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Abstract:

Background: This paper explores strategies for formulating and optimizing dispersible tablets containing Non-Steroidal
Anti-Inflammatory Drugs (NSAIDs). Emphasis is placed on enhancing drug delivery through rapid disintegration, stability
considerations, optimization techniques, and evaluation methods to ensure efficacy.

Methodology: The formulation of dispersible NSAID tablets involves careful selection of excipients such as disintegrants,
binders, and lubricants to achieve rapid disintegration and adequate stability. Optimization strategies, including Design of
Experiments (DoE) for parameter tuning and compression force adjustments, are employed to enhance tablet characteristics
like hardness and disintegration time.

Results: Evaluation of the optimized dispersible tablet formulation includes in vitro studies for disintegration and
dissolution rates, drug release kinetics analysis, and physicochemical characterization (e.g., SEM, XRD). These studies
demonstrate the effectiveness of the formulation in achieving rapid drug delivery and maintaining stability under storage
conditions.

Conclusion: Formulation and optimization of dispersible tablets for NSAIDs represent a promising approach to improve
drug delivery and efficacy. Future research should focus on refining these formulations to enhance bioavailability, minimize
side effects, and tailor treatment options to individual patient needs, thereby advancing personalized medicine in pain
management and inflammatory conditions.

Keywords: Formulation, Optimization, Dispersible Tablets, Nsaids, Drug Delivery, Bioavailability, Superdisintegrants,
Pharmacokinetics, Pharmacodynamics, Manufacturing, Regulatory Compliance.

I. Introduction

Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) are widely prescribed medications used to alleviate pain, inflammation,
and fever. They play a crucial role in the management of various conditions such as arthritis, musculoskeletal disorders [1],
and post-operative pain. The efficacy of NSAIDs lies in their ability to inhibit cyclooxygenase (COX) enzymes, thereby
reducing the production of prostaglandins, which are key mediators of inflammation and pain signaling in the body [2].
Despite their therapeutic benefits, traditional NSAID formulations, typically in the form of tablets or capsules, are
associated with several limitations. One significant drawback is the delayed onset of action due to slow dissolution and
absorption in the gastrointestinal tract [3]. This delay can compromise patient adherence and satisfaction, especially in
acute pain scenarios where rapid relief is essential. NSAIDs are known to cause gastrointestinal (GI) side effects such as
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ulcers and bleeding, which are exacerbated by prolonged exposure to high drug concentrations in the stomach and intestines
[4-5].
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Figure 1. Depicts The Different Stage Of Innovative Dosage Forms For Drug Delivery

To address these challenges, pharmaceutical scientists have been exploring innovative dosage forms that enhance drug
delivery and improve therapeutic outcomes. Dispersible tablets represent a promising advancement in drug formulation
technology [6-7]. Unlike conventional tablets, dispersible tablets are designed to disintegrate rapidly in water or saliva,
facilitating quick drug release and absorption upon oral administration [8]. This property not only accelerates the onset of
action but also potentially reduces the risk of GI irritation by minimizing the time NSAIDs spend in contact with the
stomach lining. The formulation of dispersible tablets involves careful selection and combination of excipients to achieve
desired pharmacokinetic and pharmacodynamic profiles. Key excipients include disintegrants, which promote tablet
disintegration into fine particles upon contact with aqueous fluids, and binders, which ensure tablet integrity and cohesion
during manufacturing and storage [9-10]. Lubricants and glidants are also utilized to facilitate tablet compression and
prevent sticking to the equipment surfaces (As shown in Figure 1). The choice of NSAID itself plays a critical role in
formulation development. Factors such as solubility, stability, and bioavailability influence the selection of the active
pharmaceutical ingredient (API) and the overall formulation strategy. For instance, poorly water-soluble NSAIDs may
benefit from particle size reduction techniques or incorporation into nanostructured delivery systems to enhance dissolution
rates and bioavailability [11]. Optimization of dispersible tablet formulations is another crucial aspect of the development
process. Techniques such as Design of Experiments (DoE) are employed to systematically evaluate and optimize
formulation variables such as excipient ratios, compression forces, and processing [12-13]. These optimization strategies
aim to achieve desired tablet characteristics, including hardness, disintegration time, and uniform drug content, which
collectively influence drug release and therapeutic efficacy. To formulation and optimization, the evaluation of dispersible
tablets involves rigorous testing to ensure quality, safety, and efficacy. In vitro studies assess parameters such as
disintegration time, dissolution profiles, and physical properties (e.g., particle size distribution, surface morphology) to
characterize the performance of the tablets under simulated physiological conditions [14-15]. Furthermore, stability studies
are conducted to evaluate the long-term physical and chemical stability of the tablets under various storage conditions,
ensuring shelf-life and patient safety. The clinical relevance of dispersible NSAID tablets extends beyond technical
formulation aspects to patient-centric outcomes. Rapid drug delivery and enhanced bioavailability potentially translate into
improved pain relief and reduced dosing frequency, thereby enhancing patient compliance and quality of life [16].
Moreover, the reduced risk of GI adverse effects associated with dispersible tablets may expand the therapeutic options for
NSAID therapy, particularly in populations vulnerable to GI complications, such as elderly patients or those with pre-
existing GI conditions [17]. The formulation and optimization of dispersible tablets for NSAIDs represent a significant
advancement in pharmaceutical technology aimed at enhancing drug delivery and efficacy. By leveraging innovative
formulation strategies and optimization techniques, researchers and clinicians can address the challenges associated with
conventional NSAID therapy, offering safer and more effective treatment options for patients suffering from pain and
inflammation [18-19].
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II.

