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Abstract: Objective The HPLC fingerprint and the index component content determination method were established to evaluate the
quality of Daqingye (Isatidis Folium) from different producing areas with chemical pattern recognition methods. Methods Establish
HPLC fingerprint of Isatidis Folium, apply the TCM chromatographic fingerprint similarity evaluation system (2012.130723 version),
IBM SPSS Statistics 27.0 and SIMCA14.1 software. Combining hierarchical cluster analysis (HCA) and principal component analysis
(PCA) and orthogonal partial least squares discrimination analysis (OPLS-DA) to evaluate the quality of Isatidis Folium from different
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producing areas. Quantitative analysis of the differential components, isovitexin and indirubin, was conducted based on the variable
importance for projection (VIP) values. Based on the content measurement results, the technique for order preference by similarity to ideal
solution (TOPSIS) -grey relation analysis (GRA) fusion model was established to further analyze and evaluate. Results In the established
HPLC fingerprint of Isatidis Folium, 19 common peaks were identified, with six peaks assigned, which are peak 4 (syringic acid), peak 9
(ferulic acid), peak 12 (isovitexin), peak 16 (tryptanthrin), peak 18 (indigo), and peak 19 (indirubin). The similarity of the fingerprint
spectra ranged from 0.871 to 0.989; HCA classifies 15 batches of Isatidis Folium into two categories; PCA extracts four components with
a cumulative variance contribution rate of 91.745%; OPLS-DA identifies six differential components including isovitexin and indirubin.
The average mass fraction of isovitexin and indirubin in Isatidis Folium were 0.781—4.385 mg/g and 0.134—0.921 mg/g, respectively.
The entropy weight TOPSIS-GRA fusion model shows that there are differences in the content of 15 batches of Isatidis Folium samples
from different origins, with samples numbered S1, S2, and S3 having superior quality. Conclusion The established HPLC fingerprint and
content determination results can provide a reference for the quality control and holistic evaluation of Isatidis Folium.

Key words: Isatidis Folium; fingerprints; syringic acid; ferulic acid; isovitexin; chemical pattern recognition; quality evaluation;

entropy weight TOPSIS-GRA fusion model

KEMNTFIERHEM AN EE Isatis indigotica
Fort. [ -1, BRETETE, L. BZ, BAHER
ffRE, IR ThREN, &R T T RAT Ik
T B S BEVE AL G BORIE i A 1 AR PR ez R T
W Jr SR (2o BLARAIT T8 38 B K55 v 1) A 0 1
B AR (BERLL. R, Sl AL
FRoE CT &R PIEAIR) . K Atz 4,
HAPUR . PINEER. PUME . PURE. JIR. 15
SR PUEAL . RYRSFIBOR AL LS RSE55
ZyEAE BT,

T AR AR B A A IE B R, T
SIRPYILE, D4 FE A A R, SR BT AN E M
AR IR AAEERE, ZHREHRES
AL BRARGE SR IIAL, (rpE 25 81 2020 4ERR
ILASE R L& BN ME SRR, BT RF AL
FH, AUREE R — B BE B 2L AR R 4 T S R
(o B, S OB (3 (HPLC) RHIEFR S0 &l i
AR RS AL PR AT i BE AR B ARk, 5P 2 22 oy
P RIVE I RRFAE AR &, C OB 20 o 4
i (8 P D), AR He AR R A AR R A
AN L YEAR BHEAT T, 45 S RBGE I PR HE %
(technique for order preference by similarity to ideal
solution, TOPSIS)- K {4, 5CIk i ( grey relation analysis,
GRA) e RS 5 Bl e 25 R EATIZ S, T 18
HRRFERI R, TR 5 T2 8
U, BEMERLSE . RET I S R 25 B REAR ST B4
ARSRIGXS 15 AN F] P 3 KT AT R s T AT
FHME 2 FERFRIER Y CrALIHIER. SR M
B, AR AR A A R O R )
75, PP AP HUOR T IR BTR, i H iR

TFIIRTE M= X, N 5es KT g 2 428 i A1 B 14
PP IR S %

1 XEEHR

1.1 Y&

CTO-20A B AR LA (AN A A IR A
7]); FA21043 B Jj5r 2 —HF 0 KF (CLifgeksr
BHEAERERAFD; 2B 7o RF (3§
ZRRL AR A TR ATD; DLH-200 %2 DiRgk;
AL GO 28 A BRA ] D5 UPR-II-10TNZP A
e RAGEBALKHL (VU )IR S AR A IR A F]D;
KQ-500DV M H#as i i ig e ds (R Ll il A X A%
HRAFD.

