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Optimization of the forming process and establishment of a physical fingerprint for Kaixin granules

WU Zuomin', WANG Yunzhi', NING Meng', BAI Shuxian', MA Huifen’, XIE Zhishen’, ZHANG Zhengiang®,
YU Xiaotao', DONG Jingyuan' (1. Dept. of Pharmacy, Luohe Central Hospital, Henan Luohe 462000, China;
2. Academy of Chinese Medical Sciences, Henan University of Chinese Medicine , Zhengzhou 450046 , China )

ABSTRACT OBJECTIVE To optimize the forming process of Kaixin granules and establish its physical fingerprint. METHODS
Using particle forming rate, hygroscopicity rate, dissolution rate, and angle of repose as indices, the key process parameters of the
granule forming process were determined by Plackett-Burman design. The analytic hierarchy process (AHP) combined with the
entropy weight method was used to comprehensively weight the indices, and the forming process of Kaixin granules was optimized
and validated by Box-Behnken response surface methodology. A physical fingerprint of Kaixin granules was established based on the
following physical indices: angle of repose, Hausner ratio, bulk density, tapped density, moisture content, hygroscopicity ratio,
and relative uniformity index, with similarity evaluation was performed. Cluster analysis and partial least squares discriminant
analysis (PLS-DA) were performed using SPSS 20.0 and the SPSSPRO online analysis platform, respectively. RESULTS The key
process parameters were ethanol volume fraction, ethanol amount, and the drug-excipient ratio. The optimal forming conditions
were as follows: ethanol volume fraction of 87%, ethanol amount of 27%, and a drug-excipient ratio of 1:1. Validation showed
that the average comprehensive scores of three batches were 97.82, with an RSD of 0.19%. The similarity of the physical
fingerprints of ten batches of Kaixin granules prepared under the optimal forming process were greater than 0.98. The results of
cluster analysis showed that the ten batches were divided into two groups: S4, S5, S7, S8 and S10 in one cluster, and S1-S3, S6
and S9 in another. The variable importance in projection values of Hausner ratio, relative uniformity index, bulk density, and
moisture content were greater than 1. CONCLUSIONS The optimized forming process is stable and feasible. The established
physical fingerprint can effectively characterize the overall physical properties of Kaixin granules. Hausner ratio, relative uniformity
index, bulk density, and moisture content are the key physical indices.
KEYWORDS Kaixin granules; forming process; physical
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N7 T3 AT 76 DG B PR 28 1 28 () N A RS MR R S T2
SR B S5 G BA SR AT Bk
#T (analytic hierarchy process, AHP ) -J#i #2253 11 1 AHP
04 3 IRAN 5 B A () 2 IR A AR 25 5, A R0 fe B
— WA Ty ¥ 1 Jm BRAPES . A58 2k H] Plackett-Burman
BT 8 O Uk B R T2 e T 280, R A
AHP-J B XF 25 PEAN P8 b iE A7 25 6 AL, 45 & Box-
Behnken i 17 1 22 05 AL O JIURE ) T2 240, LLSE R,
RTS8, fEIEaE - 5T 24 Bk A
2EFR AR ST fe A B T2 A8 A I 0 JURE ) BE A
SUEIE , LA T FAE T 0 Uk i o — e, TRl R
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5 AE R U ORI SRS A 7 R AR

1 ##
1.1 EEUEE

AHESE I B S04 DHG-9030 AUE: X4
(_Lilg—fa Rl A A PR ) (58 10R UK I i 250
ML (7% & Eppendorf /3 ] ) \BXZ-400 Kl Z5 4 24 b ka5 1k
AR (LR RS A BRA R LAUW 120D B 7 43
Z—H K- (H 7 Shimadzu A 7 ) L JE602 I B, K F-
(BRI A RAFD
12 FEHBSRAF

NS (5 25052006 , 77 1L 75 4K ) AR A (it
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RNV AR R A BR A F], 2/ 4 R 2500550 S5 T 5 24
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B BRA R AR 4K
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2.1 FRLERRIHI A

R A A TR R AL A 990 £k T A5 T SR 114 1 BT
SO RBASIR A 10 g ek A 10 g A7 ETHIR A 10 g,
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TRZEELR 20 g, /K2 30 min, $2HL3 U, K 1 h, &
UMK 10458, J5 UK 8 45 i 5 & 9F 3 IREE U, Hk
i THE A TR BRI IR . BCT IR R R, LIRS
JIFERER A 0.7% S 450 1R 5, s &t 2 B il 1
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o H AR B 50 400 (16) A R oL PO ) B s S [T A
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Z: 18 2025 fr (H [ 24 81) (PR ) 38 ) <0104 Fikr 551
TG0 7 B 2 ™ B2 1 TR 0 R RR B R
(my) , 88 J5 WO Rl ask —5- 0 {H A B 38 5 0 A A0k
FERRAE B (me) 4% TSR < 7838 = mo/my X
100%.
222 H

