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The lack of age-appropriate medications for the paediatric population, 
which comprises over 30% of the global, remains a significant 
healthcare challenge. Due to the high costs and complexities of 
research, most available drugs are formulated for adults, leading to the 
off-label use thus, increasing the risk of side effects and decreasing the 
treatment efficacy. Furthermore, dosage flexibility, palatability, and 
ease of ingestion needs are frequently not met by conventional drug 
manufacturing; all of which are critical for therapeutical adherence in 
young patients [1]. Rapid prototyping, reached by 3D printing, enables 
to create fully customizable products (e.g., size, shape, release 
kinetics, and drug loading) quickly, precisely, and affordably [2]. 
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METHODS AND RESULTS

The present study addresses these issues by developing chewable dosage forms, also called gummies, using a semisolid 
extrusion (SSE)-based 3D printer, specifically the pressure-assisted micro syringe technology. A preformulated hydrogel, 
based on sodium alginate (SA) and iota-carrageenan (-K), was optimized through rheological analyses to achieve the ideal 
properties for high-resolution 3D printing. Each gummy presents an avg. weight of 1 g and loads ~ 40 mg of PRHCl.

Figure 1: A) Visual comparison of the behaviour of the tested formulations at the 3D printer 
showing the filament’s shape, and the top and lateral view of the 3D-printed gummies; B) CAD 
design of the 3D-printed gummy; C) Images of the 3D-printed gummy at the optical microscope 
after cross-linking showing the top (left) and lateral side of the final dosage form (right).

Figure 2: A) Flow curves, showing the shear thinning behaviour of the formulations; B) 3ITT tests, 
showing the recovery of the formulation’s viscosity after the three shear stages. Amplitude sweeps 
of the tested formulations both unloaded (C) and loaded with the API (D).

Formulation SA -K Saccharin

F1 10% 0% 0.5%

F2 5% 5% 0.5%

F3 4% 6% 0.5%

F4 3% 7% 0.5%

F5 0% 10% 0.5%

Figure 4: A) Cumulative drug release profile of PRHCl from the 
3D-printed gummies; B) Distribution of single dosage forms’ 
weights around the average and within the limits given by the 
EuPh; C) Distribution of single dosage forms’ content around 
the average and within the limits given by the EuPh. 
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Figure 3: A) FTIR spectra of the raw materials: SA (a), -K (b), E954 (c), PRHCl (f) 
compared to the unloaded (d) and drug-loaded (e) 3D-printed gummies; B) FTIR spectra 
showing the homogeneous distribution of PRHCl in the 3D-printed gummies.

This study demonstrates how 3D printing can be used to produce child-friendly, customized dosage forms with 
good mechanical properties and improved medication with the aim to increase compliance among patients.
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