Methodology and Materials

Throughout the optimization process, adherence to regulatory guidelines, such as those set forth by FDA and EMA, is
essential to ensure the safety, efficacy, and quality of dispersible tablet formulations for NSAIDs. Regulatory requirements
encompass aspects related to formulation development, stability testing, packaging, labelling, and submission for approval
or registration[20]

A. Selection of NSAID and Excipients

The selection of the NSAID is a critical initial step in formulating dispersible tablets. Factors such as therapeutic efficacy,
solubility, stability, and bioavailability influence the choice of the active pharmaceutical ingredient (API). Commonly used
NSAIDs include ibuprofen, diclofenac sodium, naproxen, and meloxicam, each with specific pharmacokinetic and
formulation requirements (Kumar et al., 2019; Shen et al., 2018).

Materials and Methods
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Figure 2. Depicts The Different Block Processing for Method used for Evaluation

Excipients play a pivotal role in the formulation to achieve desired tablet characteristics and enhance drug delivery. The

key excipients include (As shown in Figure 2):

B.

Disintegrants: Such as crospovidone, sodium starch glycolate, and croscarmellose sodium, which facilitate rapid
disintegration of tablets into fine particles upon contact with aqueous fluids, thereby promoting quick drug release
(Kamble et al., 2017).

Binders: Such as polyvinylpyrrolidone (PVP), hydroxypropyl cellulose (HPC), and microcrystalline cellulose,
which ensure tablet integrity and cohesion during compression and handling (Kumar et al., 2019).

Fillers and Diluents: Such as lactose, mannitol, and microcrystalline cellulose, which provide bulk to the tablet
formulation, aid in uniform drug distribution, and improve tablet hardness (Shen et al., 2018).

Lubricants and Glidants: Such as magnesium stearate and colloidal silicon dioxide, which prevent tablet sticking
to punches and dies during compression and improve flow properties of the formulation (Kumar et al., 2019).
Taste-Masking Agents and Flavors: Such as sweeteners and fruit flavors, which improve patient acceptability by
masking the bitter taste of NSAIDs, particularly relevant for pediatric and geriatric populations (Shen et al., 2018).
Formulation Development

The formulation development process involves several stages:
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Pre-formulation Studies: Characterization of the physicochemical properties of the API, including solubility
studies, stability testing under various conditions (temperature, humidity), and compatibility studies with
excipients to identify potential interactions (Vasconcelos et al., 2016).

Prototype Formulation: Based on pre-formulation studies, initial prototype formulations are developed using a
blend of selected excipients in varying ratios. These prototypes undergo evaluation for flow properties,
compressibility, and initial in vitro dissolution studies to assess drug release kinetics (Kumar et al., 2019).
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e  Optimization Using Design of Experiments (DoE): Statistical tools like DoE are employed to systematically
optimize formulation variables such as excipient ratios and compression forces. This approach helps in achieving
desired tablet characteristics such as hardness, disintegration time, and drug release profile (Shinde et al., 2020).

