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HAEAMFE R FRE KQ-500DEA Rl A B ALEA RN
Bz —KF 1J2000B A T AR AR XA IS
E2XERE TC-15# T AR T AR

e H R A YRE-501 % P T A LT A TR T AR 5]

&2 A #p i H5 2R K & DLSB-5/20 7
W, #4188 HOR TR A8 DHG-9146A A

F M KA TR AR F]
b R R I IR A TR )

23 WSS EMN TGk
23.1 &L

K H Agilent TC(2) C18 {435 £ (250 mmX4.6 mm,
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TPRERTFE BRTE VST (R, S)— 15K (0 1 i 0 1 AL A
RSD /N T 3% , KW BRI WTE 24 h NFRE TR R AT
2.4.6 AerfEDK RIS
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5. GIRFBWIIRE BE SH (RS)-HIKENT
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ERR R R4S
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Yij = (Xij = min {Xij} ) /( max {Xij} = min{Xij}) (1)
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LA =R

R4 BUEXRFERER

A 18] (min ) V8% (%) 0.1% %8 (%) 205 = )3 5 A2 Mk B r KEEE(pg L")

0-5 1 99 & Y=15202X+2660.4 0.9995 3.9810-79.6204
5-30 17 9993 Wi Y=37200X-16712 09998  3.1590-63.1798
30-40 7 93 B3 Y=21874X+4396.2 0.9996 3.4437-68.8744
40-45 T%—1 93—99 (R,S)-Z1&#& Y=78617X+15283 0.9997 7.1450-142.9000
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Q7Y Z A . T A K o 4 1k A S B 1 e A (2)H n Fomil g 2L
AMEH 0,8 T B A B AR SO Y, 1 e /IME 0 B @b s BT R AR
0.001. B=-——x fi(lnn) (3)
@B — f Ak B AR 3 B 47 05— 1k Inn
AR RIS R B 1 TS bR R MR L T G2 FZFOTE BRI S RN 2E R R
A K, R IE AR AT & L E R, HO A
fij =Yij/2Yij (2) B ‘?]\_1 b ‘ e
OB A R EOT A ARG A
%5 MEEKERBER(n = 9)
20 % BHF(g) J7 A % (mg) AmAE (mg) M#FZ (mg) ECE (%) F 318 (%) RSD(%)
0.5024 0.8064 0.4047 1.2055 98.63
0.5031 0.8075 0.4047 1.2209 102.16
0.5037 0.8084 0.4047 1.2109 99.45
0.5026 0.8067 0.8094 1.6042 98.53
)& 0.5011 0.8043 0.8094 1.5987 98.15 99.96 1.74
0.5038 0.8086 0.8094 1.6399 102.71
0.5024 0.8064 1.2141 2.0181 99.81
0.5019 0.8055 1.2141 2.0032 98.65
0.5033 0.8078 1.2141 2.0412 101.59
0.5024 0.5994 0.2998 0.9049 101.91
0.5031 0.6002 0.2998 0.9144 104.80
0.5037 0.6009 0.2998 0.8890 96.09
0.5026 0.5996 0.5996 1.2114 102.03
) 0.5011 0.5978 0.5996 1.1883 98.48 99.61 2.75
0.5038 0.6010 0.5996 1.1941 98.91
0.5024 0.5994 0.8994 1.4773 97.61
0.5019 0.5988 0.8994 1.4858 98.63
0.5033 0.6004 0.8994 1.4817 97.98
0.5024 0.3708 0.1855 0.5417 92.17
0.5031 0.3713 0.1855 0.5550 99.06
0.5037 0.3717 0.1855 0.5555 99.09
0.5026 0.3709 0.3709 0.7344 98.00
B35 0.5011 0.3698 0.3709 0.7317 97.57 97.42 2.18
0.5038 0.3718 0.3709 0.7316 97.01
0.5024 0.3708 0.5564 0.9121 97.30
0.5019 0.3704 0.5564 0.9135 97.62
0.5033 0.3714 0.5564 0.9222 99.00
0.5024 2.1066 1.0791 3.1518 96.87
0.5031 2.1095 1.0791 3.1520 96.61
0.5037 2.1120 1.0791 3.1539 96.56
0.5026 2.1074 2.1581 4.2347 98.57
(R,S)- 21 A& 0.5011 2.1011 2.1581 4.2334 98.80 98.20 1.24
0.5038 2.1124 2.1581 4.2310 98.17
0.5024 2.1066 3.2372 5.3211 99.30
0.5019 2.1045 3.2372 5.3290 99.61
0.5033 2.1103 3.2372 5.3245 99.29
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rh 2SS TR BRI N R R A TS
B IR A UL 20 MR A R K S
HR AT 58], ) 25 3 24 WA X % BE 25 VR TR
BRE | KGR RN 251k T R DA 5 o A A s 35 1 g
20 CPPs, 2020 4F iR (i [ 24 8 ) — F b 5 AR I~
XRS5 MR B o 7 i ", B R 2 2 B 25
AT 8 O T r 24 T R R 5% 24 it s o (5 — Ik ) 1Y)
ISR VIR “008. A i MR BC 7 UKL (455 : YBZ-PFKL-
2021008) " [AIFEXT(R,S) A K A7 s 41, IR B A

