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Abstract

Dexlansoprazole, the R-enantiomer of lansoprazole, is a proton pump inhibitor (PP1) marketed as a dual delayed-release capsule for
gastroesophageal reflux disease (GERD) and erosive esophagitis. The drug nonetheless presents formulation challenges that limit
conventional dosage forms: pH-dependent solubility, a short elimination half-life of one to two hours, and a narrow absorption
window confined to the stomach and proximal small intestine. Gastroretentive floating drug delivery systems (GRDDS) have
therefore been explored as a strategy to prolong gastric residence time and improve bioavailability. This review consolidates the
design rationale, formulation variables, and evaluation methodology reported for floating tablets of dexlansoprazole. Effervescent
floating matrix tablets formulated with hydrophilic polymers (HPMC K4M, K15M, K100M) and gas-generating agents (sodium
bicarbonate with citric or tartaric acid) consistently show floating lag times under one minute and total floating durations exceeding
twelve hours, with in-vitro release following non-Fickian diffusion over ten to twelve hours. Pre-clinical pharmacokinetic studies
report improved AUC and residence time relative to conventional products. The review also discusses factorial/QbD optimization,
key evaluation parameters, and the translational challenges that remain before clinical adoption.

Keywords: Dexlansoprazole; Floating tablet; Gastroretentive drug delivery system; Proton pump inhibitor; HPMC; Effervescent
system; Sustained release; In-vitro evaluation

1. Introduction

1.1 Oral Drug Delivery and the Rationale for Gastric Retention

The oral route remains the most preferred method of drug administration owing to ease of ingestion, patient compliance, and cost-
effectiveness. However, conventional oral dosage forms are subject to highly variable gastric emptying, which can range from
minutes to several hours. For drugs absorbed primarily in the stomach or proximal small intestine, or that act locally in the stomach,
rapid and unpredictable gastric emptying can reduce bioavailability.

Gastroretentive drug delivery systems (GRDDS) were developed to prolong the residence time of a dosage form in the stomach,
improving local availability of the drug at its preferred absorption site. Floating drug delivery systems (FDDS), first described by
Davis in 1968, are low-density systems that float on gastric contents without affecting gastric emptying rate, releasing the drug at a
desired rate while remaining buoyant.

1.2 Dexlansoprazole: A Candidate for Gastroretention

Dexlansoprazole, the R-enantiomer of lansoprazole, is a proton pump inhibitor (PPI) that irreversibly inhibits the H+/K+-ATPase
enzyme at the gastric parietal cell, the final step in acid secretion. It is indicated for healing of erosive esophagitis (EE), maintenance
of healed EE, and relief of heartburn in non-erosive GERD.

Unlike most PPIs, dexlansoprazole is marketed as a dual delayed-release (DDR) capsule containing two enteric-coated granule
populations with different pH-dependent dissolution profiles, producing a two-peak plasma profile: an initial peak at one to two
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hours, followed by a second peak within four to five hours. This extends acid-suppressive exposure beyond a conventional single-
release PPI.

Despite this design, dexlansoprazole retains characteristics that create scope for a complementary gastroretentive approach: pH-
dependent solubility, acid lability, a short elimination half-life of one to two hours, and a restricted upper-Gl absorption window.
These features make it a rational candidate for floating systems that prolong stomach residence and provide a sustained supply of
dissolved drug to the absorptive surface.

1.3 Objectives of the Review

This review aims to: (i) summarize the biopharmaceutical basis for applying floating technology to dexlansoprazole; (ii) describe
design principles, excipient selection, and manufacturing approaches reported for its floating tablets; (iii) consolidate in-vitro and in-
vivo evaluation parameters; and (iv) critically discuss comparative performance and translational limitations.

2. Gastroretentive Drug Delivery Systems: Classification

Gastroretentive approaches can be classified by the physical principle exploited to prolong gastric residence: floating (low-density)
systems, swelling/expandable systems, bioadhesive systems, high-density systems, and superporous hydrogel or magnetic systems.
Figure 1 summarizes this classification and situates the effervescent floating matrix tablet, the system most widely reported for
dexlansoprazole, within the broader framework.

