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Research on the change of fingerprint and color characteristic value of Sophora
alopecuroides L. during processing
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[ Abstract] Objective To analyze the dynamic changes and correlation of color characteristics
and fingerprints of HPLC during processing of Sophora alopecuroides L. Methods HPLC was used to
establish the fingerprint spectrum of Sophora alopecuroides L. during processing and the changes of
its main components were analyzed. The color eigenvalus in the processing of Sophora alopecuroides
L. were extracted, and cluster analysis was conducted; correlation analysis between the characteristic
values of the samples and the fingerprint chromatographic peaks were carried out. Results With the
prolongation of the processing time, the similarity of the Sophora alopecuroides L. fingerprint gradually
decreased, common peaks such as N-methylphenanthine, sophoridine, matrine, sophorine, etc. increased
first and then decreased. The red (R), green(G) and intensity(I) color eigenvalues decreased with the
extension of processing time, while the hue (H) eigenvalue gradually increased with the extension of

processing time. The correlation analysis of color eigenvalus and fingerprint peaks showed that the
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common peaks 1 and peaks 5-11 of fingerprints were significantly correlated with color characteristics. The results of

partial least squares discriminant analysis showed that sophoridine, matrine, sophorine, etc. were the main indexes

of quality change in the processing of Sophora alopecuroides L. Conclusion The chemical composition of Sophora

alopecuroides L. is constantly changing during processing, and the color eigenvalus of Sophora alopecuroides L. at

different processing times are closely related to HPLC fingerprints, which can provide reference for attenuating the

toxicity, maximizing the clinical efficacy and evaluating the quality of Sophora alopecuroides L...

[Keywords ) Sophora alopecuroides L.; High performance liquid chromatography; Processing;

Fingerprint; Color characteristic; Chemical composition; Correlation

HETEEIRMEEY S ST Sophora
alopecuroides 1. W) 118 SAFD -, BEIE PRI |
IBSF . A, BAPUMIE . PimE. FEbE. BURSE
TER, BUGRT CHR A h2idtbnde) o w5
T EREZ, Bl THRARGEE, WIRSUHES
MR VA P I 2 5 AT H il b B, LADR AR 5
PERS HETE P SR 2 MR
T R IR B AN A 7 A B i oy 19 2
PRAE IR AT, % S R AR ST 540, ik
il v S TG RE AT A flddE (hEZ
# (2020 4ERT) ) PUFESMLEDEN 0213Y, W E T
feg i Ziok “EE M, BBET SHE, X
TH AR RS A DL R TR R o e 22 LU
Flrh £, TR s TR SRR S8R, B
LR AT, XELLORUEM S B0, iy kb
WE A ZORETIG R T RE S th B2 . . O
P AN RN, R AR A R

BEE EUSRAEFR S 73 A HOR AN BT & i, i 3 %o
PGB ERE AT 0T, S b 20 i R Y o 42
WAL T & WK A 25 2% 00, wE AR
i, B AR i B BT BRI Y
B, NI e o A 12k, AR
2 ST R AR RE A B R, R BRER SR X
ARG M PR E IS R |, S e
B U N S X AR SR R ST ik
ARG 6 LR R e SR A A
B IEE A HEIE, A PN 25 - FEAS R i B
()i S0 P (o 1 A RN LRI ABL 1 284k, TR
RPN BT R, e S T
BRI 2%

1 &l
11 FEUE

Waters €2695 2% i #H @ 3%4% ( 25 [F Waters

25Fl ) 5 XS205DU H - KF- il FE28 BYTR BE 111
H i - AR —FE R £2 A F) ) 5 SB-5200DTD %Y
R PV VEAL (T R 2 A W R A A BR A
A) ) 5 IKA A11 basic BUBFEEHL (FEE KA AF] ) ;
2y 1 ho BUHHGL ( B BEBHEA RA )
AS842A FULT AN IR AL ( Bl A B AL A R A
FRAFED .
1.2 FEHmMERA

