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Abstract: Objective To analyze and compare the model prediction effects of five algorithms on the solubility of Xingbei Zhike
Granules (XZG, 7 Il 11 %), to determine optimal algorithm and the critical material attributes (CMA) affecting the solubility of
particles, and to improve the solubility of XZG. Methods Taking 25 powder material properties before granulation as input, and the
solubility of particles as output. The model fitting and prediction effects of partial least squares (PLS), decision tree (DT), random
forest (RF), back propagation neural network (BPNN), and support vector regression (SVR) algorithms were compared. At the same
time, combined with the importance of variable and variance inflation factor (VIF), the key material properties were screened. Results
The RF algorithm has the best model fitting and prediction effect. The training set determination coefficient is 0.865, the test set

determination coefficient is 0.854, the root mean square error is 1.375, and the mean absolute percentage error is 1.153%. The CMA
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screened by had collapse a, f, ¥, H, HR, Fin and D21. Conclusion The model established by the RF algorithm is more suitable for

predicting the solubility of XZG. The solubility of XZG can be improved by controlling the key material properties of the main drugs

and excipients for preparation molding, which provides a new idea for improving the solubility and quality of traditional Chinese

medicinal granules.

Key words: Xingbei Zhike Granules; solubility; critical material attributes; physical fingerprint; partial least squares algorithm;

decision tree algorithm; random forest algorithm; back propagation neural network algorithm; support vector regression algorithm
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Table 1 Results of dissolution rate of different excipients

N AVETEVERY, S F2207034, WM EE
HIRAF

and drug-to-excipient ratio

2 HEEHER

2.1 MARSFRAIREMNE R A B4R %

Z22 ORI RO RL AR 1 E £ (oo P 1:1 2:1 3:1 4.1
WA (). FASEERRE (D). YESEEFE (D). FLBRZ% %%ﬁ)ﬁ% 92412 90.821  92.779  88.591
(Ie)~ F/RF8%0 (Carr index, 1C) ZEE4N L (Hausner ?y@f@%*j} 85983 85516 89536 84.462
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rau?, IHD . Wit CHD. Eﬁﬂ‘ég‘(I{R)\ 0~50 um . 117 84099 87185 79.603
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Fig. 1 Line chart of dissolution rate of four excipients

2.3 ORMNZIT SRR EIEE

FR 2.2 7100 IS4 45 2R, 48 FH Design-Expert
13 A TR, 3 79 AR, TRENEITTSS
R 2. FRRIERHE TS BB, B
Hil4e 2 4, &M <217 TUN T iERIRLE M
FANSHAEIM 3 IR, FXTFRAER 2 (relative standard
deviation, RSD) MJE:R/NT 3%.

9T B B H VR i 2 TR P 22 S P AR AR
PEBL, @ S SO S, DUARE e M
BNPE HERRE ST AR B e S ) — 21
¥g#r, L HR. H. Pf. 10, span. width. IH. a\ D,
Dev Ien 1C 3X 12 NZECH 4005, MIERIREFE
PP BRSNS . R 2GR U 1 2 gk 24k A
FREUEREOT, 2 AP HR SRS U8 R Rk 1)



FED 2024FE 11 H B55% B 228 Chinese Traditional and Herbal Drugs 2024 November Vol. 55 No. 22 . 7647 »