Gastroretentive Drug Delivery

Systems (GRDDS)

7

Floating / Swelling & Bioadhesive /
Low-density expandable Mucoadhesive
systems systems systems

Superporous
hydrogel /
magnetic systems

High-density
systems

Effervescent Non-effervescent
(gas-generating) (hydrocolloid /
system matrix) system

Gas-generating agents Volatile-liquid /
(NaHCOs + citric/ vacuum-chamber
tartaric acid) systems

Focus of this review: HPMC-based effervescent
floating matrix tablet of Dexlansoprazole

Figure 1. Classification of gastroretentive drug delivery systems, highlighting the effervescent floating matrix tablet approach used for
dexlansoprazole.
2.1 Floating (Low-Density) Systems

Floating systems have a bulk density lower than gastric fluid (~1.004 g/mL) and remain buoyant without affecting gastric emptying,
while the drug is released slowly. They are sub-classified as effervescent or non-effervescent.

» Effervescent (gas-generating) systems: incorporate sodium bicarbonate, citric acid, or tartaric acid, which react with gastric
fluid to generate CO2 that becomes entrapped within a gel-forming hydrocolloid layer, lowering bulk density below 1 g/mL.

* Non-effervescent systems: rely on the swelling and gel-forming property of hydrophilic polymers (e.g., HPMC, polyacrylates)
that swell to a bulk density below one while retaining structural integrity.

+ Raft-forming systems: form a cohesive, viscous gel raft on contact with gastric fluid that floats and acts as a barrier, used
particularly in GERD.
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2.2 Other Gastroretentive Approaches

Swelling/expandable systems increase in size after swallowing to exceed the pyloric diameter, resisting gastric emptying until they
erode sufficiently to pass. Bioadhesive systems adhere to the gastric mucosa via polymer chain interpenetration, though mucus
turnover limits retention. High-density systems (density 2.4-2.8 g/mL) sediment in the gastric rugae. Superporous hydrogel and
magnetically responsive systems are more recent, largely investigational approaches.

Among these, the effervescent floating matrix tablet is the predominant platform investigated for dexlansoprazole, owing to its
manufacturing simplicity, scalability by direct compression, and compatibility with hydrophilic rate-controlling polymers.

3. Biopharmaceutical Profile of Dexlansoprazole and Rationale for Floating Tablet Design

3.1 Physicochemical and Pharmacokinetic Summary

Table 1 summarizes the key physicochemical and pharmacokinetic characteristics of dexlansoprazole relevant to gastroretentive
formulation design.

Chemical class Substituted benzimidazole; R(+)-enantiomer of lansoprazole
Mechanism of action Irreversible inhibition of H+/K+-ATPase (proton pump) in gastric parietal cells
Therapeutic category Proton pump inhibitor (PPI)

Healing of erosive esophagitis, maintenance of healed EE, heartburn relief in non-

Approved indications erosive GERD

Marketed formulation Dual delayed-release (DDR) capsule and orally disintegrating tablet (Dexilant®)
Aqueous solubility pH-dependent; low solubility in acidic medium, increases sharply above pH 6
Acid stability Acid-labile; degrades rapidly in unprotected acidic environment
Elimination half-life Approximately 1-2 hours

Absorption site Upper gastrointestinal tract (stomach and proximal small intestine)
Plasma protein binding High (greater than 96%)

Metabolism Extensive hepatic metabolism via CYP2C19 and CYP3A4

Table 1. Summary of key physicochemical and biopharmaceutical properties of dexlansoprazole relevant to formulation design.

3.2 Why Conventional Delivery Is Suboptimal

The marketed dual delayed-release capsule extends acid suppression by combining two granule populations with distinct pH-
triggered release thresholds, producing a two-peak plasma profile. However, this design does not directly control gastric residence;
once the capsule shell dissolves, the granules remain subject to normal, variable gastric emptying. In patients with rapid gastric
emptying, a fraction of the dose may transit beyond the optimal absorption window before complete absorption, contributing to inter-
patient variability.

