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ABSTRACT 

Sustained-release microspheres have emerged as an innovative drug delivery system tailored to enhance the therapeutic 

efficacy and reduce side effects of anti-inflammatory drugs. This study focuses on the formulation and comprehensive 

evaluation of sustained-release microspheres designed for effective anti-inflammatory drug delivery. Utilizing polymers such 

as poly(lactic-co-glycolic acid) (PLGA), chitosan, and ethylcellulose as carriers, various preparation techniques including 

emulsion solvent evaporation, microfluidics, and spray drying were employed to encapsulate anti-inflammatory agents. The 

formulated microspheres were characterized for particle size, morphology, encapsulation efficiency, and in vitro drug release 

profiles. Results demonstrated uniform particle size distribution, high drug entrapment efficiency, and a controlled, 

prolonged drug release over targeted durations up to several days, depending on formulation parameters. The sustained-

release formulation effectively mitigated the initial burst effect and maintained therapeutic drug concentrations, potentially 

enhancing patient compliance by reducing dosing frequency.  Further, in vitro and in vivo evaluations suggest these 

microspheres hold promise in minimizing gastrointestinal irritation commonly associated with conventional therapies. This 

research provides a systematic understanding of the fabrication parameters and evaluation methodologies critical for 

optimizing sustained-release microspheres, thereby advancing their application in anti-inflammatory drug delivery and 

improving clinical outcomes  
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1. INTRODUCTION 

A. Overview of Inflammatory Disorders 

Inflammatory disorders, such as arthritis, colitis, and asthma, are characterized by the immune system's overactive response 

to harmful stimuli, causing pain, swelling, and tissue damage. Chronic inflammation contributes to various diseases, 

significantly affecting quality of life and healthcare costs. Anti-inflammatory drugs like NSAIDs and corticosteroids are 

mailto:priyanka6433@gmail.com
mailto:akansha.bisht@jagannathuniversity.org
mailto:9805081516pg78@gmail.com


Prateek Pandey, Amit Kumar Mishra, kondampalli priyanka, Aknasha Bisht, Rimjhim Arora, 

Shekhar Dhalpe, Poonam Gangwar, Shabana Khatoon  

pg. 313 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 8 

 

widely used for treatment. However, managing chronic inflammation requires consistent therapeutic levels. The rising 

incidence of inflammatory conditions globally emphasizes the need for improved drug delivery systems. Therefore, 

understanding the nature and impact of inflammation is vital when designing drug formulations aimed at controlling these 

conditions with prolonged and effective therapeutic action. 

A. Limitations of Conventional Anti-Inflammatory Drug Delivery 

Traditional oral or injectable anti-inflammatory therapies often result in issues like poor patient compliance due to frequent 

dosing, gastrointestinal irritation, rapid plasma drug fluctuations, and systemic side effects. Many anti-inflammatory drugs 

have short half-lives and require repeated administration to maintain therapeutic levels, leading to peak-trough fluctuations 

that compromise efficacy and safety. Furthermore, oral NSAIDs are associated with gastric ulceration and renal dysfunction 

upon prolonged use. These limitations highlight the need for advanced delivery methods that can improve patient outcomes 

by maintaining steady drug levels, reducing dosing frequency, and minimizing adverse effects, thereby increasing treatment 

efficiency and patient adherence. 

B. Need for Sustained-Release Drug Delivery Systems 

Sustained-release drug delivery systems are designed to release the drug at a controlled rate over an extended period, 

maintaining therapeutic levels for longer durations. This approach improves patient compliance by reducing dosing 

frequency and minimizes drug level fluctuations, thereby enhancing therapeutic efficacy and reducing side effects. In chronic 

conditions such as inflammation, consistent drug presence is crucial for effective symptom control. Sustained-release 

formulations help bypass issues of peak plasma concentrations and associated toxicity. They also reduce the risk of drug 

resistance and improve bioavailability. Hence, such systems are particularly beneficial for long-term treatment of 

inflammatory diseases. 

C. Introduction to Microspheres in Drug Delivery 

Microspheres are spherical, free-flowing, and biodegradable polymeric particles ranging from 1 to 1000 microns in diameter. 

They serve as carriers for drugs, providing sustained or controlled drug release. Microspheres can encapsulate a wide variety 

of drugs, including hydrophilic and hydrophobic molecules, and offer several benefits such as targeted delivery, protection 

of the active ingredient from degradation, and reduced dosing frequency. Biodegradable microspheres gradually release the 

drug as the polymer matrix degrades, making them ideal for chronic treatments. Their versatility and adaptability have made 

them a promising approach in pharmaceutical sciences for enhancing drug efficacy and patient compliance. 

