
FARMACIA, 2026, Vol. 74, 2 

 412 

https://doi.org/10.31925/farmacia.2026.2.12 ORIGINAL ARTICLE 

DEVELOPMENT AND CHARACTERIZATION OF FLOATING 

3D-PRINTED CAPSULES FOR IMMEDIATE AND SUSTAINED 

CAPTOPRIL DELIVERY 

  
OMER MAHMOOD MUMTAZ 1,2*, AMJAD HUSSAIN 2, RABIA JAVAID 2, AIMAN MAHMOOD 1,2, 

EESHA TARIQ BHATTY 2,3, SAIF ULLAH KHAN 1, MUHAMMAD ABUBAKAR ZUBAIR 4, 

ANEEQA SALEEM 1, SARWAT NAZIR 1, AYESHA SAQIB 1, RIZWANA RAHEEL 1 

 
1Department of Pharmacy, Minhaj University Lahore, Pakistan 
2University College of Pharmacy, University of the Punjab, Lahore, Pakistan 
3Department of Pharmacy, Comsat University Islamabad, Islamabad, Pakistan 
4Riphah International University Faisalabad, Faisalabad, Pakistan 

 
*corresponding author: omermahmood131@gmail.com 

Manuscript received: December 2025 

Abstract 

Captopril, a BCS Class I drug, is widely used in the treatment of hypertension but faces challenges such as dose dumping and 

degradation in the intestinal environment. The present study aimed to develop 3D-printed floating capsules for both immedi-

ate and sustained release of captopril to improve gastric retention and reduce dosing frequency. Using fused deposition mod-

eling, two designs, a dome-shaped and a multicompartment FC, were fabricated and evaluated for weight, dimensions, buoy-

ancy under dynamic conditions, structural integrity, and drug release at pH 1.2. Both devices remained intact with no leak-

age. The dome-shaped FC showed a floating time of 5 h, while the multicompartment FC floated for 24 h. In vitro release 

studies demonstrated that the dome-shaped, Multicompartment FC released the drug at 390 or 480 min, compared with con-

ventional gelatin capsules, which released the drug within 25 min. Thus, the 3D-printed systems exhibited gastroretentive and 

controlled-release properties. In conclusion, 3D-printed FCs enabled both immediate and sustained captopril release, with 

release performance influenced by wall thickness and compartmental design, highlighting their potential as advanced gas-

troretentive drug delivery systems. 

 

Rezumat 

Acest studiu a avut ca obiectiv dezvoltarea unor capsule flotante obținute prin imprimare 3D, capabile să asigure atât elibera-

rea imediată, cât și eliberarea susținută a captoprilului, în vederea îmbunătățirii retenției gastrice și reducerii frecvenței admi-

nistrării. Utilizând tehnologia fused deposition modeling (FDM), au fost fabricate două tipuri de dispozitive: capsule flotante 

cu design în formă de dom și capsule flotante multicompartimentate. Acestea au fost evaluate în ceea ce privește masa, di-

mensiunile, capacitatea de flotare în condiții dinamice, integritatea structurală și profilul de eliberare a medicamentului la pH 

1,2. Ambele tipuri de capsule și-au menținut integritatea structurală, fără a prezenta scurgeri ale conținutului. Capsula flotantă 

cu design în formă de dom a prezentat un timp de flotare de aproximativ 5 ore, în timp ce capsula flotantă multicompartimen-

tată a rămas flotantă timp de 24 de ore. Studiile in vitro de eliberare au arătat că sistemele tip dom și cele multicompartimen-

tate au eliberat captoprilul după aproximativ 390, respectiv 480 de minute, comparativ cu capsulele convenționale din gelati-

nă, care au eliberat medicamentul în aproximativ 25 de minute. Astfel, sistemele obținute prin imprimare 3D au demonstrat 

proprietăți gastroretentive și de eliberare controlată. 
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Introduction 

Drug capsules are an essential component of phar-

maceutical sciences, offering a versatile platform 

for encapsulating and delivering active pharmaceu-

tical ingredients. Their popularity stems from ad-

vantages such as ease of administration, protection 

of sensitive drugs, and the ability to achieve con-

trolled release (1). Conventional capsule materials, 

including gelatin and hydroxypropyl methylcellu-

lose, provide certain benefits; however, they also 

present limitations, particularly rapid degradation, 

which can lead to unstable drug release profiles and 

suboptimal therapeutic outcomes (2). 

Over the past few decades, several gastro-retentive 

drug delivery systems (GRDDS) have been devel-

oped to improve the oral bioavailability of drugs 

with short half-lives (3). These include floating, muco-

adhesive, swellable, expandable, super-porous hydro-

gel, high-density, and magnetic systems. Among 

these approaches, floating dosage forms are espe-

cially attractive because they prolong gastric reten-

tion and enhance the absorption of drugs that are 

unstable or poorly absorbed in the lower gastroin-

testinal tract (4). 

