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Optimization for preparation technology of baicalin-phospholipid complex in situ
nasal gel by central composite design-response surface method
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Abstract: Objective To optimize the preparation technology of baicalin-phospholipids complex (BPC) in situ nasal gel. Methods
Key factors affecting the preparation technology of BPC in situ nasal gel, Poloxamer407 (P407), Poloxamer188 (P188), and
polyethylene glycol 6000 (PEG 6000) were studied using central composite design-response surface method (CCD-RSM) with
gelation temperature as evaluation index. The correlation between preparation technology parameters and gelation temperature was
analyzed to establish relative equation of preparation technology parameters and gelation temperature and the best preparation
technology parameters using multivariate mathematical statistical moment model. Results BPC (1.0 g) was dissolved in 0.1%
triethylamine solution, then P407 (18 g), P188 (6 g), PEG 6000 (1 g), glucose (5 g), BKC (0.02 g), and deionized water were added to
reach 100 g. The mixture was uniformly dispersed in ice bath (4 “C) under magnetic stirring and then was stored at 4 ‘C in
refrigerator for more than 24 h until polymer was fully dissolved and clear solution was obtained. Conclusion The preparation
technology of BPC in situ nasal gel by CCD-RSM is stable and suitable for industry.
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2.1 CCD-RSM i
210 EEFRIEE SRR Aok i
BT 0.1% TEA ¥, AN P407. P188. PEG
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3217 WA
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i A7 T-UKFE T (R AS [7) 5 F R P88 1 V0 LR A I
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JEE SRR /N o T8 3k B R 25 2% R AR Ui P U Y

B R BRI AL T7 Ak P407 16%~24%, P188
0%~12%, PEG 6000 0%~2%, #i%ikk 5%, BKC
0.02%, TEA 0.1%.
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KA, WIVILFELREER, DUIRER TR 48,
DURCEEIR BE 32~34 “C T N AE AL, AT
SE /KIS o AR A iR IR BB, R R
WHE 5 AP, A E e, £1. 0 RER, T
3 NEMAE RSB 0=1.732, NEIKTFIE 1,
BRI T R R 1, DUREHR A i
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WH, CCD FHEHAT 2+ 27+ 1 ki (fAR%
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Table 1 Design and results of CCD-RSM test
K2 KT R EEELE /°C
P407 / P188/ PEG 6000/ =zl T

% % % LN <D

17.69 (—1) 2.536(—1) 0423 (—1) 272 27.6

s

—_

2 2231(1)  2.536(—1) 0423 (—1) 142 129
3 17.69 (—1) 9.464(1) 0423 (=1) 324 315
4 2231(1) 9464(1) 0423(-1) 180 187
5 17.69 (—1) 2.536 (1) 1.577(1) 339 329
6 2231(1) 2.536(—1) 1.577(1) 144 150
7 17.69(—1) 9.464(1) 1577(1) 347 357
8 2231(1) 9464(1) 1.577(1) 205 197
9 16 (—1.732) 6(0) 1(0) 405 40.6
10 24(1.732)  6(0) 1 (0) 138 14.1
11 20(0) 0(—1.732) 1(0) 154 16.0
12 20(0) 12 (1.732) 1 (0) 235 234
13 20 (0) 6 (0) 0(-1.732) 226 230
14 20(0) 6 (0) 2(1.732) 285 285
15 20(0) 6 (0) 1 (0) 255 25.7
16 20 (0) 6 (0) 1(0) 259 257
17 20 (0) 6 (0) 1(0) 258 25.7
18 20(0) 6 (0) 1 (0) 256 25.7
19 20(0) 6 (0) 1 (0) 255  25.7
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AT AR B # S S PRSI A 1, A EL I
AB. BC, XI5 C*f1 P>0.05, iHH ] K sk
FESCIAAN B2, DRI L REAT A, JeFRIX LT,
PR ) 75007 (ANOVA) "] LA H, P<<0.000 1 %
W RUREIR T R 3%, R2=0.993 2 Wi ) 4
RSSO R LE, [P R ARER TR A, fenE
3t T 52 B 0 . AR IE B R (RPg) A
0.986 5, KM GEARRE 98.65% N AHAZ AL, [l
PRS- TR R AT, SR ZER N, A4 2%
ANRE LA AT ARSI RS A1, W]
DA FH S ABE TR 0] fiog il B SR AT A0 T 5 70 . P54 2
EYEpp e