HER AR AR 3 P DURH IRH S8 (RS- KF

IS4
w

Bk B
FALE A

R ik
E2 MERERAFHNBETRIZSHGEEEE

VE AR A9 R A% 28 B 2 AR AR
FEVE 0 B0 M, I b 4 A oy AT
0 %o Al AR T O R o o B R L R
WEAR IS TR A5 B 23 B A A 7 e, DRLKE A5k
MR BT VST (R.S) - R 0 & A i il
FRI 25 T8 T2/ CQAs.

2.6.2 PBD X3 7 it CPPs

Plackett—Burman 2 56 15 11 7 38 1 4% 20 5938 56
X 22 52 PR 2 rP R | L o A ML U O 2 R
R DL T B (A) 2R (B) | F Wk
(C) i XL (D) A0 E 1 (B) 2 H AR &, LISy
CY ) FIRAF (Y,) R (Y,) VB (Y,) ((R,S) - K
(Y) By & A A CQAs, 2K FH Minitab 16.0 4% i3t
5, 5 i A R PR, 12 41K . g6 i
TFREERIFE6 KT,

XF PBD 150 45 SR A 707 22500, 45 R LR 8, AT
ZIROREN R E (A) FHEVRGHEE (C) X ODE Y 52 0] {25
(P<0.05) , H& = A X OD B JC b 52, il T —
A 5 24 YR RF R 98 RIS AR AR Sl P A i ) O
T S8,

F6 PBDIREIZITERAKTER

B % REFH =il +1
i AR E HE (g-em™) A 1.02 1.10
ik 2 E(°C) B 30 60
ik ik & (%) C 20 40
B (C) D 160 190
FALJE 71 (Mpa) E 0.3 0.5

7E X A P H B-290 A v BT R ALt iR ik B R ARG (%) T R,

*R7 PBDIXBER

A5 A B c D E Y (%) Y% Y(%) Y%  Y(%) oD i
1 1.10 30 20 160 0.5 3791 0.155 0.126 0.067 0.594 0.448
2 1.10 60 40 160 0.5 18.51 0.161 0.113 0.066 0.475 0.124
3 1.02 30 20 190 05 80.80 0.169 0.131 0.069 0.595 0.649
4 1.10 60 20 190 03 30.11 0.174 0.148 0.071 0.495 0.492
5 1.02 30 20 160 03 8231 0.182 0.144 0.077 0.568 0.908
6 1.02 60 40 190 03 71.63 0.173 0.136 0.073 0.517 0.695
7 1.10 30 40 190 0.3 17.89 0.167 0.133 0.070 0.545 0.401
8 1.02 60 40 160 0.5 53.40 0.173 0.137 0.072 0.566 0.655
9 1.10 60 20 190 0.5 31.83 0.169 0.143 0.070 0.491 0.447
10 1.02 60 20 160 0.3 92.89 0.171 0.135 0.070 0.565 0.788
11 1.02 30 40 190 0.5 51.31 0.171 0.126 0.070 0.525 0.505
12 1.10 30 40 160 0.5 17.11 0.152 0.132 0.069 0.582 0.289

i : 0D {£=0.355%Y +0.151XY,+0.114XY +0.188XY +0.192XY .
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®8 PBDIREHIAENINER

&1 ERARBENFESTRLEHRES T

kR BWE  SeqSS Adj MS FA& P1L

=2 5 0.473460  0.094692  11.81  0.005
A 1 0333000  0.333000  41.54  0.001
B 1 0.000 000 0.000 000  0.00 0.998
C 1 0.094 164  0.094 164 1175  0.014
D 1 0.000 044 0.000 044  0.01 0.943
E 1 0.046252  0.046252  5.77 0.053
KEEE 6 0.048098  0.008 016 - -
&3t 11 0.521559 - - =
®9 CCDIREIEITEEKER

