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Optimization of the Molding Process of Classical Prescription Xiebai Granules Based on Box—Behnken Design—Response Sur-
face Method and BP Neural Network Method

WANG Jingjing"?, XU Zhongkun®>, FU Juan®, LIU Weili’, HU Zhaodong®, ZHANG Chenfeng”®, WANG Zhenzhong">*,
XIAO Weit**
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Chinese Medicine, Lianyungang 222047, China; 4. State Key Laboratory of Technologies for Chinese Medicine Pharmaceutical Process
Control and Intelligent Manufacture, Lianyungang 222001, China)

ABSTRACT: OBJECTIVE To optimize the molding process of Xiebai Granules (XG) using the Box—Behnken design-response
surface method combined with the BP neural network method, and to evaluate the consistency of particle quality between different bat-
ches by establishing physical fingerprint. METHODS  Dry paste powder was used as the main drug, dry granulation was adopted, and
the forming rate, dissolution rate, moisture absorption rate and angle of repose of the granules were used as evaluation indexes, the ex-
cipients dextrin, maltodextrin and lactose of the particles, were screened by single factor test combined with simplex—lattice design and
entropy weight method, and the optimal excipient ratio was selected. The entropy weight method combined with the Box—Behnken de-
sign—response surface method and the BP neural network algorithm were used to optimize the process parameters, and the process veri-
fication was carried out. The physical fingerprint was used to comprehensively characterize the bulk density (Da), hygroscopicity (H),
moisture (HR), tap density (Dc), angle of repose (o), Hausner ratio (IH), relative uniformity index (18), Carr index (IC), and in-
terparticle pore number (le), and the consistency of particle quality in different batches was evaluated. RESULTS The optimal ratio
of excipients was dextrin 15%, maltodextrin 48%, and lactose 37%. The optimal process parameters were conveying speed
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, pressure wheel speed 4 r- min~' and hydraulic pressure 7 MPa. The similarity of the physical fingerprints of the five bat-

ches of XG was greater than 0. 98. CONCLUSION The optimized molding process of XG is stable and feasible, and the quality of
different batches of XG is stable, which can provide a reference for the development and industrial scale—up production of XG.
KEYWORDS: Xiebai Granules; dry granulation; molding process; Box—Behnken design-response surface method; BP neural net-

work; simplex—lattice design; physical fingerprint
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Table 1 Granulation conditions of different excipients

P e W % AR/ % WRR/ % RIS/ () IRV iEG
Gilhi 86.79 85.53 14. 47 39.85 PR BR B AREERE 0N (A5 1 — B sRS
WK 84. 65 89. 66 15.10 37.56 YRR BT RN RS, R Y — R
FLwE 83.85 83.48 12.20 38.10 YIRh b B A FRE OB (AR — Rk
LT 4R 90. 48 76. 48 12.07 38.81 YRR B RRE S, 0N (A AN — R 456
AT TERY 78.88 70. 40 14.25 38.21 YEL  —J , ANFEES OB A1 — SRR

2.5 AP TRk R R

2.5.1 Happtk il iit R Design Expert
13 AR T B B AT AR i1, OIRS (A) |
RIS (B) FLE(C) MAE AE IR, LIS
R AR KRR EAR bR, XT3 B R
BIIC e AT AR, 18 Design Expert 13 30435 € I
THRR:0% <A<100%;0% <B<100%;0% < C <

100% ;A+B+C=100% , 4= 1%, 14 AR5t #i
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Table 2 Simplex—lattice experimental design and results
e A B c B/ % EE/ % IR/ % R/ () Y
1 176 2/3 1/6 90. 84 86. 09 17.38 37.44 0. 698
2 172 1/2 0 91.25 85.01 16.75 39. 81 0. 580
3 0 0 1 88.34 85.51 17.35 38.18 0.587
4 172 0 172 89.91 82.01 17.96 38.79 0.297
5 1 0 0 82.74 83.39 15.36 39.07 0.554
6 0 1 0 87.78 86.75 16.57 40. 30 0.624
7 1/3 1/3 1/3 87.63 85.28 16.31 39.83 0. 590
8 0 1 0 89.48 87.19 17.01 39.97 0. 645
9 1/6 1/6 2/3 88. 83 83.70 15.67 39.16 0. 626
10 0 0 1 88.12 87.01 17.72 38.29 0. 625
11 1 0 0 80. 06 82.87 15.31 38.99 0.491
12 0 172 172 89. 80 83.25 16.52 38.67 0.543
13 2/3 1/6 176 84.93 83.27 16.24 41.20 0. 360
14 172 172 0 90. 06 84.31 16. 18 39.67 0.59%4
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Table 3 Variance analysis results of simplex—lattice design

