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ABSTRACT: AIM To optimize the dry granulation process for Shugan Bushen Granules, and to establish their
physical fingerprints. METHODS Based on quality by design (QbD) concept, roller pressure, feeding speed
and roller speed were selected as critical process parameters ( CPPs), molding rate, dissolution rate,
hygeroscopicity and angle of repose were selected as critical quality attributes ( CQAs). With feeding speed, roller
speed and roller pressure as influencing factors, CQAs as evaluation indices, the dry granulation process was
optimized by central composite design-response surface method, after which the comprehensive score was calculated
by AHP-CRITIC mixed weighting method. Simplex lattice design was used for screening excipients, after which the
physical fingerprints were established with powder parameters as evaluation indices. RESULTS  The optimal
conditions were determined to be 40.93 r/min for feeding speed, 5.53 r/min for roller speed, 11.84 MPa for
roller pressure, and dextrin as an excipient, the comprehensive score was 95. 127. The similarities of 15 batches of
physical fingerprints were more than 0.98. CONCLUSION Dextrin can ensure good moldability and
disintegratability of Shugan Bushen Granules, and physical fingerprints can characterize the powder properties of
this preparation, thus provides a new method for the quality evaluation of other traditional Chinese medicine
granules.

KEY WORDS: Shugan Bushen Granules; dry granulation process; physical fingerprints; central composite
design-response surface method; AHP-CRITIC mixed weighting method ; quality by design (QbD)
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Fig.1 HPLC chromatogram of paeoniflorin
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Fig.2 HPLC chromatogram of hesperidin
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Tab.2 Design and results for central composite design-response surface method

WS AR/ (romin™!) B[R/ (r-min~!) C JEHRJE J1/MPa Y, U/ % Y, AR/ % H/% a/(°)
1 35 5 10 85. 14 96.72 13.83 30. 15
2 35 5 6. 64 81.37 95.21 15.26 32.63
3 45 3 12 83.31 93.72 11. 10 30. 60
4 25 3 12 76. 65 88.91 15.73 31.92
5 25 7 8 75.01 89. 46 15. 47 31.78
6 35 5 10 87.96 94. 14 14. 36 30.75
7 35 5 10 86.13 96. 32 12.42 31.58
8 25 3 8 70. 43 87.17 13.85 29. 60
9 35 5 10 84.36 95.13 12. 67 30. 39
10 35 5 10 87.03 87.53 13. 15 29.02
11 35 5 10 86.07 94. 74 12.90 31.39
12 45 7 8 83.24 85.62 14.17 30. 61
13 35 1. 64 10 72. 81 88.03 12.38 32.56
14 25 7 12 73.43 88. 19 12.92 32.24
15 35 8.36 10 74.94 84.21 12. 10 32.00
16 35 5 13.36 86.59 87.76 13.03 30.92
17 51.82 5 10 86. 05 97. 14 14. 50 32.99
18 45 7 12 85.72 95.32 13.51 31.03
19 18.18 5 10 71.23 89. 32 13.91 31. 18
20 45 3 8 76.59 86. 69 12.85 29. 08

®3 AHP EFHEEEERE
Tab.3 Judgment priority matrices for AHP method

fits  BUMR R H o Wi/% A
WA 1000 2.000  3.000  4.000  46.582
WAL 0.500  1.000  2.000  3.000  27.714 4 031
H 0.333  0.500 1.000  2.000 16.107
a 0.250 0.333  0.500  1.000  9.597

Hr W, RRA—AEREL, A, FRERFHER,
RNERER , PhIPEBN, AR .