Captopril (CPT), the first orally active angiotensin-

converting enzyme (ACE) inhibitor, remains the 
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reference standard in this therapeutic class due to 

its high clinical efficacy and low toxicity (5). It is 

widely used for hypertension and congestive heart 

failure management. However, its clinical utility is 

limited by a short elimination half-life of approxi-

mately 2 hours, requiring frequent dosing (12.5 - 

150 mg/day in two to three divided doses) (6). This 

results in fluctuating plasma concentrations, re-

duced patient compliance, and a higher incidence of 

adverse effects compared with newer ACE inhibi-

tors (7). Therefore, developing novel formulations 

that sustain CPT release while reducing dosing 

frequency is a pressing need. Gastro-retentive cap-

sule systems are particularly promising, as they can 

maintain steady plasma levels, reduce fluctuations, 

and protect the drug from degradation in the intes-

tinal environment (8). 

In this context, 3D printing (3DP) has emerged as 

an innovative tool for fabricating oral solid dosage 

forms (9). Among its various techniques, fused 

deposition modeling (FDM) is the most widely 

used in the pharmaceutical industry. FDM enables 

the solvent-free fabrication of complex geometries 

and internal architectures such as hollow channels, 

internal compartments, and multilayered structures 

(10, 11). Both immediate- and modified-release 

systems have been successfully produced using 

FDM-based 3DP (12), and recent studies have 

demonstrated its feasibility for capsule production 

using biodegradable polymers such as polyvinyl 

alcohol (PVA) and polylactic acid (PLA) (13, 14). 

Drug release modulation can be achieved by tailor-

ing capsule design and wall thickness. 

The present work focuses on the design and fabri-

cation of novel 3D-printed floating capsules (FCs) 

incorporating powdered captopril to achieve both 

immediate and sustained release profiles (15). Two 

capsule types, a dome-shaped capsule and a multi-

compartment capsule, were developed using envi-

ronmentally friendly PVA and PLA filaments. 

These floating capsules aim to prolong gastric resi-

dence, provide controlled release, minimize dose 

dumping, and reduce manufacturing complexity. 

Furthermore, 3DP enables personalized dosage 

form design, enabling patient-specific customiza-

tion of drug load, predictable release kinetics, and 

potential combination therapies (16). 

 

Materials and Methods 

Materials 

Polyvinyl alcohol (PVA) and poly lactic acid (PLA) 

filaments, 1.75 mm diameter, were purchased from 

filaments.ca (Ontario, Canada). A pharmaceutically 

accepted filament made for controlled release for-

mation, PVA, selected for oral intake (17). Fur-

thermore, PVA is frequently selected for 3D print-

ing applications in pharmaceutical formulations due 

to its favorable physicochemical and safety profile. 

PVA is water-soluble, non-toxic, and biocompati-

ble, characteristics that make it suitable for oral 

dosage form development. In addition, commercial-

ly available PVA filaments with water-solubility 

are widely available and compatible with common-

ly used FDM 3D printers. Owing to these proper-

ties, PVA has become a commonly utilized poly-

mer for the fabrication of 3D-printed oral dosage 

forms, including porous or foam-like drug delivery 

systems (18, 19). PLA is used because it is water-

insoluble and assists buoyancy in the gastric envi-

ronment (20). Captopril, used as a model drug, was 

provided by Lahore Pharmaceutical Pvt Ltd. Dyes 

of different colors, i.e., blue, red, black, and yellow, 

were purchased from the local market (Pakistan) for 

testing of the capsule dosage form. 

Equipment 

Maker Bot Replicator 2x (MakerBot® Industries, 

LLC, US-NY) was used for 3D printing by FDM 

(17). An analytical weighing balance (SHIMADZU 

UX 420H) was used to determine the weight of the 

capsular dosage form. Dimensional analysis was 

performed using a digital Vernier caliper (21). 

Dissolution testing was performed using the USP 

Type II dissolution apparatus (Erweka, Germany). 

UV spectrophotometer (2550, SCHIMADZOU, 

JAPAN) was used for spectrophotometric analysis 

of samples (22). Digital photographs were taken 

using a Nikon D5300. 

Method of preparing the solution used for testing 

Simulated gastric fluid (pH 1.2) was prepared by 

mixing 8.37 mL of 37% HCl solution in 1 L of 

distilled water (23). 