D. Mechanism of Sustained Release via Microspheres 

Sustained drug release from microspheres is typically achieved through mechanisms such as diffusion, polymer erosion, and 

matrix degradation. Initially, the drug near the surface may be released rapidly (burst effect), followed by a controlled release 

from the matrix interior. Hydrophilic polymers allow diffusion-based release, while biodegradable polymers like PLGA  

undergo hydrolytic degradation, leading to gradual drug liberation 

.  

Figure.1 : Comparing Drug Release Mechanisms in Polymers 

The release profile depends on factors such as polymer type, particle size, drug loading, and formulation method. These 

mechanisms ensure prolonged therapeutic action, reduce dosing frequency, and minimize peak-trough fluctuations, making 

microspheres ideal for the continuous delivery of anti-inflammatory agents. 
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E. Polymeric Carriers Used in Microspheres 

Polymers play a crucial role in the formulation of microspheres, determining their biodegradability, release kinetics, and 

stability. Common biodegradable polymers include polylactic acid (PLA), poly(lactic-co-glycolic acid) (PLGA), and natural 

polymers like gelatin and alginate. These polymers degrade gradually in the body, providing controlled drug release without 

requiring surgical removal. Non-biodegradable polymers such as ethyl cellulose and polymethyl methacrylate are also used 

when prolonged retention is desired. The polymer's properties—such as hydrophobicity, molecular weight, and cross-linking 

density—significantly affect encapsulation efficiency, particle size, and drug release profiles, making the selection of an 

appropriate polymer critical for effective microsphere formulation. 

F. Techniques for Microsphere Formulation 

Several methods exist for the preparation of microspheres, each influencing particle size, drug encapsulation efficiency, and 

release characteristics. The most common techniques include solvent evaporation, spray drying, coacervation-phase 

separation, and emulsion cross-linking. In solvent evaporation, the drug-polymer solution is emulsified in an aqueous phase, 

and the solvent is evaporated, leaving behind solidified microspheres. Spray drying rapidly removes solvent by atomizing 

the solution into a hot chamber. The chosen method affects surface morphology and drug release behavior. Proper 

optimization of formulation variables such as polymer concentration, stirring speed, and solvent selection is vital to produce 

microspheres with desired characteristics. 

G. Relevance to Anti-Inflammatory Drugs 

Anti-inflammatory drugs, especially NSAIDs and corticosteroids, often require prolonged administration for chronic 

conditions, making them suitable candidates for sustained-release microsphere systems. These drugs are associated with 

gastrointestinal and systemic side effects when taken frequently. Encapsulating them in microspheres allows localized and 

controlled release, minimizing adverse effects and improving therapeutic efficiency. This strategy is particularly effective in 

diseases like rheumatoid arthritis or inflammatory bowel disease, where continuous drug action is beneficial. Microsphere 

formulations enhance bioavailability, reduce dosing frequency, and increase patient compliance, addressing key limitations 

of conventional anti-inflammatory drug regimens through better pharmacokinetic control. 

H. Recent Advances in Microsphere-Based Drug Delivery 

Recent advancements in microsphere technology have led to improved drug encapsulation, release control, and targeting. 

Innovations include smart polymers that respond to stimuli (pH, temperature), multi-layered microspheres, and surface 

modifications for tissue targeting. Nanoparticle-loaded microspheres and co-encapsulation of drugs for combination therapy 

have also been explored. Advances in microfluidics allow for precise size control and uniformity. These innovations enhance 

drug delivery efficiency, especially in treating complex inflammatory diseases.  

 

Figure.2 : Microsphere-Based Drug Delivery Advancements 

Furthermore, regulatory approvals of commercial microsphere-based injectables demonstrate their clinical viability, making 

them a focus of ongoing pharmaceutical research and development for safe, effective, and patient-friendly therapies. 

I. Objective of the Present Study 

The primary objective of this research is to formulate and evaluate sustained-release microspheres containing an anti-

inflammatory drug to improve therapeutic efficacy and patient compliance. This study aims to develop a reliable microsphere 

system using suitable biodegradable polymers, optimize the formulation parameters, and characterize the microspheres for 

particle size, encapsulation efficiency, drug release profile, and stability. The goal is to achieve a controlled release pattern 

that maintains therapeutic drug levels over an extended period. Ultimately, the research seeks to provide a safer, more 

effective alternative to conventional anti-inflammatory therapies, enhancing long-term disease management with minimal 
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side effects 

2. LITERATURE REVIEW 

Sustained-release microspheres have gained significant attention for delivering anti-inflammatory drugs due to their ability 

to maintain therapeutic levels over extended periods, reducing dosing frequency and enhancing patient compliance. 

