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Analytical quality by design (AQbD) approach to development of in vitro release
test for piroxicam gel
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Abstract: Objective To adapt the analytical quality by design (AQbD) approach to develop an effective in vitro release test (IVRT)
method for diclofenac sodium hydrogel. Methods Establish analysis objectives, determine key analysis attributes [in vitro release
rate (IVRR), initial sampling time cumulative release (Q,), release degree]. Based on previous knowledge and experience, influential
method variables were derived from the analysis objectives, and a systematic summary was conducted using the Ishikawa diagram.
The risk level of the affected variables was evaluated, and key method variables (membrane type, release medium type, sample
loading amount) were selected. Two sample loading amounts (150, 300 mg), three release media (0.9% NaCl solution, pH 5.5
phosphate buffer, and pH 7.2 phosphate buffer), and three membranes [mixed cellulose membrane (MCE), polyethersulfone
membrane (PES), and polytetrafluoroethylene membrane (PTFE)] were subjected to 2x3x3 full factorial experiment design:
diffusion cell method was used for IVRT, samples at each time point were analyzed quantitatively by HPLC, and Q,, release degree
and IVRR were further calculated. Use JMP Pro software to model and analyze the experimental results, and select the optimal
parameters. Refer to the requirements of FDA and EMA for membrane inertness verification, release medium verification, linearity,

precision, and repeatability testing, sensitivity and specificity testing, and durability testing of the established IVRT. Results
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Piroxicam gel IVRT adopted a static vertical diffusion cell (diffusion area 1.767 cm’, receiving cell volume 12 mL), temperature

32 °C, rotational speed 600 r-min”', release medium pH 7.2 phosphate buffer, mixed cellulose membrane, loading amount 300 mg,

sampling time 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0 h, and sampling method was full sampling. The methodological validation met the

requirements. Conclusion The IVRT method of piroxicam gel is reliable, robustness and discriminating.

Key words: piroxicam gel; in vitro release test; analytical quality by design (AQbD); franz cell; modeling analysis
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Table 1 Analytical target profile of piroxicam topical gel
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Table 2 CAA of piroxicam topical gel
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Fig.1 Ishikawa diagram illustrating method parameters that may have an impact on method attributes
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Table 3 Initial risk assessment for IVRT method optimization
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Table 4 Experimental design matrix according to a 2x3x3 full factorial design
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1 150 0.9% NaCl MCE 273.65 78.77 407.08
2 150 0.9% NaCl PES 386.72 79.12 378.08
3 150 0.9% NaCl PTFE 244.79 77.36 450.38
4 150 pH 5.5 PBS MCE 356.55 77.79 395.99
5 150 pH 5.5 PBS PES 251.86 80.08 397.08
6 150 pH 5.5 PBS PTFE 359.99 79.91 357.18
7 150 pH 7.2 PBS MCE 340.85 80.31 486.17
8 150 pH 7.2 PBS PES 417.84 79.80 465.02
9 150 pH 7.2 PBS PTFE 360.51 83.90 489.74
10 300 0.9% NaCl MCE 384.72 74.71 488.06
11 300 0.9% NaCl PES 213.94 81.19 344.57
12 300 0.9% NaCl PTFE 333.76 73.01 343.69
13 300 pH 5.5 PBS MCE 308.62 78.99 451.76
14 300 pH 5.5 PBS PES 429.63 83.51 523.73
15 300 pH 5.5 PBS PTFE 337.40 72.34 487.06
16 300 pH 7.2 PBS MCE 405.05 74.40 518.63
17 300 pH 7.2 PBS PES 243.91 79.16 375.64
18 300 pH 7.2 PBS PTFE 410.37 86.71 356.32
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Fig.3 Coefficient values of IVRR, Q,, and release
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Table 5 Result of IVRT method validation
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