Y=109.86—6.93 X;+2.62 X,+14.52 X;—0.59 X\ X;+
0.11 X,>—0.17 X,*

1112 TRERPERDR A S R 5 R 4 0913 2, H
R’ M 0.895 9 AN IR B ARIA 4F o 2k e
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(A8 H AR FH R i 12 AN i 42 (B 1D T RUE
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Table 2 Significance calibration of second-order

regression model coefficient

Ti ZERVE PN B  FE BEH
FEA 1002.09 9 146.69  P<<0.000 1
A 823.08 1 108441 P<0.0001
B 63.98 1 8430 P<C0.000 1
C 3423 1 4521 P<0.000 1
AB 1.90 1 250 P=0.1480
AC 4.96 1 6.54 P=0.0309
BC 0.55 1 0.73 P=0.4162
A’ 476 1 6.27 P=0.0336
B’ 59.58 1 78.50  P<<0.000 1
c? 0.018 148 1 0.021 P=0.889 1
B 6.83 9

afiiR 7z 0.13 4

BARSE 1008.92 18

s E e 2 S EURBERRE BT, shi, 2
JRE it FEF IAE 32~34 °C, FU¥F P407 (1) ] B4 15
TE 18%~20%, it H by [ D) sf DUIA B ZEK .
2.2.2 P407 5 PEG 6000 [ HAE s P407
L PEG 6000 2 F A FH (1) . i P& 25 a2k 1 (&
D AT LUE L, S IAEARE 5 P407 AT PEG 6000
SHEMOBE, RIFTE & AAH0C, EEIEAG. g
2T LUE H, AR I ERR AR 32~34 C,
HA P47 FI B HILE 17%~ 19% A4 RET L Bk .
2.2.3 P188 5 PEG 6000 M2 LAEH] ¥ P188
5 PEG 6000 [1)AZ B A FH 0 55 v e =] 5 i )3 1 P €
1) wJLUEH, #n P188 Al PEG 6000 HIH &,
VPRI IR B T 0, T P18 5 Ay e A Dot e ke
WA AR R, SR LA, #HAE
W I EERJEAE 32~34 °C, WE¥ PEG 6000
FEIEIFE 0.5%~2%, 1fi P188 FH S5 HI7E 3%~
9%, A feili L EK.
23 MEELERT

M FRRI 45, nT LS 3] P407 FH &5
VLA 18%~19%, P188 JH 12 e A VE il 4 3%~
9%, PEG 6000 F & i3 [k 0.5%~2%.
24 WEFEWIERE

Fo IR PSR AR Ak B B A B i, 30 s 3
PR L, SRR 3. P v e kit A 1 szl
FEAIIME vy %0, =& bed, fmZEie/s, ikl
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Fig. 1 Response surfaces (I) and contour plots (II) of interactions between P407 and P188 (A, PEG 6000 1%),
P407 and PEG 6000 (B, P188 6%), and P188 and PEG 6000 (C, P407 18%)

R3 MAXEALF R ENES FNE R
Table 3 Comparison on actual and predicted values

of prescription within optimized region

et / °C

RS P407-P188-PEG 6000

T S
1 17: 2:1 322 325
2 17: 3:1 33.8 34.7
3 18: 5:1 32.1 35.4
4 18: 6:1 32.7 32.1
5 18: 7:1 33.1 32.6
6 18: 8:1 33.0 324
7 18: 9:1 32.7 31.8
8 18:10: 1 32.0 315
9 18: 2:2 32.6 36.5
10 18:12:2 32.9 30.6
11 19: 6:2 325 31.7
12 19: 7:2 32.7 31.4
13 19: 8:2 32.7 31.0
14 19: 9:2 32.3 31.2

Ak B RS FELE PR IR A, MR 1) S mT LA
B, FUA T FR BRI S A o
2.5 HERIELGIRYE L

PLBONAEAE 32~34 °C, FHERUN, fmZERN
FebR, R L AL S AR AR S Ak T B TR
WATHUL R4, WK 4.
2.6 IIFAIE

MR Fak e A T &S50 R4 51
i 3 LR, AR LR IE e g R WK 5. 1]
WL, B2 SRR TONE 22 3N, W ZE397E 2%
DL B0AEIREG 45 &1, P407-P188-PEG 6000 Lt
B4 18 26 1 1 IR AF , B I AR S50 P kB T

R4 ERLLGIRRIL

Table 4 Optimization of adjuvant ratio

JR R 1 °C

W5 P407-P188-PEG 6000
TRE S
1 17:2:1 32.2 32.5
2 18:6:1 32.7 32.1
3 18:7:1 33.1 32.6
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Table 5 Verification test (X s, n=3)

WRES  P407-P188-PEG 6000 JiiEEEEE /°C RSD/%

1 17:2101 329104 1.09
2 18:6:1 32.2%0.1 0.18
3 18:7:01 33.1%0.5 1.36
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