N-H E 42 (45 TC0660-231126,
4l Br=98.0% ) N 4x 4 AL i (it 5. TC2994-
231228, 4iJE=98.0% ) W4 H I )1KS KE K % 245 9
PHEARR A A BUERL (45 110784-202207,
4ifF 98.2% ) . WZ i (#t%5: 110805-202010,
4liBE 98.7% ) . MRARGE (Hit5: 112052-202001,
afi B 91.8% ) . A Ak v Z 6 (it 5 110780-
202210, 4l 92.8% ) . AL HE AR o (T
111652-202202, i 93.1% ) ¥ 3 hE £ 5 24
mRE R BE; AR ST (7 Hh: i) 4%
T A i 24 S ARG B AGI Hh s S5 5 Ry SRR R R 7
5+ Sophora alopecuroides 1. W) ¥ i 24 F 0+
Ha il s, KK,

2 AEEHR

21 EHEEFHEMAHEE

AW ST BOYE T, BRSO E
WA (Fi%s: S1) o B+ SHMAEXL
BV, RS G TR S 2 T M R 1)
R, DAH B R TR, 2T 0 0 A S A o
AR O B AR AL, RS IR 1R R 330°C,
P B8 (P E 25 (2020 4F AR ) ) @ ) 0213 HJ5
AT . BGE S Rl — i S (S
S1) , BRUHUEE 200 go Kb 5 A 22 4 I TR 5
21330°C, AEET T, NEEY, e
AR E 4. 6. 8, 10, 12, 14, 16, 18,

https://yxqy.whuznhmedj.com



HEEE 2025 £ 6 A 29 55 6 HA

20 min, AN[FGHIES A ESEATHEAE 3 47, EDAAD
WET (45 S2~S10) .

2.2 HPLCiELEEEL 5o

221 &L MH

¥ H Agela Technologies Durashell Clg (L) o,
et (250 mmx 4.6 mm, 5pum) ; WEIAHA K
0.01 mol/L ZPR%E (ZKM pH 2 9) , WishtH B
FH -G (1:2) , BEEEPEME (URME A1 I
F 1) ; WM 1.0 mL/min; AN 37°C; K
PR 210 nm; PEFERN 10 pl. UM LI
ZHETHAMIET 5000,

222 RAKIRT R A &

Oy BIRG B FRE N-F SL 26 0008 . BRAEHR . 75
Zhk . BRI . SR B, Ak S, E R
SRB IR AL 1135, 10.26, 10.84, 10.11, 10.07,
10.80. 10.28 mg, i F WA e, il ok o 1 vk
A% 91k 11.1, 1008, 32.1., 464, 29.6. 100.2,

943

30 mL., 2K 1 mL, PR Efe, @ (D1%E: 300 W,
FiZ . 50 kHz ) AbFE 30 min, 5%, FHHBEkh SR UK
RIE R, 857, M, RifS.
2.2.4  ZuiE AR E

A3 R R s (AR (H ) L TRAXTHR
AR BT (S5 S1) BRI AS
WET (%5 S8) Ml midEm, #%& “2.2.17 W
TR, R EaEE (E1) o =
PRI E T T, RIZOE TR R AT
225 AFE EIXE

Ka B “2.2.27 TR TR A X IR R
Fie “22.17 BN 5SS HE R 6 Ik, LU
S8k 2 BRI, THE AR AE X 08 B i) (] ) RSD Hy
0%~1.1% (n=6) , FHXTIETHIFY RSD 4 0.3%~1.3%
(n=6) , FRULIHRTE RIT.

=1 BREEBSEY

Table 1. The gradient elution condition

. s ff 1] (min ) HBHHHA (%) BB (%)
47.9 pg/mL TR G XTI 0-~20 95 5
223 RS G & 2039 93793 7
SIS0 B BR (i 50 D 205, 079 -~ 5
K AR E, BRIEGIEM P, AR B 70~ 90 77568 2332
IV
|
000 1000 2000 3000 4000 5000 6000 7000 8000 9000 min
A
3
2 4
5 8
1112
000 1000 2000 3000 4000 5000 6000 7000 8000 9000  t/min

S e e e N B B e B
0.00 10.00 20.00 30.00

— T T T
40.00 50.00 60.00

IV DV
70.00 80.00 90.00  #/min

000 1000 2000 3000

4000 5000

6000 7000 8000  90.00 t/min

BE1 HEFHPLCEE
Figure 1. The HPLC chromatogram of Sophora alopecuroides L.
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Figure 2. The HPLC fingerprints of Sophora alopecuroides L.
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Table 2. The result for similarity determination