1.2 #8
1.2 RAF) R (faitai, b sk R

HIRAFD, FRRIEAMEHR, JE8 G /RBHE T E)E
BRARE; XA T AR (it DO3HB203147). i
BE (S G13S11L124423). S4tiE (S
A29HB193210). Bl (35 M18HS179375). i
W oCHtS Z0IM8H30322) . FE L4 (it 5
J19A10T95563), [l &4 238 =97%, T g5
AR IR AR AKOREK, HA A 955
Hraki,

122 Zikt 15 #EREFEHAMER, w500
S1~S15, W3 1, &g h R4 R FAIHBIEE
N FAEEHEYIFE I indigotica Fort. 1 T-15H- . K
FrigeE i et 5 50, TR RS R

2 FAEEHR

2.1 BRHE

211 HASER S S FRBCKREF MR G 5
i) 1.0g, MR, BEREHIRS, K%



2150 » PER 2025638 B56% B 6 Chinese Traditional and Herbal Drugs 2025 March Vol. 56 No. 6
x1 KEMHHER
Table 1 Information of Isatidis Folium

FE w5 FEHLE R KA [A] FEidns FEHLE R KA A
s1 sk 2023-08 S9 TR 2023-08
S2 sk 2023-08 510 L R 9 2023-08
S3 RS 2023-08 S11 L AR T 2023-08
S4 L PEIE I 2023-08 S12 L AR T 2023-08
S5 I PEIZ 2023-08 S13 TR R T 2023-08
S6 L PEIE 2023-08 S14 TR R T 2023-08
S7 G 2023-08 S15 T 2023-08
S8 G 2023-08

A 65% L 30 mL, %%, FRE i, A (I
F 500 W, HiE 40 kHz) 30 min, HUH, B4, W
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Table 2 Gradient elution conditions

tr/min TENHHAI% Tz AHB/Y%
0~5 10 90
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45~60 40~45 60~55
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90~110 75~80 25~20
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Fig.1 HPLC superimposed fingerprint and control chromatogram of 15 batches of Isatidis Folium from different origins (R)
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Fig. 2 HPLC chromatogram of Isatidis Folium (A) and mixed control substance (B)

=3 15HHAREHBEUEIFNER 2.3 R IEA
Table 3 Similarity evaluation results of 15 batches of 2.3.1 HCA R 32 TKAHAE (AL 37 AS [F) RE A
satidis Folium HHRIAT S HSRBS), A 15 KT HPLC €23
i AR i AR I3 E A IR T AR SN SPSS 27.0 #fE, R4
:; gzgz :fo gzgg Pk, MEFTIRKGHE BUHET RS, S5 3. Bk
. : N Lkt ] KL

o3 0071 s11 0,966 3&@ fg 7'9821(3) lﬁél ; sgit;jjifirmnﬂu%ﬁy fjé;
S4 0.955 S0 0.943 . S8, ~S15 ZNHIZE, S1~S6. SO N
S5 0,973 s13 0.943 8. SEISRFES 2 AR B 2B (ST, S8)+ LA, ]

S6 0.954 S14 0.871 B, SEICRFESCREHIN . (a2 (S9). 4
S7 0.981 s15 0.912 N, AR RS BT O R E RO,

S8 0.989 - - e S =H BT E R, WAREE, KEPETE




«2152 - PER 2025638 B56% B 6 Chinese Traditional and Herbal Drugs 2025 March Vol. 56 No. 6

W R B

0 5 10 15 20 25
S7
S8 J
S11
S10 1
S12
S13
S14
S15
S5
%:TF_
S9
S4 I
S3
S1 |

S2

3 1ISABMHERRGRES
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Fig. 4 PCA scree plot of Isatidis Folium
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Table 4 Eigenvalue and variance contribution rate

ERO AT REAEE J5 ZETTERER % BB ZE DT %
1 9.349 49.206 49.206
2 4.850 25.527 74.733
3 2.021 10.637 85.370
4 1.211 6.375 91.745