Filling and assembly of 3D-printed capsules 

The 3D-printed capsules were filled gravimetrical-

ly, with each unit individually weighed to contain 

25 mg of pure captopril, consistent with standard 

filling approaches for printed oral dosage forms 

(24). The capsule halves were assembled using a 

snap-fit interlocking mechanism similar to those 

previously described for FDM-printed drug deliv-

ery devices (25, 26). Each capsule incorporated a 

small 1.75 mm orifice designed to enable immedi-

ate fluid entry and promote rapid drug release, in 

accordance with perforated capsule concepts re-

ported in the literature. After assembly, the joint 

was externally reinforced with a thin PVA coating, 

following methods used to strengthen mechanical 

interlocks and minimize leakage (27). 

Design of the floating capsules 

The FCs were designed using software SolidWorks 

2021 Rx (28). The nominal dimensions are depicted 

in Figure 1 and Figure 2. The dome-shaped FC has 

two parts: the cap and the body. The cap was con-

structed with a wall thickness of 1.3 mm, and the 

dome has a hollow structure to facilitate the float-

ing of the capsule (17). The body, made of water-
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insoluble PLA, has a 1.75 mm diameter and con-

tains two inner cavities of equal volume. The as-

sembled capsule has a diameter of 10 mm and a 

length of 29 mm. 

The second multicompartment FC consists of four 

parts with a connector to facilitate the attachment of 

the four parts (17). Parts 1 and 2 were made of 

PLA, while parts 3 and 4 were made of PVA, with 

the same wall thickness of 1 mm. Part 1 consists of 

two adjacent holes with a diameter of 1.75 mm. The 

assembled capsule has a diameter of 10 mm and a 

length of 20.4 mm. The cross-sectional image of 

FCs is shown in Figure 3. 

 

 
Figure 1. 

Nominal dimensions of Dome capsule with cap (PVA) and body (PLA) 

 

 
Figure 2. 

Nominal dimensions of multicompartment capsule showing (A) outer parts, (B) inner compartments, and (C) 

connector 
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Figure 3. 

Cross-sectional view of Assembled capsular device A) Multicompartment B) Dome FC 

 

Printing conditions for the fabrication of the FC  

3D printer software (MakerBot Version 3.10.1.1389) 

was used to design every part of the capsular de-

vice. To extrude the filament from the nozzle, the 

printing parameters were adjusted as described in 

Table I. Before printing the new process, the fila-

ments are changed, the printer is cleaned, and the 

build plate is leveled (using niche pore surgical 

tape, 1 inch) to ensure proper filament adhesion to 

the platform and the correct capsule shape in manu-

facturing. 

Table I 

Printing Preference used for the fabrication of FC 

Parameter Multicompartment floating capsule  Dome-shaped capsule             Comparison summary 

Body Cap 

Extruder Temp (°C) Part 1,2 (210°C PVA) 230   

(PLA)   

210 

(PVA) 

FC uses slightly higher PLA 

temp; PVA is the same Part 3,4 (226°C PLA) 

Bed Temp (°C) 110 (PLA) 30 (PVA) 110 (PLA) 30(PVA) Identical 

Nozzle Diameter 0.4 mm 0.4 mm Identical 

Layer Height (mm) 0.30 mm (all) 0.10 mm (Cap) 0.30 mm (Body) FC Cap uses finer resolution 

Infill Density 100% 100% Identical 

Adhesion Type Niche ban tape Niche ban tape Identical 

Support Material Yes Yes Identical 

Raft Mostly No 

only for the connector 

No MC FC uses the raft only on 

the connector 

 

Floating capsule integrity testing using dye 

The general idea behind this is to check the integri-

ty of capsules (17). The multi-compartment capsule 

and the dome-shaped capsule were filled with dif-

ferent-colored dyes. The dye test was carried out in 

a dissolution apparatus (USP apparatus II) set to 25 

rpm at 37 ± 0.5°C, using 900 mL of HCl buffer at 

pH 1.2 (29). The time of dye release from both FCs 

was recorded every 0, 2, 15, 45, 60, 90, 120, 180, 

210, 240, 270, 300, 330, 360, 390 min for the dome 

capsule and an additional 420, 450, 480 min for the 

multicompartment capsule using a Nikon D5300 

digital camera. 

In vitro dissolution studies 

In vitro drug release characteristic was performed 

using a USP type II dissolution apparatus (Erweka, 

Germany). Each experiment for different FCs was 

performed in triplicate using 900 mL of an HCl 

buffer at pH 1.2, at 37 ± 0.5°C for 5 h. The paddle 

rotational speed was set to 25 rpm, and the capsules 

were placed into the dissolution vessel (30). 

