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A GA-BP neural network model based on spectrum-effect relationship for assessing

spectrum-effect score and quality evaluation of Cassia seeds extract

YAN Haiyan', WANG Heng"?, ZOU Chuncai'
'School of Pharmacy, Wannan Medical College, Wuhu 241002 , China; *Anging 116 Hostipal, Anging 246003, China

Abstract: Objective To construct a GA-BP neural network model based on the spectrum-effect relationship of Cassia seeds
extract and test its performance for quality control of Cassia seeds using spectrum-effect score. Methods The HPLC
fingerprints of Cassia seeds extract (0.1, 0.2, and 0.4 g/mL) were established. In a mouse model of 5-Fu-induced liver injury
treated with 0.4, 0.8, and 1.6 g/kg of Cassia seeds extract, the pharmacodynamics parameters were measured to calculate the
comprehensive efficacy using AHP-EWM. A GA-BP neural network model between the fingerprints and comprehensive
efficacy was constructed, and the corresponding predicted comprehensive efficacy was obtained. The spectrum-effect
relationship between the fingerprints and the measured and predicted comprehensive efficacy was established using grey
correlation method followed by Gaussian fitting analysis. The spectral efficiency score was calculated using the relative peak
area of the fingerprints and the correlation degree of the spectral efficiency. The reliability of the data was tested using the Z-
ratio score method. The limit range of the spectral efficiency score was determined and the quality of the verification samples
was evaluated. Results The error between the predicted value using the GA-BP neural network model and the measured
value of the comprehensive efficacy was less than 0.2. Gaussian fitting analysis showed good fitting between the spectrum-
effect relationship data of the measured and predicted comprehensive efficacy. The limit of the spectral efficiency score was
6.16-7.30. The prediction results for each verification group were consistent with the experimental results and within the limit
of spectral efficiency score, and the results of Z-ratio score analysis demonstrated good data reliability. Conclusion The GA-BP
neural network model can effectively predict the comprehensive efficacy of Cassia seeds extract, and the established spectrum-
effect scoring method can be used for quality evaluation of samples.
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Fig.1 High-performance liquid chromatography (HPLC) of Cassia seeds extract (A), mixed reference substance (B) and blank
solution (C).
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Fig.2 HPLC fingerprints of Cassia seeds used for modeling. 51-S8 is 0.01 gmL", $9-S16 is 0.02 gmL", and S17-S24 is
0.04 g-mL'l; Ris the common mode.
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Fig.3 HPLC fingerprints of cassia seeds used for verification. R: Common mode; Z1, Z2: 0.01 gmL"; Z3, Z4: 0.02 gmL";

Z5,76:0.04 gmL™" .
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Tab.2 Pharmacodynamic results of Cassia seeds extract against 5-Fu-induced liver injury in mice

Category Group

Pharmacodynamic indicators and their standardized values (BZ)

Comprehensive

pharmacological effects

Weight (g)
/BZ

ALT(U-L")
/BZ

Liver index
(mg-g")/BZ

MPO
(U-gprot!)/
BZ

AST(U-L™)
/BZ

T-AOC
(mmol -
gprot')/BZ

SOD/U -
mgprot’
/BZ

ED MF MB

MV

SI-L1
S2-L.2
S3-L3
S4-L4
S5-L5
S6-L6
S7-L7
S8-L8
S9-W1

S10-W2

S11-W3

Used for S12-W4

modeling S13-W5

S14-Wé6
S15-W7
S16-W8
S17-H1
S18-H2
S19-H3
S20-H4
S21-HS
S22-H6
S23-H7
S24-HS8
Z1-ZL1
72-71.2

Used for Z3-ZW1

verification

Z5-ZH1
76-ZH2

20.38/0.5821
18.91/0.5401
20.33/0.5807
22.54/0.6438
23.10/0.6598
21.10/0.6027
21.11/0.6030
22.67/0.6475
20.28/0.5793
24.04/0.6867
20.66/0.5901
22.07/0.6304
19.14/0.5467
19.86/0.5673
21.43/0.6121
21.63/0.6178
20.56/0.5873
19.28/0.5507
19.25/0.5498
18.52/0.5290
20.71/0.5915
20.55/0.5870
21.24/0.6067
21.54/0.6153
19.17/0.5476
21.54/0.6153
20.93/0.5978

