosin-7-glucoside, ferulic acid, acteoside,
calycosin, formononetin were determined at the same time. Taking the dry paste rate and the content of seven components as indicators,
two chemical pattern recognition techniques (PCA and FMEM) were used to optimize the optimal extraction process of YHTR.
Results The HPLC fingerprints of YHTR with different extraction processes were used to calibrate 20 common peaks, and the
similarity ranged from 0.782 to 0.999; The mass fractions of 7 index components were 7.3—57.3, 727.6—10 584.7, 13.4—79.2, 31.7—
105.0, 100.1—1 115.3, 7.4—41.9, 2.3—19.0 mg/g respectively. The dry extract rate of different extraction processes was 17.8%—
24.3%. The results of fuzzy matter-element model and principal component analysis are consistent, and the content of index
components of YHTR is related to extraction time, extraction times and water addition times. From the perspective of the extraction
rate of seven index components and the yield of dry paste, the best extraction process of YHTR is to add 10 times of water, extract three
times, and extract for 60 min each time. Conclusion The analysis strategy of fingerprint combined with chemical pattern recognition
technology can quickly and effectively screen the best extraction process of YHTR. The established multi index quality evaluation
method provides a reference for the quality control and subsequent preparation development of YHTR.

Key words: Yiqi Huoxue Tongbian Recipe; fingerprint; principal component analysis; fuzzy matter-element model; quality evaluation;

chlorogenic acid; echinacoside; calycosin-7-glucoside; ferulic acid; acteoside; calycosin; formononetin
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Table 1 Response surface analysis factor level of YHTR

RS MUK EURE REUN/min $RBUREL
S1 8 40 2
S2 12 40 2
S3 8 60 2
S4 12 60 2
S5 8 50 1
S6 12 50 1
S7 8 50 3
S8 12 50 3
S9 10 40 1
S10 10 60 1
Si1 10 40 3
S12 10 60 3
S13 10 50 2
S14 10 50 2
S15 10 50 2
S16 10 50 2
S17 10 50 2
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Fig. 1 HPLC fingerprint overlay and control fingerprint (R) of 17 YHTR samples with different extraction processes
%2 1713 YHTR ¥ RIEQ ETERMBEITFM SR
Table 2 Similarity evaluation of fingerprints of 17 batches of YHTR
FHAAEE
S1 S2  S3 S4 S5 S6 S7 S8 S9 S10 SI1 S12 S13 S14 S15 S16 S17 R
S1  1.000 0.972 0.888 0.922 0.827 0.977 0.878 0.818 0.934 0.968 0.957 0.817 0.686 0.939 0.937 0.928 0.923 0.934
S2 0.972 1.000 0.958 0.978 0.800 0.968 0.963 0.893 0.854 0.956 0.958 0.923 0.801 0.988 0.987 0.982 0.980 0.988
S3  0.888 0.958 1.000 0.965 0.652 0.942 0.980 0.836 0.789 0.936 0.953 0.978 0.792 0.977 0.977 0.976 0.976 0.979
S4  0.922 0.978 0.965 1.000 0.806 0.930 0.989 0.934 0.778 0.912 0.927 0.958 0.829 0.996 0.996 0.997 0.997 0.996
S5 0.827 0.800 0.652 0.806 1.000 0.741 0.729 0.889 0.696 0.715 0.702 0.621 0.620 0.782 0.780 0.775 0.773 0.782
S6  0.977 0.968 0.942 0.930 0.741 1.000 0.904 0.781 0.946 0.998 0.996 0.866 0.669 0.952 0.951 0.943 0.939 0.949
S7  0.878 0.963 0.980 0.989 0.729 0.904 1.000 0.920 0.719 0.887 0.907 0.988 0.855 0.987 0.987 0.989 0.990 0.990
S8  0.818 0.893 0.836 0.934 0.889 0.781 0.920 1.000 0.600 0.751 0.763 0.867 0.850 0.907 0.908 0.908 0.910 0.915
S9  0.934 0.854 0.789 0.778 0.696 0.946 0.719 0.600 1.000 0.954 0.935 0.659 0.444 0.811 0.808 0.794 0.787 0.803
S10 0.968 0.956 0.936 0.912 0.715 0.998 0.887 0.751 0.954 1.000 0.996 0.851 0.642 0.937 0.936 0.927 0.923 0.934
S11  0.957 0.958 0.953 0.927 0.702 0.996 0.907 0.763 0.935 0.996 1.000 0.879 0.655 0.950 0.949 0.941 0.938 0.946
S12  0.817 0.923 0.978 0.958 0.621 0.866 0.988 0.867 0.659 0.851 0.879 1.000 0.849 0.959 0.960 0.963 0.966 0.963
S13  0.686 0.801 0.792 0.829 0.620 0.669 0.855 0.850 0.444 0.642 0.655 0.849 1.000 0.816 0.817 0.820 0.823 0.831
S14  0.939 0.988 0.977 0.996 0.782 0.952 0.987 0.907 0.811 0.937 0.950 0.959 0.816 1.000 1.000 0.999 0.999 0.999
S15 0.937 0.987 0.977 0.996 0.780 0.951 0.987 0.908 0.808 0.936 0.949 0.960 0.817 1.000 1.000 0.999 0.999 0.999
S16 0.928 0.982 0.976 0.997 0.775 0.943 0.989 0.908 0.794 0.927 0.941 0.963 0.820 0.999 0.999 1.000 1.000 0.997
S17 0.923 0.980 0.976 0.997 0.773 0.939 0.990 0.910 0.787 0.923 0.938 0.966 0.823 0.999 0.999 1.000 1.000 0.997