C. Tablet Manufacturing

Once the optimized formulation is finalized, the tablets are manufactured using standard pharmaceutical manufacturing
techniques:

e  Granulation: Dry or wet granulation methods are employed to improve flow properties and uniformity of the blend
before compression (Kamble et al., 2017).

e  Compression: The granulated blend is compressed into tablets using suitable equipment and compression forces
optimized during formulation development. The compressed tablets undergo hardness testing to ensure they meet
specified criteria for mechanical strength (Kumar et al., 2019).

D. Evaluation Methods

The formulated dispersible tablets undergo comprehensive evaluation to assess their quality, performance, and stability:

e In vitro Disintegration Studies: Disintegration time is measured using standard disintegration testers to evaluate
the ability of tablets to disintegrate rapidly in simulated gastric or intestinal fluids (Kamble et al., 2017).

e Dissolution Studies: Dissolution profiles are determined using dissolution apparatus to assess the rate and extent
of drug release from tablets under standardized conditions (Shen et al., 2018).

e  Physicochemical Characterization: Techniques such as scanning electron microscopy (SEM), X-ray diffraction
(XRD), and particle size analysis are employed to characterize the physical properties of the tablets, including
surface morphology, crystallinity, and particle size distribution (Vasconcelos et al., 2016).

e  Stability Studies: Accelerated and long-term stability studies are conducted to evaluate the physical and chemical
stability of the tablets over time, under various storage conditions (temperature, humidity). These studies ensure
that the tablets maintain their quality attributes throughout their shelf-life (Kumar et al., 2019).

This detailed methodology and materials section outlines the systematic approach to formulating and evaluating dispersible
tablets for NSAIDs, highlighting the critical role of excipients, formulation development stages, manufacturing processes,
and evaluation methods in enhancing drug delivery and efficacy.

I11. Formulation of Dispersible Tablets

Dispersible tablets are designed to disintegrate rapidly in water or saliva, facilitating quick drug release and absorption
upon oral administration. The formulation of dispersible tablets involves careful selection and combination of excipients
to achieve desired pharmacokinetic and pharmacodynamic profiles. This section explores the key components and
considerations in formulating dispersible tablets for Sadist choice of NSAID is critical in formulation development,
considering factors such as therapeutic efficacy, solubility, stability, and bioavailability. Commonly used NSAIDs for
dispersible tablet formulations include ibuprofen, diclofenac sodium, naproxen, and meloxicam. Each NSAID may require
specific formulation approaches to optimize drug release and therapeutic effect (Kumar et al., 2019; Shen et al., 2018).
Excipients play a pivotal role in the formulation to achieve desired tablet characteristics and enhance drug delivery. The
key excipients include: Compliance with regulatory guidelines, such as those set forth by regulatory agencies like FDA and
EMA, is essential throughout the formulation development and manufacturing process. Regulatory requirements ensure
the safety, efficacy, and quality of dispersible tablet formulations for NSAIDs, supporting their approval and market
acceptance (Shen et al., 2018).

Component Function Examples Impact on Tablet | Considerations
Performance
NSAID Active | Therapeutic agent Ibuprofen, Naproxen Anti-inflammatory Solubility,
and analgesic bioavailability
Disintegrants Facilitate tablet | Crospovidone, Sodium | Rapid dispersion in | Concentration,
disintegration Starch Glycolate oral cavity compatibility
Binders Provide tablet | PVP, HPMC Tablet strength and | Binder type,
cohesion integrity concentration
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Fillers Add bulk to | Lactose, Microcrystalline | Tablet size and | Compatibility, flow
formulation Cellulose weight uniformity properties

Lubricants Reduce friction during | Magnesium Stearate, | Smooth tablet | Overuse can affect
tablet formation Talc ejection dissolution

Flavoring Improve taste and | Aspartame, Sucralose Mask unpleasant | Stability, interaction

Agents patient compliance taste with API

Table 1. Summary of Formulation Components

In this Table 1, lists the key components used in the formulation of dispersible tablets, detailing their functions, examples,
impacts on tablet performance, and important considerations. It highlights how each component contributes to the overall
efficacy and stability of the final product, ensuring rapid disintegration and enhanced drug delivery.

Iv. Optimization Strategies

Optimization of dispersible tablet formulations is a critical step in enhancing drug delivery and ensuring therapeutic
efficacy. This section explores various strategies and methodologies employed to optimize the formulation of dispersible
tablets for NSAIDs.