74-ZW?2 22.38/0.6392

21.11/0.6030
19.72/0.5633

62.49/0.7192 11.49/0.3941

65.47/0.6864 8.53/0.5309
63.13/0.7118 13.56/0.3340
56.33/0.7978 8.10/0.5589
54.72/0.8212 12.88/0.3516
55.08/0.8159 13.71/0.3303
57.69/0.7790 9.26/0.4890
60.67/0.7407 10.57/0.4286
56.17/0.8000 8.63/0.5244
60.49/0.7429 9.24/0.4901
55.83/0.8049 8.96/0.5056
58.01/0.7747 12.03/0.3764
62.94/0.7140 9.81/0.4614
57.65/0.7795 6.32/0.7167
54.58/0.8234 19.73/0.2295
60.53/0.7424 11.24/0.4027
63.46/0.7081 11.42/0.3966
55.78/0.8056 6.55/0.6916
52.71/0.8526 15.01/0.3017
51.59/0.8711 16.04/0.2822
64.65/0.6951 8.99/0.5039
60.00/0.7490 7.32/0.6187
50.14/0.8963 19.03/0.2379
60.09/0.7479 6.81/0.6647
66.50/0.6758 22.26/0.2034
63.41/0.7087 12.04/0.3762
59.52/0.7550 15.33/0.2953
59.90/0.7502 15.39/0.2943
63.81/0.7043 8.046/0.5628

52.36/0.8583 6.509/0.6956

28.81/0.8140 0.475/0.5474
30.10/0.7790 1.206/0.2156
38.75/0.6052 0.513/0.5068
29.77/0.7878 0.525/0.4952
39.96/0.5869 0.413/0.6295
46.38/0.5056 0.504/0.5159
27.59/0.8502 0.888/0.2928
25.57/0.9170 0.534/0.4869
35.35/0.6633 0.351/0.7407
30.83/0.7607 0.366/0.7104
31.67/0.7405 0.805/0.3230
38.04/0.6165 0.360/0.7222
32.59/0.7197 0.463/0.5616
32.90/0.7128 0.481/0.5405
32.08/0.7130 0.440/0.5909
26.82/0.8744 0.369/0.7046
27.64/0.8484 0.327/0.7951
34.28/0.6842 0.357/0.7283
35.42/0.6620 0.413/0.6295
28.38/0.8264 0.563/0.4618
30.88/0.7595 0.501/0.5190
30.95/0.7578 0.428/0.6075
34.25/0.6848 0.696/0.3736
24.73/0.9482 0.398/0.6533
33.31/0.7041 1.162/0.2238
32.40/0.7237 0.584/0.4452
27.40/0.8558 0.608/0.4276
30.12/0.7786 0.375/0.6933
38.50/0.6091 0.496/0.5242
28.24/0.8304 0.260/1.000

0.074/0.3936 340.2/0.7336 0.5946 0.5803 0.5480
0.090/0.4787 364.3/0.7856 0.5641 0.5494 0.5419
0.083/0.4415 398.9/0.8603 0.5054 0.5008 0.4951
0.066/0.3510 388.6/0.8380 0.6277 0.5009 0.5928
0.072/0.3830 382.6/0.8251 0.5282 0.5008 0.5107
0.088/0.4681 403.3/0.8698 0.4766 0.6478 0.4723
0.081/0.4308 424.9/0.9164 0.5970 0.6208 0.5458
0.069/0.3670 422.5/0.9111 0.6370 0.5008 0.6126
0.098/0.5212 296.3/0.6389 0.6227 0.5583 0.5432
0.092/0.4893 405.2/0.8739 0.6528 0.6334 0.5801
0.095/0.5053 408.8/0.8815 0.5733 0.5193 0.5257
0.094/0.5000 415.3/0.8958 0.5710 0.6762 0.5025
0.097/0.5159 407.6/0.8791 0.5948 0.5884 0.5525
0.087/0.4627 424.9/0.9164 0.6601 0.5852 0.6391
0.084/0.4468 405.5/0.8744 0.5391 0.5336 0.5086
0.089/0.4734 388.4/0.8377 0.6590 0.6456 0.5770
0.099/0.5266 426.9/0.9207 0.6692 0.6773 0.6855
0.101/0.5372 347.7/0.7498 0.6775 0.6769 0.5481
0.112/0.5957 437.0/0.9425 0.5519 0.5149 0.4823
0.094/0.5000 396.7/0.8556 0.5608 0.6472 0.5288
0.104/0.5532 444.1/0.9578 0.6208 0.6744 0.6463
0.098/0.5212 392.0/0.8455 0.6635 0.6693 0.6947
0.109/0.5797 406.0/0.8755 0.4953 0.6640 0.4724
0.096/0.5106 412.7/0.8901 0.7533 0.6772 0.7284
0.076/0.4042 393.8/0.8492 0.4437