B & - -1 1 +o
A 2R Anst % E (geem™) 1.00 1.02 1.10 1.12
C#tikit E (%) 15.86 20.00  40.00  44.14

£10 CCDIRBLER
FE A C YooY Yo N sy
(%) (%) (%) (%) (%)

1 1.06 3000 7823 0.167 0.118 0.074 0.405 0.716
2 1.06 30.00 7897 0.166 0.117 0.075 0.402 0.744
3 1.00 3000 94.89 0.155 0.117 0.071 0373 0.299
4 1.06 4414 69.60 0.166 0.119 0.073 0.433 0.673
5 1.06 3000 79.47 0.168 0.117 0.075 0.403 0.781
6 1.06 15.86 8890 0.161 0.117 0.072 0373 0.442
7 1.10  40.00 50.10 0.163 0.120 0.074 0.432 0.636
8 1.06 30.00 79.77 0.161 0.119 0.073 0.417 0.600
9 1.02  40.00 90.02 0.161 0.119 0.074 0419 0.711
10 1.02 2000 9993 0.154 0.114 0.071 0.348 0.193
11 112 30.00 56.06 0.160 0.120 0.075 0.413 0.642
12 1.06 3000 79.97 0.161 0.121 0.074 0402 0.682

13 1.10  20.00 71.81 0.159 0.119 0.073 0.400 0.505

% : 0D A£=0.192XY +0.228XY +0.146XY +0.272XY +0.162XY .

2,63 CCDXIAC R4 T L A%

ST ER PBD iR S6 B 45 R A0 SRS |, SR CCD
i — 25 LA A AR L D7 RS 25 T4 T8 . LAZY
AR5 B (A) FIE R RS (C) Ry S EE 2R IR 3R, s il H:
A3 i 25 DR 2R K R i R 175°C,
W E 50°C, %546 K 77 0.5 Mpa, 2K H Design Expert
8.0.6 B ik , ik de it M4 R WK 9 .58 10,

K H Design Expert 8.0.6 B {5 X} 5% 10 H f8 % s i2F
FAb3, L2 AR X 2 B (A) (HEVH B (C) ol A AR
Y, -Y, B OD B R RS &, (547 22 58 [mE 23 B, I
AT T 22 B R G L oA . AU A 4551, &
IR 2R E  BR A 0 2E  , mE 5 R

: . B .
KR 7 F= . Ezbo FA& P1E
B
AR 0.34 5 0.069 12.09  0.0025
0.065 1 0.065 11.50 0.0116
(© 0.12 1 0.12 21.00  0.0025
AC 0.037 1 0.037 6.61 0.0370
A’ 0.096 1 0.096 17.02  0.0044
c 0.038 1 0.038 6.77 0.0354
2 0.040 7 5.666E-003 - =
K A 0.021 3 6.898E-003  1.45 0.3528
iR £ 0.019 4 4.743E-003 - =
BB ZE 0.38 12 = = =
*EFA 0.8962 - = = =

BIERZ ¥ 0.8221 - = _ _
A kT R 05375 - - -~ =
M 10265 - = = -

0D=-93.09408+165.51492A+0.31313C—0.24187AC~
73.58594A°-0.000742375C*, o 243 W36 11, 25K
AHXT R (A) HEWBOH B (C) X OD {8 54 Wi 4 = 434 7
T PRI A i 2R L LI 3

f12¢ 11 a4, [ P<0.05, 281301 P>0.05, %
B2 7 BRI I 2Pk A B R AT, R I e G it
2P0 S AR XS TR B0, AT TR AR
D5 BRI 25 118 T 2S8R A 0 . [l 5 45
A A CLAC A CPHY PIEY/NT 0.05, UL IH %5 OD
E 52 53 o P T 3 R, 224 20 YRR ) 8 B — e I
OD {8 B 12 Y 338 P9 385 it 184 K 5 > Y 3 o — g
OD {F [ 245 Y00 AH X 2 B2 1 338 Jon i 384 o
27 ®kitrERZES