A. Design of Experiments (DoE)

Design of Experiments (DoE) is a statistical tool widely used in pharmaceutical development to systematically optimize
formulation variables and manufacturing processes. In the context of dispersible tablet formulation, DoE enables
researchers to evaluate the effects of multiple factors (e.g., excipient ratios, compression forces, processing conditions) on
critical quality attributes (CQAs) such as tablet hardness, disintegration time, and drug release profile.

Factorial Designs: Full factorial designs assess all possible combinations of factors and levels to identify significant main
effects and interactions affecting CQAs. This approach provides comprehensive insights into the formulation space and
facilitates the identification of optimal formulation conditions (Shinde et al., 2020).

e Response Surface Methodology (RSM): RSM is employed to optimize formulations by exploring the response
surface, which represents the relationship between input variables (factors) and output responses (CQAs). By
fitting mathematical models to experimental data, RSM helps predict optimal conditions for achieving desired
tablet characteristics while minimizing variability (Kamble et al., 2017).

e Quality by Design (QbD) Approach: QbD integrates systematic understanding of product and process variability
with predefined objectives to ensure product quality and performance. QbD principles guide formulation
development by identifying critical formulation and process parameters, establishing appropriate ranges, and
controlling variability to achieve desired product attributes consistently (Kumar et al., 2019).

B. Compression Force Optimization

Compression force plays a crucial role in determining tablet hardness, disintegration time, and drug release kinetics.
Optimizing compression force is essential to achieve tablets with adequate mechanical strength while ensuring rapid
disintegration and uniform drug release.

e Impact on Tablet Hardness: Higher compression forces result in tablets with greater hardness, which is desirable
for stability and handling. However, excessive compression force may prolong disintegration time and hinder drug
release. Optimization involves balancing tablet hardness with disintegration characteristics to meet formulation
goals (Shen et al., 2018).

e  Effect on Disintegration Time: Lower compression forces generally lead to faster tablet disintegration, facilitating
rapid drug release. Optimization studies aim to identify the optimal range of compression forces that achieve
desired disintegration times without compromising tablet integrity or drug stability (Vasconcelos et al., 2016).

C. Stability Considerations

Ensuring the stability of dispersible tablet formulations is crucial to maintaining drug efficacy and shelf-life. Stability
studies assess the physical, chemical, and microbiological attributes of tablets under various storage conditions (e.g.,
temperature, humidity) over specified time periods.
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Accelerated Stability Studies: Accelerated stability testing exposes tablets to elevated temperature and humidity
conditions to accelerate degradation processes and predict long-term stability. These studies provide insights into
formulation robustness and storage conditions that maximize shelf-life while maintaining product quality (Kumar
etal., 2019).

Packaging and Storage Considerations: Proper packaging materials and storage conditions (e.g., moisture-proof
containers, controlled temperature environments) are essential to protect dispersible tablets from moisture uptake,
light exposure, and other environmental factors that could degrade drug potency and stability (Shen et al., 2018).

D. In Silico Modeling and Predictive Tools

Advancements in computational modeling and simulation offer additional tools for optimizing dispersible tablet
formulations. In silico approaches predict formulation behavior, such as drug release profiles and stability, based on
molecular interactions, formulation parameters, and environmental factors.

Molecular Dynamics Simulations: Molecular dynamics simulations model interactions between drug molecules,
excipients, and solvent molecules to predict solubility, dissolution behavior, and stability in dispersible tablets
(Vasconcelos et al., 2016).

Predictive Modeling for Formulation Design: Mathematical modeling and simulation tools aid in predicting
optimal excipient ratios, compression forces, and processing parameters to achieve desired tablet characteristics
and performance outcomes. These tools complement experimental approaches, accelerating formulation
development and optimization processes (Kamble et al., 2017).

. Strategy Goal Techniques Evaluation Benefits
Criteria

Particle Size Reduction | Enhance Micritization, Particle size | Improved
dissolution rate Canonization distribution bioavailability

Superdisintegrants Accelerate  tablet | Use of | Disintegration Rapid onset of
disintegration Superdisintegrants time, dispersion action

Wet Granulation Improve  content | Granulation with liquid | Granule size, flow | Consistent dosing,
uniformity binders properties robust tablets

Direct Compression Simplify Use of directly | Tablet hardness, | Cost-effective,
manufacturing compressible excipients | friability scalable
process

Coating Techniques Modify release | Film coating, Enteric | Release Kinetics, | Targeted delivery,
profile coating stability enhanced stability

Table 2. Optimization Strategies for Dispersible Tablets

In this Table 2, summarizes various strategies employed to optimize the formulation of dispersible tablets. It includes goals,
techniques, evaluation criteria, and benefits for each strategy. The table illustrates how different approaches can improve
tablet performance, ensuring rapid disintegration, consistent dosing, and enhanced bioavailability.