BT 5 DR, & T 25 °C . 75% AH XTI B 1 25
A2 R e MR IR AR PP 24 h, FREBUT.OB0R £ 2.0 g,
SEAH T FR U, IR B T kR E MR e A P
24 h, SR 5 FR A RS A R T o (s ) , FE 8 20T
H:H=(muwr—2.0)/2.0 X 100%",
223 W®E

PRI L BORAE A 29 1.0 g, B T 50 mL B0 A4,
JIA 20 mL(75 £ 2)°CHUK, FE 43 P47 , LA 3 000 r/min
B0 5 min, BB, BT EE S B9ZE & ML (m e ) FH7K
7T, T 105 °CHEFE 15 A6 T (m e swmn) , TE2Y
AT E AL R B R = (mspncmmmn —m gz )/1.0X
1009%",
224 «

SRR 5 U 2025, B3 AU - S R 1, 5 e s i U
S| AR ARARAL O T ELRE B IC R b, SRR R 228 1Y
STHLEIA L2 SF b, RREORE B AR HE R 10 (B 4 A T
Uity 5 B S R U <1 11 R 2 it 00 A M R [ A AR A S
AR () F ARG A a:a=arctan (A/r)",
2.25 HR

Z: 18 2025 J [ 245 81 ) (PO ) 38 0 <0832 7K 43+
FE RIS 3k CHE T3 ™ Bk 1 Wi O 5 6 ()
MRt 5 OB B & (maprs ) L #8725 31154 HR: HR=
(myri—mure)/mpri X 100%
2.2.6 D, .D.JIH

B 10 mL S5, BRE i (m o) , AR5 SR 12 A SBURL
FrHREER T, 10 SR FURAREL (1), R g 10 5 5 Uk R i
i (me) A AR E D D= (m o —mun)/Vio KA W
LY T T IR B BARBUE E D SRR AR (7) , 3%
NGB D D= (mg—mun)/Vo; IH=DJ/D
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g2 SR (R D) BoR, DI MR, BT 8op i a1,
ORI AN 5], BB R R m , H S a eI, AR,
FFA 2025 A R FE 245 30 (O30 ) B0 ™, s BETRS b
Fi ke o

=1 HEANEERER

ik TR WL He o
e SR TR 85.10 15.98 7327 3490
U G, TRANILRES) 8029 13.13 85.29 3340
ik AR, RSN 3) 8931 12.69 83.17 3311
PAEFEE OB SRR OMIR YY) 8732 174 78,64 36.19
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Shy el 36 R 171 )8R [ A 3k B 2 AT B BRI £
AP S % SO [ 119545 6 50 Br, 342,110 )y s
il 28 T UKL, X AN [R5 0 1 P 1 (0.3%.0.5%.0.7%
0.9%) AT %5¢ . KT FEHUIT 1 X 20 N & 52 17
Wit PeH 10 2 35 (B Aot 101, 5™
F OB e s JEIHE 58 O RLRg G, FLIT I TR
G ), AR AR R T 4 FRE AR U I R i R T
FEE PN . DAZES TUBWE NP2 5, R FHHEF IR ok
L2 LRI 4.3.2. 1 45 ; 45 41 8] L R H Friedman
B, 33517 Bonferroni K 1E [ 9 FL3% . PEM T
R A FE 2.0 g, in4liigoK 100 mL, H A (P %
600 W, 4% 40 kHz) 5 min 757V f# , B85, EIAS A5 3%
W o BURRINYAR 10 mL 5 AR 15 s, Hea) etk 0 sh e, s
R ) ) 5 AR 7 DX 3 4 A DU A, i HH ) 60 s
NJERAZ [ 5 B S DA I DA Gl Kk 5 Uk, AR
An AN T 1B 30 min" . Z5 IR, 0.7% B A BT AYIT
43(3543) 3 5 T 0.3% EH 45 B 1 (18 43 ) 1 0.5% i 44
BT (21 43) (P<<0.05) , 1H 5 0.9% i 45 B8 11 (29 53 Lo
L ER LG E L (P>0.05), 44 HIRS 25,
VERERIT A I A I 0.7%
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24 AHP-@BUEEZEE N ZIERHINERH
2.4.1  AHP & S TR AGE

AHP 2538 55 BT AN [ bR 22 0] 1) SCHE I, 4 A3
FEAZR, I8 R E A B BRI R
L ORI OR 5 A 7 AR s H S B0k s
HOE TS 5 G5B UM O, A2 RN 5 1 25 % bk
VAL T T A I PR b AR e 5 SR WA o i i 55
PRI ; o J& T T 25 D@ Bo P b , 2252 0 4325 s
X B T 5 25 ROTC B Y MR R S
FE AR BRI AR EE BRI R B > H > AR >
o; FI| Ffl SPSSPRO 7 £k 43 # T 7 37 ) b 5 1, 3k
THRIETT A A EPRIIAE R (W) . G53R , i
FH A ) W4 5124 0.480 0,0.240 0,0.160 0,
0.120 0, H—&k o 0(<0.1) , LW FFSALE 25
— 5 R,
2.4.2  WEUERE S TR AGE