ARG R R A B AR AR (IR L) 5
JEATERR (o, H) #EATIH—ALALBE, Fi 91k
A=t [ (X=X,.) 7 (X,—X,) 1, JE&
1 [ (K= X) / (Xp= X,0) 1o BRI
SPSSAU #fF:, H&TI1—fL &5 R A5 Febr AUH 5
B, SR 4, FIRIGR AR T2 5T 5 ) i
&, EVIE B AEURLA O T T G T

R4 CRITIC EE
Tab.4 Weights for CRITIC method

PR S bRk A F A /%
0.276 2.507 0. 692 28.478
0.253 1.924 0. 487 20. 056
0.336 1.901 0. 639 26.311
0.319 1.914 0.611 25. 156

2.4.2.3 AHP-CRITIC JR &AL AHP %38 i
A 3 ) O R P R TSR R B w0, BLIRBEA AL
G L FAE R AR R, (BZE RS 5%
TR CRITIC ¥ 2 — Fh % UL AL
B, HAUE BB 0 A TEPRAOXS LLIREE (BRifE
2540

22) MHBFREIA M (FHCRE) RE,
B F0 00 S IRE A BOHE 1 % LA 8L R T R A
2 T2 L RINA RS I8 B A 5 1 N 7L
B, WD R — WOy 2 R R, AR ST 8GR
AHP-CRITIC JRA AL, I 3RAS 5 5 5 5 B
RAEWERZRW oy, ITHELARXN oy, =

e, t

G TGO g s AN
2 i=l(wAHP, i Wermc,i)

bR, n MIEAR BB, R, UMK HEAR H,
o B @ w3 0.476 1, 0.271 0, 0.178 2,
0.074 8.

2.4.2.4  ZRGVWArIEE R AHP
CRITIC ¥, AHP-CRITIC & & A T B ALE &

Bo, HIHELEITS, AT h G55 =

TON TUE M PR
e ,
mln[; >wa+wau, s S . Fsm
63

SCHk [18] B AT A BT, K BL AHP k|
AHP-CRITIC JR& IAGE BT A5 25 6143 B9 A OC R %k
1.000, CRITIC 3%, AHP-CRITIC JRAIALERY N
0.937, AHP ¥, CRITIC ¥ (0 0.933, HI¥ KT
0.9 (P<0.01), B3 Fpyk A& mm—abk,
{H AHP ¥ CRITIC ¥ T 15 A F /9 AH 5¢ R 50U R
0.363, FIAPTEASCHERAR, BT {5 B IS
FEPE, B AHP-CRITIC RS MAGEZE RN A 41
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Tab.5 Results for comprehensive score calculation ( score)

A oazs AHP % CRITIC ¥ AHP-CRITIC JRA&IMAUE
1 95.17 89. 18 94. 54
2 90. 81 84. 40 90. 20
3 96. 39 92.17 9. 13
4 86.36 81.27 85.65
5 85. 88 81.27 85.15
6 95.26 88.28 94. 68
7 96. 61 90. 59 96.26
8 84.82 82. 66 84. 04
9 95. 41 90. 10 94.93
10 94. 60 89. 10 94.03
11 95. 66 89.52 95.24
12 90. 55 85.00 89.97
13 86. 98 83.97 86. 60
14 86. 82 83. 49 86. 36
15 87.50 84. 42 87.17
16 93.94 87.95 93.53
17 94. 36 86.99 93. 88
18 95. 12 88. 88 94. 61
19 85.31 82.35 84. 64
20 89. 12 86. 20 88. 48

2.4.3 BIRUA 5I7 2500 R Design-Expert
13 %4, DL AHP-CRITIC B:FFSLE53F5 (Y) A
WA MR, XIERHEHE (A) | JRIEFEHE (B) . R
JEJ1 (C) AT k2ol IAiUA, SRR V=

94.52+3.194 + 0.201 4B + 1.52C - 0.231 3A4B +
1. 184C-0.426 3BC-1.904%-2. 74B*>-0.983 0C*,

Y4y
OO
SES=
.

