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acetaminophen sustained-release tablets by 3D printing
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Abstract: The aim of this study is to prepare acetaminophen sustained-release tablets by hot melt extrusion
3D printing technology based on the concept of "Quality by Design" (QbD). Firstly, the failure mode and effect
analysis (FMEA) was used to determine the critical process parameters (CPPs), then full-factor experimental design
was used to analyze the critical quality attributes (CQAs) and to establish the design space. The results showed that
the content of plasticizer, the path spacing and the shell numbers are independent variable for the experimental
design. The design space was concluded to be plasticizer content: 9%, and the shell number: 3-5, the path spacing:
1.05-1.2 mm. In this study, 3D printing technology was used to prepare acetaminophen sustained-release tablets in
accordance with the concept of QbD, which improved the durability of the process and ensured the uniform and
controllable quality of the preparation and also provided experimental basis for personalised medicine.

Key words: computer aided design; hot melt extrusion; three-dimensional printing; acetaminophen; sustained

release preparation; personalised medicine

“JR I T % 11" (Quality by Design, QbD) &3 & B 20 0 R B E B R R B — A 2 A
H4 24 i 1R o B A ) DA A 7 R R AR N R T4
Wik H 9: 2020-03-15; &[] H 4: 2020-05-05. il 57, B QbD 2 B H T 24 i W 5T T BLLE o R
FEGTUE  HJOH 25 B RHE #H K % T (2018ZX09721003). W 5 T [ B R b 67 L 0 A T T2 HEAT AT 4

*WIAE# Tel: 86-10-66931694, E-mail: apzheng@163.com
DOI: 10.16438/j.0513-4870.2020-0336 ML E T NTF, IR B2 b iF o B 75 1 5 & n) 8,




+ 2720 -

2% %4 Acta Pharmaceutica Sinica 2020, 55(11): 2719 -2727

=/
52

TH R AN B R 20T 24 ot i Y SR AR AN A
UEZ it R

XF Z W AL WY S — R R R VB 25, )T
EH T A AR IO, JCH A X LE, DT L
7 IR A ) LB TR, R R AT 70 R S 2 2 I
g2, HXPFASFEISEES ) LB R UL, 45 7 AR R R 2
W2 R g2 eV i) R, HL R AR i 4 2,
5 FH 5 2% 5 203 7 B 2 24 L 38 AW K P AN 5 7
EAAMERG o 17 3D BEA AT AR 47 H g k1 348 ] 24
i) ALY, 2 A P SR B 3 i v S AT 4 1) 3D 9T BN
BL, B A RELLIZ T2 HER A 7 2CHT B RSEL AR L, H Al
7z B TR 2 ATk, 1996 4F, Wu B T
3D T ENH A 5% 25 W il 7 1) W] RE A, BB R, i BARAE
] 2547 M (¥ BF 032 7 18 22, ) A A R N
FRUSLAILE 22 A 1) 7R 223 A0 ST DA 3D 9T BB AR ] 44,
2015 4F, 3D TEN 244 /e . 4 vuH ) LT, 45 &% 3D
ITENEORAE B AT M 1 12 2N, iZ BRI 35 7
v P 0 R 1 S RS R RS, T DU T SR T
TN AN RS K Sk, SEBA [R] A% < AS R 7R AR il 771
{10 4 %, I AT LA I A S 4 A 1 SR R 7R R
JE0T2, SEAMA A g5 24528, AR UG QbD B, LA
SCRYE B 09 B 249 5 I VD i 407 D3 SRR, B A
KBk i 3D AT BN AR SKBUN 2 B 2 By R v 1) il 4%,
AR 25528 1 SR AN PEAR 4

i, AT £

MR 57

NESRHF A oW ER (R EBIEEHREA
m], it 5 20181225, 4l : 98.4%); JL R YERA (i [H 2 iy
R, fIbS: 31842216K0); Ze i bk (L iEsm A 254
PR A ], k45 20180725); fiF SRS (R ARE i ] 25 A PR
N, b5 20190113); V& VO W 407 (4 E LR A
|, fit5: WPAH516C); 3D 4T EIAL ([ I ifg &= 75 LR
FAMRAT, B5: MAM-II); BEHREAHL (0 E Wi

B R Bt R A |, RS HSD); B R G A R A
(i E g e 2 R, BT CIY-2C); W A (B
ZIRRFHC AR A A, 415 708-DS).

