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Abstract: Objective To optimize the dry granulation and forming process of Qiangqin Granules (QG, JE%-#ifi) and control the
quality of the granules. Methods The mathematical models of critical process parameters (CPPs) and critical quality attributes
(CQAs) of dry granulation were established by Box-Behnken design-response surface method combined with AHP-CRITIC hybrid
weighting method using the combined scores of granule forming rate, moisture absorption rate (H), dissolution rate and angle of repose
() as indicators, and the design space of dry granulation was constructed by this model and validated by Monte Carlo. Simplex-lattice

design was used to screen the excipient ratios of mannitol, maltodextrin and dextrin that satisfied the granulation process, and the best
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excipient ratios were determined and validated. The physical quality property indexes of QG were comprehensively characterized by
the powderological evaluation method, and the physical fingerprint of the granules consisting of 13 secondary physical quality indexes,
including bulk density (Da), tap density (D), a, Hausner ratio (IH), H, water content (HR), interparticle porosity (Ic), Karl index (IC),
specific surface area (SSA), particle size < 50 um percent (Pf), span, width and homogeneity (HG), was established to evaluate the
consistency of granule quality among different batches. Results The design space of dry granulation CPPs of QG was 37 — 45 Hz for
feeding frequency, 8.0 — 11.8 Hz for roller frequency, and 40 — 50 kg/cm? for roller pressure. 86% of mannitol and 14% of dextrin were
used as the optimal excipient ratios. The similarity of the physical fingerprint profiles of 15 batches of samples was greater than 0.95.
Conclusion The optimized dry granulation and forming process of QG are stable and feasible, the physical property quality
evaluation of the intermediates is scientific and reasonable, which can provide reference for the development and industrial scale up
production of new Chinese medicines.

Key words: Box-Behnken design-response surface method; AHP-CRITIC hybrid weighting method; dry granulation; forming process;

critical process parameters; critical quality attributes; design space; Monte Carlo; blend design; simplex-lattice design; physical

fingerprinting; cluster analysis; quality by design
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Table 1 Dry granulation process optimization Box-Behnken experimental design table

FE XuHz XoHz Xsl(kgem?) Y% Y/% H% o) |FS Xi/Hz XoHz Xa/kgem?) Yi/% Yo% H/% a/(°)
1 35 12 40 83.67 91.64 1935 31.04| 10 25 8 40 83.40 91.65 19.32 32.96
2 45 8 40 86.73 90.71 1941 30.10| 11 35 8 50 86.86 90.97 19.71 30.99
3 35 8 30 84.84 90.89 19.75 3644| 12 25 12 50 83.07 92.51 18.23 31.55
4 45 12 30 83.14 9234 1930 3326| 13 25 16 40 81.08 93.91 19.74 3351
5 25 12 30 80.10 88.96 19.51 33.07| 14 35 16 50 8633 93.83 19.36 34.92
6 35 12 40 8591 90.63 18.85 33.09| 15 35 12 40 8728 90.71 19.91 34.44
735 12 40 86.12 91.10 20.06 3274 16 35 12 40 86.02 9021 19.74 3134
8 35 16 30 82.50 8737 19.79 32.94| 17 45 12 50 86.75 91.15 19.57 31.71
9 45 16 40 84.07 9322 19.41 3230
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#3 AHP. CRITIC. AHP-CRITIC 3 #RBUAMGZEIEN LR
Table 3 Comprehensive scoring results of three empowerment methods: AHP, CRITIC and AHP-CRITIC