it
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Fig. 2 HPLC of mixed reference substances (A) and YHTR
(B)

2.6 7 MBS EENE

26.1 LMEXRREL HIIREERIL “24” R £
BB AT R . BRI PR . SRR
EEACEF X I iE & 1.2.0.5.1.2.0.8. 5.0 mL,
BT 10mL BReasEiid, MHERESR, Mk 1. 5.
10+ 12.5 20 f515 Z 50 5T S A0 P R VR 6 0T L o
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BIREAR AR (XD, AR TR NN AL (1),
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NEEERE Y=14.117 X—0.060 3, R2=0.999 9, Zkit:
Yol 0.4~8.0 pg/mL; MARFETH Y=7.246 8 X—
49.184 0, R?=1.000 0, Z&PEVEFE 12.5~1 000.0
ng/mL; B8 B i & BE T Y=17.056 X—1.776 5,
R2=0.999 7, £MEJEHE 0.6~12.0 pg/mL; FIEEREE
Y=27.841 X—2.989 5, R2=0.999 7, Zktti5H 0.6~
12.0 ug/mL; EESEHEL ¥=8.729 9 X—6.754 1,
R?=1.000 0, ZEMEVEME 5~100 pg/mL; F& 575
Y=25.909 X—0.469 7, R2=0.999 9, £kt 0.25~
5.00 pg/mL; TEWIfER Y=19.585 X—0.529 8, R*=
0.999 8, ZVEH] 0.3~3.0 pg/mL.

2.6.2 FEEHIERE  FEERIL “2.47 TR )
W, AR “2.27 TR kKRS R 6 1K,
FFUGHRE 10 pL, MEWEMEA, 103 HPLC K. Wl
REEFHEIEEMT. BERERE. TSR
FIBEIR . ZRJRIR. MR, BRI E gAY
RSD 4514 1.68%- 0.67%- 1.34%- 0.76%- 0.98%.
0.28%- 0.98%, FHAIUAKE B R I

263 HEEMRLE FEEWEEIE “2.37 TRk
IS 6 At ST (S15), %M “227 TR
WA HERE, FFUGHRE 10 uL, i03% HPLC i &,
WA EEFHEME AT BEREI. TSR,
FIBEIR . ZRJRIR. ARG, BESehEF g,
HitHHA R 5 RSD fH. 450 E/R, PP EE
TR AR . BRI TOIEER . FTEER
SRIER . P RS . BAICHEE T E 72U RSD 4
A 1.61%- 0.51%- 1.41%- 1.93%. 1.67%- 0.54%.
0.86%, KIHZHILEEIMERL.