Ji 25 KR 5l H H ¥y F1H P i
LT 0.153 3 8 0.019 2 31.32 0.000 8 3
AB 0.000 1 1 0.000 1 0.16 0.706 0
AC 0.057 3 1 0.057 1 90. 33 0. 000 2
BC 0.004 7 1 0.004 7 7.41 0.041 6
3% 0.003 2 5 0. 000 6
J AU 0. 000 2 1 0. 000 2 0.21 0.672 8 ENTES
a2z 0.003 0 4 0.000 8
B 0.156 5 13
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Fig.1 Simplex—lattice design 3D response surface and contour map
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Table 4 Verification experiment results

i ik PRIk ains

M n mw g mgm AT
1 91.25 86. 38 37.79 17.13 0.727
2 89.77 86.61 38. 49 16.59 0.742
3 90. 65 86.57 38.05 16. 96 0.735
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Table 5 Box—Behnken experimental design and results

e A B o AR/ % HALR/ % NG WAL/ % Y
1 100. 0 3.0 6 86. 16 88.43 38.92 17.40 0.589
2 87.5 8.0 4 85.41 87.08 40. 83 16. 68 0.482
3 75.0 3.0 6 84.50 84. 62 39. 47 15.47 0. 530
4 75.0 5.5 8 83.79 85. 06 38.02 17.74 0.416
5 87.5 5.5 6 90. 70 85.59 40.12 15.76 0. 692
6 87.5 5.5 6 89.27 84. 02 40. 69 14.98 0. 628
7 75.0 8.0 6 85. 54 84.42 37.90 17.29 0. 486
8 75.0 5.5 4 83.91 87.08 41.89 16.71 0. 384
9 87.5 5.5 6 88.45 89.08 41.74 16.21 0. 636
10 100. 0 5.5 4 83.10 87.14 42.67 16.31 0.355
11 87.5 5.5 6 89. 50 85.17 39. 08 16.92 0. 601
12 100. 0 5.5 8 85.78 84.76 38.45 16. 55 0.537
13 100.0 8.0 6 83.79 88. 17 39. 08 18.05 0.451
14 87.5 3.0 4 84. 60 82.38 40.78 14.73 0.447
15 87.5 3.0 8 86. 31 83.55 38.59 15.15 0.613
16 87.5 5.5 6 87.43 89. 15 41.16 15.18 0.718
17 87.5 8.0 8 81. 81 88.72 40. 86 16. 67 0. 434
& 6 Box-Behnken [ EH EH5HE
Table 6 Box—Behnken response surface variance analysis
J7 2R 05 A B ¥ 5 F1H PiA B
TEEAY 0.178 4 9 0.019 8 12. 40 0.001 6 BEE
A 0. 001 7 1 0.001 7 1.05 0.339 1
B 0.013 3 1 0.013 3 8.31 0.023 6
c 0.013 8 1 0.013 8 8. 62 0.021 8
AB 0.002 3 1 0.002 3 1. 41 0.273 6
AC 0. 005 6 1 0. 005 6 3.47 0.104 7
BC 0.011 6 1 0.011 6 7.23 0.031 1
A? 0.002 6 1 0. 047 4 29. 64 0.001 0
B’ 0.047 4 1 0. 005 2 3.24 0.114 9
o 0. 066 9 1 0. 066 9 41. 87 0. 000 3
5k 0.0112 7 0.001 6
AU 0.001 9 3 0. 000 6 0.269 1 0.845 3 NTES
aliiRI= 0.009 3 4 0.002 3
PP 0.189 6 16
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Fig.2 Three—dimensional response surface diagram and contour diagram of each factor