P BERRRERR (quality target product profile,
QTPP) #R4E 5[ 24 it (USP) Xt Z B & 1 2 8 1
[ R, 5 A PR BT H 3D FT ER il 2% 25 1 H AR 4y
R, ESXCNQTPP, WWER 1. JCEE & )& M (critical quality
attributes, CQAs) 2 4# 4% 7 i ) QTPP Jz # )4 % th 3D
FTEDHIFRVERE s A 52, LK 2,

Table 1 Quality target product profile (QTPP) of acetaminophen
sustained-release tablets

Element Target
Appearance Yellow tablet
Dosage form Sustained-release tablet

Oral

500 mg (flexible)

At least 24-month shelf-life
at room temperature

Meet the same compendial
or other applicable (quality)
standards

Route of administration
Dosage strength
Stability

Identification

Weight variation

In vitro release
Degradation products
Assay

Microbial limits

R R BEERER WP HIEFH 3D FTE
1] 8% 245 4 B T R 2 o i I O A28 R R R R Y %
B T2 2% (critical process parameters, CPPs), = % 43,
FEAL 7 A T 2R 2, W 1. B 2% 8o =X A 25087 45
HriZ (failure mode and effects analysis, FMEA) X} % [A]
FOIEAT KRS VAR 12, RS VAl 25 R DAV Tl 5 25018
o, VO TN L2 3, 2% DR 3R KU VAl R BB AV o3
JE D e me R L R A R e RS A 2 R FE AR 7 2 AR,
IEEE AT TR B, B KR PRl RE13~18 73 2
[) Ay v AU BR 3R, 6~12 43 2 [l Sy AU R 3, iK1 6
SRR 2R o AU VPl R 4s S 0L 2.

Table 2 Critical quality attributes (CQAs) of acetaminophen sustained-release tablets. Refer to the United States Pharmacopoeia (USP)

standards for assay, in vitro release and degradation products limits

Quality attribute Target CQAs Justification
Appearance Yellow tablet No Acceptable to patients
Size Flexibility No Adjust flexibly as needed, easy to swallow
Hardness Ensure moldability No Maintain the internal structure of the product
Friability Ensure integrity No Make sure the product is not damaged
Weight variation + 5% Yes Affect the safety and effectiveness of the product
In vitro release 3h>85% Yes Affect the bioavailability and effectiveness of the product
Degradation product Any unknown impurity: NMT 0.15% Yes Affect the safety of the product

Total impurities: NMT 0.5%

Assay 90%-110% (w/w) of label claim Yes Affect the safety and effectiveness of the product
Microbial limit Meets relevant pharmacopoeia criteria Yes Affect the safety of the product, but after high temperature,

the risk of microorganisms in this product is reduced
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Figure 1 Fishbone diagram of factors affecting the quality of tablets
Table 3  Principle of risk priority number
Attribute Level Criteria
Influence level 3 Small fluctuations of the parameters will have a huge impact on the results
2 Obvious fluctuations of the parameters will have impact on the results
1 Fluctuations of the parameters have little impact on the results
Probability 3 High probability of occurrence of the fluctuation
2 Moderate probability of occurrence of the fluctuation
1 Minimal probability of occurrence of the fluctuation
Difficulty of detection 2 Difficult to be detected
1 Easy to be detected
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Figure 2 Result of risk priority number. The risk priority number between 13 and 18 points is a high risk factor, between 6 and 12 points is

a medium risk factor, and less than 6 points is a low risk factor
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Table 4 Factor level and response value of all-factor experiment

. Level
Independent variable ) 0 1

A Content of plasticizer/% 7 8 9
B Path spacing/ mm 0.6 0.8 1.2
C Shell number 1 3 5

Response value Criteria
Y, Hardness 40 - 100 kg-N*
Y, Friability <3.0%
Y, Release of 0.5 h 45% — 65%
Y, Release of 1 h 60% - 85%
Yo Release of 3 h >85%

Table 5 Design planning of all-factors experimental

Number A B C
1 0 0 0
2 1 -1 1
3 1 1 -1
4 -1 1 1
5 0 0
6 -1 -1 -1
7 1 1 1
8 -1 -1 1
9 1 -1 -1

10 -1 1 -1
11 0 0 0

RN RITED A TS LES Bh 44 (computer
aided drafting, CAD) % i+ B 424 15 mm. & 4 mm [
[ AL T B A, K 15 Y 3 1 Oh 37 21 S A A 2 (stereo
lithography, STL) Jf 5 A\ 2 MAM-I1#T EQ 8 A4, 55
PR B FT B B A5 A8 LR B, A SEAT ENER 2 N AT, a
RFATEI IR AZ (] B, 40P 3 FTom .