SAIIL, TR | BB R AR 1, 3.5, 64 7.
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X1340.275 X1240.051 X15—0.000 7 X16—0.217 X7+
0.215 X15+0.255 X19; F>=0.149 X;+0.331 X,—0.223
X;—0.145 X3+0.059 X5—0.127 Xs—0.126 X7—0.181
X3—0.232 Xo+0.357 X10—0.244 X1, 4-0.332 X;,—0.034
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0.129 X13—0.331 X14+0.049 X;5—0.353 X;6+0.058
X17—0.513 X13—0.424 Xi9; F4=-0.199 X;—0.082
X>—0.195 X3+0.656 X3—0.088 X5+0.169 Xs—0.057
X7—0.056 X3 —0.006 Xo—+0.083 X190+ 0.499 X+
0.117 X1—0.107 X13+0.078 X14+0.238 X;5+0.309
X16+0.054 X17—0.004 X15—0.023 Xio;
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Table 5 Factor loading matrix
A 0G5 Ll of S L
1 2 3 4 1 2 3 4
1 0.717 0.329 0.457 -0.219 11 0.444 —0.538 0.123 0.549
2 0.586 0.728  0.209 —0.091 12 43R0 0.560 0.731 0.226 0.129
3 0.787 -0.491 0.236 -0.214 13 0.915 0.075 0.184 —0.118
4 (TR 0171 -0.319 0403 0.722 14 0.842 —0.230 —0.470 0.085
5 0942 0.130 0.229 -0.097 15 0.157 0.873 0.069 0.262
6 0.839 -0.279 -0.006  0.187 16 CERZHD —0.002 0.733 —0.501 0.340
7 0.942 -0.278 0.040 -0.062 17 —0.669 —0.673 0.082 0.060
8 0.897 -0.399 -0.012 -0.062 18 (e) 0.658 —0.122 —0.729 —0.005
9 (B#EfR> 0.820 -0.510 0.130 -—0.006 19 (HEELD 0.778 —0.086 —0.603 —0.026
10 0.564 0.787 -0.021  0.092
R6 15SHABHERS B FIHF
Table 6 Factor scores and sorting of principal components of 15 batches of Isatidis Folium

95 ER ! T2 ENDPI T4 SZaRy 4

S1 3.441 0.031 —3.138 -0.334 1.346 2

S2 6.278 0.050 —1.446 0.301 2.967 1

S3 2.139 —-0.157 -0.972 0.840 0.963 4

S4 2.587 —-1.879 1.555 —0.858 0.904 5

S5 0.648 —1.390 0.962 —1.560 —0.033 11

S6 1.254 -1.967 1.706 —1.081 0.228 7

S7 -1.628 -1.726 0.062 —0.464 -1.265 13

S8 —1.588 —2.094 0.380 0.664 -1.233 12

S9 0.695 -1.799 1.337 2.426 0.180 8

S10 —6.396 —0.805 —2.348 —0.595 —3.640 15

S11 —3.868 —1.436 —0.502 0.373 —2.301 14

S12 —1.254 2.916 0.471 —0.915 0.119

S13 —0.930 3.448 0.690 —-0.107 0.489

S14 —-1.538 2.562 0.576 1.875 0.078 10

S15 0.161 4.246 0.667 —0.566 1.198 3

F=0.492 06 F1+0.255 27 F»+0.106 37 F3+

0.063 75 Fa; LGV BREt, FAREAFRLIROCE
MR ZE 1595
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HUARERERE 123 R2veum N 0.976, R?yeum 9 0.835,
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SE - AIEE . HE— D VRAS Y 1) HERA M AD TI0 e
XA 200 R B kL, di R 6 s,
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BRI, BRI, TIN50, AR AR AT
3 VIP {EA3 B (B 7D, DL ER VIPE>1 1)
FRUETRE 22 S 7y, 4 BRI K/ INFE R A R U
3. 12 CREFIFD. 19 (BEE4D. 14, 6. 7, KW
X 6 MR ERLIR R 22 R IROR . it — BT IX 15
HERF IR, AR 2 F R 12 (57
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Fig. 5 OPLS-DA score chart of 15 batches of Isatidis