98
o
R
= 90
881
86°
841

00000
eI

J—
——

B/(r'min™")
C/MPa

35
A/(r'min™)
a. ABRZHAEH

e AL B CO YRR | TR, RIS a1, LI/ NEDy =4 A, T or /bR SRR A,

30 40 45

3 ERig

HUE RELR® 4 0.978 9>0.9, FKIAMABR RIF,
iRl P<0.01, HA R REME; KT P>0.05,
FEWA T AR T BRAR T R S Wk SE PR T2
Blo IESMTWR 6, ATHHAR A, CHRBEDH
WE (P<0.05, P<0.01),

Fk6 BERGT-MEEEFESNER
Tab. 6 Results for analysis of variance of central composite

design-response surface method

RIE BE¥IEE M OAME ¥y FAH P{H
TR 335.69 9 37.30  51.48  <0.000 1
A 138.75 1 138.75 191.51  <0.000 1
B 0.5532 1 0.5532 0.7636  0.4027
C 31.41 1 31.41  43.35  <0.000 1
AB 0.427 8 1 0.4278 0.5905  0.460 0
AC 11.21 1 11.21  15.47 0.002 8
BC 1.45 1 1.45 2.01 0.187 0
A2 52.24 1 52.24 72,11 <0.000 1
B? 108. 49 1 108.49  149.75  <0.000 1
c? 13.93 1 13.93  19.22 0.001 4
B2 7.24 10 0.7245 — —
P AT 5.57 5 1. 11 3.33 0.106 5
alif 2= 1.67 5 0.3349 — —
M 342.93 19 — — —
R? 0.978 9 — — — —
R’ 0.9599 — — — —
2.4.4 WREIAT B3 WoR, SHEE =il

FIAR YRR, BEBEESR (P>0.05); %5
R NERITE , S HEAEFA R (P>0.05), &%
KM, WL LB 40. 925 +/min, &

35 40 45
A/(r'min)

c. ACKZHAEH

30
B/(r'min™")

b. BCEXHAEH

- 300 R T i [E] 3K i) R T [

Fig. 3 Response surface plots for various factors of central composite design-response surface method
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ERFETS. 525 v/min, JEHEE ST 11,842 MPa, %4
P43k 96. 672 41,
2.4.5 RIFRAE % “2.4.47 WL T 28
7 3 HEAE, 49R0WE 7, WA
h95.127 43, HPME 96. 672 MK,

*7 BEREiH-MEEERIEREER (n=3)
Tab.7 Results for verification tests of central composite

design-response surface method (n=3)

RIS WR/%  BIER% o/ (%)  H/%  LEATER/
1 86. 07 93.01 30.15  12.97 94. 96
2 87.92 93.21 31,92 13.96 94. 54
3 85.75 92.98 30.65  12.01 95. 88

2.5 HIALLTHR

2.5.1 HipRlRpRIGE S RTINS A SR [19]
HRIE SRR, EPERING | I . AT TR TE
¥y, FLME . BURILIER, 5T BRI 12
RA, M6 200 g, ¥ “2.4.47 TWNLAL T &k
APl M iR e R | kb
fa, WHEREEST, SR E 8, Mt nla,
FLOE . WIOHE . ATV MEVE R AR S, R R

U, WORPERR, IR ME b 2 2R B
B, UMM, ORISR, BURTEmE LR
B, WOEREILEE . WIR . D PETE R AR B — 2
itk

®8 HWRMEMMLER

Tab.8 Results for excipient kind primary screening

R ORI % BARR/% H/% o/ (°)  RERTES/ 2
Wik 76.43 91.43  12.14 30.01 7.0
MK 52.24 95.63 15.95  31.05 5.0
A 77.93 97. 64 11.51  32.50 6.5
AIETEER 76. 89 87.32 12.52 30.00 6.5
WA e 72,15 86. 01 13.75  30.05 6.0