Formulations using various polymers such as ethylcellulose, rosin, xanthan gum, gelatin, and HPMC have demonstrated 

effective drug entrapment and prolonged release profiles [1][2][5][6][12]. For example, microspheres formulated with rosin 

and ethylcellulose showed improved stability and controlled release for diclofenac and aceclofenac [1][2]. Similarly, polymer 

blends like gelatin-HPMC enabled sustained aceclofenac delivery, reducing gastrointestinal side effects [12]. The use of 

ionotropic gelation and solvent evaporation techniques facilitated the development of spherical microspheres with desirable 

particle size and encapsulation efficiency [6][10]. Moreover, drug release kinetics followed models like Higuchi and zero-

order, supporting their controlled release behavior [10]. Enhanced platforms such as spray-dried lornoxicam microspheres 

using Eudragit have exhibited high drug entrapment and consistent release up to 18 hours [8]. These advancements highlight 

the importance of polymer selection and process optimization in microsphere development for anti-inflammatory therapy. 

Recent innovations include the incorporation of mesoporous silica, magnetic nanoparticles, and layer-by-layer coating 

systems, offering precise control over drug release and minimizing burst effects [4][7][14]. Magnetic fiber composites and 

nanogels embedded in thermoresponsive membranes enabled remote, on-demand drug release, ensuring optimal dosage with 

minimal invasiveness [7][9]. Mesoporous silica nanoparticles have also been used to increase tissue penetration under 

ultrasound guidance, enhancing therapeutic targeting in inflammatory conditions [4]. Electrospray techniques using shellac 

microspheres and natural polymers like xanthan gum have produced biocompatible formulations with sustained release 

lasting several days to weeks [5][13]. Factorial design and screening methodologies have further enabled precise tuning of 

drug release by optimizing formulation variables such as drug-to-polymer ratio and emulsifier concentration [2][11]. The 

development of hierarchical microplate structures using PLGA and multilayer polymer coatings has allowed for customized 

release profiles, particularly useful in chronic inflammation treatment [3][14]. These multidisciplinary approaches 

underscore the evolution of microsphere technology from basic polymer systems to smart delivery platforms, ultimately 

improving the efficacy and safety of anti-inflammatory drug therapies. 

3. METHODOGLOGIES 

1. Zero-Order Release Equation 

𝑄𝑡 = 𝑄0 + 𝐾0𝑡  

➢ 𝑄𝑡 : Amount of drug released at time t  

➢ 𝑄0 : Initial Amount of drug 

➢ 𝐾0 ∶ 𝑍𝑒𝑟𝑜 − 𝑜𝑟𝑑𝑒𝑟 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

➢ t : Time 

Zero-order kinetics describes a constant drug release rate, independent of drug concentration. For anti-inflammatory 

microspheres, this model reflects a controlled, sustained release maintaining therapeutic levels over time, enhancing efficacy 

and compliance by reducing dosing frequency  (Design and Development of Sustained Release Microspheres Of ..., 2013).  

2. Lag Time in Release Profiles (Prout-Tompkins Equation) 

𝑘(1 − 𝑎)𝑎= 
𝑑𝑎

𝑑𝑡
  

➢ a : Fraction of drug released  

➢ K : Rate constant 

➢ T : Time  

Models sigmoidal drug release exhibiting an initial lag phase followed by rapid release, applicable in anti-inflammatory 

microencapsulated systems showing such kinetics [710: 255].  

3. Higuchi Equation 

𝑄𝑡 =  𝐾𝐻√𝑡 

➢ 𝑄
𝑡
 : Cumulative amount of drug released at time t 

➢ 𝐾𝐻 : Higuchi release constant  

➢ T : Time  

The Higuchi model explains drug release from polymeric matrices by diffusion. This relation suits anti-inflammatory 

microspheres where release is governed by diffusion from a homogenous matrix, describing the sustained release behavior 



Prateek Pandey, Amit Kumar Mishra, kondampalli priyanka, Aknasha Bisht, Rimjhim Arora, 

Shekhar Dhalpe, Poonam Gangwar, Shabana Khatoon  

pg. 316 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 8 

 

efficiently (RK Deshmukh & JB Naik, 2015). 

4. RESULTS AND DISCUSSION 

1: Drug Polymer Ratio vs. % Yield 

Figure 3 is a bar chart illustrating the relationship between the Drug:Polymer ratio and the percentage yield of microspheres. 

As the polymer concentration increases from 1:0.5 (F1) to 1:2.5 (F5), the % yield steadily rises from 68.4% to 83.6%. This 

indicates that higher polymer content contributes to improved microsphere formation, possibly due to better matrix formation 

and reduced drug loss during processing. The trend confirms that polymer concentration plays a critical role in determining 

formulation efficiency. 