Folium

SM2.DA(GS)Intercepts:R2=(0.00.365),0°=(0.0,-0.93) @R

L og
L
v M
0 L. ___..
T ]
-0.5 1t i
100 i
[ [}
L]
[l
u
L]

-1.5
-2.0

—2.5% - = -
-0.2 0 0.2 0.4 0.6 0.8 1.0

200 permutations 4 components

Bl6 15#AEM OPLS-DA Bt
Fig. 6 OPLS-DA replacement inspection diagram of 15
batches of Isatidis Folium

W

=}

S
W

VIP[4+1+0]
n o "

312191467 2135 8 18 119 1 10 417 1615
Var ID(Prmary)

7 15 #HtKBMH VIP BHE
Fig. 7 VIP score chart of 15 batches of Isatidis Folium
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TR A AR E 706, IRYEZMETT v
IR, SEEAEE, JURER (R D BRR
IR R BUE 0.781~4.385mg/g, ATTH P HE
R B s BE R AR B 0.134~0.921
mg/g, AHIM R 2 B S

2.49 FET AL TOPSIS-GRA it & 45 7L ) k75
RV A S R EE, 22 Uik
T AR, FE AT HE T AL TOPSIS-GRA A 45
RPN RE MM E. EELL 15 #ERF M Rt
IR SHE RS EAEGEAR, RABALEHE
PARFEARM G BARRE AR, AT SHEAS EAE
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AREARMIFRRERE (DY D). REEE (SY. S,
AT NG, BEAT T 55 i 2845 B AH X6 T

Cyds FRIAIA I BE AR/ 15 HEAS A7 3k
MR AT e, SR WA 8.

=7 1S5UXEHFEENEER
Table 7 Results of content determination in 15 batches of Isatidis Folium

FiESE(mg g7h) s EU(mg g7)
95 " - G5 " "
R =N AR BEEL
S1 2771 0.921 S9 2.402 0.222
S2 3.439 0.801 S10 0.781 0.142
S3 2.674 0.598 S11 1.799 0.140
S4 2.605 0.352 S12 2.697 0.213
S5 2.322 0.279 S13 3.291 0.163
S6 2.305 0.253 S14 3.424 0.134
S7 1.926 0.197 S15 4.385 0.143
S8 2.118 0.156
&8 15 HRBHHIRERHF
Table 8 Quality sequencing result of 15 batches of Isatidis Folium
Y D* D~ S* S” E* E” y HE P

S1 0.091 1.000 1.000 0.435 1.000 0.263 0.792 1
S2 0.194 0.846 0.793 0.519 0.819 0.357 0.697 2
S3 0.417 0.593 0.703 0.491 0.648 0.454 0.588 3
S4 0.723 0.288 0.614 0.580 0.451 0.651 0.409 4
S5 0.814 0.206 0.623 0.605 0.414 0.709 0.369 6
S6 0.845 0.178 0.619 0.623 0.399 0.734 0.352 7
S7 0.915 0.138 0.653 0.649 0.396 0.782 0.336 8
S8 0.967 0.107 0.619 0.703 0.363 0.835 0.303 12
S9 0.885 0.143 0.601 0.654 0.372 0.770 0.326 9
S10 0.983 0.165 0.905 0.665 0.535 0.824 0.394 5
S11 0.987 0.119 0.660 0.706 0.389 0.846 0.315 10
S12 0.897 0.127 0.571 0.682 0.349 0.789 0.306 11
S13 0.963 0.062 0.515 0.785 0.289 0.874 0.248 13
S14 1.000 0.044 0.501 0.835 0.272 0.918 0.229 14
S15 0.995 0.011 0.454 1.000 0.232 0.998 0.189 15

DUONIEBIAEREARIRRIREE RS Dy (AR AR (BR IRBE RS s SUMIEBRAEREAR R RIRIE: SONFEARRERRIRIRE; £ ENEERRE IR

D" is the Euclidean distance of the positive ideal sample; D is the Euclidean distance of the negative ideal sample; S* is the correlation degree of positive

ideal samples; S~ is the correlation degree of negative ideal samples; E* and £~ are dimensionless Euclidean distances and grey correlations. v is relative

proximity.