2.7 BP #H& ML T 225
2.7.1 BANEEST  AE R 3 2S5 1 R e
FEHE N T 41 22 I 2% ( BP—ANN) M o 18 9 17 41
RGBT A 2 M GRrREA . Hohi A 24
B3R A R R T R R T
BTSN 1 RIZRE Iy IR 14 4150 50
YERINZRSE , R4y 3 AMENBTEEE .,
2.7.2 MBI KLSE RHLRHE R BP
248 2ER {8 B Python 1) PyTorch 47 #EA5  7E0s:
Bl o R 2R s TR 4R T, T ZEXE 3 AR i il
AR AbBE | B FE T BRERAE ] Y 40 22 57 AR H]
WRUELL 71 ( StandardScaler) |, 38 15 15 I 2R 45 - 4%
B TE R, RS — B RER— 4
HEHZZRY CNN B ERUZECE 16 ik igds, B
R /ANBER 2, 76 I 45 B BE v, SR 3 7 iR 22
(MSE) fE R 42 sR &L, A #8 2 F Adam,, #5270 T
2510 000 48l 25, 43458 2411 I SR 2% Fn 3 4
S TEYNZRad R v AR (g I 2461 2 RN 458 2k 2
B2 50 U SN T B, e AR TE RS

I B P RE A T IEAG A3 2 L N 84w . 380
22 (MSE) 4 0. 000 4, -4 X%} % 22 (MAE) K

0.009 2, J5E Z B R® 4 0. 963 0, 7 IR AR I 25
AR AR G RCR BRI, BA Gt 3L,
148 K] 285 PN RN S B (B 1A T LG, 45 SR 3 ) IR 8% T
DUME AN S 3 230 (18] 3) , AT T ST 1) o 28 )
LRI RE e,

12
S S
B~
LI B B —

S
oot —— [

¢ i é é éll g é ; é éllOlll1I21I31I41I51I61I7I
H5
B3 BPHEMEKIEIKEER
Fig.3 BP neural network validation test results
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Table 7 BP neural network prediction results

el %*jrfrﬁifﬁ_l/ E?Kﬂ?‘iﬁﬁl/ WS/ PRI
(r+min) (r+min"") MPa
1 75 3 4 0.424
2 75 3 5 0.510
3 75 3 6 0.529
4 75 3 7 0.518
5 75 3 8 0.523
93 95 4 4 0.399
94 95 4 5 0.515
95 95 4 6 0.610
96 95 4 7 0. 687
97 95 4 8 0. 631
176 100 8 4 0.338
177 100 8 5 0.403
178 100 8 6 0.451
179 100 8 7 0.447
180 100 8 8 0.385

2.8 Iikidse

e B TR IR 5 BP i 48 o) 25 ARG AL A5 3] Y
BT 250 54T 3 fib ikl ge, ¥ 8 :2 MY 255 1L
T 15% WK G , 48% 19 22 ZEIAG , 37 % 1 FLAE , DI
TE AR AR WOR R ISR R 8, K

BRma 1 T A T 2025 VE A B 0. 692, il 42 K
BNA T Z LRGP BIE N 0. 698, R I 2 [ 45
PEACRCR T AR PRI e 2 15 1 R A A
MT LS R E R HE 95 ¢ - minfl, F %8 5 i
41 min"" JEHET] 7 MPa,

Table 8 Verification experiment results

20 51 AR/ % BALE/ % NI VAGD) WY/ % LEAVESY SRV T
M o7 T X 6 88.75 86.71 38.47 16.33 0. 695 0. 692
wIRTZ 87.89 86. 83 37.95 16. 62 0. 676
91.45 86. 27 38.36 17.08 0.705
BP 4 4% 89. 63 85. 64 38.22 16.17 0.710 0. 698
R A 90. 14 87.01 38.46 17.01 0. 691
89.01 86.75 38.17 16. 65 0. 693

2.9 WyHHR SR ST

2.9.1 YPEIRLUELE RS E ORI B TR
TR o (Y 27 T, SR P BELS S PR Al L)
HUPR 75 22 TR A DT- (0 JORE 14 it I PR HAE S
2 Rk B 5 5 HPLC 8 8BS i #h 5E
Sy 24 A A e T D R A R 4R L TR A9 TR A Y
B S AR DG SR BRI R T, TR HE AR
Pj—1k st RS e VR N s B UR A IR 2K