A gastroretentive floating tablet approach is therefore proposed as a complementary strategy: by retaining the dosage form in the
stomach for an extended period (commonly 8-12 hours), dissolved drug is presented continuously to the upper-Gl absorptive surface,
potentially smoothing the plasma profile, reducing dosing frequency, and improving bioavailability.

3.3 Formulation Challenges Specific to Dexlansoprazole

» Acid lability: the active drug degrades under strongly acidic conditions, complicating incorporation into a matrix exposed to
gastric fluid for many hours; managed via stable salt forms, partial enteric protection, or buffering excipients.

» pH-dependent solubility: solubility rises sharply above pH 6, so drug within the gastric-pH gel layer is largely suspended,
requiring polymer systems that support diffusion of the suspended fraction.

» Dose and content uniformity: low dose strengths (30/60 mg) demand tight control over uniformity within a larger floating
matrix tablet.
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« Excipient compatibility: alkaline gas-generating agents (e.g., sodium bicarbonate) can locally raise microenvironmental pH,
which may be exploited to improve stability, provided compatibility is confirmed by FTIR/DSC.

4. Design of Floating Tablets of Dexlansoprazole

4.1 Formulation Strategy and Mechanism of Buoyancy

The effervescent floating matrix tablet of dexlansoprazole is typically a single-unit tablet prepared by direct compression of the drug
with hydrophilic, gel-forming polymer(s) and a gas-generating agent pair. On contact with gastric fluid, three sequential events
generate and sustain buoyancy, illustrated in Figure 2.

Stage 1: Ingestion Stage 2: CO; generation Stage 3: Buoyancy achieved
(Tablet sinks) (Hydration & gas entrapment) (Sustained floating & release)

Y Y

€O, bubbles entrapped
in swollen gel layer

sinks in

gastric fluid .

(pH 1.2-1.5) Floating tablet
. o .

Figure 2. Mechanism of buoyancy development: (1) the tablet initially sinks; (2) gastric fluid hydrates the polymer and reacts with the gas-
generating agent to liberate CO2, trapped within the swelling gel; (3) the resulting low bulk density allows the tablet to float, sustaining drug
release.

Gastric fluid

1. Wetting and hydration: on contact with gastric fluid (pH 1.2-1.5), the hydrophilic polymer (commonly HPMC) swells, forming
a viscous gel layer around an unhydrated core.

2. Gas generation and entrapment: gastric fluid reaches the gas-generating agent (sodium bicarbonate with citric/tartaric acid),
liberating CO2 that becomes entrapped within the swollen gel matrix.

3. Buoyancy and sustained release: entrapped gas lowers bulk density below that of gastric fluid (~1.004 g/mL), causing the
tablet to float. The gel layer then controls drug release by diffusion and gradual erosion over several hours.

4.2 Selection of Polymers and Excipients

Polymer selection is the most influential variable governing buoyancy and release rate. HPMC is the most widely used rate-
controlling polymer owing to its favorable swelling behavior, gel strength, and regulatory acceptance. Higher-viscosity grades
(K100M) produce slower release and longer floating duration than lower grades (K4M), although excessive polymer concentration
can delay floating lag time. Sodium alginate, carbopol, guar gum, and xanthan gum have also been used, often combined with HPMC,
to fine-tune gel strength or release rate. Table 2 lists excipient categories and roles; Table 3 shows an illustrative formulation matrix
typical of factorial optimization studies.

Rate-controlling hydrophilic HPMC K4M, HPMC K15M, HPMC Gel-layer formation, swelling, and diffusion-
polymer K100M controlled drug release

. Sodium bicarbonate, citric acid, tartaric Generates CO2 on contact with gastric fluid,;
Gas-generating agent !

acid entrapped gas confers buoyancy

Auxiliary swelling/release Sodium alginate, carbopol, guar gum, Modulates gel strength, viscosity, and release
polymer xanthan gum rate; some act as buoyancy aids
Diluent/filler Microcrystalline cellulose, lactose, starch Bulking agent; aids compressibility and flow
Glidant Talc, colloidal silicon dioxide Improves powder flow during compression
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Lubricant Magnesium stearate Reduces die-wall friction; prevents sticking

Binder (if wet granulation

used) PVP K30, starch paste Provides cohesive strength to granules

Table 2. Principal excipient categories used in floating tablets of dexlansoprazole and their functional roles.

