Republic of Traq
Ministry of Higher Education and
Scientific Research
University of Mosul
College of Pharmacy

Fabrication of a customized colon-targeted
tablet of dexamethasone via fused deposition
modelling 3D printing

A Thesis
Submitted to the Council of the College of Pharmacy/ University of
Mosul as a partial fulfillment of the requirements for the master's
degree in pharmacy

By

FAHAD RAAD SALIM ABDULLAH

(B.Sc. Pharmacy 2017)

Supervised by
Asst. Prof. Dr. OMAR A HAMID

2025 A.D. 1446 A.H.



Abstract

Abstract

Background: Colon-targeted drug delivery systems (CTDDS) have gained
significant interest in treating various local colon diseases, such as inflammatory
bowel diseases and colon cancer. Colon-targeting drug delivery has also been
utilized for the systemic delivery of peptide and protein drugs through the colon to
prevent their degradation in the upper gastrointestinal tract (GIT). Current
manufacturing methods for CTDDS typically rely on one-size-fits-all dosage
forms. This standard dosage form has shown challenges in effectively delivering
drugs to the colon due to the wide inter-individual and intra-individual variations
in GIT transit times for medicines in both healthy and disease states. Additionally,
these manufacturing methods cannot produce customized dosage forms. 3D
printing, also known as additive manufacturing or rapid prototyping, is an
emerging technology that allows for the fabrication of 3D objects using computer-
aided design (CAD). 3D printing provides the opportunity to create customized
dosage forms, allowing precise control over external and internal geometries as
well as related complex release profiles. Therefore, it was proposed that 3D
printing of colon-targeting oral tablets using pH-sensitive polymer (Eudragit S100)
could aid in developing a personalized CTDDS, addressing the limitations of the
traditional pharmaceutical industry regarding CTDDS. This study aimed to
produce a colon-targeted tablet of dexamethasone (DEX) using fused deposition
modeling (FDM) 3D printing by formulating optimized polymeric filaments

suitable for extrusion and printability.

Methods: A series of eight filament formulations (F1-F8) is prepared using
hot-melt extrusion (HME) with varying concentrations of Eudragit S100, triethyl
citrate (TEC), talc, poloxamer 188, and DEX (a model drug). The eighth

formulation (F8) is explicitly designed as a drug-loaded filament, incorporating
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DEX into the polymer matrix to facilitate colon-specific drug delivery. The
morphology, thermal behavior, and mechanical properties of the extruded
filaments are characterized using scanning electron microscopy (SEM),
thermogravimetric analysis (TGA), differential scanning calorimetry (DSC), and
tensile testing. Printability tests are conducted with Creality Ender 3 FDM printers.
Subsequently, the optimized drug-free filaments (F4 and F7) and DEX-loaded
filament (F8) are used to 3D print two colon delivery systems: a drug-free colon-
targeting shell configuration and the DEX-loaded matrix-type configuration. Both
configurations are then subjected to an in vitro, pH-dependent release study
simulating the GIT site-specific pH to evaluate their ability for pH-triggered

colonic delivery.

Results: Selected drug-free filaments F4 are composed of 60% Eudragit
S100, 22.5% TEC, and 17.5% talc, while F7 consisted of 60% Eudragit S100, 20%
TEC, 15% talc, and 5% poloxamer 188. The optimized DEX-loaded filament
included 60% Eudragit S100, 13% TEC, 13% talc, 5% poloxamer 188, and 9%
DEX. These filaments exhibit the best balance of thermal stability, elasticity,
dimensional consistency, and printability. For all formulations, TGA confirmed
that the compounds were thermally stable up to 250 °C, and DSC analysis indicates
a reduction in glass transition temperature, confirming the plasticizing effect of
TEC. SEM images showed smooth, defect-free filament surfaces, while
mechanical testing demonstrated suitable elongation and tensile strength for FDM
processing. The drug-free shell and the DEX-loaded tablet configurations were
successfully printed with well-defined geometry, high printing quality, and shape
fidelity using the Creality Ender 3 FDM printer. X-ray powder diffractometry
(XRPD) analysis revealed the amorphous nature of the DEX in both the extruded
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filament (F8) and 3D printed tablets using F8, indicating successful molecular

dispersion of the drug within the polymer matrix.

In vitro release studies of the shell-based configuration showed a lag time
(T10% time to 10% drug release) dependent on wall thickness, ranging from 4 to
6 hours. For the DEX-loaded matrix configuration, the release profile exhibited a
tunable lag time between 3.0 and 4.5 hours, depending on the tablet infill density,
which varied from 50% to 100%. In vitro dissolution studies demonstrated that
both the core/shell tablet fabricated using formulation F7 and the drug-loaded

filament (F8) achieved successful colon-targeted drug release profiles.

Conclusion: This study successfully demonstrates the fabrication of a
patient-customized, colon-targeted DEX tablet using FDM 3D printing.
Optimizing the filament formulation—particularly the ratio of plasticizer and
filler—was critical in achieving suitable mechanical and thermal properties for 3D
printing. The findings support the feasibility of using 3D printing to develop pH-
sensitive and site-specific oral dosage forms tailored to individual patient needs.
This approach offers a promising platform for future personalized therapies in

managing colonic diseases.
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