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Design and Optimization of the Formulation and Technology of Theophylline Gel Matrix Sustained-release
Tablets Based on QbD Concept

JIANG Xiwei, FEI Yunyang, LIAN Guiyu, XIANG Rongwu, ZHAI Fei, JIANG Yukun, CHE Xin (College of
Pharmacy, Shenyang Pharmaceutical University, Shenyang 110016, China)

ABSTRACT OBJECTIVE: To design and optimize the formulation and technology of Theophylline hydrophilic gel matrix
sustained-release tablets (self-made sustained-release tablets for short) based on the concept of “Quality by Design” (QbD).
METHODS: Diluent type, tablet diameter, the property of adhesive (ratio of different adhesive types), the amount of adhesive
were rtegarded as critical process parameters (CPPs). Similarity factor of dissolution curves of self-made Theophylline
sustained-release tablets and reference preparation and its accumulative release rate at different time points were regarded as critical
quality attributes (CQAs). Ls(3") orthogonal tablet was adopted for design and trial, and secondary polynomial regression model
was established. By using Modde 12.0 software, the design space and its acceptable range (PAR) were calculated through the
optimal model. The optimal formulation and technology of Theophylline sustained-release tablets was determined, and validation
test and Monte Carlo simulation verification were conducted. RESULTS: The optimal model with good coincidence, accuracy,
validity and reproducibility was obtained, which could better fit the relationship between CQAs and CPPs. The design space and
PAR value were obtained by further calculation (The optimum value of diluent was lactose; tablet diameter was 9.07-9.33 mm, and
the optimal value was 9.20 mm; ratio of HPMC K4M to HPMC was 0.50-0.83, and the optimal value was 0.80; total amount of
HPMC was 0.036 0-0.041 3 g per tablet, and the optimal value was 0.038 g per tablet). The optimal formulation and technology
included that ratio of theophylline, HPMC K4M and HPMC K100M were 50% , 15.48% and 3.87% , respectively; the rest was
filled with lactose and the diameter of the tablet was 9.20 mm. The results of validation confirmed that self-made Theophylline
sustained-release tablets had similar in vitro release behavior compared with reference preparation. CONCLUSIONS: Based on the
concept of QbD, the formulation and technology of Theophylline sustained-release tablets can meet the requirements of design, and
the CPPs can be adjusted within the PAR range to meet the requirements of CQAs. This shows that the QbD concept is scientific
and effective in the design and optimization of the formulation and technology of sustained and controlled release preparations.

KEYWORDS Theophylline; Hydrophilic gel matrix sustained-release tablets; Quality by design; Critical quality attributes;
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7 (0QAs) F/ME Atz o1}
Y 50 100 100
1., % 2 30° 40
1% K ARE FHE
Yo% 40 525" 65
¥, % 70 85 100

T 7 BAMER E T RRE R T

Note: “* 7 target value is the medium value of upper and lower limits
XHEASAI R A T T 22 00 b S 2R LR 4. e
Hh I A I 2 SR AT, A M TR SR R R T XA Y
T X5 Y, BB R A B2 B L (P>0.05) 81, ot
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NI Tk 8 05 000 7647 2920 4766 6591 10041
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N2 10 075 006 6811 2529 3851 5056 7156
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Tab 4 Results of ANOVA analysis
K I2FH AmE FHETFS F P
X T 198.735 2 99.367 44535 0.022
) 20817 2 110409 749.888 0.001
I 380.392 2 190.196 358432 0.003
)8 811.752 2 405.876 265.342 0.004
)8 1469.079 2 734.540 155.074 0.006
L 185.544 2 92.1m 41.579 0.023
h 129.460 2 64.730 439.643 0.002
)8 214217 2 107.109 201.851 0.005
) 209.046 2 104.523 68.332 0.014
I; 15.090 2 7.545 1.593 0.386
Yo 195419 2 97.709 43792 0022
)8 37.964 2 18.982 128.923 0.008
)& 96.054 2 48.027 90.509 0.011
)8 265.690 2 132.845 86.848 0.011
I 152.740 2 76.370 16.123 0.058
X% 308.636 2 154318 69.163 0.014
h 487.384 2 243.692 1655.141 0.001
I 980.368 2 490.184 923.712 0.001
I, 1843.778 2 921.889 602.686 0.002
) 2033320 2 1016.660 214.635 0.005
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Fig 1 Design space cross sections
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Tab 5 Proven acceptable range

Wk ffiie B LR
X i
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AR I R 424 9.20 mm.
2.5.3 EAL T ZA TSk AG B ARG K 2085k} 24
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Monte-Carlo simulation
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