Dexlansoprazole 30 30 30 30
HPMC K4M 40 60 80 100
Sodium bicarbonate 40 40 40 40
Citric acid 10 10 10 10
Microcrystalline cellulose g.s. g.s. g.s. g.s.
Talc 4 4 4 4

Magnesium stearate 4 4 4 4

Total tablet weight 300 300 300 300

Table 3. lllustrative formulation matrix for a polymer-concentration optimization study (representative composition based on reported
formulation patterns).

4.3 Manufacturing Method

Direct compression is the predominant manufacturing method, owing to operational simplicity, suitability for moisture/heat-sensitive
drugs, and compatibility with effervescent agents that water-based wet granulation would otherwise activate prematurely. The
process involves weighing and sieving the drug and excipients, blending in sequence (drug, polymer, gas-generating agents, then
diluent, with glidant/lubricant added last), evaluating blend flow, and compressing on a rotary or single-punch tablet press.

4.4 Quality by Design and Optimization Approaches

Several studies have applied factorial design, Box-Behnken design, or response surface methodology (RSM) to optimize polymer
and gas-generating agent ratios against responses such as floating lag time, total floating time, drug release, and swelling index. This
QbD-aligned approach identifies an optimal balance between rapid buoyancy onset and sustained release more efficiently than one-
factor-at-a-time experimentation. Figure 3 outlines the generalized formulation development workflow.

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7

Powder blend
characterization
(flow, density)

Direct compression / Buoyancy & swelling In-vitro dissolution &

‘wet granulation eval studies kinetic modeling

Figure 3. Generalized formulation development workflow for floating tablets of dexlansoprazole, from pre-formulation studies through
optimization and stability assessment.

5. Evaluation Parameters for Floating Tablets of Dexlansoprazole

A comprehensive evaluation program spans pre-compression characterization, post-compression physical/mechanical testing,
buoyancy- and swelling-specific tests unique to gastroretentive systems, in-vitro release and kinetic modeling, compatibility studies,
and in-vivo assessment. This section consolidates the parameters and ranges most frequently reported for dexlansoprazole floating
tablets.
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5.1 Pre-Compression (Powder/Granule) Evaluation

Before compression, the blend or granules are evaluated for flow and packing behavior (Table 4), since poor flow can compromise
weight and content uniformity.

Angle of repose Fixed funnel method; tan™'(h/r) 25°-30° (excellent to good flow)
i Formulation-dependent; used to
Bulk density Mass / untapped powder volume derive Carr's index
Tapped density Mass / tapped volume (standard taps) Formulation-dependent
Carr's compressibility index [(Tapped — Bulk)/Tapped] x 100 <15% (good flow)
Hausner's ratio Tapped density / Bulk density 1.00-1.25 (good flow)

Table 4. Pre-compression (powder/granule) evaluation parameters.

5.2 Post-Compression Physical and Mechanical Evaluation
Tablets are evaluated against standard pharmacopoeial tests as well as gastroretention-specific buoyancy and swelling tests (Table

5).

Individual tablet weighing (n=20); IP/USP

Weight variation Within £5% of average weight

limits
Thickness & diameter Digital micrometer / vernier calipers ~4.0-6.5 mm thickness
Hardness Monsanto / Pfizer hardness tester ~4-7 kg/cmz (commonly 5.0-5.7 kg/cm?)
Friability Roche friabilator, 100 revolutions <1% weight loss
Drug content uniformity UV spectrophotometry / HPLC assay 98-102% of labeled claim

Visual observation in USP dissolution

Floating lag time (FLT) apparatus, 0.1N HCI

Seconds to ~2 minutes (commonly <60 s)

Total floating time (TFT) Visual observation, same medium >8 to >12 hours

Swelling index (Wt — WO0)/WO0 x 100 at intervals MRS e S B el e
dependent

Water uptake / matrix erosion Gravimetric measurement over time Tracks swelling and release behavior

Table 5. Post-compression physical, mechanical, and gastroretention-specific evaluation parameters with representative reported ranges.