MR R EMERE, GElkS, HER
Uf. 3R 8 il R, 15 LT A i (1A G I i
9 0.189~0.792, UtHAASE] = MK i 2 7
=, MXGIEEERT 0.5 FESA 3 Hit, ¥IONHGR
FEHL, ARSI EE N T 0.3 (ORESRA 3 dik, 280
R, ZREHET N H R > > 22 B> AR >
Mo MK S TTLLEH, HN & rg =t w4t &% 2=
FAK, HEERAGEZ R, NS HIR
AT AR, WEAERE. WEEP &

(EEP
3 g

LIS AT I SR T A FRIPEHE ] (100% HEE
95%FHE. 85%HEE. 75%H . 65%F FE. 65%4
B, AFERPEEUTE (104 30 min), £5F &I
i 65% H B A 2L 30 min A SRR 2 H
W7 B RE LT o N T AR RS (S B, FEmi
B FRE M R REEDT, SEER 73 8% 1 AN
TNAH I BE-0. 1% R /K . FHIE-0.2% MR 7K . HF -
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0.1%FERIK . FIEE-0.2% TR /K LME-0.1% R K
ANFFER 304 35 °C, ANFEMAEFRGE 0.2. 0.4, 0.6-
0.8 1.0 mL/min, AFBEEE, ASFEHF X E R
SO, RIS T A 0 IR A RO A T A K
P, SRER, RAGIEH Ecosil Cis. MBIHA
HEE-0.1% H R K . A E 0.4 mL/min. iR
35 C. K 289nm I, JishMHEELZ i, IBER
UF M RIME E,  RERS 2 AT ELR .

HH 2 fR g S T AT R ML A O (S R, A
A ZE BRI R0 i o S 0 1) 2 SR AT
Mo 15 HORHE ML IR SEIE AR 0.871~
0.989, 15t BIAN [A] 7™ b K 3 1 IG5 B 73 HE A FHABL,
NT X AEFHRE T ER, RAME
REAGRAIXT 15 KT HHRE L ST AT A
HCA R EIR, 15 #ERHEHFEMER 2 K, B
BS9 Ah, 2. 7R, WMIERA—Z, HF. IL7g
BN—K, YR EMAAEHISE 2 R . PCA 45
BRI K E RS SRR ER L, X—4R5T
fRE W S USRI 55 K 75 I it o 5 7 A DGR AR 43 I8
WY, B Ea &8s REAREA 8, The
HSHf T EAGE, tEne, BRiRELR, &
A THBRS IR EA K.

OPLS-DA A4 KR TR, 15 HLRFHFE S
AR 2 K2, 5 HCA ke RIEA—3, & VIP
TR IR 3] 6 N ZE TRy, Hgm R g
KNI 3 12CRAEFER ) 19(EE R 4D
14, 6. 7, HAETWE 3. 14, 6. 7 KIALZER A ]
A, SRS R SR RO S SRS R SRR
PLE 4 Flp it — B0 78 . S il e 45 R R 0 4t
HIFR. SELMEEEANF - AR R EZER,
SRR S BN S, e RS ENHR
TERE. ETEHEENESR, WA TOPSIS-
GRA Fili G R0 FE i 34T I WS FE VRN, DA 45
RN, HR RSB, 5 PCA 45 3EA
—3, PCA 5%t TOPSIS-GRA Fli& B S AN 45
Rae B s H R R BB, T IL AR R
AN BRI S5, 10 53R A G,
PCA K AR 9 15 JEOK T H ) 3G 1 W T AR,
51 TOPSIS-GRA Fil& 188K 3R 15 #tik

H R R SR EAN SR, HXTRSITHE
TR K, PCA REIR ST 5120, EIRFEAZH
I SARE, E2E AR, SR
BRFEEE IR B A0 2R, 954 TOPSIS-GRA il 4 1Y

TR TR AR AT B IE, N2 Rtk Pk

TIMT s REREAS (8] IR BLRE 2 AT SRR PR i 19200,
g5 LRIk, AHEFTENL 7R ) HPLC 74

IR, 4 A A 2 AR CAR 0 R AN [ 7 1 K 75 ot

BREATIEAY, 5B T SR A 2 2 1 22

FRgy, e, HIRPEHORE M BRI H AT

A FAh 2 0 AN A P K T5 HES R AT VR, (BT

e BN T B, ARG W T AT 70 B AL

o R SRR 3R B BEAT FRA, 48 VIP (B, 1R

RO NI v -2 NIV PN R it A 5%

It — D ik LA sedR 2%, Rl JE T 7 i

P R R SRR AR S EEATIE, Tk
FasE . HEM, BRAERIGE, ORI MR R
P KAl S 2 ik Al

FlEAR AL EARELEFEYR

SE R

[1] EZH [S]. —#6.2020: 22-23.