45 AHP/% CRITIC/% AHP-CRITIC/%

45 AHP/% CRITIC/% AHP-CRITIC/%

1

2
3
4
5
6

96.20
98.08
95.51
95.63
92.67
97.21

96.22
97.73
92.49
94.67
92.65
95.76

96.17
98.31
95.80
95.59
92.54
97.40

7
8
9
10
11
12

96.89
93.64
96.60
95.65
97.87
96.60

95.01
92.88
95.78
94.76
96.84
97.04

%R*5 AHP/% CRITIC/% AHP-CRITIC/%
97.21 13 9446  93.76 94.25
93.79 14 9774  95.04 97.96
96.59 15 9728 9433 97.74
95.65 16 97.04  96.06 97.31
98.17 17 9777  96.44 98.06
96.36
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Table 4 Analysis of variance results of Box-Behnken response surface experiment
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Fig. 1 Three-dimensional response surface diagram and contour diagram of each factor

X3/(kg-em 2)

Xo/Hz

Y

45

Xi/(kg-em2)

35

10 14
X>/Hz

B2 EFEHNFEHNTIZS%RT=E
Fig. 2 Design space of Qiangian granule dry granulation process parameters
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Table 5 Formula ratio and scoring results of corrigent
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Table 6 Evaluation criteria for taste correction effect
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BE— B TT, FOBIRRA, FE S —HiRLR B
BE— DGR EE . FURRIE SRR
R A H BRI 22 2P MRS ARG (O VR 5 iRk
RT NEEEREIS BRI
Table 7 Properties of particles prepared by different

auxiliary materials

R BV WLENe H% R

H 93.67 95.87  12.19 55
Bk 94.18 97.53  16.59 5.0
BIHG 90.89 87.88  13.41 6.0
FLAk 89.43 96.06  12.15 45
AVETEER 81.65 86.53  13.52 5.5
WMARLTYER  80.55 46.35  10.66 7.0
FKTEH 96.97 5229  11.02 5.0

283 BB TRIT RHSBIERE TR, DTE
MESHER (XD B ) FMEZERE (X)) 1
bl SR 2%, DABTRI AL 2 (YD) IR ER (1),
H. o Afets, 1HH Design Expert 13 i, wiE L
TRR: 0<X1<100%; 0<X><100%; 0<X3<100%;
X+ X+ X3=100%, ‘ERGRENE IR, $% L FIFREL
TERSAHRE, B0 100 g, 78 HPRL ) 25 8] F
T 2S5 GERVIR 40 Hz, EFRAIZ 9 Hz,
BRI 77 46 kg/em?) HEAT TVAMHIRL, W 5 ROk % 1
febr, & AHP-CRITTIC VA IIBU & AL Ak
R H. o BER$CN 05082, 0.2201. 0.2128.
0.0589, IHHEHLZEEVED Y, 4RNEK 8.

Y= R R R 5 X 0.508 2+ VAL 36 R R A % X
0.220 1+#/N H/HX0.212 8415/ /o< 0.058 9

X EHEHEAT Quadratic FEAYHL A, 53 IR £ i
XEHTE Y=96.45 X1 +87.97 X2+96.72 X5+
1143 X,.X0—7.71 XiX3+3.94 XoXs. 1RIER 9 =S
Mres g, B P {EH/NT 0.001, KB EGHE
EEs RPMERT 0.05, R REAEE; B
P E P R R? 5 JE 1) Ra? MEE/NT
0.2, BRI SIE 5 PO 40L& B s A5 R
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Table 8 Factors and levels of simplex-lattice design, test

arrangement and results

FS X1 X X5 YW% Y% H% a) Y%
1 0 0 9027 91.04 19.68 38.64 9591
1 0 0 9151 8934 19.18 3862 96.71
1/6 1/6 2/3 83.83 93.83 1937 39.82 93.20
12 1/2 0 8798 8830 1888 38.69 94.85
2/3 1/6 1/6 8894 9222 1932 3833 9587
0 1/2 1/2 8728 8930 18.65 36.85 9422
12 1/2 0 8828 89.57 1876 38.58 95.45
0 1 0 7334 8670 18.63 4450 87.10
1/3 1/3 1/3 8820 86.53 1855 3896 94.88
1/6 2/3 1/6 81.72 89.77 18.67 39.73 91.86
12 12 9092 90.04 19.87 4049 9531