®2 RMG
Table 2 Mixture design

i B wE) 2 g AL
T T EEEE W W TEEen % | Wram LW W SR RS %
1 150.00 50.00 0.00 0.00 0.00 93.292 | 41 160.00 0.00 0.00 26.67 13.33 91.474
2 150.00 0.00 16.67 0.00 33.33 91.016 | 42 160.00 13.33 13.33 0.00 13.33 91.256
3 150.00 0.00 0.00 0.00 50.00 85.527 | 43 157.50 13.33 0.00 26.67 0.00 91.812
4 150.00 31.25 6.25 6.25 6.25 94.685 | 44 157.50 0.00 26.67 0.00 13.33 81.841
5 150.00 16.67 0.00 16.67 16.67 91.553 | 45 150.00 40.00 0.00 0.00 0.00 93.890
6 150.00 0.00 0.00 0.00 50.00 85.524 | 46 150.00 26.67 0.00 13.33 0.00 89.200
7 150.00 0.00 0.00 33.33 16.67 95.171 | 47 150.00 0.00 40.00 0.00 0.00 94.685
8 150.00 16.67 0.00 33.33 0.00 85.808 | 48 160.00 5.00 5.00 25.00 5.00 91.703
9 150.00 0.00 0.00 16.67 33.33 89.146 | 49 155.00 0.00 0.00 40.00 0.00 94.436
10 150.00 0.00 33.33 16.67 0.00 95.361 | 50 150.00 0.00 0.00 13.33 26.67 85.493
11 150.00 0.00 16.67 33.33 0.00 94.480 | 51 160.00 0.00 26.67 13.33 0.00 91.365
12 150.00 0.00 16.67 16.67 16.67 93.688 | 52 160.00 26.67 0.00 0.00 13.33 87.834
13 150.00 50.00 0.00 0.00 0.00 93.296 | 53 160.00 10.00 10.00 10.00 10.00 88.602
14 150.00 6.25 6.25 6.25 31.25 88.781 | 54 160.00 0.00 13.33 0.00 26.67 85.516
15 160.00 0.00 0.00 50.00 0.00 91.660 | 55 160.00 5,00 25.00 5.00 5.00 87.857
16 160.00 33.33 0.00 0.00 16.67 94.213 | 56 160.00 13.33 0.00 0.00 26.67 84.115
17 160.00 33.33 16.67 0.00 0.00 93.812 | 57 155.00 0.00 0.00 0.00 40.00 88.278
18 150.00 16.67 16.67 0.00 16.67 87.045 | 58 150.00 26.67 13.33 0.00 0.00 94.865
19 160.00 33.33 0.00 16.67 0.00 90.415 | 59 150.00 25.00 0.00 0.00 25.00 91.784
20 160.00 16.67 33.33 0.00 0.00 89.976 | 60 150.00 5.63 25.63 5.63 5.63 88.461
21 160.00 12.50 12.50 12.50 12.50 86.004 | 61 150.00 0.00 50.00 0.00 0.00 87.862
22 160.00 0.00 0.00 50.00 0.00 91.660 | 62 150.00 0.00 25.00 0.00 25.00 88.273
23 160.00 0.00 50.00 0.00 0.00 88.473 | 63 150.00 50.00 0.00 0.00 0.00 90.205
24 160.00 0.00 50.00 0.00 0.00 88.475 | 64 160.00 0.00 25.00 25.00 0.00 84.166
25 160.00 0.00 33.33 0.00 16.67 87.683 | 65 150.00 25.00 25.00 0.00 0.00 89.262
26 150.00 16.67 16.67 16.67 0.00 95.919 | 66 150.00 0.00 0.00 50.00 0.00 80.401
27 160.00 6.25 6.25 31.25 6.25 90.258 | 67 160.00 0.00 40.00 0.00 0.00 82.342
28 150.00 16.67 0.00 0.00 33.33 87.202 | 68 160.00 15.00 0.00 15.00 15.00 79.450
29 150.00 6.25 31.25 6.25 6.25 86.221 | 69 160.00 0.00 25.00 0.00 25.00 87.908
30 150.00 0.00 0.00 40.00 0.00 94.430 | 70 150.00 0.00 0.00 0.00 40.00 84.506
31 150.00 5.00 5.00 5.00 25.00 90.542 | 71 150.00 0.00 0.00 0.00 50.00 85.124
32 160.00 0.00 0.00 0.00 40.00 88.275 | 72 150.00 5.63 5.63 25.63 5.63 85.332
33 150.00 13.33 26.67 0.00 0.00 98.263 | 73 150.00 0.00 0.00 0.00 50.00 85.105
34 160.00 0.00 40.00 0.00 0.00 94684 | 74 160.00 0.00 0.00 25.00 25.00 80.571
35 160.00 13.33 13.33 13.33 0.00 95.210 | 75 160.00 5.63 5.63 5.63 25.63 84.045
36 160.00 13.33 0.00 13.33 13.33 92.362 | 76 160.00 45.00 0.00 0.00 0.00 88.661
37 150.00 0.00 13.33 26.67 0.00 92.780 | 77 155.00 40.00 0.00 0.00 0.00 89.203
38 160.00 0.00 13.33 13.33 13.33 91911 | 78 150.00 11.25 11.25 11.25 11.25 85.965
39 160.00 40.00 0.00 0.00 0.00 93.893 | 79 150.00 0.00 25.00 25.00 0.00 84.158
40 160.00 25.00 5.00 5.00 5.00 94.225

