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Abstract: Based on the dual needs of analgesia and anti-inflammation in trauma treatment, this study uses
acetaminophen and moxifloxacin hydrochloride as active pharmaceutical ingredients and develops a composite
bilayer tablet with a dual-phase drug release system by using binder jet 3D printing technology. Due to the
complexity of the 3D printing process, there is an interaction between the various parameters. Through the
optimization of the process, the relationship between the key process parameters can be determined more
intuitively. In this study, the process of extended-release tablets was optimized to maintain the mechanical
properties of the tablets while realizing the regulation of release. The full-factor experimental design of three
central points 2° was used to analyze the factors that significantly affect the quality attributes of extended-release
tablets and the interaction between factors. The optimal extended-release process parameters were obtained by the
response optimizer: the inkjet quantity of the printing ink was 10 (about 13.8 pL), the powder thickness was
180 um, and the running speed was 360 mm-s". The in vitro of release of 3D printed composite bilayer tablets
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showed that the in vitro of release of 3D printed tablets and commercially available tablets conformed to the Ritger-

Peppas release model. The results of porosity showed that the immediate-release layer of the preparation has many

pores and large pore size, and the dissolution of the immediate release layer within 15 min was greater than 85%.

The internal pore size of the extended release layer is large, but it can still release slowly for up to 8 h, the

mechanism may be related to the extended release of HPMC gelation. On the basis of verifying the rationality of

the design goal of 3D printed composite bilayer tablets, this study also provides a theoretical basis for the

preparation of 3D printing complex preparations.

Key words: binder jet 3D printing; acetaminophen; moxifloxacin hydrochloride; full factor experimental

design; process optimization; release model fitting
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Binder jet 3D printing (BJ-3DP) schematic diagram of

Figure 1
the principle (A) and the model design drawing of composite
bilayer tablets by BJ-3DP technology (B). IR layer: Immediate-

release layer; ER layer: Extended-release layer
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Table 1 Factor level of all-factor experiment. Thickness: Single

layer thickness

Level
Factor
-1 0 1
A Inkjet quantity 8 9 10
B Thickness/um 0.14 0.17 0.20
C Running speed/mm-s” 200 280 360

Table 2 Respond value of all-factor experiment

Dependent variable Target
Y1 Hardness Maximization 35-70N
Y2 Friability Minimization 0-10%
Y3 In vitro release Optimization —
Y4 Running time Minimization 7-10 min
Y5 Appearance Optimization Regular/rounded
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Table 3 The full factor of operation sequence design

Number Inkjet quantity ~ Thickness/mm Running speed/mm-s”
1 10 0.20 200
2 9 0.17 280
3 8 0.14 360
4 8 0.20 360
5 9 0.17 280
6 10 0.14 200
7 10 0.14 360
8 9 0.17 280
9 10 0.20 360
10 8 0.14 200
11 8 0.20 200
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Figure 2 The Pareto plot for tablet's hardness
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Table 4 Design of experiment (DoE) results under different printing parameters. *Evaluation criteria of appearance: the appearance of tablets

is divided into four levels according to their advantages and disadvantages. Score 4: Excellent-tablets had complete rules and good appea-

rance; Score 3: Good-tablets were complete, and the local area was slightly irregular but acceptable; Score 2: Poor-tablets were complete but

their overall regularity is poor; Score 1: Very poor-tablets were incomplete (such as displacement occurs between layers) or severely irregular

shape. SD: Standard deviation

Hardness Friability Running 15 min 1h 4h
Number . . - - - Appearance
/N /% time/min  Releasing rate/% SD*/% Releasing rate/% SD/%  Releasing rate/% SD/%
1.00 41.83 6.63 8.55 21.98 1.04 45.59 4.49 94.45 8.16 4
2.00 35.30 7.99 9.48 35.79 7.83 55.19 8.24 90.87 4.09 3
3.00 24.03 8.95 11.14 34.29 8.50 60.66 4.44 95.49 2.07 2
4.00 20.39 10.67 7.47 35.09 2.35 58.45 2.51 99.68 2.42 1
5.00 34.49 7.23 9.47 24.97 3.19 46.11 8.33 91.08 5.12 3
6.00 65.54 3.70 12.53 12.82 1.65 30.29 5.16 74.27 2.75 4
7.00 64.75 4.59 11.14 16.60 2.50 33.38 3.55 83.45 1.87 4
8.00 35.07 7.67 9.47 30.57 8.37 50.77 7.53 89.97 4.30 3
9.00 40.27 7.07 7.47 30.98 6.26 51.63 5.02 90.16 1.26 4
10.00 23.57 7.24 12.52 20.47 2.36 44.89 9.27 95.44 11.17 2
11.00 20.67 9.38 8.84 29.63 3.56 51.63 4.13 95.29 2.26 1




- 3112 - #5254 Acta Pharmaceutica Sinica 2023, 58(10): 3108-3115

VAT R B /N = —341.8 + 46.07A+ 1 356B + 0.045 6C —
173.5AB - 0.003 95AC - 0.079BC.
3 RAFIEEENEEZMEER

1 ¥ 3 1 Pareto B {7, #£ a = 0.05 I, A\B.C
R R P P S 2 s R, L] TR AR B AT HL
YEH . B\C5 R/ AR R L, A5 R MG B2 Rl
.

Term -/ Factor name

A Inkjet quantity

B Thickness/mm

C  Running speed/mm-s-!

0 2 4 6 8 10 12 14
Standardized effect

Figure 3 The Pareto plot for tablet's frability
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Figure 4 The Pareto plot for in vitro release. A: 1 h; B: 4 h
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Figure 5 The Pareto plot for running time
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Figure 6 The Pareto plot for appearance
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Figure 7 Design space of extended-release layer
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Table 5 Release fitting model of printed and commercial tablet. x: Time; y: Cumulative dissolution

Mode Tylenol 3D printed composite bilayer tablet
Related ratio (R) Zero-order release 0.48 0.66
First-order release 0.75 0.65
Higuchi 0.71 0.87
Ritger-Peppas 0.9 0.97

Regression equation Zero-order release
First-order release

Higuchi

y = 3.88x+65.24
y= 88(1—6’4'7&)
y=14.92x"*+54.24

y=4.44x+56.91
y = 88.62(1-¢>%")
y = 18.86x"7+43.69

Ritger-Peppas y=72.48x"" y=66.14x""
Table 6 Pore size parameters of 3D-printed compound double-layer tablets
Parameter ER layer IR layer
Average pore diameter/um 24.830 28.277
Porosity/% 60.59 62.79
Median pore diameter (volume) at 5.66 psia and 0.597 mL-g"'/um 3.151 34.027
Median pore diameter (area) at 7.40 psia and 0.096 m?-g”'/um 24.437 30.705
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Figure 8 3D printing of composite bilayer tablet and the release curve of 3DP tablets and commercial tablets (n = 6). A: Physical picture of

3D printing of composite bilayer tablet; B: Release curve of 3DP composite bilayers and commercial tablets-tylenol; C: Release curve of

3DP composite bilayers and commercial tablets-Avelox
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