A 2 ) AR B0 B 3 T 2 LS A A o Tk
87 1, BE A A% ke e = 00 R 28 P30, A 5T A
SPSSPRO 7£ £k 434 T H. (http : //www.spsspro.com/ ) 15 5]
ANFERR AR R B (W) o S5 R Eos R H R
) Wy 0.250 1,0.252 7.0.230 4.0.266 8.,
243  AHP-WAUELE A AT AL G5

g A 241”2427 R SR X w=

W W, > W WIS B R H LR o L5
i=1

KR R (W) 43524 0.481 0,0.243 0,0.147 7.,0.128 3,
i — AR AR A = (U R/ R
BT X 0.48 1+55% /N H/H X 0.243+ 540 % 5 R fb % X
0.147 T+i/N /X 0.128 3) X 100,
2.5 Plackett-Burman i% i+ HiE F O PFIRHXETE
S

DL ARG 80 (4) L Ll (B) (E5Hf L (C) T
PRIRSE (D) TR (E) B SN2 DI (Y) \H
() AR (Y) La(Y)) AN AE , >R ] Plackett-Burman
BT . RS2, LR R G4 R W
T3, T EMEERN A4,

*&2 Plackett-BurmaniZitsRiGEE 5Kk F

K A% Bl% C DI°C Eh
-1 80 20 1:1 60 0.8
| 90 30 21 80 12

K Minitab 20 B F X ik 25 5 i 47 2 o0 [l H $
B AR AAFE AR R RN T R 4300 R - Yi=T77.560 —
6.7904+3.570B —2.790C+0.130D+2.360E; Y,=14.204+
0.8324 —0.162B+0.848C+0.292D+0.393E; Y;=75.957+
0.4364+0.279B8+0.103C+0.995D+0.145E; Y,=32.143 —
1.1034+0.695B —0.227C —0.288D —0.416E, H 3% 4 [
HLHNE A B .CX IR A &0 (P<0.05), [NEK A,
CX HA B E W (P<0.05); [H % 4 % o 7 & 50
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e ic 120 I 120 078 04077
2.6 Box-Behnken Mg B E ;AL F O BB E T ZE ! B 1 e o o
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FHEFEFE, LY H (V) () (V) g&;@ w j i 9 b
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FEE AR R TR R : Y=96.17+3.564+1.62B+1.27C+
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TR ARy 25 3 (P<<0.01) , RAUIUA i 2%
(P=0.304 8) , KX RIL A B B 4, 0 (B Tl (i
AFERW IS . BRI YE 2R =0.955 0, K2 IE S
FEFREL R =0.897 1, FlI P 3 REL R, =0.766 0, 4% 57
FE(CV) R 1.34% , FRUTZAL I AT 5 LIRS B AT, AT
FHFIF 0 BURL IR T 2043 M S5 1

5 PR X L8 B T4 1Y 5 i AR FE AR I A>B>C
— WK A.B.C, IR A* B C X LA P4 52
(P<<0.05) . = &M 7 T 347 S22 LR 174 4 T2 40 40 T AR A
TR AR X LR A PR sg i B 38 i AR R,
SNy S A =N VR (SR o R < k- e A |
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) Fe A R T2 DX A] , e A Bl 1 4 bl i e R B
W , 3% B2 IR 38 %o e e 28 o ) R o v R R
AR, 45 PR ZESE A FH I o i 1 5 A 2 R LR 1
il 11 Design Expert 13 04 I 45 21 050K 14 5
FER T2 0 TR R 50 87.31% , 2T JT1 42 27.02%,
TG 1.07: 1 (m/m) | 8545 SEBRAE 7215 B Fe A U8 T2
K SRR B 87 %, WA 27% , 255 L R 12 1.
P B R IR S 1 TS5 BOUT O BB TR A
RIS L0.7% T3 BT S B AR T2, L2 17 R
B8 SHLTF L BURE , #2227 W R 7 Bl 5E & 48 4T , 4%
“A43"IR TR AR . A5 o, SHEERA K
LEAATEAY 4 1R 98.04.97.69 . 97.74 4%, -1 4 97.82 4%
(RSD } 0.19%) , 5 TIME (97.66 43 ) AT , 2 B FIF A5 1k
RIT 2R0E T11,
2.7 WERBETEHEHFOTRYIBIESEISHE L
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ZIIC R s B G, RN TRIA UORE & 18] B4 1 B T
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FE U UKL I ) B A AT AR ABLEE 29 A7 22 1 m] R Ak 44
] AHOC R BB T 1, AR SRR R A 27 P Joit i A 3
gE L (] 3) o , 10 LT 50AT 14 4 B 23 el 3 A 0L
BIRF 0.98, 15 %F Bt &1 33 (1) AR B 245 K F 0.99, & B 10
HEFFCTORE A P H T B AR, T 2T,
2.7.2  WyHAE SRS AR R B0 AT
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0.994
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(X)), LR ZE 3 W as 2 0y W 28 43 20 o A2 45 (Y) |, L
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LA R

2 E R
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PEURAR 7 T AR A B A, T8 e T 25 0
IR R ) AT e 3 R i S0 e R B S A A 4 v
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