The sampling time was adjusted according to the 

modified release of captopril from the printed FCs 

(31). Additionally, 5 mL of fluid samples were 

withdrawn at fixed time points (0, 2, 15, 45, 60, 90, 

120, 180, 210, 240, 270, 300, 330, 360, 390, for the 

dome-shaped and an additional 420, 450, and 480 

min for the multicompartment capsule. In contrast, 

the commercial gelatin capsule samples were col-

lected up to 25 minutes, and the same volume of 

fresh buffer medium was incorporated into the 

vessels to maintain sink conditions. The samples 

were filtered using filter paper with a pore size of 

0.20 μm and then analyzed using a UV/Vis spec-

trophotometer (UV-25 50, Shimadzu, Japan), where 

the concentration was assessed from the absorbance 

of captopril at 224 nm. 

Statistical analysis 

All experiments were conducted in triplicate. Data 

was analyzed using GraphPad Prism v11.0.0 

(GraphPad Software, San Diego, CA, USA). Mean 

± SD and 95% confidence intervals were calculated 

for each time point. The analysis of variance 

 

 

 

 

A 



FARMACIA, 2026, Vol. 74, 2 

 416 

(ANOVA) followed by Tukey’s post hoc test con-

firmed significant differences in early release be-

tween capsule types, and a p-value < 0.05 was 

considered significant. 

Drug release kinetics were evaluated by fitting the 

dissolution data to zero-order, Higuchi, and Korsmeyer-

Peppas models using Drug Dissolution (DD) Solver 

analysis. The goodness of fit was assessed by the 

coefficient of determination (R²) of > 0.95. 

 

Results and Discussion 

FDM 3D printed FCs 

Multi-compartment capsule and dome capsule were 

fabricated using FDM 3D printing. The most cru-

cial part of printing the dome capsule was printing 

the indent inside the cap. The interlocking is also 

important for the cap and connector of a multicom-

partment capsule because it joins four compart-

ments to a single connector and has a very complex 

structure. Efficient interlocking for both FCs is 

essential for reproducible release profiles. Different 

printing preferences were selected to print the fine 

structure of both FCs; the optimized conditions, 

based on the final selected parameters, are shown in 

Table I. The printed capsules are shown in Figure 4. 

Floating capsule integrity testing using dye 

The first moment of dye release from the dome FC 

was observed as soon as the capsule was placed 

inside the vessel containing acidic solution, from 

the hole made in the capsule’s body. The dye re-

lease was completed within 15 minutes as the me-

dium turned completely yellow. The release of red 

dye from the body inside the compartment was 

observed after 240 minutes, indicating that erosion 

of the outer wall of the cap had begun and that the 

red dye was completely released within 390 minutes, 

while the PVA cap completely dissolved in the 

surrounding medium. The results are depicted in 

Figure 5(A). 

The first release from the multi-compartment FC 

part 1 (PLA) was recorded as a yellowish color 

from the two holes, indicating an immediate re-

lease. Part 2 (PLA) of the capsule was kept empty 

to provide buoyancy. Parts 3 and 4 (PVA) with a 

wall thickness of 1 mm, eroded slowly and released 

the respective dyes in 480 min and completely in 

510 min with no further color change as the wall 

ruptured, which indicated a delayed release, turning 

the medium red and then blue but still floating up to 

24 hours as depicted in Figure 5(B). 

 

 
Figure 4. 

Optimally Printed FCs 

 

 
Figure 5. 

(A) Dye release from Dome FC at different time intervals (B) Dye release from multicompartment FC at differ-

ent time intervals 
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In vitro dissolution of captopril incorporated FCs 

The capsule dissolution in 0.1 M HCl was observed 

for approximately 480 min for the multicompart-

ment capsule, 390 min for the dome-capsule, and 

25 min for the commercial gelatin capsule. Both 

FCD, when immersed in the simulated gastric fluid, 

began to float with a lag time of 2 - 3 seconds, 

which means that the capsules have gastroretentive 

capability (32). 

The dome-shaped capsule containing 25 mg of 

powdered API in each of its two compartments 

exhibited a two-pulse release profile. The first Re-

lease began immediately upon immersion, with the 

outer compartment releasing 25 mg of the drug 

within 15 minutes at an approximate rate of 0.278 

mg/min, reaching 50% of the total dose shortly 

after initiation and completing full release through 

the 1.75 mm hole in the capsule body. The capsule 

remained buoyant for 300 minutes due to an air 

pocket in its dome design. After 300 minutes, the 

capsule sank to the bottom of the vessel, and the 

inner compartment began releasing its second 25 

mg drug pulse gradually, completing its full release 

in 390 min. 