0.071/0.3776 332.6/0.7174 0.5345

0.079/0.4202 414.9/0.8949 0.5607

0.088/0.4681 409.9/0.8839 0.5788

0.095/0.5053 407.7/0.8792 0.5885

0.089/0.4734 381.0/0.8216 0.7710

0.5664
0.4729
0.4919
0.5526
0.4762
0.6579

S1-S24 are the fingerprints of cassia seeds extract used for modeling (Figure 2); L, W and H: Low, medium and high concentration groups of mouse

models, respectively; Z1-Z6: Fingerprints of Cassia seeds extract used for verification (Figure 3); ZL, ZW, and ZH: Low, medium and high

concentration groups for verification respectively; ED, MF, MB and MV: Experimental Determination, Model Feasibility, Model Building and Model

Verification respectively.
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Fig.4 Spectrum-effect relationship between fingerprint-comprehensive efficacy (ED for "modeling")

(A ) and fingerprint-comprehensive efficacy (MF ) (B).
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Fig.6 Gaussian fitting curve (A) and residual diagram (B) of the spectrum-effect relationship (ED-MF for "modeling" ) for low (I),

medium (II) and high (IIT) dose groups.
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Tab.3 Gaussian fitting curve data of spectrum-effect relationship (ED-MF for "modeling") for low (I), medium (II) and high (III)

dose groups

Coefficients (with 95% confidence bounds)

Goodness of fit

Group  General model gauss

a b c SSE R-square  Adjusted R-square =~ RMSE
I 0.7850 1.1150 0.7935 0.0015 0.9927 0.9921 0.0073
II f(x) = a*exp(-((x-b)/c)?) 0.8244 1.0330 0.7339 0.0006 0.9977 0.9975 0.0047
111 1.3500 1.4890 0.9330 0.0015 0.9961 0.9959 0.0074
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Fig.7 Target optimization evolution process (A), training process (B), mean square error (C), error diagram (D) of GA-BP neural

network model (MF).
A 1
—4—0.01g/mL
w 09 ——0.02g/mL
vl

13 5 7 9111315171921 23 2527 29 31
Common peak

q ——0.01g/mL

e 0.9 1 ——0.02g/mL
#—0.04g/mL

Loe &/

13 57 9 11315 17 1921 23 25027 2931
Common peak

8 FELEIL-L2 A ("IRIE A"ED)RIIERIk R (A FIIES EIE- £ A ZH(MV) (B AL~ &

Fig.8 Spectrum-effect relationship (A) of fingerprint-comprehensive efficacy (ED for "verification")

and the spectrum-effect relationship (B) of fingerprint-comprehensive efficacy (MV).

exponential , polynomial, exponential , fourier, gaussian
power . interpolant,power,rational ,sum of sine e
5MT, gaussian J X IE A ALY . SEE SRR TN
H5 B IHEZ A A AR 1 F ) ZF. RMSE /&
SEEJ(EMT- I, SSE . RMSE M T 0, B AR AY
TPEREFIULG 47 B i de B a o . R-square(PRAE
FH0) g2 AR B R DN R AR R R BE ) .
Adjusted R-square (% 1F 8% R %0) A R-square *F- /7,
7 R-square 5:fill |, A4 AE A B FVRRAE B R J 1Y
6 b, kA DR 39 0 D 5C 78 T R # R-square, R-
square , Adjusted R-square #4237 1, 32 BB AU RE AT 2L

TP A rh AL

RSO F RIS ROE R GA-BP M2 2445
TR R 3 55 N AT T IR, B AR 5 e
BARPLA GEROCR S GEROE BT Z AR
TR R it o 1) A I 45 R R A L 1 31 5L
T E SE RS , NEEST LIRS A ok S 1] A8
PR TS . R RREA R
fih b dE— 2D AR RS RO T i 32T GA-BP #4826
R AP RE B RIS Pk | SE B s RO A3 A ik B
RSB E 45 B B, S i S b S B
TR 2580k e iR A Y R AT — 25 R4 T



