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Preparation of 3D printed metoprolol tartrate chewable tablets and
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Abstract: With the growing demand of personalized medicine for children, it is especially important to
develop medicines for children. In this study, using metoprolol tartrate as model drug, we developed 3D printed
chewable tablets suitable for children with automated dosage distribution using semi-solid extruded (SSE) 3D
printing technology. Based on the quality by design concept, this study prepared a semi-solid material with good
printability using gelatin as the substrate, constructed 3D models and printed tablets with the aid of computer-aided
design. The printing parameters were optimized and determined as follows: print temperature of 35-37 °C, print
speed of 25 mm-s’, fill rate of 15%, and number of outer profile layers of 2. Subsequently, the printing process and
the quality uniformity of the tablets were verified, and a linear relationship between the dose and the number of
model layers was obtained. Finally, 3D printed chewable tablets were superior in terms of appearance, dose
accuracy and compliance compared with traditional split-dose commercially available tablets. In this study, 3D
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printed metoprolol tartrate chewable tablets with good performance were successfully prepared to address the

personalized medication needs of pediatric patients.

Key words: 3D printing; semi-solid extrusion; metoprolol tartrate; quality by design; personalized dose
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Tablel Quality target product profile (QTPP) and critical quality attributes (CQAs) of 3D printed metoprolol tartrate chewable tablets

Product property Objective

Foundation

Indication Arrhythmia in children

Chewable tablet
2.5,5.0,7.5,10.0 mg

Dosage form
Specification
Package

Storage condition According to storage below 30 °C

CQAs Appearance Blue round tablets

Relative substance ~ Any unknown impurity: not more than 0.10%

Total impurities: not more than 0.5%

Microbial limit Meets Chinese Pharmacopoeia 2020

Difference <5.0%
Assay 90%—-110%
Dissolution 15 min > 80%

High density polyethylene fingertip screw cap bottle

To supplement the inadequate specification of
commercially available preparations
To meet the needs of personalized medication for children

Need to meet the established validity period

To meet the needs of personalized medication for children
Ensure the preparation is safe, effective and reliable

Prevents slow release of drugs when tablets are
accidentally swallowed by children
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Table 2 Key printing parameters design table

Batch Print temperature Print speed Fillrate  Outer profile
/°C /mm-s” /% layer
1 33 25 15 2
2 35 25 15 2
3 37 25 15 2
4 39 25 15 2
5 35 15 15 2
6 35 35 15 2
7 35 25 10 2
8 35 25 20 2
9 35 25 15 1
10 35 25 15 3
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Figure 1 Packaging of semi-solid materials and rheological test results. A: Semi-solid material filled to syringe; B: Polyethylene glycol

terephthalate/aluminium/polyethylene bag-sealed semi-solid material; C: Rheological test results: cooling curve for temperature scan; D:

Rheological test results: flow curves to assess shear thinning properties; E: Rheological test results: shear recovery curves
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Table 3 Results of the examination of key printing parameters. Appearance is scored on a scale of poor +, medium ++, good +++

Appearance Average tablet Sheet weight L. .
Batch Appearance . . Disintegration
comments weight difference
1 - Unable to print -
2 +++ 875.45 mg +2.50% 6 min 1 s-
6 min 25 s
3 +++ 877.78 mg +2.18% 6 minl2 s-
6 min 38 s
4 + 884.55 mg +4.42% -
5 +++ 870.55 mg +3.15% 6 min 22 s-
6 min 49 s
6 ++ 871.90 mg +2.31% 6 min 19 s-
6 min 39 s
7 ++ 782.23 mg +3.75% 7 min 1 s-
7 min 28 s
8 + 927.22 mg +2.18% 10 min 22 s-
10 min 48 s
9 + 605.70 mg +5.20% 4 min 43 s-
Smin9s
10 \ + 1095.34 mg +2.34% 10 min 54 s-
I 1\ 11 min 48 s