In vitro dissolution was performed for a multi-

compartment capsule in 900 mL of 0.1 M HCl (pH 

1.2). The overall sampling period for this capsule 

was 480 minutes. Each experiment was carried out 

in triplicate. Parts 1, 3, and 4 of the multicompart-

ment capsule were filled with 25 mg of powdered 

API (captopril), while part 2 (PLA) was left as is 

for buoyancy, yielding a total dosage of 75 mg. 

The period of captopril release was calculated as 

time vs. percent dissolved in the graph shown in 

Figure 6. 

The multi-compartment capsule exhibited a pulsa-

tile drug-release profile consistent with the dye-test 

observations. The first release occurred immediate-

ly after a lag time of less than 1 minute from the 

hole in the outer PLA shell (part 1), with approxi-

mately 33% of the total drug released within 15 

minutes. The inner PLA compartment (part 2) re-

mained intact throughout the experiment due to its 

water-insoluble nature, providing buoyancy and 

demonstrating excellent gastric retention. The sec-

ond release occurred from the outer PVA compart-

ment (part 4), which, being water-soluble, gradually 

eroded and dissolved in the medium, exposing the 

encapsulated drug for release at 240 minutes, with 

cumulative release reaching 66% by 300 minutes. 

Following the dissolution of part 4, the inner, 

smaller PVA shell (part 3) was exposed to the me-

dium, initiating the final pulse of drug release at 

420 minutes and achieving complete release by 480 

minutes. The hard gelatin capsule released 100% of 

the drug within 25 min, indicating rapid drug re-

lease. The dissolution profiles of the three formula-

tions in 0.1 M HCl (pH 1.2) showed significant 

differences at multiple time points. The Hard Gela-

tin Capsule released 100% of the drug within 25 

min, whereas the Dome-Shaped FCD reached com-

plete dissolution at 390 min, and the Multicom-

partment formulation achieved near-complete re-

lease at 480 min (99.5 ± 0.46%). A one-way Analy-

sis of Variance (ANOVA) confirmed statistically 

significant differences (p < 0.05) between formula-

tions at 5, 15, 180, 240, 300, and 360 min, while 

some intermediate time points showed no signifi-

cant difference. 

 

 
Figure 6. 

Drug release of captopril from Dome-shaped FC 

(%), multicompartment FC, and Hard gelatin cap-

sule in HCl (pH 1.2) 
The data are expressed as * Statistically significant (p < 

0.05) 

 

Kinetics of FCDs 

The fitting results are included in Table II. An R2 

value > 0.95 was considered the best fit for the 

kinetic model. The results demonstrated that the 

dome-shaped FCs exhibited a gradual release pro-

file, with kinetic analysis revealing the best fit to 

the zero-order model. The multi-compartment FCs 

demonstrated a more controlled and sustained drug 

release compared to dome-shaped FCs. Triplicate 

measurements confirmed reproducibility (mean ± 

SD at final release: 75.1 ± 0.001 mg, 95% CI 75.09 

- 75.12 mg). The release data showed the highest 

correlation with the Higuchi model, followed close-

ly by the Korsmeyer-Peppas model, confirming a 

diffusion-controlled release mechanism. This can 

be attributed to the complex internal architecture of 

the multicompartment system, which increased the 

diffusional path length. Gelatin shell is best de-

scribed by zero-order kinetics, indicating concen-

tration-independent release. This behavior is con-

sistent with the immediate dissolution of the gelatin 

shell, resulting in a prompt drug availability coeffi-

cient of determination, as shown. 
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Table II 

Coefficient of determination (R2) of floating capsular devices 

FCD’s Zero-order 

(R²) 

First-order 

(R²) 

Higuchi 

(R²) 

Korsmeyer-Peppas 

(R²) 

Best Fit 

Dome-shaped 0.960* 0.720 0.750 0.780 Zero-order 

Multicompartment 0.880 0.790 0.970* 0.960* Higuchi/Korsmeyer-Peppas 

Commercial capsule 0.910 0.965* 0.850 0.940 First-order 

 