2.6.4 FRUEMEIRES  RHEWRIIEIE “2.37 TR 7k
H5 1 R — BRI (S15), 2r BIFER] %5 0. 2.
4, 8. 12, 24 h $&I8 “2.27 T K (il S AF3ERE T
FFUGHERE 10 pL, ids% HPLC (i, MR EE R
WA . B TR FIBEER.
SREIR . A WA E . BEASEREF IETIAR 1) RSD 43731
N 0.94%-. 0.35%- 1.67% 1.68%- 1.47%. 0.33%-
0.87%, RIS 24 h WARE

2.6.5 NFEEGERRT  REICNE 7 Fh4Ehs
B IRE R (S15) W4AAH 0.5 mL, 3L 61, 433
NSRS EMHANSER. MR, BE
SEEEAE AT PIBIER. BAERET. BT
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AN

i TEANTE R AT R i, 4% T 7 V2] £ it
I, R “2.27 Dl & AFE, s
B FEVHE 7 B IRE IR, 25 SRR R TR
A REH . BSEF AT IR . B
PEE . BT TEWRAE R E AL RN 4y
N 97.87%- 98.18%- 99.77%- 100.34%- 100.38%-
99.39%-98.70%, RSD 735114 3.06%- 1.05%+3.49%.
1.51%- 1.33%. 2.13%. 3.37%.

2.6.6 SEIME % “237 WRHERS 17 44t
AV CPAT 340, 3% “2.27 UM il 261t 7
FRFRFRIE R S EEATIE s #% “2.17 TR J7 i)
% TRE, WHTER (TRE/ETEAMER,
iR WA 3.

27 ET 2 MEFEAFHRERERETE

271 T PCA MM PCA KA Giit2: 54y
MriEH, B2 MTERIAINGEETE, [FHD

R3 17T OERT T HERERSAERTEER

Table 3 Contents of seven index components and dry paste rate of 17 batches of test solution

RS HU (ngg™)

Ff it — FE /Y%
AR IREE BEREIEEET MR BEARET BERWEE R

S1 14.8 11458 37.6 51.5 1553 28.2 11.8 19.40
S2 14.5 1 810.3 44.1 50.9 141.9 26.8 12.6 20.30
S3 32.7 6316.8 45.6 53.0 540.5 19.1 5.7 22.80
S4 42.5 5602.6 65.6 47.4 554.5 36.4 11.1 22.30
S5 11.0 13319 279 324 209.5 14.7 52 19.90
S6 27.7 24430 28.1 45.8 303.3 17.4 5.8 20.90
S7 394 7042.7 64.1 64.0 633.8 319 8.7 23.10
S8 294 6 667.5 79.2 67.0 492.9 41.9 19.0 22.90
S9 7.3 727.6 134 31.7 100.1 7.4 23 17.80
S10 9.0 1777.4 244 41.8 169.3 11.9 3.7 20.20
S11 32.7 39915 60.6 58.2 352.1 384 13.0 21.50
S12 57.3 10 584.7 60.8 68.9 11153 29.8 12.6 24.30
S13 34.8 4789.4 66.4 105.0 487.5 36.5 11.0 22.10
S14 40.8 4 695.1 64.3 79.7 511.6 36.6 11.5 21.90
S15 41.8 47278 65.7 78.6 514.2 36.7 11.2 21.90
S16 374 4670.8 51.1 58.2 533.0 315 13.9 21.80
S17 39.7 4769.9 53.8 59.8 537.1 319 14.1 22.00

RO RIS, RS T2 Rk T4 EBHWBEERIAE

FERBIZE ST 7. 81T SPSS 21.0 &34 5 Table 4 Eigenvalue of principal components and

. M. BES SIS, WM. T cumulative contribution rates

BEAERETF . BTN, FRIEE T MRS BUAE( B TRAFE

KBHRHFAT PCA, GRNFZ 4. HIFR 475, A7 £, JTETR SBTTR | TR SRS

2 NFERO N EEET B o, AL T mm wmm Hl%  Rl%

WI>1, WIHRET 2 DNFEATTERZI YHTR 7K BOHRUT 1 5951 74390 74390 3.831 47.892  47.892

B PRESER, 2 NERD B TERER 2 1222 15271 89.661 3.342 41.770  89.661

% 89.66%, REWGHIA UM S YHTR /KRR N AE 30473 5913 95574

JRfE, WOEEET 2 A RO #EAT 0T . 4 0153 1910 97484

MR 5 AT L, AbJ5 25 A7 3y AR ERE SR 5 Sk 5 0137 1710 99.194

BRI 1. 2 B i . b, BT 6 0050 0630  99.824

WO T Er AL S 1 Bl ok, WAL TT 70008 0105 99.928
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* 5698 »

