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Abstract: Objective To prepare atorvastatin calcium niosomes (ATC — NIS) ,to optimize the prescription process, and to improve
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the drug release performance of atorvastatin calcium. Methods ATC — NIS was prepared by the thin film — ultrasonic dispersion
method. In vitro release assay of atorvastatin calcium was established by the high — performance liquid chromatography (HPLC)
method. With the encapsulation efficiency as an evaluation index, the ultrasound time, ratio of Span60 to ATC, and the optimal
interval of the addition amount of B — sitosterol were optimized by the single factor experiment,the prescription and process were
optimized by the three — factor — three — coded level experiment based on the Box — Behnken response surface design,and the best
prescription was predicted by binomial fitting. The appearance and morphology of niosomes were observed by the transmission
electron microscope, and the particle size distribution, polydispersity coefficient, and Zeta — potential of ATC — NIS were detected by
the laser particle size analyzer. The in vitro release of ATC — NIS was evaluated by the dynamic dialysis method. Results After the
optimization, the optimal prescription process was as follows: the ultrasound time was 12 min, Span60: ATC was 7:1 (m/ m) , the
addition of B — sitosterol was 12 mg, the encapsulation efficiency of drug — loaded niosomes prepared according to the optimal
prescription was (75.36 + 1. 17)%,the drug loading capacity was (7.95 +0.42)%,the average particle size was (211.81 + 1.05) nm,
the ploydispersity index (PDI) was 0.199 + 0.013,and the Zeta — potential was (- 38.24 + 0. 105)mV. The results of transmission
electron microscopy observation showed that the photomicrograph of ATC — NIS was a smooth and round spherical shape or quasi —
spherical shape. The results of in vitro release assay indicated that ATC — NIS had significant sustained — release properties compared to
free atorvastatin calcium. Conclusion

The prescription process of ATC — NIS optimized by the Box — Behnken response surface

methodology was simple and feasible,it had excellent product properties,good dispersion of niosomes,and a sustained — release effect.

Key words:atorvastatin calcium ;niosomes; Box — Behnken response surface methodology ; quality evaluation
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10. 00 9.60+0.10 1.01 9.68+0.13 1.38
20. 00 19.35+0.02 0.12 19.22 +0. 21 1. 09
40. 00 38.23+£0.53 1. 41 38.24 +£0.43 1.14
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Fig. 2 Effect of different prescription factors on the encapsulation efficiency of ATC - NIS (n = 3)
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$96,8,10,12, 14 mg B} X} 25 g 48 0 40 B R (1 5210 . B -
A HS AR 2 i 0 9 v R RS RR E R A R 23T 0023 i
SR TN R B AR 2 R PR R R K 2 ¢
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Tab.2 Factors and levels of the Box — Behnken response surface

methodology
KF HZA(m:m) B % B(mg) F # C(min)
-1 6:1 10 10
0 7:1 12 12
+1 8:1 14 15

%3 Box — Behnken I EEIRIEIEIT S &R
Tab.3 Experimental design and results of the Box — Behnken

response surface methodology

. W& a4tE oz H% S

A B C (%) A B C (%)
1 0 0 0 7407 | 10 -1 0 +1 5407
2 +1 -1 0 5361 | 11 -1 0 -1 59.49
3 +1 0 +1 5799 | 12 0 0 0 7407
4 +1 0 -1 568 | 13 -1 +1 0 5804
5 0 -1 -1 60.8 | 14 +1 +1 0 5800
6 0 0 0 7407 | 15 0 -1 +1 52.82
7 0 0 0 7572 | 16 0 0 0 7414
8 0 +1 -1 57.23 | 17 0 +1 -1 5842
9 -1 -1 0 5538

2270 R LA 7 B 85T 48 Design — Expert 8. 0. 6
AR 3 e EA T LA B, A5 R 2o A
BY=74.41-0.0675X,+1.13X,-1.39X,+0.4325
X, X,+1. 64X X;+2. 31 X,X5—-9. 20 X% — 8. 96 X,28. 12X,
(R?=0.9936,P <0.01).FHF4 A H, BRI G B
U, O A HE T AR, AT AR R e R PR KR T 0. 05, 3%
HIASE AR S0 A 5 SR 25 S 9/ o
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Tab.4 ANOVA results of encapsulation efficiency regression model
coefficient of ATC — NIS

HERR BEFIA  ANE 2r] Fi P
R 1144.18 9 127.13 120. 60 <0.0001"
A 0.036 4 1 0.0364 0.0346  0.8578
B 10. 17 1 10.17 9.65 0.0172°
C 15.46 1 15.46 14. 66 0.0065"
AB 0.7482 1 0.7482 0.7098  0.4274
AC 10.79 1 10.79 10.24 0.0151°
BC 21.30 1 21.30 20.20 0.0028
A 356. 05 1 356. 05 331.75 <0.0001"
B? 338.08 1 338.08 320.70 <0.0001"
C? 271.61 1 2717.61 263.39 <0.0001"
BE 7.38 7 1.05

P 5.24 3 1.75 3.27 0.1410
Big £ 2.14 4 0.5339

-5 1 151. 56 16

EoAEFRE A EFREE,

Note: * refers to a significant difference, ** refers to an extremely
significant difference.

PEAL T« i g 45 5 mT 0, s ma PR 25 v g 25 R
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Design — Expert 8. 0. 6 F {42 il A [l 52 1 [ R 6 F 45 4
P 1 = 1o 1 1], 465 SR DL 1 3 15 2R AL S b T
Span60: ATC K 7:1(m /m),B - 4¥ i B N4 12 mg,
R B[] SR 12 mino AR AL AT AL 7 T2 AT il 2%
3L ATC - NIS, i %8 (75.36 + 1. 17)%(n =3),
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Fig.3 3D response surface of various influencing factors on encapsulation efficiency of ATC
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Fig. 6 Overall morphology of the transmission electron micro-
scope of ATC - NIS (x 10 000)
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Fig.7 Release profiles in vitro of ATC—-NIS in pH 6.8 PBS (n=5)
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