http://www.j-smu.com

J South Med Univ, 2025, 45(10): 2092-2103

+ 2101 -

Differences between

A T T T T T A T T T T T T T T T T
. L - - d
gos % 0.8
& &
T 07k 7 < 07t g
2 2
< 8
5 2 06k ]
Eo6F 4 “51 0.6,
s 8
2o f g osf 1
B £
. | | | | | |
0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 04— L I L 1 L . 1 . . 7
Measured correlation degreess = 0.4 0.45 0.5 0.55 06 065 0.7 0.75 0.8 0.85
3 2 Measured correlation degreess
Z Bxg® §2 B 41
bl T T T T T T T T EE s L, T T T T T T T T
£ st 1 2= | [ [
L 23 w1 [
220 r 111 [ . i % E g -
B | L L L L L L L 28 E-10E_ I I I I L L L L I El
g‘é 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 A& 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85
* Measured correlation degreess Measured correlation degreess
L1 N — T T T T T T T T
., 08F g
2
E” 0.7F ¢l
g
£
E o6F g
£
8
5 0.5- g
3
2
& 0.4 | | | I | 1 . . LA
0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 08 0.85
-3 %
g Measured correlation degreess
52 Pao?
z2 T T T T T T T T T
£ sk -
B o O i ! [ [ [
L
35 T ]
58 5-101 g
23 E . . L L . . . . . .
A&S 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85

Measured correlation degreess

B9 &), B, SUDFIERILERFER("RIEA"ED, MV)Gaussianil& HZ(A)FIFKZEE(B)

Fig.9 Gaussian fitting curve (A) and residual diagram (B) of spectrum-effect relationship (ED, MV for "verification") for low

(I'), medium (IT') and high (IIT') dose groups.
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Tab.4 Gaussian fitting curve data of spectrum-effect relationship (ED, MV for "verification") for low (I), medium (II) and high

(III) dose groups

Coefficients (with 95% confidence bounds)

Goodness of fit

Group General model gauss
a b c SSE R-square  Adjusted R-square =~ RMSE
I 1.3650 1.5680 1.0590 0.0002 0.9994 0.9994 0.0024
Il f(x) = a*exp(-((x-b)/c)’) 0.9196 1.0930 0.7667 0.0003 0.9992 0.9991 0.0031
I 0.8751 1.0210 0.7122 0.0002 0.9994 0.9994 0.0026
RS ERARMERITHER
Tab.5 Results of spectral efficiency score of samples used for modeling
o S ey Sl oy, Sp iy
SI-L1 7.10(a22)(b27)(c27)* S9-w1 6.50(a8)(b9)(c9) S17-H1 6.22(a2)(b2)(c2)
S2-L2 6.64(al3)(b14)(c14) S10-W2 7.04(a21)(b26)(c26) S18-H2 6.34(a5)(b5)(c5)
S3-L3 6.90(al18)(b23)(c23) S11-W3 6.69(al4)(b16)(c16) S19-H3 6.53(a9)(b10)(c10)
S4-L4 7.30(a24)(b30)(c30) S12-W4 6.38(al0)(b7)(c7) S20-H4 6.16(al)(bl)(cl)
S5-LS 6.82(al16)(b20)(c20) S13-Ws 6.87(al7)(b21)(c21) S21-H5 6.60(al2)(b13)(c13)
S6-L6 6.60(al1)(b12)(c12) S14-W6 6.93(a20)(b25)(c25) S22-H6 6.43(a7)(b8)(c7)
S7-L7 6.92(a19)(b24)(c24) S15-W7 6.32(a4)(b4)(c4) S23-H7 6.23(a3)(b3)(c3)
S8-L8 7.27(a23)(b29)(c26) S16-W8 6.59(al0)(b11)(c11) S24-H8 6.77(al5)(b19)(c19)

* is the sorting sequence number of spectral efficiency scores, where a represents the data in Table 5;b represents the data in Table 5+Table 6

(experimental determination);c represents the data in Table 5+Table 6 (model prediction).
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Fig.10 Spectral efficiency score (modeling) Z-ratio score histogram.
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Tab.6 Results of spectral efficiency score of samples used for verification

Spectral efficiency score

Group Absolute error Relative error
Experimental determination Model prediction
Z1-ZL1 6.69 (b17)* 6.70 (c17)* 0.01 0.15
72-712 7.16 (b28) 7.17 (c28) 0.01 0.14
73-ZW1 6.36 (b6) 6.34 (c6) -0.02 -0.31
Z4-ZW2 6.73 (b18) 6.71 (c18) -0.02 -0.30
Z5-ZH1 6.67 (b15) 6.67 (cl5) 0.00 0.00
Z6-ZH2 6.88 (b22) 6.88 (c22) 0.00 0.00

* is the sorting sequence number of spectral efficiency scores, where b represents the data in Table 5+Table 6 (experimental
determination);c represents the data in Table 5+Table 6 (model prediction).
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Fig.11 Z-ratio score histogram of spectral efficiency scores [Table 5 + Table 6 (experimental determination)](A) and
[Table 5 + Table 6 (model prediction)](B).
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