FED 2022F 98 $53% H 18  Chinese Traditional and Herbal Drugs 2022 September Vol. 53 No. 18

*5 IEEENETFHRERY

Table 5 Principal component load matrix and coefficient

W1EMSE B2 ERNG
SRR IR 0.858 0.419
AR H 0.935 0.296
6 5 S v T A Y 0.513 0.830
Rl R 1R 0.383 0.705
BEICEE 0.958 0.229
B 0.304 0.936
TIEER 0.179 0.894
TEE 0.877 0.407

0.936, WL 2 En i FEER T, BEIChEE
5B T IR 2 IEFE .

MR 2% 3 LN AU REGHAT R, BGE R
BT ARSI 7 Z DTk I RN, RIS 32 A 1
TR S 2 N LR R TTERE 2, 1 ER
IALEE F1=47.892%/89.661%=0.534, N 2 Tk
SIAE Fy 8 0.466. 1R AN F=0.544 F1+0.466
Fy fAHEA YHTR /KEGRIEAR 74345 (F) I
Hey, 19orim, RS R . BAAHT
& 6.

6 2 MEFRENENER

Table 6 Evaluation results of two mathematical models

PCA FMEM
e Ff it F i WhIE A
1 S12 7.379 S12 0.639
2 S7 4.925 S8 0.434
3 S8 4.631 S13 0.425
4 S3 4.396 S7 0.423
5 S4 3.998 S15 0.399
6 S13 3.491 S14 0.395
7 S17 3.476 S4 0.376
8 S15 3.457 S17 0.349
9 S14 3.435 S16 0.336
10 S16 3.408 S3 0.320
11 S11 2.894 S11 0.316
12 S6 1.873 S6 0.191
13 S2 1.404 S2 0.190
14 S10 1.364 S1 0.176
15 S5 1.117 S5 0.131
16 S1 0.999 S10 0.131
17 S9 0.653 S9 0.081

2.7.2 FETAEFZRHA FMEM ¥4 FMEM DU
B N, B TR —EMEAN 3 N E
R CHEY)T ORHIE” “EE”, SRR
CERY XN, WSRERALTR M, ffERT
FHIE C B EE X, VAT 3 o =W, CX)IENHiR
HYIWEATT, WO 3 EER, mRAPEMH
X BABRINE, WFCONERIYI T, OfF 2 5 A5,
Xt EEU T 6 75 SE 818 8 57 FMEM A K2R
WS HERAHAT R, IS 7RO RS R

A M NASFESEE T Z ) YHTR, C AFTITE
W EIFRFR R RIS, X A 7 FhEEARIE o & 8
FTEZR., ETARRBOTEA MR EE,
HIRINT

(D TS | PR IE X, B

_ 1

XFHEK

(2) T | PN RARIME Dy B

1¢ 712

Di: H;(Xi_xi)

(3) THEE | DFMFabs L 55 2480 6, R

5=DX \JX;

(@) W TR W 1.
I/Vl:51>< Zéz
i=1

AR LG R RN FEMES, THE 7 PP bs L
53 KT BRI 5 250 (6) 73518 0.076.
0.164. 0.127. 0.135. 0.159. 0.053. 0.013 A1 0.007,
BLEE (W) 475128 0.103. 0.224. 0.172+ 0.184. 0.216-
0.072. 0.018 A1 0.010, # 7T AR REAEM
FMEM, 15320535 B S SR 70, X 17 L i)
R AT HER R SRS TR, W 6.

MK 6 Fih, 2 Mo 7 T g R AR —
#;, S12. S8. S7 HEEHT 4 &K, S9. S10. S1.
S5 BJ5EfG 4 24K, USR] 2 PR A A B T 7
FRFEARME R DL T B 5 YHTR 17 FiAS [FH2E
TRV N

WHE 2 FTEVN KRB, YHTR [F8 AR 1 R4
TESHEIUNTE . SRR KSR A A G
P N 7 FRABARPE B SRR A T B AR R M LB R,
YHTR HeER T2 000 10 58K, $#2803 Ik, &
KA ] 60 min.