[2] ChenJ, Zhu Z P, Gao T H, et al. Isatidis Radix and isatidis
folium: A systematic review on ethnopharmacology,
phytochemistry and pharmacology [J]. J Ethnopharmacol,
2022,283: 114648.

[B8] ZEHd. REMAL RIS [D]. B E: ILPEEZY
K, 2023.

[4] Jiang LL,LuY L, Jin J H, et al. N-Butanol extract from
Folium isatidis inhibits lipopolysaccharide-induced
inflammatory cytokine production in macrophages and
protects  mice
endotoxic shock [J]. Drug Des Devel Ther, 2015, 9: 5601-
5609.

[5] Li H T, Liu J, Deng R, et al. Preparative isolation and

against  lipopolysaccharide-induced

purification of indigo and indirubin from Folium isatidis
by high-speed counter-current chromatography [J].
Phytochem Anal, 2012, 23(6): 637-641.

[6] Yang QY, Zhang T, He Y N, et al. From natural dye to
herbal medicine: A systematic review of chemical
constituents, pharmacological effects and clinical
applications of indigo naturalis [J]. Chin Med, 2020, 15(1):
127.

[71 He M, Min J W, Kong W L, ef al. A review on the
pharmacological effects of vitexin and isovitexin [J].
Fitoterapia, 2016, 115: 74-85.

[81 #HEN, FLOE, 7hEHE. IREREFH AT R [J].
IR BB EE, 2019, 40(5): 78-80.

[9] EEWRMk, BB, BT, S AR DKOSRAER . R
W REMARR T HFEZES [ MAESER,
2006, 17(9): 1613-1618.



FED 2025638 $56% H 68  Chinese Traditional and Herbal Drugs 2025 March Vol. 56 No. 6

» 2157 »

[10]

[11]

[12]

[13]

[14]

[15]

ZEIRIR, T, BEUNTN, . REPEHORE AR X
AR i ORAR A SOBRRERE AT (0], Hh S5 Ty 7 A
Zi&, 2012, 18(24): 81-85.

WY, k&, W, % & HPLC MZE gk
A2 B4 A B E IR [0 R EH, 2023,
46(11): 2778-2781.

Bz, Sk, XKW, % ETRgEELS S
BRI AS | 77 M Bk - 25 A1 i [7]. R4
PR S IR, 2024, 3: 1-14.

Mg, B, E, AT M2 A s
SO B TOPSIS 57K 8 I I 5 mil A BT A
AREHREER R [J]. 52, 2024, 55(19):
6738-6748.

fkags, s, FEE, % ET HPLC R4l
W [ %2 P bR E B 45 A BB TOPSIS ¥E P AS [ 7= b
H SR M R [J]. PR, 2024, 55(12): 4194-
4203.

XIERE, FHEN. ETRESPIEOKREMIX 4 ZK

[16]

[17]

[18]

[19]

[20]

FHAEE (LW IR0 AT A [J]. R LR 224,
2024, 2: 1-12.

W, TAREE, TR, & ETHRAEIEMZ ) EE
g A A U T 3 5 20 M R RN (0], g,
2024, 55(9): 3098-3106.

XFRAS, Figds, B4 H, 2. KI5 HPLC 54 g
BN R HDURIBR SIS R RO R R [7]. L,
2024, 55(1): 287-296.

TR, BlEE, bnbm - ERE/RAE, % KE
T S 7R SR AR S [ A S A, 2021,
34(4): 56-58.

e, Thedl, TEN, % QAMS ZH/yERIKA
PCA. OPLS-DA % GRA 7 HTikiFAh (I TEde & F ¥R
= [J]. FIEZA S, 2024, 30(5): 71-78.

WEFFSE, TR, AriRME, 2 AT Z2AN EEBS ER
9353 T IE3E AR B3¢ /1> — 3-8 il 3 A B IR AUAR 95 it BE
BUE U RIRIE & Z RN ] P EAY
SRR, 2024, 24(12): 749-755.

[t 2 9]