2.5.2 HIERTUOF R 2,517 BURERIE
fill B2 HCHR [21] B, %2 0 1 BIRECTE
W Rl By 200 g, & “2.4.47 TWIFAET
2T FIEHDRL, AHP-CRITIC R4 INAEE I A5 A
B AR H, o 10 o g5 5 0.476 1,
0.2710, 0.178 2, 0.074 8, IHELZEEITFF (V),
AR Y= B AR/ KRB X0, 476 1+ L%/
KRR X0. 271 0+ /N H/HX0. 178 2+85/N o/
ax0.074 8, Z5HIFE 9,

xR9 BEREGFIEHTEZEKEEER
Tab.9 Factors, levels and results for simplex-lattice design
I ki Bk AR PEVE R RiE AR/ % H/% a/(°) Y G50/ 5
1 1 0 0 85.21 94.71 12.13 30. 80 98. 11
2 173 173 173 79.59 95.92 12. 65 31.30 94.52
3 0 0 1 80. 12 86.42 11.24 30. 10 94. 40
4 1 0 0 84. 88 93.19 12.23 31. 10 97.29
5 0 1 0 75.33 95.78 13.97 31.70 90. 52
6 1/3 173 1/3 77.62 92.10 12.40 31.70 92.57
7 1/3 1/3 1/3 79.94 90. 58 11. 88 30. 40 94. 45
8 1/2 1/2 0 80. 42 87.82 12.70 31.50 92.59
9 172 0 1/2 82.20 89.91 11.34 30. 80 96. 22
10 0 1 0 74.83 90. 08 13.10 32.20 89. 47
11 172 1/2 0 80. 11 94.27 12. 45 31.30 94. 60
12 0 0 1 80. 22 87. 88 11.21 29.90 94. 96
13 173 173 1 82.47 93. 62 12. 85 31.10 95.28
14 0 1/2 1/2 77.79 89. 83 12.22 30. 70 92. 49

P 9 BRI TING, 8 kWi mH R
K Y = 97.614 + 90.05B + 94. 66C — 0.773 8AB +
0.027 5AC+1.48BC (R*=0.950 4), J52Z4rH1 WL
10, M N A3 AT LR 4, HR UL ETAT, BEAY P<
0.01, HAREREME; KM P>0.05, KVIIR
EARE; JERK R SHBEIGERKR,, W
ZH/INTF 0.2, RABRILG B4, Al H T H
GYHT. EAHIE, WIKE . ATIRTEVER . FURELLE N
1:0:0BZEETE R, JFEmuElR 54
W50 94. 10 43, BIGRELARING
2542

R10 BEEFRITHFEDWER

Tab. 10 Results for analysis of variance of simplex-lattice

design

kR E¥WETHFM HBE B F1H PiE
R 71.32 5 14.26 30.64 <0.000 1
AB 0.055 5 1 0.0555 0.1193 0.7387
AC 0 1 0 0.0001 0.9921
BC 0.140 9 1 0.1409 0.3028 0.5972

W2z 3.72 8 0.465 5 — —
ER 0.662 8 4 0.1657 0.2165 0.9162

4lif 22 3.06 4 0.765 3 — —

B 75.04 13 — — —

R? 0.950 4 — — — —

R, 2 0.919 4 — — — —

adj
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A 4 2.5.3 BibRs  ARHCTREANE R, SHIR
o8 RA, 200g, % “2.4.47 Wi LT A8E4T 3
§:E: AR, g5 U 11, fnr Zn, A A S

A(1) »
(0)
C)
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B(1) A(0) 1.000
B v

a. =4 i i R b. R A

B4 BREFIEHEE RGN EE
Fig. 4 Response surface plots for various factors of

simplex-lattice design

PERLE, RS, WTHT T2,

2.6 HEBLAEAET BIRIKHFERE,
SEA M ARCEEE S SCER [23-24] RIE, EERS
PR, MERUWE D Y—tE . AT RUOEMEEN—SY
AR, KIEA (o) ZEEGIIE (IH) | P 3%
(D). JREHE (D). F/KE (HR) ., Wi
£ (H) , Rif2<50 pm B AL (P) . RIRFEEL

F11 BEEFRITRIELERER (n=3)

Tab. 11 Results for verification tests of simplex-lattice design (n=3)

o8 ST % AL/ % H/% o/(°) LR/ o THLEAVE RSD/%
1 83.59 93.12 13.65 32.30 94. 58
2 82.21 92.12 13.31 33.30 93.67 94.10 0.49
3 83.08 90. 07 12.97 33.03 94. 06