PR E 1285025 W] N4 20 2 OD KT 0.65 1Y
FrA R E A, RS «=0.05 7K1 & {5 X 8], B
R R4S 18], 25 5 FH Overlay polt 7, WLIE 4, K
SE A X IR AN 95% B A5 X 8] 9 533 (8], 7
W28 [ T A B S804 & T2 BAR I R0, 5 3
DX 35 Ay SR 25 (] PN AN B S 3R 4, 76 e 2 [R] %) I A
A 5% BIER IO R T4 Bhs . B RIEA
FRI, ASAE X 35 AT s o, o T TR A
A7 04 2 8] 98 Rl 24 A % 4% 1 b 1.05-1.08 , 1k
M 30%-40% .
2.8 & E A BRI

TEBE 25 18] N Bl ED PR 6 4~ T 25 3 S 80k 756
TIE , FH R A 56 iy A 0 (g 0 B8 1™ 145 2% 3%
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B3 ZhikAE X B A i E X OD RN i A E 5 & S & E

40.00 OD14
35.00
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1 30.00
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)
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1.02 1.04 1.06 1.08 1.10
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40.00
35.00 E
s
el
\3:,8 30.00 — @
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25.00 —
20.00 T T T
1.02 1.04 1.06 1.08 1.10

N T R
B4 HWERRAPABETRIZIEITEE

F12 WIEAWEHER

R Ag-cm™) C(%) Op .
TR AE 5 M AE
1 1.07 38.00 0.751 0.738
2 1.06 32.85 0.734 0.741
3 1.08 35.12 0.739 0.706
4 1.06 26.88 0.660 0.674
5 1.04 35.00 0.697 0.688
6 1.09 25.39 0.668 0.672

H95% EAR X BN B (L E A XK 45 55 6%
K JE BTSN, 95% B A5 X R AM 9 05 (R A IX
B BSTE RIS L 12, %3 12 v OD & A 5zl
(B 5 OB R4 e X REAS ¢« A 56, 25 58 PAE KT 0.05,
< W SN 5 T (e G b 3 25 S, mT DL LAY R A
() I BE 17 -

3 itig

AR, B IR T T (QbD) B IEZEHE Bl il 24
A PR AR IR AR T T2 I SGTER, QbD HETE
w2 i 50) T 2B R A T T A B AR RO R
il ARy B alAl TR R SR, B T AR
PEF i T AT QbD B IAZ L2k 125 (1]
AT, BTt s [ RE DR IIE T 20 a0 BT A OC R kL s 7k
LSRG I G0 A SO & 3 T QbD 2
2%, 78 Plackett—Burman i 5 A9 LAl I, 38 44 CCD 4 2
THEAR B S TR R CQA 5 T2 CPPs 1y [l 45
B R T2t a5 |, IF AT 1 5k, Sl g R R U T
SRR A 18] A RE DR TR AR R TC 7 UL 6 55
TR AR BT R R

ESETE B
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Study on Optimization of spray Drying Process of Banlangen Formula Granules

Zhang Lanlan, Shi Wenting, Chen Weimei, Yang Zan, Huang Xingpeng, Tian Qingqing, Zhang Zheng
(Guangdong Yifang Pharmaceutical Co., Ltd., Guangdong Provincial Key Laboratory of Traditional Chinese
Medicine Formula Granule, Foshan 528244, China)

Abstract: Objective To optimize the spray drying process of Banlangen (Isatidis Radix) formula granules based on
quality by design (QbD) concept. Methods Using powder yield and the contents of uridine, adenosine, guanosine, and
(R,S)—goitron as the critical quality attributes (CQAs), Plackett—Burman design was used to screen out critical process
parameters (CPPs) for inlet temperature, spray pressure, liquid temperature, pump speed, and liquid relative density. The
central-composite design (CCD) test was used to optimize the CPPs, which were screened. Based on the quadratic
polynomial regression model, the design space of spray drying process of Banlangen (Isatidis Radix) formula granules
was established, and further validated by experiments. Results  Plackett—burman test results show that liquid relative
density and inlet velocity are the key parameters for the study. The variance analysis results of CCD test showed that the
constructed model in a good prediction ability, since the P—values of model was less than 0.01 and P-values of items
lack of fit was more than 0.05. The optimized design space of CPPs was the liquid relative density 1.05-1.08, and pump
speed 30%—40%. Conclusion Based on the QbD concept, the design space for the spray drying process of Banlangen
(Tsatidis Radix) formula granules can improve the stability of its process and help ensure the consistency of product

quality.
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