RFAER RV E R VE R B, DU S 4 PP A FL o Xt 79 FER Y 12 DYDRHE TEREAT VS St I
BHE, P RO R S R RO R0, Bk, EHEMEALE 0~10, & TR AR
IE B i R A 3 I e 2 AR IS BT B P A 2 A B iR
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K, 79 MR ARG L KRR, S8R WK 2,
Forb A R 2 THAR N, AR R ) 22 S P
Ko FETRMRZETERY, THEARLIEE, YHE4R
SRS AR BB T 1, R R AR DR Ak
FHIT . ARALBESE SRR, XZG IREWE S ks
PEAB L 23 A 7E 73.911%~99.999% . 14k 26 [ it K
64 98.263%, #/MHN 79.450%, MhZiLE T
18.813%, ViHIIX 79 2R G W Ik} M 5 ROk 1)
TR 22 S PR R, 32 R W RO VA A )
CMA.
®3 "“RYEREHRTENERAR

Table 3 Standardization conversion formula of secondary

physical quality indexes
— AR —gdEbs By BEEE ) BiaSE

FeoE HR % 10~0 10—x
H % 30~0 10—x/3
¥j—t  Pf % 100~0 10—x/10
10 - 0~0.0002 50 000 x
span - 3~2 30—10x
width - 60~30 (60—x)/3
B IH - 3~1 (30—10 x)/2
a ° 60~0 10—x/6
HEFRPE Da gmL™  0~1 10 x
De gmL™  0~1 10 x
AR L - 1~3 10 x/3
IC % 0~100 x/10

B2 XzGRRHmIMBEaEE
Fig. 2 Physical fingerprint of XZG mixture sample
24 BFRBMESMREITN
N T HEB AR R E -5 RURL I R AR A 3t
AT A AT, KR LSRG PR A g A A
Rk, fEVFRARGCERE 12 MMESRRE (HR. H.

Pf. 10. span. width. IH. @+ Dav Dev Ien 1C) [
Femt EXEINT 13 MEENE (B v~ Dio~ Dso~ Deo-
DOO\ Fm\ Fm*l\ Fm+l\ SSA\ Dzl\ D32\ D43)o U\?‘/ﬁj
BHESE 25 MR ARVIEHEM NI, BUkiE 3
fa i, A Python 3.11.1 FEH A Si% (PLS.

DT. RF. BPNN. SVR) #37. XZG JRBH i (145 it
PEFRMIAR RS . FH XA 2RI NG B0 R e 38 % B
MRS, 45678 & H B RE— HIBRiE Tk
L EEER, BaE T ZKE ¥ (variance
inflation factor, VIF) §#iit CMA. UL 4 : 1 tufgil&ilsy
YIZRERAIMNRSE, YIZR4E 63 AHEdE, M4 16 H
PAIITZREEATINASE e R4 (RY) . MAEE T7
1% % (root mean square error, RMSE). {41
¥R H 4y iR % (mean absolute percent error,

MAPE) SE4FR RPN R I e . R4 5 Mk
£ R ZEMHERT 0.2, MRS, 45005,

R? B4 1, ROABI HUA SR GLF; RMSE.