7.931 (r = 0.999 9); @ KILH%: y = 187.96x + 29.543 4
(r=10.999 6), LR PERLA 45 R hF . PLITE— & 12
HOa Rl A, F 7 2 B RO — B, N RS AR [
B2 24 100 mg, B2 7554 1 mg, KUK AR
T {4 2 70 BN 2 mg, X IRAE T O E MITEN T2 S
S [ R RA R 22 R ) e RS T, D3 o 3 4 U R

FLAR B2 hRT A5 B HE A bR R AR TR, AT AL R
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Figure 2 Results of linear fit of tablet weight with model layers. A: Linear fit curves for small-size chewable tablets; B: Front and side

views of small-size chewable tablets; C: Linear fit curves for large-size chewable tablets; D: Front and side views of large-size chewable tablets
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3D Printed Metoprolol Tartrate Chewable Tablets
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Figure3 Appearance and release profiles of 3D printed metoprolol
tartrate chewable tablets and commercially available tablets after
splitting the dose. A: Schematic diagrams of different sizes of 3D
printed chewable tablets, broken or grinded commercially available
tablets; B: Scanning electron microscope (SEM) image: side x 25
times; C: SEM image: upper surface x 25 times; D: SEM image:
internal structure (edge) x 25 times; E: SEM image: internal struc-

ture (middle) x 25 times

BT A R 2B R0 R R 7 ) B /D Bk 4 25 mg,
WK 3A Fios, & 1 B R ZDR A Fr, HRkE T ik 2
12.5 mg, 1fi 10 mg B 5 /N FUKS 19 Fr 771 R e dd ik 36 43 59
D835 0 B8 700 o A PSR BE, 3X B A2 B A B B 24 i
B FVE IR, FAAE R EANE, 1T 2E, B N M 22
S5 0] R, 78378 AN REH A2 ) L TE B 1 R R, A DL LR 1
BI7 B H bR
4.2 3D FTENRERS F BRADSF MM oH S F i o s
P B 1 BRA% 85 TR PR RE X )L 35 R 1 vl B A2 i R 4%
5 AR, T4 5 A U R A T A MEL g DA
Fe %A% o BER a REUS Y, Sk 3D FT B A7 R 35 FE IR K
MEL U 33 AT T3 AR DA, 3 J o ) A e 1 A 0 5 381 5 Uk
BVEAN AR SE S5, 150 3D FT BN B . 753
R PR 25 R R s B R 2.8 14 NLBRPEAR M 0.763

EIEE D 0.921 N, A SR 0,429, b, B 3R AR
TELPE GG T 7 B 7, S R AR ME N T 7 Y e, NELIg
P2 48 3D 4T B RH IEE y PH I IA 213 G A MR R FE ) I (]
K, A SR S Fi P 0 0K 2 [ PR 66 PR 0 R P B

43 RINBE AR SRITE KA L R
A 4t (biopharmaceutics classification system, BCS) 135,
ST — Pl E AKIEVE R 254, X EG 3D 4T EIREL I R i
FIEEE (& 4), Forb 3D T EIAE g v o4 A HIE 52 00 d5c K
FHs 10 mg, T A RIE F IR T 1T B s/ NS 25 mg,
3D T EPRE I A AT S A FIAE 15 min (97 H E E>85%,
Byt i, s AT AR AL, i 3D 4T B RE I G
WA T VIER, ££ 10 min 2 BEIE FI 100% BT, XA 3D
FT EAELRES v P 1 XRS5 #E 5 R Ok, RIS L 7E iR
FHRE R R R iR, A 2l A R T 1%

120

100

X 80
£ W
% —=—3D printed tablets
8 40 —=—3D printed tablets after block cutting
A —+—Commercially available tablets

20

0

0 5 10 15 20 25 30 35
Time / min

Figure 4 Release profile of 3D printed chewable tablets and

commercially available tablets (n = 6, X £ s)
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