G5 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 R
S1 1.000
S2 0.356 1.000
S3 0.314 0.999 1.000
S4 0.328 0.999 1.000 1.000
S5 0.317 0.997 0.999 0.999 1.000
S6 0.301 0.994 0.997 0.998 1.000 1.000
S7 0.337 0.994 0.996 0.997 0.999 0.999 1.000
S8 0.290 0.983 0.988 0.989 0.994 0.996 0.995 1.000
S9 0.266 0.978 0.984 0.985 0.991 0.994 0.993 0.999 1.000
S10 0.229 0.960 0.968 0.968 0.976 0.981 0.977 0.991 0.993 1.000
R 0.360 0.996 0.996 0.997 0.999 0.998 0.999 0.994 0.991 0.976 1.000
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Figure 3. The regression analysis of chromatographic peak area and processing time during
processing of Sophora alopecuroides L.
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Table 3. The eigenvalues and variance contribution

rates of Sophora alopecuroides L. in different
processing time
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Table 4. Initial factor loading matrix of Sophora

alopecuroides L.

Frontiers in Pharmaceutical Sciences, Jun 2025, Vol. 29, No.6

ey % 32
i1 -0.788 0.311
ie5 0.897 0.329
6 0.803 0.515
%7 0.155 0.956
%8 0.597 -0.513
%9 -0.152 -0.896
10 0.995 -0.022
i 0.989 -0.050
12 0.903 -0.412
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Table 5. The principal component scores and
comprehensive scores of each sample during the

processing of Sophora alopecuroides L.

9 ERSIES ERMES LA HE#
S7 3.13 -0.10 1.80 1
S9 1.78 2.18 1.68 2
S8 1.50 2.25 1.53 3
S4 1.01 -1.74 0.08 4
S10 -0.87 1.49 -0.07 5
S5 0.28 -1.14 -0.17 6
S6 0.08 -0.83 -0.20 7
S3 -0.69 -1.54 -0.85 8
S2 -0.82 -1.69 -0.97 9
S1 -5.40 1.12 -2.83
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Figure 4. The principal component score plot of samples
during Sophora alopecuroides L. processing
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Figure 5. The RGB images of Sophora alopecuroides L. at different processing times
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Table 6. The color eigenvalues of Sophora alopecuroides L. at different processing times

P et E] (min ) R G B H S 1

S1 0 106987 +1.330 78476+ 1.034  18.928+0.697  0.125+0.002  0.784+0.010  0.267+0.003
S2 4 91.715+1.029  62.232+0.755 158200616  0.129x0.002  0.793=0.007  0.222+0.003
S3 6 85.256 + 1.323 59.087 +0.751 16.034 + 0.654 0.127 +0.001 0.771 £ 0.007 0.210 £ 0.003
S4 8 68.202 + 0.658 49.610 + 0.456 17.999 + 0.429 0.152 + 0.002 0.708 + 0.007 0.178 £ 0.003
S5 10 51.960+1.055  41.987+0.614 19.104+0414  0.181+0.003  0.639+0.007  0.148 +0.003
S6 12 43598 +0.903  39.085+0.696 19.840+0439  0208+0.003  0.598+0.006  0.134 +0.002
87 14 40456 +0.710  38.523+0.649 20.311+0507  0.224+0.003  0.580+0.008  0.130 +0.002
S8 16 251210562  32247+0.642 17.313x0423 03050002  0.600=+0.008  0.098 +0.002
S9 18 21.625 +0.480 30.423 +0.470 15.963 + 0.403 0.326 + 0.002 0.631 + 0.009 0.089 + 0.002
S10 20 16.321 +£0.313 25.615 +0.442 13.606 +0.172 0.367 + 0.004 0.691 + 0.003 0.073 £ 0.001
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Figure 6. The color space cluster analysis of different
processing times
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Figure 7. The correlation analysis between eigenvalues
peak area and color eigenvalues of Sophora alopecuroides
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