V. Techniques for Enhancing Drug Delivery

Enhancing drug delivery is essential in dispersible tablet formulations to achieve rapid onset of action, improved
bioavailability, and therapeutic efficacy. This section explores various advanced techniques and strategies employed to
enhance drug delivery in dispersible tablets for NSAIDs.

A. Microencapsulation

Microencapsulation involves encapsulating drug molecules within micro-sized particles to protect them from degradation
and enhance their stability and bioavailability upon administration. In dispersible tablet formulations, microencapsulation
techniques can be employed to:

e Protect Labile Drugs: Microencapsulation helps protect NSAIDs from environmental factors such as moisture,

light, and pH variations, which can degrade the drug and affect its efficacy (Kumar et al., 2019).
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e Controlled Release: Microencapsulation allows for controlled release of the drug, enabling sustained drug release
profiles that optimize therapeutic outcomes and improve patient compliance (Shen et al., 2018).

e Improved Solubility: For poorly water-soluble NSAIDs, microencapsulation techniques can enhance solubility
and dissolution rates, facilitating better absorption and bioavailability in the gastrointestinal tract (Vasconcelos et
al., 2016).

B. Nanoformulations

Nanoformulations involve reducing drug particles to nanoscale dimensions, typically less than 100 nanometers, to enhance
drug solubility, stability, and bioavailability. In dispersible tablet formulations, nanoformulations offer several advantages:

¢ Enhanced Bioavailability: Nano-sized drug particles have a larger surface area-to-volume ratio, facilitating rapid
dissolution and absorption in aqueous environments. This enhances drug bioavailability and ensures more
predictable pharmacokinetic profiles (Kamble et al., 2017).

e Targeted Delivery: Nanoformulations can be engineered to target specific sites within the body, such as inflamed
tissues in arthritis, thereby optimizing therapeutic efficacy while minimizing systemic side effects (Shen et al.,
2018).

e Improved Stability: Nanoformulations protect drugs from degradation and metabolic processes, improving drug
stability during formulation, storage, and administration (Vasconcelos et al., 2016).

C. Co-Excipients for Solubility Enhancement

Incorporation of co-excipients, such as surfactants, cyclodextrins, and lipid-based carriers, can enhance the solubility and
dissolution rates of poorly water-soluble NSAIDs in dispersible tablet formulations:

e Surfactants: Surfactants improve drug wettability and dissolution by reducing interfacial tension between drug
particles and dissolution media. This enhances drug release and absorption, particularly for hydrophobic drugs
(Kumar et al., 2019).

e  Cyclodextrins: Cyclodextrins form inclusion complexes with NSAIDs, increasing drug solubility in aqueous
solutions and enhancing bioavailability. Cyclodextrin complexes can stabilize the drug and improve its dissolution
characteristics in dispersible tablets (Shen et al., 2018).

e Lipid-Based Carriers: Lipid-based carriers, such as liposomes and solid lipid nanoparticles, improve drug
solubility, stability, and absorption by encapsulating NSAIDs within lipid bilayers or matrices. These carriers
protect the drug from degradation and facilitate controlled release in dispersible tablet formulations (Vasconcelos
et al., 2016).

D. Novel Drug Delivery Systems

Advancements in drug delivery systems, such as polymer-based matrices, hydrogels, and mucoadhesive formulations, offer
innovative approaches to enhance drug delivery and efficacy in dispersible tablets:

Polymer-Based Matrices: Polymer matrices provide sustained drug release profiles by controlling drug diffusion through
the matrix structure. These systems optimize drug absorption and bioavailability, ensuring prolonged therapeutic effect
with reduced dosing frequency (Kamble et al., 2017).

e Hydrogels: Hydrogels are crosslinked networks of hydrophilic polymers that swell in aqueous environments,
releasing drugs in a controlled manner. Hydrogel-based dispersible tablets improve drug stability, enhance patient
compliance, and provide localized drug delivery to target tissues (Shen et al., 2018).

e  Mucoadhesive Formulations: Mucoadhesive formulations adhere to mucosal surfaces upon administration,
prolonging drug residence time and enhancing drug absorption. These formulations are particularly beneficial for
NSAIDs targeting gastrointestinal or buccal mucosa, improving therapeutic efficacy and patient convenience
(Vasconcelos et al., 2016).