5.2.1 In-Vitro Buoyancy (Floating Lag Time and Total Floating Time)

Buoyancy is assessed in a USP Type I/11 dissolution apparatus containing 900 mL of 0.1N HCI at 37 + 0.5°C. The floating lag time
(FLT) is the time for the tablet to rise to the surface; the total floating time (TFT) is the duration it remains afloat without
disintegration. Optimized dexlansoprazole formulations typically show FLT under 30-80 seconds and TFT exceeding 12 hours.

5.2.2 Swelling Index

The swelling index reflects water uptake and gel-layer expansion, governing both buoyancy and diffusional path length. A tablet is
weighed (WO0), immersed in 0.1N HCI, removed at intervals, blotted, and reweighed (Wt):

SI (%) = [(Wt — W0) | WO] x 100

Higher swelling indices generally correlate with thicker gel layers and more sustained release, though excessive swelling can
compromise mechanical integrity.
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5.3 Drug-Excipient Compatibility Studies

FTIR and DSC are used to confirm the absence of chemical interaction between dexlansoprazole and selected excipients, by
comparing characteristic peaks and thermal transitions of the physical mixture against the pure drug. Reported studies generally
conclude no significant interaction with the polymers and gas-generating agents used.

5.4 In-Vitro Dissolution Studies and Release Kinetics

Release is studied in a USP Type I/l apparatus in 900 mL 0.1N HCI at 37 = 0.5°C, with aliquots withdrawn over 10-12 hours and
analyzed by UV or HPLC. Release data are fitted to the models in Table 6 to elucidate the dominant mechanism.

Zero-order Qt = Q0 + KOt Constant rate, mdependen_t of concentration; desirable for
sustained release

First-order In(Qt) = In(Q0) — K1t Rate proportional to remaining drug concentration

Higuchi model Qt = KH-t% Diffusion-controlled release from a matrix

Korsmeyer-Peppas Mt/Moo = K-t n<0.45: Fickian; 0.45-0.89: anomalous; n>0.89: erosion-
controlled

Hixson-Crowell W05 — Wil = Kot Release governed by ?:rrc])‘zsiicct)anf)irea/dlameter changes

Table 6. Mathematical models commonly applied to in-vitro release data from dexlansoprazole floating tablets.

Optimized formulations most often best fit the Korsmeyer-Peppas model with an anomalous (non-Fickian) exponent, indicating a
coupled diffusion/erosion mechanism rather than diffusion alone. Several formulations also conform well to zero-order Kinetics,
favorable for sustained gastric delivery. Figure 4 presents an illustrative comparison of release profiles.

Schematic comparison of in-vitro release profiles
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Figure 4. Schematic comparison of in-vitro release: conventional dual delayed-release capsule (rapid, plateauing), a non-floating sustained-
release matrix tablet (first-order-like), and an optimized floating matrix tablet (near zero-order over 12 hours). Curves are illustrative
composites based on reported trends.

5.5 Stability Studies

Accelerated stability studies follow ICH guidelines, with formulations stored at 40 + 2°C / 75 + 5% RH for up to 3-6 months and

periodically evaluated for appearance, hardness, friability, drug content, and release profile. Reported data indicate optimized
formulations remain within acceptable limits over the studied period.

5.6 In-Vivo Evaluation

In-vivo evaluation has been reported mainly in albino rabbits, comparing optimized floating formulations against conventional or
marketed reference products. Plasma drug levels, determined by validated HPLC/LC-MS methods, yield pharmacokinetic parameters
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(Cmax, Tmax, AUC, t%, mean residence time) via non-compartmental analysis. Reported studies generally find higher AUC and
longer half-life/residence time for optimized floating formulations, consistent with the intended bioavailability benefit, though these
pre-clinical, small-sample findings warrant cautious interpretation.