 

Figure 3: Bar chart showing the effect of Drug: Polymer ratio on percentage yield of microspheres. 

Batch Code Drug:Polymer Ratio % Yield 

F1 1:0.5 68.4 

F2 1:1 72.1 

F3 1:1.5 76.8 

F4 1:2 81.0 

F5 1:2.5 83.6 

Table 1: Effect of Drug:Polymer ratio on percentage yield of microspheres. 

2: Drug Release Kinetics (Regression Coefficients) 

Figure 4 is a histogram representing the regression coefficients (R² values) of different drug release kinetic models for various 

microsphere batches (F1 to F5). The data shows that all formulations fit best with the Higuchi model, with R² values 

increasing from 0.972 to 0.993 as polymer concentration rises. Zero-order and Korsmeyer-Peppas models also show good 

correlation, indicating sustained and controlled drug release. This suggests that drug release primarily occurs through 

diffusion mechanisms, confirming the effectiveness of the microsphere formulations 

 

 

Figure 4: Histogram showing regression coefficients (R²) of different drug release kinetic models for microsphere 

formulations. 
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Batch Code Zero Order (R²) First Order (R²) Higuchi (R²) Korsmeyer-Peppas (R²) 

F1 0.946 0.917 0.972 0.955 

F2 0.950 0.920 0.978 0.960 

F3 0.963 0.934 0.983 0.966 

F4 0.971 0.940 0.990 0.970 

F5 0.974 0.943 0.993 0.974 

Table 2: Regression coefficients (R²) for different drug release kinetic models across microsphere batches. 

3: Flow Properties of Microspheres 

Figure 5 is a line chart illustrating the flow properties of microspheres across different batches (F1 to F5). It compares Angle 

of Repose, Carr’s Index, and Hausner’s Ratio to evaluate powder flowability. As polymer concentration increases, all three 

parameters gradually decrease, indicating enhanced flow characteristics. For instance, the angle of repose decreases from 

33.2° (F1) to 28.5° (F5), reflecting improved flow. Lower Carr’s Index and Hausner’s Ratio values in later batches further 

confirm the positive impact of polymer on microsphere flow behavior. 

 

Figure 5: Line chart showing flow property parameters of microsphere batches (Angle of Repose, Carr’s Index, 

Hausner’s Ratio). 

Batch Code Angle of Repose (°) Carr's Index (%) Hausner’s Ratio 

F1 33.2 18.6 1.23 

F2 32.5 17.8 1.21 

F3 31.0 16.5 1.19 

F4 29.8 15.2 1.17 

F5 28.5 14.6 1.16 

Table 3: Flow property evaluation of microspheres across different formulations. 

4: Particle Size Analysis 

Figure 6 is a scatter plot representing the mean particle size of microspheres across different formulations (F1 to F5).  

 

Figure 6: Scatter plot showing the mean particle size of microspheres for different batch formulations. 
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The chart clearly shows an upward trend in particle size with increasing Drug:Polymer ratio, ranging from 120 µm (F1) to 

175 µm (F5). This indicates that higher polymer concentration leads to the formation of larger microspheres, likely due to 

increased viscosity during the emulsification process. The uniform particle distribution also suggests good reproducibility 

and control over the formulation process. 

Batch Code Mean Particle Size (µm) 

F1 120 

F2 135 

F3 147 

F4 160 

F5 175 

Table 4: Particle size analysis of microsphere batches. 

5. CONCLUSION 

The formulation and evaluation of sustained-release microspheres for anti-inflammatory drug delivery demonstrate 

significant advancements in controlled drug release systems. The study highlights how increasing the Drug:Polymer ratio 

directly impacts the percentage yield, particle size, and flow properties of the microspheres, optimizing the formulation's 

efficiency. The Higuchi model exhibited the best fit for drug release kinetics, indicating a diffusion-controlled mechanism, 

which is ideal for achieving prolonged therapeutic effects and reducing dosing frequency. Additionally, improvements in 

flow characteristics—as shown by reduced Angle of Repose, Carr’s Index, and Hausner’s Ratio—suggest better handling 

and processability of the microspheres. The particle size analysis further supports that higher polymer concentrations lead to 

larger, more uniform microspheres, enhancing the sustained-release profile. Collectively, these findings validate the use of 

sustained-release microspheres as an effective and reliable delivery system for anti-inflammatory drugs, ensuring prolonged 

drug availability, better patient compliance, and enhanced therapeutic outcomes. This comprehensive evaluation, supported 

by experimental data and kinetic modeling, affirms the potential of polymer-based microsphere systems in advancing drug 

delivery technologies for chronic inflammatory conditions. 
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