E. Combination Approaches

Combination approaches, such as hybrid nanoparticles and multi-layered tablets, integrate multiple drug delivery strategies
to synergistically enhance drug release and therapeutic efficacy:
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e  Hybrid Nanoparticles: Hybrid nanoparticles combine the advantages of different nanoparticle formulations (e.g.,
polymeric nanoparticles with lipid-based carriers) to optimize drug solubility, stability, and bioavailability in
dispersible tablet formulations (Kumar et al., 2019).

e  Multi-Layered Tablets: Multi-layered tablets incorporate distinct drug layers or coatings with varying release rates
to achieve controlled drug delivery profiles. This approach allows for tailored drug release kinetics, enhancing
therapeutic efficacy and patient compliance (Shen et al., 2018).

This detailed section on techniques for enhancing drug delivery provides an in-depth exploration of advanced strategies
and technologies employed to optimize dispersible tablet formulations for NSAIDs. These approaches aim to overcome
formulation challenges, improve drug solubility and stability, enhance bioavailability, and optimize therapeutic outcomes
for better patient care.

Technique Mechanism Examples Advantages Challenges
Microencapsulation Protect drug from | Polymer microcapsules | Improved stability | Process complexity
degradation
Nanoformulations Increase surface | Nanoemulsions, Enhanced Scale-up difficulties
area for | Nanosuspensions bioavailability
absorption
Co-Excipients Enhance Surfactants, Improved Compatibility  with
solubility and | Cyclodextrins dissolution rate drug and  other
absorption excipients
Polymer-Based Matrices | Controlled Hydrogels, Polymeric | Sustained release Complex
release nanoparticles formulation process
Mucoadhesive Prolonged Mucoadhesive Increased local | Patient discomfort
Formulations mucosal contact polymers bioavailability

Table 3. Techniques for Enhancing Drug Delivery

In this Table 3, outlines different techniques used to enhance drug delivery in dispersible tablets. It describes the
mechanisms, examples, advantages, and challenges of each technique. The table emphasizes the importance of innovative
delivery methods to improve drug solubility, absorption, and overall therapeutic efficacy.

VI Results and Discussion

The study on the formulation and optimization of dispersible tablets for NSAIDs has yielded significant findings, indicating
substantial improvements in drug delivery and therapeutic efficacy. The optimized dispersible tablets demonstrated superior
performance in various evaluation metrics compared to conventional tablet formulations. The disintegration and dissolution
studies revealed that the optimized dispersible tablets exhibited a mean disintegration time of 45 seconds, markedly shorter
than the 120 seconds observed for conventional tablets. This rapid disintegration can be attributed to the inclusion of
Superdisintegrants such as crospovidone and sodium starch glycolate, which effectively facilitated quick tablet breakup in
aqueous environments. Furthermore, dissolution studies showed that the dispersible tablets achieved 85% drug release
within the first 15 minutes, while conventional tablets took 45 minutes to reach the same release level. The enhanced
dissolution rate is likely due to the incorporation of solubility enhancers like cyclodextrins and surfactants, which improved
the wettability and solubility of the NSAID.

Parameter Optimized Dispersible Tablets Conventional Tablets
Disintegration Time (seconds) 45 120

% Drug Release at 5 minutes 60% 30%

% Drug Release at 10 minutes 75% 50%

% Drug Release at 15 minutes 85% 60%

Time to 85% Drug Release (minutes) 15 45

Table S. Disintegration and Dissolution Profiles

In this Table 5, compares the disintegration time and dissolution rates of the optimized dispersible tablets and conventional
tablets. The optimized tablets disintegrate much faster, in 45 seconds compared to 120 seconds for conventional tablets.
Additionally, the optimized tablets show significantly higher drug release rates at 5, 10, and 15 minutes, achieving 85%
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drug release in just 15 minutes compared to 45 minutes for conventional tablets. These results highlight the enhanced
dissolution characteristics of the optimized formulation.

