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Optimization for formulation of Zhi Xiong San thermo-sensitive gel by central
composite design-response surface method and study on characterization of its
nasal mucosal permeability
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School of Pharmaceutical Sciences, Sun Yat-sen University, Guangzhou 510006, China

Abstract: Objective To prepare and optimize the formulation of intranasal thermo-sensitive gel of Zhi Xiong San and to evaluate its

in vitro release mechanism and nasal mucosa permeability. Methods The formulations of poloxamer thermo-sensitive gel were

optimized by a central composite design-response surface method and its in vitro release mechanism and nasal mucosa permeability

were evaluated by Franz diffusion chambers. Results The optimal formulation was Poloxamer 407 (P407) 20% and Poloxamer 188

(P188) 6.5%. Imperatorin was released from the thermo-sensitive gels approximately with a zero-order mechanism, while ferulic acid

with a Higuchi model. The formulation demonstrated the enhancement of nasal mucosa permeability. Conclusion The optimal

formulation provides a basis for the development of new administration routes and dosage forms of Zhi Xiong San.
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Table 1 Central composite design and results

Yt X, /% X, /% Tpa! C
1 20.12 (+1) 12.80 (+1) 32.940.1
2 20.12 (+1) 2.20 (-1) 26.240.1
3 15.88 (~1) 12.80 (+1) 43.640.2
4 15.88 (-1) 2.20 (-1) 42.340.1
5 21.00 (+1.414)  7.50 (0) 31.940.2
6 15.00 (—1.414)  7.50 (0) 48.940.2
7 18.00 (0) 0 (~1.414) 38.040.2
8 18.00 (0) 15.00 (+1.414)  26.5+0.1
9~13  18.00 (0) 7.50 (0) 39.640.2
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Table 2 Validation of gel formulations optimized

by central composite design

. Tgel/ T
W5 P40T/%  P188/% — .
S W )e

1 17 0.5 30.1£03 232402
2 18 23 33.8+0.6 27.240.5
3 19 4.2 341+03 29.5+0.2
4 20 6.5 34.6%+0.2 30.4%0.6
5 20 14.0 351+1.5 28.1+0.8

23 #HRNEARE
231 BREFHIEMIE" KA HPLC, (AilkEN
BDS HYPERSIL Cg #f (250 mm X 4.6 mm, 5 pm,
Thermo Scientific), WANFHN FEE-7/K (62 :38),
R A 1 mL/min, 2EAMS MK 300 nm, ZEFEE
20 uL, 40 CFME. ZTERAREHEEE,
7E 0.05~15 pg/mL BA7 RUFpdett, Frutthdh
Y=67 651 X—3 024 (XARREKATHARE =KL, ¥
WD, R*=0.999 7, [ P9 F1 H [i)H5%5 & RSD
I3 A4 0.78%F1 1.81%; V¥ RIICE K 98.6%, RSD
h 2.43%; HEHEVPERSD 4 0.78%.
232 BB IGIE"Y KA HPLC, failik:h
Welchrom C g (250 mm X 4.6 mm, 5 um, Welch
Materials), ViaAH N HEE-1%41E (30 2 70), AR
i 1 mL/min, SAMEGIMPE K 322 nm, HEAEHE 20
uL, 40 CFME. ZFEEABRGMLEE, 7
0.05~10 pg/mL HA RIFMZtt, trfEthdh y=
130 386 X—4 360 (X ARKBTEEIR T IRSE, YK
WA, R*=0.999 9, [ P91 H [AK5 %5 % RSD 2>
A 0.34%F1 1.99%; ~FI[EI K 102.2%, RSD
) 1.84%; T VERSD 24 0.34%.
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Fig. 2 Cumulative release profiles of imperatorin (A) and ferulic acid (B)
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Table 3 Fitting parameters of imperatorin and ferulic acid

release model

N YECIEEES R 2 1%
Loyt
n k n k
3 0.893 11.194 0.553 39.084
4 0.995 8.531 0.547 36.475
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Fig. 3 Cumutive permeability of imperatorin (A) and ferulic acid (B) in nasal mucosa of rabbits
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Table 4 P,,, of imperatorin and ferulic acid

Py / (ug-cmfz-sfl)

Wb T5 -
RRATHHE iy
3 1.5610.44" 2.11£0.36"
4 2.1740.98" 1.96+0.32"
T B 0.56+0.12 0.3040.06*

S EUERLLE: 'P<0.05 SETHIRILE: “P<0.05
"P<0.05 vs ZXS 2P<C0.05 vs imperatorin
PEO A, A4S R AT Ak i 170 1 P188, B
BABEN Te, AEHIN P188 M5, AWK
JERIEMHE KT PEO AR HHISEMT, MIMAE Ty
BEAG
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