(I1C) , WURLEFLBAAE (1) . R (SSA) |
A1 (HG) . F&J¥ (Width) | 4> 45 96 % ( Span)
VEN R BRFEHR, W 12, % “2.4.47
WAL T 204 15 HERES (RS W1~W15),
W5E IR YRR bR 5 HEAThR AL AL B, G — T2

0~10 X[H], S YHIEaEE, 3 U ES
TR S W 5, SRJE, R Pearson #1C &
Bk b AT A U VR4, e BRAS LR i =2 (R X KT
0.98, SXIIEEEZ E WA TF 0.99, RHZTZ
BA RIFWES ST,

x12 HEERUESER

Tab. 12 Results for physical index determination

W5 «/(°) IH  DJ/(g-em™) D/(grem™) H/%  HR/% Py/% Span  Width/pm  HG IC I, SSA
Wl 31.21 8.32 6. 60 7.90 12.45  6.70 9.87 7.70 7.02 3.06  5.21 6.8 5.31
W2 30.09 8.21 6.70 7.92 12.32  6.86 9. 86 7.73 7.02 312 532 6.8 5.34
W3  31.04 8.20 6. 64 7.86 12.76  6.73 9.83 7.84 7.42 3.17 534  6.79 5.57
W4  31.05 8.33 6. 87 7.93 12.48  6.69 9.79 7.89 7.23 3.09 542 6.92 542
W5  31.05 8.25 6. 56 7.67 12.05  6.59 9. 80 7.59 7.32 3.21 534 6.8 5.34
W6  31.05 8.32 6.73 7.74 12.47  6.73 9.91 7.73 7.24 311 547 6.67 5.47
W7  31.65 8.17 6. 82 7.79 2.3 6.59 9.76 7.65 7.34 3.24 528 6.74 5.51
W8  30.87 8.32 6.45 7.83 12.27  6.71 9.73 7.73 7.13 320 5.29 6.73 5.37
w9  31.21 8.26 6.72 7.83 12.37  6.83 9.85 7.81 7.21 309 539 6.8 5.33
W10  30.87 8.50 6. 69 7. 64 12.53  6.73 9.74 7.69 7.19 3.0 531 6.72 5.47
Wil 30.72 8.43 6.78 7.91 12.48  6.77 9.82 7.63 7.23 312 528 6.91 542
Wi2  30.76 8.48 6.57 7.74 12.71  6.82 9.93 7.76 7.23 312 524 6.83 5.37
WI3  30.90 8.39 6. 69 7.85 12.46  6.79 9.77 7.78 7.09 320 5.38  6.92 5.50
W14  30.87 8.35 6.72 7.69 12.09  6.83 9.84 7.90 7.05 306 5.26 6.79 5.46
W15 31.03 8.42 6. 68 7.84 12.27  6.74 9.84 7.57 7.27 3.16 527 6.8 5.39
RSD/% 0.01  0.01 0.02 0.01 0.02 0.01 0.01 0.01 0.02 0.02 0.0l 0.0l 0.01

3 Wit54R

DO AT B, U AN R A iR A 7
T i 22 PR AR A ;5 5~ A5 DR 7 R P i ™ R
BE, WORICA A AR TR ARHTRL, P
AL, S E IR R, TRIER
WA, I, AR SCHR R TR AR ES & Tk dlRL Y
TS, AMUREA Rk Lk, b BA %R
Phag ST IR . 5 TR AR A

PIPAR TR Won, DR R R
A . BUGR AT O TR SIS R, b
YO, B S BT AN R TEA R R - HA
AR AN, HOE P AR S P SRS R e AR B
FOURE RCR B[R] IR, A 28008 B 1 i A o e v A S
AR

BRSO I o, TRAR R T 5 AR
RS2 HAE IR BT AN B BORL B R, R
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