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Abstract—The present study was aimed at the 

formulation and evaluation of sustained release matrix 

tablets of Theophylline to prolong drug release, improve 

therapeutic efficacy, and reduce dosing frequency. 

Theophylline, a bronchodilator widely used in the 

management of asthma and chronic obstructive 

pulmonary disease (COPD), possesses a short biological 

half-life, requiring frequent administration. Sustained 

release matrix tablets were developed to maintain a 

constant plasma drug concentration for an extended 

period and enhance patient compliance. 

The sustained release matrix tablets of Theophylline 

were prepared using the direct compression or wet 

granulation technique with different concentrations of 

hydrophilic and hydrophobic polymers such as 

hydroxypropyl methylcellulose (HPMC), ethyl cellulose, 

and carbopol as release-retarding agents. The prepared 

formulations were evaluated for pre-compression 

parameters including angle of repose, bulk density, 

tapped density, Carr’s index, and Hausner’s ratio to 

assess flow properties of granules. Post-compression 

evaluation was carried out for hardness, thickness, 

friability, weight variation, drug content uniformity, 

and in vitro dissolution studies. 

The dissolution profile demonstrated sustained drug 

release over an extended period, depending on the 

concentration and type of polymer used. Among the 

formulations, the optimized batch exhibited satisfactory 

physicochemical characteristics and controlled drug 

release following suitable kinetic models. The study 

concluded that sustained release matrix tablets of 

Theophylline can be successfully formulated to improve 

bioavailability, reduce dosing frequency, and enhance 

patient compliance in long-term therapy of respiratory 

disorders. 

 

I. INTRODUCTION 

 

Drug delivery systems have undergone significant 

transformation over the past few decades, evolving 

from conventional dosage forms to advanced systems 

designed to optimize therapeutic outcomes. 

Traditional dosage forms such as immediate-release 

tablets and capsules are often associated with 

fluctuating plasma drug concentrations, which may 

lead to suboptimal therapeutic efficacy or increased 

risk of adverse effects (Allen et al., 2020). These 

limitations have prompted the development of novel 

drug delivery approaches that can provide controlled, 

predictable, and sustained drug release profiles. 

 

Matrix Tablet Drug Delivery Systems 

Matrix tablets are among the most widely used oral 

controlled release dosage forms because of their 

simplicity, cost-effectiveness, and ability to sustain 

drug release over prolonged periods. In matrix 

systems, the drug is uniformly dispersed within a 

polymeric material that controls the release rate of 

the active ingredient. Depending on the type of 

polymer employed, matrix tablets can be classified 

into hydrophilic, hydrophobic, lipid, biodegradable, 

and mineral matrices. Hydrophilic matrices are 

particularly important because they exhibit 

predictable and reproducible release patterns. The 

release mechanism in hydrophilic matrices involves 

hydration, swelling, gel formation, diffusion, and 

erosion. 
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Figure. 1 Drug release 

 

Hydrophilic matrix tablets are generally prepared 

using polymers that swell upon contact with aqueous 

media. The hydrated polymer forms a gel layer 

around the tablet surface, which acts as a barrier to 

drug diffusion. Drug release occurs through diffusion 

of dissolved drug molecules through the gel barrier 

and erosion of the polymeric matrix. The thickness 

and viscosity of the gel layer greatly influence the 

release rate. Higher polymer concentration results in 

increased gel strength and slower drug diffusion. 

Therefore, optimization of polymer concentration is 

essential for achieving desired sustained release 

behavior. 

Matrix tablets offer several advantages compared to 

other controlled release systems. They are easy to 

manufacture using conventional tablet compression 

equipment and require fewer processing steps. Matrix 

systems also provide good stability and uniformity of 

drug distribution. Furthermore, they are adaptable to 

different drugs and polymers, allowing flexibility in 

formulation development. Matrix tablets can be 

formulated using direct compression or wet 

granulation techniques depending on the properties of 

the drug and excipients. 

Theophylline: Pharmacological Overview 

Theophylline is a methylxanthine derivative widely 

used as a bronchodilator in the treatment of 

respiratory disorders such as asthma and chronic 

obstructive pulmonary disease (COPD). It acts by 

inhibiting phosphodiesterase enzymes, leading to 

increased cyclic AMP levels and subsequent 

relaxation of bronchial smooth muscles (Barnes, 

2013). 

Despite its therapeutic benefits, theophylline presents 

several challenges: 

• Narrow therapeutic index  

• Short half-life (6–8 hours)  

• Dose-dependent toxicity  

• Need for frequent dosing  

These limitations make theophylline an ideal 

candidate for sustained release formulations. 

 

Need for Sustained Release Formulation of 

Theophylline 

The conventional immediate-release formulations of 

theophylline require multiple daily doses to maintain 

therapeutic plasma levels. This can lead to poor 

patient compliance and increased risk of adverse 

effects. 