1 9323 9048 19.65 4027 97.19

1 9160 91.71 19.62 39.83 96.68

0 7897 8274 1811 44.14 88.78
®9 BREFRITHAED

Table 9 Analysis of variance for simplex-lattice design

O 0 9 AN W kA WD =

e e e

AW NN = O
(=]

- o o O

ZRFKW  CPHEM HME ¥H O FHE  PHE
LAY 109.44 5 21.89 2338 0.000 1
XXz 12.11 1 12.11 1293  0.007 0
X1X 3.84 1 3.84 410 0.0775
Xa X3 1.00 1 1.00  1.07 03307
W7 7.49 8 0.94

RAUT 5.46 4 136 2.68 0.1812
AR 2.03 4 0.51

Mz 116.93 13

R? 0.9359

Ragi? 0.8959

KT 4, BEMnEER S SRR FRIMEE
X, ATHTRRGHEESWNAEZ BFRR. LH
T XX R 2 T, 15 I H e B 5 MRS 2 18] W
A AR . IR T THI 3D M B [ B2 55 s 28
BILE 3. XFATE LR R BV R TR AR, 15
PR T Z N X1 N 0.858, Xa N 0.142, X3 N0, 4
BV R 96.64. G546 AR AR I SERR TARIRDL, %
LM R L2 NH B 86%, Wik 14%, 2 5EH
0.

2.8.4 HIFI T EEARAE  NIUE R AT SE vk,
FRECTEH, LL 703 MZEEL DN 86%[H H &5 %
A 14% NG, 1S 20REH, B0 200 g, il 3 it

X(1) X(0) X(1)

X(1) X1(0) X3(1)
3 BEARTFIRITH 3D MNERESZLE
Fig. 3 3D response surface and contour plot of simplex-

lattice design

FEXRRL, HATIAEREE, R R IEK 10, 45
P9 Y BPFEIME N 95.70, RSD fEHH 0.78%, 5
MMEARZE RN, ROBTONME R 47, FaE il g,
AT L.

29 EEFRAIIEIE L EE

2.9.1 YHABARIIHGE KAREALE e P BERAR S
WA BELE & RAEK K S5 BRI EL @ P, iEhe
B s LK E) S B FR AR AR URE B % 2 S
B, i R oK 5 BORLRE b 1R — SRR U7
RFE FOORE A B A4 57 1 2328 SCRRAROE, K FOR 422
BB S AT, BIHERRE e, FRE k.
AJ AN — 108, VR RURL ) B AR S0 Y — 24
¥ro B Dav De» av IH, H. HR, L. IC. SSA, Pf.
span. width. HG 3t 13 ML S8 bt BOBThi )

£ 10 BREFRTRIFLBER

Table 10 Verification test results of simplex-lattice design

SRS /% %  H% /) Y%

1 90.7 90.7 191 395  96.54
89.5 90.3 195 389 9546
88.6 91.5 196 392 9511

W N
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IR LR ) —2F6hr . SeDeM K R R L
R VP RO o] e, BT BTt S 50 B R
BN, HEWER, SRSGE S S5 —1b
Z[FA—X[A] 0~10, FRiEIEHITIE RSP &
Fabr T Be BUETE 2% (R EZGHL) 2020 Rk
FHORSCHREAE-20), &SR A R 11 Fis.

x 11 MMSHBEA. RECEMMOELERSG X
Table 11 Physical property parameter units, numerical

ranges and standardized transformation methods

—debr YRR AL ¥0 ] oA
HERAME Da gmL™! 0~1 10v
D gmL™ 0~1 10v
maEnt o ° 0~50  10—v/5
H - 1~3 (30—10 v)2
FasE H %  0~20 10—v/2
HR %  0~10  10—v
AR L - 0~12 10v/1.2
IC %  0~50 w5
SSA - 0~100 /10
Bj— Pf %  0~50 10—v/5
span - 1~4 40—10v)/3
width um  0~2000 (2000—v)/200
HG - 0~ 10v

v RV

v represents a certain value in the range.