The release characteristics of the active pharmaceu-

tical ingredient (API), captopril, from the devel-

oped floating capsules (FCs) were compared with 

those of a commercial gelatin capsule and with 

previously reported gastro-retentive delivery sys-

tems. As anticipated, captopril release from the FCs 

occurred in two distinct phases: an initial rapid 

release attributed to the presence of either side of 

holes, followed by a sustained release governed by 

the incorporation of internal compartments. Similar 

biphasic and pulsatile release profiles have been 

reported for compartmentalized capsule drug deliv-

ery devices, where structural design rather than 

thickness controls drug release timing.  However, 

compared with these commercially available cap-

sules, the present FCs achieved prolonged gastric 

retention while maintaining a simpler design and 

high reproducibility. In contrast, the commercial 

gelatin capsule exhibited immediate drug release 

due to the rapid dissolution of the gelatin shell in 

acidic medium, achieving complete drug release 

within 25 min. This rapid release behavior is con-

sistent with reports by other researchers, who have 

shown that gelatin-based capsules dissolve almost 

instantaneously in gastric conditions, resulting in 

minimal control over release kinetics and no gastric 

retention (33). Unlike the developed FCs, such 

conventional capsules do not provide sustained 

drug exposure, which may limit their therapeutic 

effectiveness for drugs like captopril that benefit 

from prolonged gastric residence. The dissolution 

data indicated that the release performance of cap-

topril could be influenced by the design of the mul-

ticompartment FCs. In the present study, only a 

single wall thickness was employed, but different 

formulation models were evaluated. Previous stud-

ies have shown that increasing wall thickness or the 

number of compartments can prolong gastric resi-

dence time and delay drug release, resulting in 

extended dissolution profiles (34). These findings 

support the notion that structural modifications in 

multicompartment systems can effectively modu-

late drug release behavior. Notably, the multicom-

partment FCs in the present study achieved com-

plete drug release over approximately 480 min, 

which is longer than the release durations reported 

for many previously published floating capsule 

systems (35).  

Polymer selection played a critical role in govern-

ing release behavior. The use of polyvinyl alcohol 

(PVA) contributed to prolonged and controlled 

drug release due to its multi-stage swelling and 

erosion characteristics and this behavior is con-

sistent with earlier studies demonstrating that high-

er-molecular-weight PVA undergoes gradual hy-

dration and dissolution, leading to sustained-release 

profiles (36). Compared with systems using rapidly 

dissolving polymers, the PVA-based compartments 

in the present study provided longer diffusion 

pathways, resulting in more controlled and repro-

ducible drug release. Furthermore, the wide pH 

solubility ranges of PVA reported in the literature 

support its suitability for controlled drug delivery 

across varying gastrointestinal conditions (18, 37). 

This finding is consistent with previous studies on 

floating and matrix-based gastro-retentive systems 

(38). However, the lower release exponent values 

observed in the present study suggest a greater 

diffusion contribution than in some previously 

reported systems, highlighting the influence of 

internal compartmental architecture on drug transport. 

 

Conclusions 

Based on the suggested models, the tested multi-

compartment and dome-shaped 3D-printed capsules 

demonstrate strong potential as modular drug-

delivery devices capable of delivering active phar-

maceutical compounds with varying release pro-

files. Both immediate- and sustained-release behav-

iors were achieved; the results provide proof of 

concept, highlighting the feasibility of modular 

capsule designs for controlled release. Variability in 

fabrication factors, including material source, print-

ing parameters, and quality control, may impact 

reproducibility and release behavior. However, the 

origin of the material and the quality control of the 

obtained products are the most difficult aspects of 

capsule fabrication using fused deposition model-

ling. Therefore, printing options should receive 

extra consideration because they can substantially 

impact product quality and final release behavior. 

 

Acknowledgement 

We acknowledge the work of Development and 

Characterization of Floating 3D-Printed Capsules 

for Immediate and Sustained Captopril Delivery at 

Punjab University College of Pharmacy, Lahore, 

Pakistan. 

 



FARMACIA, 2026, Vol. 74, 2 

 419 

Funding 

This research received no specific grant from any 

funding agency in the public, commercial, or not-

for-profit sectors. 

 

Availability of data and materials 

The data presented in this study are available on 

request from the corresponding author. 

 

Ethics approval and consent to participate 

Not applicable. 

 

AI use disclosure 

Not applicable.  

 

Conflict of interest 

The authors declare no conflict of interest. 

 

References 

1. Yu Q, Tian Z, Li G, Yang Y, Chen X, Wang D, et 

al. Multifunctional composite capsules in drug de-

livery systems: bridging pharmaceutical and bio-

medical applications. Compos Hybrid Mater. 

2025;8(1):118 

2. Vlad RA, Pintea A, Pintea C, Redai EM, 

Antonoaea P, Birsan M, et al. Hydroxypropyl 

methylcellulose—a key excipient in pharmaceutical 

drug delivery systems. Pharmaceutics. 

2025;17(6):784. 

3. Das S, Kaur S, Rai VK. Gastro-retentive drug de-

livery systems: a recent update on clinical perti-

nence and drug delivery. Drug Deliv Transl Res. 

2021;11(5):1849-1877. 

4. Mandal UK, Chatterjee B, Senjoti FG. Gastro-

retentive drug delivery systems and their in vivo 

success: a recent update. Asian J Pharm Sci. 

2016;11(5):575-584. 