28 JRERERIZWIE
KA S T 2R, % “2.37 TR 5
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B 6 LALRMIER (Y1~Y6), % “2.27 WK
s X 7 P ERARPE R > S AT T s %
“217 BUNTTESISTRE, ItRTER, ik
M AR I T 2T 36, 45 R WE 7. AR
g ARG BRI EA T, PR, £
SAEHEL . BERER. THERSELTERN

RSD 73514 1.53%. 1.31%- 2.14%. 2.08%- 1.01%-
1.37%- 2.25%. 0.56%, FIAFTILEMIRILT 27
I
3 it

A RGESL T YHTR (RS0, FI 45
A AR AU T e Ak 7 s FERR I T Z, AR

RT7T I ZWiEMmT 7 MERERS S ERTEER

Table 7 Contents of seven index components and dry paste rate of six batches of test solution

B ¥/ (ngg")

i — THAR%
SRR RMREH BEREMEEET PR BRERTE BRI TR
Y1 58.1 10 485.9 61.9 67.2 1117.0 29.1 13.2 24.56
Y2 58.6 10 622.3 62.0 68.2 1116.0 29.6 12.4 24.22
Y3 58.2 10 644.6 64.5 68.3 1112.8 289 12.6 24.25
Y4 56.3 10329.1 61.3 66.5 11132 29.9 12.8 24.23
Y5 57.3 10 584.7 60.8 68.9 11153 29.8 12.6 2430
Y6 56.9 10721.3 61.2 65.1 1087.6 29.7 12.5 24.20

IR ISR . IR, N T IR PT
SRS E R R AT LRI T 2, B T AR
AR K (254 270, 280, 290 nm) A ifig
A FEIAR 2 57, RI 280 nm T ARk B
WEE, HMOERE 280 nm NI K. ok, A&
SEIG I ke g AR KB 5, RIS A Agilent
Zorbax SB-Aq FEE R I 1 4 85 SN R o Fr g
H g e R by . 454 Rk aese 4, #or
YHTR HPLC f24CElE, IFEIIE SRR 4R
HH . TR R A PR . BESTERET
BEFHEE . TR 7 MR ERS S E, DT
B KT MR S EONTERR, R PCA Fi1 FMEM 2
Ptk R GR A AR YHTR SR L E . A
WF 7 52 (1) HPLC $R 800 26 - LM R 4F . FasE
PERTEE. 7 HERIEMT, 45 AR B UL 4L
LREAMMAGEEEE. TR R HIRIEE R
#E, G T YHTR $2HCC 20000 i &4
i ST fi A 4 T M S e H R 28 v BT Ak 2 B
YRR, T R B2 R AR R A R
R3], Sz Hdl R 0, 17 AR HR BT 25/ YHTR
IKBRTE SR, H Wi 18] KAk — 5, EARBLE
TTHAERDEGHEZR, UWHA RS T2
YHTR [)Jii & 235 50
ARSI G| PCA, ¥ ANFHRI T Z) YHTR /K
B By AT HE T, AR T8 % R4
FMEM Xf H AT HE T, 2 Fhgea it sCpT 13 0 45 ik

FHIE, 5t B B ES AR AN B 85 7 T R m 1 4 K
BRSSP AR ENE R, FTNPFYY YHTR ()5
BREFAETNZSE.

PCA F1 FMEM J& T~ 2 PpAS [A 5 1) £ 2 1 A
{HXt YHTR BIAEHRE L ZFM BN —5 3
YHTR FIFEFR MRS SR HUR a] . $RECRE LA &N
IKAEHEA MR PCA ¥EIF R 4T % fe Xt K]
F, HRHE T AFEREUT 285 155 I 5Tk R AR
4y Z A IAR S, T FMEM F AR 5 R 505 R T
WA BCE I, AR T F BRI
E I PER R . Rk, ARG RA 2 il
SRR GE G 07 AT SRIREHE A, TR T
NRIRHE R iR 2, RESE AT HEFHIEM
YHTR (42 L2 R HABE AR &

A S8R F i 20 B A Ak A R A 45 A 1)
T4l YHTR (3RECTZ, FFEL 7 g bntE sy
SR LT ERN YHTR #HATHRELZAWN, N
YHTR )5 45 1] A e AR 22 4 3 it 7 nl ¢
A

RBAR AR ERNRAEFZF R
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