—

Figure 3 The action path of the nozzle during the printing process.
a: Path spacing of the print
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Figure 4 Mechanism of hot melt extrusion 3D printer: 1: Motor;
2: Piston; 3: Cavity; 4: Thermocouple; 5: Heating cavity; 6: Nozzle;
7: Print board
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FURLRLTFURFT ED, 41 BN 45 2R 30 s & £ i1l 771 52 4= [ 40 F
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Table 6 Result of the all-factors experimental design. n =12, x s

JE w RORARE . TiBh A HRE DK = 18182, Yiid:
1.5 mL-min, kR 25 °C, K3 K 245 nm, 3 FE K
FH: 10 pls

G F AR FABL2 R FEATARI, I
J7 7853 Wik w5206 45 JEdAT 3 i, EAS X 18] 95%

ZFR
1 SEWRITER

AR S 00 1 v AT AN [5] 2 B 770 4T B, 9% il
FUHEAT FH L S50 A, 25 5 W3 6,
2 BMENEEEZR

Pareto P& Al 3= 2087 [ (] 5AL6A) K, HAZ & B
(% A28 TB] ) Ay s me g AR Y, (BB FE) OB Ve &, P
{E 79 0.005, 4% [ PR 3K, B 77 RE B PRI, 2% R AR
Z AR BAE A, BIJH77FE: Y, = 103.2 + 1.52 A -
67.0B-6.3C - 0.84 AB +0.69 AC + 3.48 BC.
3 MEEMEEER

Pareto & 1 3= & b7 1 (K1 5B 6B) o, HAZE A
(K 2R F0) 5 9 5% e e LAY, (MRERRE ) 1 25 1k TR
#,PHAN001L, HTEA(MEBRHE) SHEEC
(GhreEE0) BAMEAER (B 7), EARFFERAT R FEA A
BT OL T, BB Bk K, A5 HOE /D R R R
/N, T 5 2 Y, = 0.048 6 - 0.003 39 A + 0.007 7 B +
0.004 50 C - 0.000 50 AB - 0.000 387 AC —0.000 29 BC.
4 BHENEEER

Pareto 5] (1&18) 1 3= &4 B [ (11 9) 25 4 B, %o
I Y5 Y4 Ys (0.5 170 3 h R AEE), H AL & B 1520
J& 5 F Y, PAE 2 31 4 0.005..0.001 110.021, 2518 h £&
(E110) £ 81, B8 & C 5 H 48 5 B AR 1 5
BA— & FAH AR, B 2% A% 18] 26 R 3G nfn ok 5% )2
kb, AR S B T o5 AR R JSRE B SR B, [m 1A
f£:Y,=0.12 - 0.013A + 1.38 B - 0.218 C - 0.108 AB +
0.026 0 AC - 0.008 1 BC; Y, =0.71 - 0.054 A + 0.34 B -
0.151 C + 0.016 AB + 0.015 3 AC + 0.018 8 BC; Y, =

Number Al% B/mm C Y, /kg-N? Y,/% Y./% Y,/% Y</%
1 8 0.9 3 55.8+3.8 2.01 30.04 £4.55 69.21 +5.71 99.78 £ 0.98
2 8 0.9 3 67.1£6.2 2.83 34.25+3.79 53.93+4.41 97.48+0.91
3 8 0.9 3 46.1+2.0 2.77 33.13+3.45 56.69 + 3.34 95.66 + 1.54
4 7 0.6 1 708 +£4.7 3.15 35.03+1.98 55.04 + 3.58 94.30 +5.19
5 7 1.2 1 289+21 3.10 47.63 £5.01 92.23+5.01 96.85+7.19
6 9 1.2 1 315+19 251 35.91+0.92 79.30 +1.61 100.42 + 7.06
7 9 0.6 1 73.9+52 2.05 29.94+1.35 58.06 + 6.84 96.88 + 1.49
8 7 0.6 5 73.0+7.1 3.51 28.22+0.28 51.02 + 6.05 94.74 +5.71
9 9 0.6 5 82.1+39 2.67 32.62+4.32 48.44 + 6.56 92.69 + 3.56
10 9 1.2 5 476+24 2.49 62.17 +2.25 92.06 + 7.27 99.13+6.31
11 7 1.2 5 39.9+16 3.96 52.71+2.17 74.87 +3.88 101.31 + 3.60
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Figure 6 Main effect plot for hardness (A) and friability (B)
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Figure 7 Contour of plot of friability vs plasticizer content and
shell numbers, path spacing = 0.9 mm
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Figure 8 Pareto chart of the standardized effects. Response is in vitro release of 0.5 h (A), 1 h (B), 3h (C), « =0.05
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Figure 10 Contour of plot of in vitro release of 0.5 h (A), 1 h (B), 3 h (C) vs path spacing and shell numbers, plasticizer content = 9%
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Figure1l Designspace of acetaminophen sustained-release tablets
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Figure 12 Release curve of 3D printed tablets and commercial
acetaminophen sustained release tablets
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Table 7 Quality comparison between 3D printed tablets and commercial preparations

Tablet Assay/% Related substance 0.5 h release/% 1 h release/% 3 h release/%
Tylenol 96.74 Not checked out 60.94 82.53 97.04
Beilexin 98.62 Not checked out 50.51 54.28 62.99
3D printed tablets 102.10 Not checked out 53.04 75.03 97.12
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