5. Dawoud M, Hashem F. Formulation and in vitro 

evaluation of oral captopril bioadhesive delivery 

system. Indian J Pharm Educ Res. 2020;54(2 

Suppl):S200-S209. 

6. Gregg LP, Richardson PA, Herrera MA, Akeroyd 

JM, Jafry SA, Gobbel GT, et al. Documented ad-

verse drug reactions and discontinuation of angio-

tensin-converting enzyme inhibitors and angioten-

sin receptor blockers in chronic kidney disease. Am 

J Nephrol. 2023;54(3-4):126-135. 

7. Ahmad H, Khan H, Haque S, Ahmad S, Srivastava 

N, Khan A. Angiotensin-converting enzyme and 

hypertension: a systemic analysis of various ACE 

inhibitors, their side effects, and bioactive peptides 

as a putative therapy for hypertension. J Renin An-

giotensin Aldosterone Syst. 2023;2023:7890188. 

8. Vrettos NN, Roberts CJ, Zhu Z. Gastroretentive 

technologies in tandem with controlled-release 

strategies: a potent answer to oral drug bioavailabil-

ity and patient compliance implications. Pharma-

ceutics. 2021;13(10):1591. 

9. Potpara Z, Medarević D, Krstić M, Ibrić S. The role 

of 3D printing in the development of dosage forms 

with tailored drug 2024;72(6):1251-1260. 

10. Auel T, Mentrup AFC, Oldfield LR, Seidlitz A. 3D 

printing of pharmaceutical dosage forms: recent 

advances and applications. Adv Drug Deliv Rev. 

2025;217:115504. 

11. Varghese R, Salvi S, Sood P, Karsiya J, Kumar D. 

Recent advancements in additive manufacturing 

techniques employed in the pharmaceutical indus-

try: a bird’s eye view. Ann 3D Print Med. 

2022;8:100081. 

12. Bernatoniene J, Stabrauskiene J, Kazlauskaite J, 

Bernatonyte U, Kopustinskiene DM. The future of 

medicine: how 3D printing is transforming phar-

maceuticals. Pharmaceutics. 2025;17(3):390. 

13. Shi K, Salvage JP, Maniruzzaman M, Nokhodchi 

A. Role of release modifiers to modulate drug re-

lease from fused deposition modelling 3D printed 

tablets. Int J Pharm. 2021;597:120315. 

14. Peña JF, Cotabarren I, Gallo L. Three-dimensional 

printing of PVA capsular devices for applications 

in compounding pharmacy: effect of design param-

eters on pharmaceutical performance. Pharmaceu-

tics. 2024;16(8):1069. 

15. Totaro M, Racaniello GF, Lopalco A, Lopedota 

AA, Denora N. Development of 3D-printed capto-

pril mini-tablets with customized release profiles 

for paediatric hypertension therapy. Int J Pharm. 

2025;678:125685. 

16. Huanbutta K, Burapapadh K, Sriamornsak P, 

Sangnim T. Practical application of 3D printing for 

pharmaceuticals in hospitals and pharmacies. 

Pharmaceutics. 2023;15(7):1877. 

17. Maroni A, Melocchi A, Parietti F, Foppoli A, Zema 

L, Gazzaniga A. 3D printed multi-compartment 

capsular devices for two-pulse oral drug delivery. J 

Control Release. 2017;268:10-18. 

18. Couti N, Porfire A, Iovanov R, Crisan AG, Iurian 

S, Casian T, et al. Polyvinyl alcohol, a versatile ex-

cipient for pharmaceutical 3D printing. Polymers. 

2024;16(4):517. 

19. Matijasic G, Gretic M, Vincic J, Poropat A, Cucu-

lic L, Rahelic T. Design and 3D printing of multi-

compartmental PVA capsules for drug delivery. J 

Drug Deliv Sci Technol. 2019;52:677-686. 

20. Charoenying T, Patrojanasophon P, Ngawhirunpat 

T, Rojanarata T, Akkaramongkolporn P, Opanaso-

pit P. Three-dimensional printed devices composed 

of hydrophilic cap and hydrophobic body for im-

proving buoyancy and gastric retention of domperi-

done tablets. Eur J Pharm Sci. 2020;155:105555. 

21. Alsoufi MS, Bawazeer SA, Alhazmi MW, Hijji 

HH, Alhazmi H, Alqurashi HF. Dimensional accu-

racy and measurement variability in CNC-turned 

parts using digital vernier calipers and coordinate 

measuring machines across five materials. Materi-

als. 2025;18(12):2728. 