6. Comparative Discussion

6.1 Floating Tablets versus the Marketed Dual Delayed-Release Capsule

The marketed capsule achieves extended acid suppression through pH-triggered, time-staggered release but does not control gastric
residence time. Floating matrix tablets directly target gastric residence as the rate-limiting variable. The two approaches are
complementary rather than mutually exclusive: a floating platform could in principle be combined with pH-responsive or pulsatile
granule technology, though such combinations remain conceptual in the dexlansoprazole-specific literature.

6.2 Influence of Polymer Type and Concentration

A consistent finding is the inverse relationship between HPMC concentration and release rate: more polymer produces a thicker,
more tortuous gel layer that slows diffusion and extends release, but beyond a certain concentration also delays floating lag time
because gas takes longer to penetrate a denser gel front. This trade-off explains why factorial design and RSM are favored over one-
factor-at-a-time screening, since the optimum typically lies at an intermediate ratio.

6.3 Comparative Performance Across Reported Studies

Direct cross-study comparison is limited by differing dissolution conditions and analytical methods, but consistent patterns emerge:
optimized formulations achieve FLT generally under one to two minutes and TFT exceeding 12 hours; 12-hour cumulative release
commonly falls between 80-99%; and release kinetics most often conform to the Korsmeyer-Peppas model with an anomalous
exponent, indicating mixed diffusion-erosion release. Bilayer, microsphere, and raft-forming variants have also been explored,
generally reporting comparable buoyancy and release performance to single-layer matrix tablets, with the bilayer design additionally
allowing an immediate-release loading dose layer alongside the sustained-release floating layer.

6.4 Challenges and Limitations

 Gastric physiology variability: floating depends on sufficient gastric fluid volume; in a fasted state or with rapid emptying, the
intended retention benefit may not be fully realized.

* Mechanical robustness vs. floating performance: formulations optimized for rapid floating and high swelling can show reduced
hardness and increased friability.

« Acid lability: continuous gastric-fluid exposure for many hours raises concerns about in-situ drug degradation, not uniformly
addressed with long-duration acid-exposure data.

« Translational gap: most evidence is in-vitro or from small-animal models; controlled human bioavailability and clinical
efficacy data specific to floating dexlansoprazole tablets are limited.

« Methodological variability: differing dissolution apparatus, media, and analytical validation across studies complicate
quantitative comparison.

6.5 Future Perspectives

Future work would benefit from standardized in-vitro protocols simulating fed/fasted gastric conditions, human pharmacokinetic and
intragastric-pH bioequivalence-style studies relative to the marketed capsule, and systematic evaluation of combination platforms
integrating floating gastroretention with pH-responsive or multi-particulate technology. IVIVC and PBPK modeling could help
bridge the gap between bench-scale optimization and predicted human clinical performance.

7. Conclusion

Dexlansoprazole's short elimination half-life, pH-dependent solubility, and narrow upper-GI absorption window provide a sound
rationale for exploring gastroretentive floating tablet technology as a complement to its existing dual delayed-release formulation.
The reviewed literature consistently shows that effervescent floating matrix tablets, formulated with HPMC-type polymers and
sodium bicarbonate/citric or tartaric acid gas-generating pairs, achieve floating lag times well under one minute and total floating
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durations exceeding 12 hours, sustaining release through a predominantly non-Fickian mechanism. Factorial design and RSM
optimization effectively balance rapid buoyancy onset against sustained release, and preliminary pre-clinical pharmacokinetic data
suggest improved bioavailability relative to conventional reference formulations. Nonetheless, the evidence base remains
predominantly pre-clinical, and meaningful translation into a clinically validated product will require standardized testing protocols
and dedicated human pharmacokinetic and clinical outcome studies. Floating gastroretentive technology therefore represents a
scientifically credible and formulation-feasible, but not yet clinically proven, avenue for enhancing dexlansoprazole delivery.
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