MAPE BT 0, 2 BIAAL IR Tl 48 g e iR 122231

n n
R=1— D (=0 ) (=7 )? (2)
i=1 i=1
n
RMSE=[ Y (v—y,P/n]" 3
i=1
n
MAPE= Y | (v—y)iy | /n 4

i=1

n MBS ESESREAFEIREARLL, (€1, n], y NBHHE, N
TME, Y NFTEREGR S HE T

25 FIEEIRER

251 PLSEBZR 25 MSHMIIGH A e TR
b UIZREE R?=0.327, JiASE R?=0.400, RMSE=
3.172, MAPE=2.791%. MRIEHAAG 214 B
1 E%: (variable importance for the projection, VIP),
K ESEALIE VIP BN B RAR I B 8 — 2
B, R 4 hal /4R O 10 I, BRI PE RS B
o, BRE IR EE R2=0.384, A4 R?=0.460,
RMSE=3.010, MAPE=2.761%-

252 DT @R il WS RIS R
SR, RN B RIRFE R 30, 5 skl e/ N A2l
0.5, IFLURILESEHER, 15301 25 M4
PWIEE R VEREAR br: IZREE R2=0.768, M4
R?=0.501, RMSE=2.806, MAPE=2.734%, II%%
FEHMRE R? 2 Z KT 02, BRIHE. RIES
ZHHIREEE M (feature importance, FI), &KX
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MONBIR G BRAR B IE — A, ZiRIE 5, 4%

EHCY 11, DT #ARIIZ55E R2=0.780, lil5E

R?=0.687, RMSE=2.223, MAPE=2.191%, ##!

DL ROR 5 TS P2 ik 2 e e

x4 TRTENEUENHY PLS AR REFIFUM I SEELEL
Table 4 Comparison of PLS model performance and

prediction performance established with different numbers

of variables

HAR & S MR

i R? R? RMSE MAPE/%
25 0.327 0.400 3.172 2.791
24 0.325 0.392 3.198 2.803
22 0.323 0.416 3.131 2.763
14 0.302 0.404 3.168 2.842
10 0.384 0.460 3.010 2.761

®5 TREIZENEGEIH DT HARIME BTN RELL AL
Table 5 Comparison of DT model performance and

prediction performance established with different numbers

of variables
A & V=S MR
N R? R? RMSE MAPE/%
25 0.768 0.501 2.806 2.734
22 0.693 0.537 2.703 2.596
11 0.780 0.687 2.223 2.191
6 0.628 0.600 2.512 2.269

253 RF @HER il kg8 Rk R E
SR, W IBCEN 40, RRAEKIREER 10, &
KEFEECEN 7, UL AIUESHUER, 25 NS85
B I R SR bR JIZR5E R?=0.886, M4
R*=0.671, RMSE=1.863, MAPE=1.722%, Ik
EHMASE R? 2 KT 02, BEMEHE. RE FI
B, ARIXMNNBIRGIBRAR BB — i, R R
6. A RHON 11 1, RF B HIZ4E R2=0.865,
#6 TRITEMHEILR RF ZERAIME TN BEEL 5
Table 6 Comparison of RF model performance and

prediction performance established with different numbers

M4 R2=0.854, RMSE=1.375, MAPE=1.153%,
TR 400G 5O R  TIUI A 3 08 B A =
254 BPNN #5455 @i a5 ik ks st
B, BREESHE N 1, ML TEE N 10, BiE
PRBUNEER R PER I (rectifier linear unit, RLUD,
HUUmMHESEER, 25 MEHE M5 2 B Y 1
RedBbr: 4 R2=0.362, R4 R2=0.415,
RMSE=3.230, MAPE=2.704%. &S H 1k
5| EEA: (permutation importance, PD), KK M/
FIRHIBRATRIFIE— B, ARIE 7, WBEH
N 12 i, BPNN BRIk R2=0.353, k4
R*=0.426, RMSE=3.199, MAPE=2.685%, %!
(DL 205 SR 5 TN S 5 08 B e 1 o