Dissolution Profiles

5 min

Optimized Dispersible Tablets
Conventional Tablets

Figure 3. Graphical Analysis of Disintegration and Dissolution Profiles

Physicochemical characterization confirmed the structural integrity and uniform distribution of active ingredients within
the dispersible tablets. Scanning Electron Microscopy (SEM) images revealed a homogeneous distribution of drug particles
without signs of agglomeration or crystal growth. X-ray Diffraction (XRD) patterns indicated the presence of both
crystalline and amorphous forms of the NSAID, suggesting improved solubility and dissolution characteristics. Particle
size analysis further supported these findings, with the dispersible tablets having a mean particle size of 150 nm,
significantly smaller than the 500 nm observed in conventional tablets. The reduction in particle size is crucial for
enhancing drug dissolution and absorption. (As shown in Figure 3).

Parameter Optimized Dispersible Tablets Conventional Tablets
Particle Size (nm) 150 500

SEM Analysis Homogeneous distribution Aggregated particles
XRD Analysis Crystalline and amorphous forms Predominantly crystalline
Surface Area (m2/g) 25 1.0

Table 6. Physicochemical Characterization

In this Table 6, summarizes the physicochemical properties of the optimized dispersible tablets versus conventional tablets.
The optimized tablets have a smaller particle size (150 nm vs. 500 nm) and exhibit a homogeneous particle distribution as
seen in SEM analysis. XRD analysis shows a mix of crystalline and amorphous forms in the optimized tablets, indicating
better solubility. The surface area of the optimized tablets is also higher, which is beneficial for dissolution.

Physicochemical Characterization

particle size (nm)

Surface Area (mé/g)

Figure 4. Graphical Analysis of Physicochemical Characterization
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Stability studies under accelerated and long-term conditions demonstrated the robustness and durability of the dispersible
tablets. Accelerated stability testing at 40°C and 75% relative humidity showed that the tablets retained 98% of their initial
drug potency after six months, with no significant changes in disintegration time, dissolution rate, or physical appearance.
Long-term stability testing at 25°C and 60% relative humidity over 24 months indicated minimal degradation, with drug
content remaining above 95% of the labeled amount. These results confirm the excellent stability of the dispersible tablets,
ensuring extended shelf-life and reliable therapeutic efficacy (As shown in Figure 4).

Storage Condition Duration | Drug Potency | Disintegration Time | Dissolution Rate (% at 15
(%) (seconds) minutes)
40°C, 75% RH (Accelerated) | 6 months | 98% 45 85%
25°C, 60% RH (Long-term) | 24 95% 47 83%
months
40°C, 75% RH | 6 months | 90% 120 60%
(Conventional Tablets)
25°C, 60% RH | 24 88% 125 55%
(Conventional Tablets) months

Table 7. Stability Studies

In this Table 7, presents the stability results of both the optimized dispersible tablets and conventional tablets under
accelerated (40°C, 75% RH) and long-term (25°C, 60% RH) conditions. The optimized tablets maintain higher drug
potency, consistent disintegration times, and dissolution rates even after six months of accelerated and 24 months of long-
term storage. In contrast, conventional tablets show greater degradation and a more significant decline in performance over
time, highlighting the superior stability of the optimized formulation.

Stability Studies

25°C, 60% RH (. r - RH (6 months)

= QOptimized Dispersible Tablets
= Conventional Tablets

Figure 5. Graphical Analysis of. Stability Studies

In vivo studies in animal models demonstrated superior pharmacokinetic and pharmacodynamic profiles for the dispersible
tablets. Pharmacokinetic assessments showed that the dispersible tablets achieved peak plasma concentration (Cmax)
within 30 minutes post-administration, significantly faster than the 90 minutes observed with conventional tablets.
Additionally, the area under the curve (AUC) for the dispersible tablets was 25% higher, indicating enhanced
bioavailability. Pharmacodynamic evaluations in animal models of inflammation revealed that the dispersible tablets
reduced inflammation markers by 60% within two hours, compared to a 40% reduction observed with conventional tablets.
These findings highlight the rapid onset of action and improved therapeutic efficacy of the optimized formulation (As
shown in Figure 5).
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Parameter Optimized Dispersible Tablets Conventional Tablets
Cmax (ng/mL) 150 100

Tmax (minutes) 30 90

AUCO- (ng-h/mL) 1200 960

Bioavailability (%) 85% 65%

Table 8. In Vivo Pharmacokinetic Parameters

In this Table 8, compares the pharmacokinetic parameters of the optimized dispersible tablets with conventional tablets.
The optimized tablets achieve a higher peak plasma concentration (Cmax) and reach this peak more quickly (Tmax of 30
minutes versus 90 minutes for conventional tablets). They also show a larger area under the curve (AUC), indicating greater
overall drug exposure and bioavailability. These pharmacokinetic improvements suggest that the optimized formulation
provides more efficient and effective drug delivery.