2.9.2 VEARSEIE I E AR R
¥ Z1~715 BRitks 140 g, DAZGHHLEL 7 0 3 ALl N
N 86% H s B 14%MikG, & 15 #HLIEE Pk
(S1~S15), HYHFabrill e R NE 12, 2HHEH
K EWE BRI EEFR SR, DL 15 I8 255000 1)~
B EREE 0 i s B (R), LK 4.
KH SPSS 26.0 #f, R AR 2L 15
HEFESL (S1~S15) YRR SUEIHE S5 R IAHALEE,
FEBUBERE R, R 1, 3R IR0k () P EE P o e A
Bk, SR R ERAR T o 45 R A1 15 LIRS
K (S1~S15) [H)EEFa S E B AL RE 35> 0.969,
55 R AARBUEE 451 >0.992, 3 B I 55 J0RE 24 L v 8] (1)
FBURE B, BEHHIX 15 fbIe % Bk B 2 B
B — 2.
293 FEMRZEESHT DL1S ESFORI(S1~
S15) KIS HUE N R, T\ SPSS 26.0 i,
2R ERE, PP J7 BRIGEE B 0 FE AT R4t
RHAHRY, ZHRREL, W 5. KRR 15
i, 15 HEIESFORIAT 732 3 2%, Hop#tik S1 ov—
2%, S2.83.S7~S9. S11. S15 A —2&, itk S4~
S6. S10. S12~S14 A 5—3. 173 2KIEE N 20 B,
15 LRk AN 2 25, S1 N—2K, FA 14 ML
WRN—H. BESERSGHUE N &S REA
—3, AR IES R R B AR e, HIELh
W RATIE — BN ES, A8t — B,

£ 12 15 MEZFRL (S1~S15) 13 MR E IR

Table 12 13 physical index determination data of 15 batches of Qianggin Granules (S1 — S15)

B DJ/(gmL™) Do(gmL™") a/(°) IH H% HRY% I IC SSA Pf% span width/um HG
S1 0.70 0.77 3307 1.1 1627 581 0.4 961 5186 1316 179 110128 0.80
S2 0.73 0.80 3294 109 1793 532 012 850 5071 1228 200 1057.64 0.90
S3 0.73 0.81 3274 111 1807 568 0.14 10.14 5212 13.03 166 74633 0.68
S4 0.76 0.82 3234 108 17.64 517 010 732 5785 930 149 77411 0.72
S5 0.77 0.81 3271 105 1775 534 007 504 5613 1387 168 79845 0.70
S6 0.76 0.80 31.04 106 1802 558 0.07 550 5622 893 160  843.60 0.66
S7 0.75 0.82 3444 109 1741 524 011 796 5221 1385 190 1099.31 0.86
S8 0.72 0.79 3335 1.1 1723 535 0.4 972 5319 1236 160 103225 0.62
S9 0.73 0.80 3219 1.10 1753 543 0.3 948 5359 1129 185 95234 0.57
S10 0.75 0.82 3195 1.09 1786 516 0.1 810 5433 1068 184 82039 0.69
S11 0.72 0.81 3286 1.13 1737 535 016 1132 5275 9.65 167 101279 0.73
S12 0.75 0.82 3309 1.09 1785 528 0.0 7.84 5326 1128 172 96522 0.65
S13 0.78 0.82 3186 1.06 1754 564 007 560 5274 1254 185 86524 0.64
S14 0.74 0.80 3275 108 1776 559 0.0 737 5396 1127 149 94256 0.82
S15 0.72 0.80 3367 1.2 18.02 562 0.5 1039 5529 1031 1.60  842.16 0.76
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B4 15 it TS FAIR IR EE B H 3 RIRIE U EE (R)
Fig. 4 Physical fingerprint spectrum of 15 batches of Qianggin Granules and its reference physical fingerprint (R)
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Fig. 5 Dendrogram of cluster analysis
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