RT7T TRTENHEIA BPNN ZE A REFN TN 14 A8

3
Table 7 Comparison of BPNN model performance and

prediction performance established with different numbers

of variables
B AR & V=S MR
Mg R? R? RMSE MAPE/%
25 0.362 0.415 3.230 2.704
21 0.261 0.267 3.168 3.237
17 0.299 0.233 3.701 2.949
12 0.353 0.426 3.199 2.685

255 SVR @4 R IEid AR R E LR
SR, AT 0 FE % 25 8 (radial basis function, RBF),
IEM{LZ%0h 10, RBF 1y 8 0.1, JFLARAILHES
Hoadas, DL 25 MkHE AR BB M Re FE AR I
545 R?=0.999, lliX%E R?=0.603, RMSE=2.733,
MAPE=2.072%, lIZE&E S5l R? 2 2K T 0.2,
BAGE A o ARHE PLAE, IR M/NBIR G B AR &I
B, AERNER S, HAEHCN TR, SVR K
RIS R2=0.999, M4 R2=0.660, RMSE=
2.341, MAPE=1.873%, #HAMIRITHIA

#* 8 AETENHGEIA SVR HERAM SEFFUN M BELL 5L

Table 8 Comparison of SVR model performance and

of variables prediction performance established with different numbers

HAER IZME R of variables
N R R RMSE  MAPE/% BAE IR e

25 0.886 0.671 1.863 1.722 MY R? R? RMSE MAPE/%

21 0.862 0.699 1.919 1.654 25 0.999 0.603 2.733 2.072

17 0.873 0.653 2.059 1.652 15 0.999 0.619 2.624 2.005

11 0.865 0.854 1.375 1.153 10 0.999 0.625 2.586 1.980

8 0.886 0.671 2.005 1.768 7 0.999 0.660 2.341 1.873
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26 AEEZRBRMIMERER TG R ELIREE
AN TR SRR AT (R B DU AR P e AN TN AR EL A
iR 9, FILVEH, RF BEM AL A AL E
IZREEANI A AT 7 ROR M R?, DA L
AT VBN IR, BT AR E VRTINS 5
i if o RF W& SRR, K 9w IE H DT %
B AHEBRI AR K RF 55 1 BROUER 2
AT AT RRARALFE, 45 5 LI 3 thSEM AL I 2 AR
TR, EFHEN R, A EdESELR] K
2T, WA TR M E XA R, BB

®9 TNEEEEEIEREMITUNAEE LI
Table 9 Comparison of performance and prediction

accuracy of different algorithm models

o HARE  IZ5%E kg
M R? R? RMSE MAPE/%
PLS 10 0384  0.460 3.010 2.761
DT 11 0.780  0.687  2.223 2.191
RF 11 0.865  0.854 1.375 1.153
BPNN 12 0353 0.426  3.199 2.685
SVR 7 0.999  0.660 2.341 1.873

El3 RF % 1 BRRERATIILE

Fig. 3 Visualization of the first decision tree in RF

JRAT RS, QY SRR RN T B B SR
(RO BE TS B Pl e 0 IR IR S, BT — IR 58
B R
2.7 XZG FEMAFRLARME CMA BIiFiE

LAFEHON 11 I, RF BEHE 5 AR
RUf. M VIF EF0 LR 11 AMkEYE (o Bs
P~ Den Dav Hv HR. Dion Fn Do TH) [PFEZEYE
FREE, VIF KT 10, REsRILL M, 458 WK 10,
Dav Dev IH. Dio ) VIF fH KT 10, fAFEEGRILEL
P HASEIW VIF HE/NT 10, FERTINE
P PLlas B 7« HRy H. Fumv Dy NEZEE, HT
RF MR8, RF 0% 3 MR PERE LA L3R 11,
TRT AR AR U0 B R 5 TIOINAS E # eHT d B R A B
e, WA A SR A s R AL, (HIL
RMSE A Fil#{%, 3 H MAPE } 1.261%, fijfbis
RUATY B AT AE e (1 T 2 B