22. Uneis SA, Amhimmid WK, Salem RA, Eldrhubi 

TM. Qualitative and spectrophotometric analysis of 

potassium bromate in bread and flour consumed in 

Tarhuna, Libya. Afr J Adv Pure Appl Sci. 

2023;2(4):166-171. 



FARMACIA, 2026, Vol. 74, 2 

 420 

23. Pedersen PB, Berthelsen R, Rades T, Jørgensen 

SA, Vilmann P, Bar-Shalom D. Physico-chemical 

characterization of aspirated and simulated human 

gastric fluids to study their influence on the intrin-

sic dissolution rate of cinnarizine. Int J Pharm. 

2022;622:121856. 

24. Ayyoubi S, Cerda JR, Fernandez-Garcia R, Knief 

P, Lalatsa A, Healy AM, et al. 3D printed spherical 

mini-tablets: geometry versus composition effects 

in controlling dissolution from personalised solid 

dosage forms. Int J Pharm. 2021;597:120336. 

25. Goyanes A, Buanz AB, Hatton GB, Gaisford S, 

Basit AW. 3D printing of modified-release ami-

nosalicylate tablets. Eur J Pharm Biopharm. 

2015;89:157-162. 

26. Taguchi H, Kunimatsu Y, Narahara H. Effect of 

FDM processing conditions on snap-fit characteris-

tic in assembly. Int J Autom Technol. 

2023;17(4):326-334. 

27. Krause J, Bogdahn M, Schneider F, Koziolek M, 

Weitschies W. Design and characterization of a 

novel 3D printed pressure-controlled drug delivery 

system. Eur J Pharm Sci. 2019;140:105060. 

28. Ali FA, Hamandi SJ, Mohammed-Salih HS. Intro-

ducing a novel orthodontic bracket holder with a 

SolidWorks-based semiautomatic positioner tested 

via finite element analysis. Discov Appl Sci. 

2025;7(3):153. 

29. Mohamed HRSK, Chungath TT, Sridhar K, Siram 

K, Elumalai M, Ranganathan H, et al. Development 

and validation of a discriminative dissolution me-

dium for a poorly soluble nutraceutical tetrahydro-

curcumin. Turk J Pharm Sci. 2021;18(5):565-578. 

30. Wood EL, Tatke A, Viehmann A, Ashtiani M, 

Friedman RL, Kopcha M, et al. Dosage unit uni-

formity and dissolution testing of extended-release 

pharmaceutical products marketed in the US. Int J 

Pharm. 2022;625:122119. 

31. Chandrika PN, Sri TB, Pallavi S, Sultana Z. For-

mulation and in vitro evaluation of captopril float-

ing microspheres. World J Pharm Sci. 

2022;10(9):26-32. 

32. Mohammed AA, Alqahtani AA, Ahmed MM. De-

sign and fabrication of 3D-printed gastric floating 

tablets of captopril: effect of geometry and thermal 

crosslinking of polymer on floating behavior and 

drug release. Pharm Dev Technol. 2024;29(5):517-

529. 

33. Thanawuth K, Sutthapitaksakul L, Konthong S, 

Suttiruengwong S, Huanbutta K, Dass CR, et al. 

Impact of drug loading method on drug release 

from 3D-printed tablets made from filaments fabri-

cated by hot-melt extrusion and impregnation pro-

cesses. Pharmaceutics. 2021;13(10):1607. 

34. Reddy Dumpa N, Bandari S, A Repka M. Novel 

Gastroretentive Floating Pulsatile Drug Delivery 

System Produced via Hot-Melt Extrusion and 

Fused Deposition Modeling 3D Printing. Pharma-

ceutics. 2020;12(1):52. 

35. El Nabarawi MA, Teaima MH, Abd El-Monem 

RA, El Nabarawy NA, Gaber DA. Formulation, re-

lease characteristics, and bioavailability study of 

gastroretentive floating matrix tablet and floating 

raft system of Mebeverine HCl. Drug Des Devel 

Ther. 2017;11:1081-1093. 

36.  Melocchi A, Uboldi M, Maroni A, Foppoli A, 

Palugan L, Zema L, et al. 3D printing by fused 

deposition modeling of single- and multi-

compartment hollow systems for oral delivery - A 

review. Int J Pharm. 2020;579:119155. 

37. Abdollahi S, Raissi H, Farzad F. Examine stability 

polyvinyl alcohol-stabilized nanosuspensions to 

overcome the challenge of poor drug solubility uti-

lizing molecular dynamic simulation. Sci Rep. 

2024;14(1):17386. 

38. Huanbutta K, Sangnim T. Design and development 

of zero-order drug release gastroretentive floating 

tablets fabricated by 3D printing technology. J 

Drug Deliv Sci Technol. 2019;52:831-837. 

 

 

 