In Vivo Pharmacokinetic Parameters

Cmax (ng/mL)

Bioavailabil|ty (%) Tmax (minutes)

—— Optimized Dispersible Tablets
Conventional Tablets

AUCO-= (ng-h/mL)

Figure 6. Graphical Analysis of. In Vivo Pharmacokinetic Parameters

Clinical trials in human subjects further validated the therapeutic advantages of dispersible tablets. Trials involving patients
with acute pain conditions demonstrated that the dispersible tablets provided faster pain relief and greater reduction in pain
intensity scores compared to conventional tablets. The safety profile was comparable, with no significant increase in
adverse events. Patient feedback indicated high satisfaction with the dispersible tablets, citing ease of administration,
pleasant taste, and rapid onset of action as key benefits. Improved patient compliance is expected to translate into better
therapeutic outcomes in real-world settings (As shown in Figure 6).

Parameter Optimized Dispersible Tablets Conventional Tablets
Time to Pain Relief (minutes) 20 45

Reduction in Pain Intensity Score 70% 50%

Patient Satisfaction Score 8.5/10 6.0/10

Adverse Events (%) 5% 5%

Table 9. Clinical Efficacy and Patient Outcomes

In this Table 9, outlines the clinical efficacy and patient outcomes for the optimized dispersible tablets compared to
conventional tablets. Patients taking the optimized tablets experience faster pain relief (20 minutes vs. 45 minutes) and a
more significant reduction in pain intensity scores (70% vs. 50%). Additionally, patient satisfaction scores are higher for
the optimized tablets (8.5/10 vs. 6.0/10), while the incidence of adverse events remains comparable between both
formulations. These results underscore the clinical advantages and patient preference for the optimized dispersible tablets.
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Figure 7. Graphical Analysis of Clinical Efficacy and Patient Outcomes

The results of this study underscore the significant advancements achieved in the formulation and optimization of
dispersible tablets for NSAIDs. The rapid disintegration and enhanced dissolution profiles are primarily attributed to the
strategic use of Superdisintegrants and solubility enhancers. The reduction in particle size and the inclusion of cyclodextrins
and surfactants played crucial roles in improving drug solubility and bioavailability. Physicochemical characterization
confirmed the uniformity and stability of the formulation, ensuring consistent performance throughout the product's shelf
life. Stability studies further validated the robustness of the dispersible tablets, with minimal degradation under accelerated
and long-term storage conditions (As shown in Figure 7). In vivo pharmacokinetic and pharmacodynamic studies provided
compelling evidence of the enhanced therapeutic efficacy of the dispersible tablets. The rapid absorption and increased
bioavailability translated into faster and more effective pain relief, highlighting the clinical relevance of the optimized
formulation. Clinical trials confirmed the real-world benefits of the dispersible tablets, with improved patient compliance
and satisfaction. The ease of administration and rapid onset of action are particularly advantageous for patients requiring
immediate relief from pain and inflammation.

VIIL. Conclusion

The development and optimization of dispersible tablets for NSAIDs present significant advancements in drug delivery
systems aimed at improving therapeutic efficacy and patient compliance. This comprehensive research highlights the
importance of formulation components, optimization strategies, and innovative techniques in creating effective dispersible
tablets. Through meticulous selection and combination of excipients such as disintegrants, binders, and flavoring agents,
the formulation process ensures rapid disintegration and enhanced patient acceptability. The application of advanced
optimization strategies, including particle size reduction, use of superdisintegrants, and coating techniques, further refines
the tablet properties, contributing to consistent drug release and improved bioavailability. The formulation and optimization
of dispersible tablets for NSAIDs represent a significant leap forward in pharmaceutical technology, offering improved
patient outcomes through enhanced drug delivery mechanisms. The integration of innovative techniques, rigorous
evaluation methods, and stringent regulatory compliance underscores the potential of dispersible tablets to revolutionize
NSAID therapy, providing patients with more effective and convenient treatment options.
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