Nk DA G TR A A Y IO AR, S TR
WHHERE A R B AL T FE S, FERAHE as By 7s
HR.\ H. Fa Doy 5N, FRAE AR 2 00 000 v 55 H
RS T O 25 A9 1.37% CREX P 2 = | SPrf—
TRIAE | /SEBRED, 15 W T AL T 4 e R 4
Eb A R B L A 7 R b S R AR I XZG

*10 BEEHEMTFMN

Table 10 Colinearity evaluation of independent variables

ebr ®%E  VIF |fe8ks &% VIF [$8fs &% VIF

a 0217 4.602| Da 0.049 20.246| Fn 0.468  2.139
p 0143 6972\ H 0.389 2.574| Dxn 0.101 9912
y 059 1.677| HR 0.635 1.574|{IH 0.005 202.102
D. 0.004 277.271| Do 0.077 13.005

11 RF HEIERELLER

Table 11 Performance comparison of RF

— e MIRLE

R2 R RMSE  MAPE/%
WIURHE R 0.886 0.671 1.863 1.722
AR A 0.865 0.854 1.375 1.153
fRi AR A 0.875 0.793 1.344 1.261

Ak R CMA ¥HHEZER, SR~ TTFE5 T
av B~ 7~ HR BHE NFE, HAB9R, Fn Da 39K, &
AT FE S LR BOZAIR XZG 5 B
e, 2Lk, av Bv 7~ HR. H. Fu Dy 252
M XZG AR CMA, AT Ld T 6 A SRS
M, 3R-TF XZG KR .
3 it

ARFFLLE T 5 FEEN XZG Hl5F A T
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FYIRE (CEZRIIED VTR e RE . 45
BRI, 5 PMEVET RF SVEE T AR TN R
BUF, AT PLS BETIINAG B Z B i, ik
FHIAE T av v y« HR. H. Fyn Doy 525400 XZG ¥
fiE P[] CMA, AT LLd i $a i 1l 77 sk B4 Ak 7 T Z A
BE CEZGAERD B CMA, $-7F XZG KV R,
DR F e 2 RO ) (R AR A ot i S R T R 2
Jiiks

TERRAEAEOIEL T 5 Fifi] 70 b A iy v [B) 44k K 5
TIOR8 HH 52 e ORI A% ) CMA 72 D HVSSA
HR. IH. I KX IC. H H 5 HR S5AWFFEERAM
o Den TH\ I S 1C BRI R A [ 0] M,
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KM ARMLLL T, Salish 52907 LI T BH
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FIRRARA K
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AR BTN R 22, 5 R PR R 2R 125 3 2
KR [ o, s g R K 73 1)
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WURLIL BN, SORT PA 78 435 78 70920 245285 1] (1) AH L
YEF 1. HR. H B4R TRk K 5K 5 Z 1R A
71, FOKERAR, IR, TR 5 K,
WO . PRTERTT . RSP R A S K
EINFTIEFRRR, 5 H TR AN HRL) Bk,
T 2 I R T — 2D VR SR B & K & o Fas Dot B2
HRiA RS, W] LA & AT o R 2015
MR EE AR Sy KRz . Rk, 7 XZG i #
PR AT LA IDARR O . U iR R TR S
UM F BRI 3 AN R, DUHIE BGE
J%, RXZG W= T2 ERMESE,

FEFRE 255 L AR R B, A ZR S 255t
W ZE AP AED s, SRR O R A R T B 5 24
LA, JEEMIT RIS CMA FHOCIERT
5L, UM REEH] CMA FIsRHR AL 5 %, I

MR A A S AR SRR X UL T AV FRTTL o
AT FE P i B B > A R A R R A
i, L5 BRI 7T ik 75 4k SO B 2 i B okt
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