T — AR bR TIE D 9 SPIEREE bR S EO S
TURL BRSPS B AR AR, S0 AR R RS
W S 5 B A ST L R R R R IR AR
Yo IS S 7 A L B e SO 7 S A7 B D E e )
MRET7 152 Mo [ 24 L) W35 3 B 26 SRk AR

A= [14]
= o

2.9.2 YRS bREL e AR 2. 8 T
il & 5 HERE S 21 ~ 75, I X2 25 FE & ) B & M 48 b,
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BRALIE 10, XA T AR R4, A T4 2
PEFe A LR 9 Fe 4 R I 10, DA I — 4%
W B AR B v A (L 22 ) T S TR D BORE 1Y
YrBRRR S DL 5 ORI — S8 Arbn e AL 5%
(8 1 F- B (E 2 i) IR B SO 1 (R) W B AR
UL 4,

2.9.3 IR SURTEARIE S4BT SR A SPSS27.0
A X 25 U O AT AR RURE 73BT, ARBLE A i
FEAT 1, WA AT 14 40 B R RS AR B, AR o e AR
FE o FHABARURE THE S5 B nT il 45 1 5 LTS UL
] 4 B S R 1544 >0. 98, 5% BAFE SUA % (R) Fbds
AHBUEE 35>0. 98 , 1A 5 LI A 4 B4 1 — 2

R9 ZRIEIMRENFEBRAK

Table 9 Standardized conversion formula for secondary indicators

— %P5t YRR 5 A Fieniel AR
B K5 HR % 0~10 10-x
W R H % 0~20 10-(%/2)
HeFE P B Da g+ mL™" 0~1 10x
IR T T De g+ mL™ 0~1 10x
stk NI @ ° 0~50 10-(x/5)
ST IH - 1~3 (30-10x)/2
Bl— AHXT 155 BEHR 2L 10 - 0~0.02 500x
Al Rk RIRTEEL Ic % 0~50 x/5
TR ] FL B AR Ie - 0~1.2 10x/1.2

T FORVEHI R —1E,

R10 YEBEIEENEERELER

Table 10 Physical fingerprint measurement index conversion results

BESY Da/(g-mL')  De/(g-mL”')  HR/% H/ % a/(°) H 10 IC Ie
71 6.17 6. 82 5.08 1. 18 1. 88 9. 47 2.57 1.91 1.29
72 6.35 7.10 4.19 2.51 1.83 9.41 2.21 2. 11 1.39
73 6.38 7.04 4.05 1.41 1.99 9.48 2.68 1. 88 1.22
74 6.39 6.93 3.83 2.00 2.11 9.58 2.17 1.56 1.02
75 6.42 6.89 4.08 1.46 2.00 9.63 1.89 1.36 0.89
R 6.34 6.96 4.25 1.71 1.96 9.51 2.30 1.76 1.16

Z1 72 Z3

HR HR HR

le H le H le H
IC Da IC Da IC Da
10 Dc 10 De 10 De
IH a IH 4 IH a
74 R
HR HR
le H Ie H
IC Da IC Da
10 Dc 10 De
IH a IH a

4 EEFNYEREYEE
Fig. 4 Physical fingerprint of Xiebai Granules
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AR5 R H Box—Behnken 15 11— Wi iy 1 2 2% &
BP 128 M 28 AL ARTS 1 BURL R 1220, JF R R 3R
LS G AP B A 48 T RBH RS SRt
J5C HE RIS L ORE B T 20 52 . A5 30 i
FERRHEC LA MIAS 15% , 22 ZF WG 48% , 30 37%;
ETZEZSHON B 95 ¢+ min™' | KR
41+ min™ JREJE ST 7 MPa, TR T s it
KLU Bl G, WA 58 UKL BT i ARUE B R
A Rl 0 i e S o i Y — B P RS

At S A RS T FE DR AR A
Dy 3 BN EE T A5 PR R RS2 R T K AR KA SR AR
BLIE S BCABUS I R 3 T 53 e 0K A i A1
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YR SR Z B AR 308 S EC R R e,
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%, ORLAS Gy AT T 13 O, AT g 25 S B Rk
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SR ER RS 1S P FR bR, BT IR VTAN FE bR
RERS HERH FAh AN 6] T 25 2800 0 U0RL ) B 6 e e,
iR VIt S U R P UNS A3 D g P OF = i AR S
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B B2 K224 2025 4F 10 A 56 41 555 10 8]
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