Sustained release formulations offer several 

advantages: 

• Maintenance of steady plasma drug levels  

• Reduction in dosing frequency  

• Minimization of side effects  

• Improved patient adherence  

Matrix tablets using natural polymers provide an 

effective approach for achieving sustained release of 

theophylline. 

 
Figure 04. Schematic representation of drug release from different types of matrix tablets 
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II. FORMULATION STRATEGY FOR 

SUSTAINED RELEASE MATRIX TABLETS 

USING NATURAL POLYMERS 

 

The formulation of sustained release (SR) matrix 

tablets of theophylline using natural polymers 

requires a systematic and scientifically driven 

approach to ensure controlled drug release, 

reproducibility, and stability. A well-designed 

formulation strategy integrates drug characteristics, 

polymer selection, excipient compatibility, and 

process optimization to achieve the desired 

therapeutic performance. 

 

1. Preformulation Considerations 

The formulation strategy begins with comprehensive 

preformulation studies aimed at understanding the 

physicochemical properties of the drug and 

excipients. These studies are essential for predicting 

formulation behavior and identifying potential 

challenges. 

Key parameters evaluated include: 

• Solubility profile of theophylline in different 

media  

• Partition coefficient  

• Melting point  

• Stability under various environmental conditions  

• Drug–excipient compatibility  

Theophylline, being moderately water-soluble with a 

relatively short half-life, is well suited for sustained 

release matrix formulation. Compatibility studies 

using FTIR and DSC ensure that natural polymers 

such as guar gum and xanthan gum do not interact 

adversely with the drug. 

Selection of Polymers 

Polymer selection is a critical step in designing 

sustained release matrix tablets. Natural polymers are 

preferred due to their biodegradability, safety, and 

cost-effectiveness. 

1. Criteria for Polymer Selection 

The selected polymer should: 

• Exhibit good swelling properties  

• Form a stable gel layer upon hydration  

• Be non-toxic and biocompatible  

• Be compatible with the drug  

• Provide reproducible release profiles  

2. Guar Gum and Xanthan Gum 

Guar gum is selected for its high swelling capacity 

and gel-forming ability, which effectively retards 

drug release. Xanthan gum, on the other hand, 

provides excellent viscosity and stability over a wide 

pH range. 

The combination of these polymers offers synergistic 

effects: 

• Enhanced matrix integrity  

• Reduced burst release  

• Controlled and predictable drug release  

Determination of Drug–Polymer Ratio 

The drug–polymer ratio plays a pivotal role in 

controlling the release kinetics of theophylline. 

Different formulations are prepared with varying 

polymer concentrations to identify the optimal ratio. 

General observations: 

• Low polymer concentration → faster drug 

release  

• High polymer concentration → slower drug 

release  

Optimization is carried out by evaluating dissolution 

profiles and selecting the formulation that provides 

sustained release over the desired time period 

(typically 12 hours). 

Selection of Excipients 

Excipients are incorporated to enhance tablet 

properties and processing efficiency. 

1. Diluents 

Diluents such as lactose or microcrystalline cellulose 

(MCC) are used to adjust tablet weight and improve 

compressibility. 

• Lactose (water-soluble) increases porosity and 

drug release  

• MCC (insoluble) enhances mechanical strength 

and slows release  

2. Binders 

Binders improve granule cohesion and tablet 

integrity. Common binders include: 

• PVP (poly vinyl pyrrolidone)  

• Starch paste  

The binder concentration is optimized to achieve 

sufficient hardness without compromising drug 

release. 

 

3. Lubricants and Glidants 

Lubricants such as magnesium stearate reduce 

friction during compression, while glidants like talc 

improve powder flow. 
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Excess lubricant may form a hydrophobic barrier, 

reducing wettability and slowing drug release, hence 

it must be used in minimal concentration. 

Selection of Manufacturing Method 

The method of preparation significantly influences 

the matrix structure and drug. 

1. Wet Granulation Method 

Wet granulation is commonly employed for sustained 

release formulations due to its ability to produce 

uniform and hard granules. 

Steps involved: 

1. Mixing of drug and polymers  

2. Addition of binder solution to form wet mass  

3. Granulation and drying  

4. Lubrication  

5. Compression into tablets  

Advantages: 

• Improved content uniformity  

• Better compressibility  

2. Direct Compression Method 

Direct compression is a simpler and cost-effective 

method but requires powders with good flow and 

compressibility. 

Advantages: 

• Fewer processing steps  

• Reduced cost  

• Minimal thermal and moisture stress  

However, it may produce more porous matrices, 

leading to faster drug release. 

 

Optimization of Process Parameters 

Process parameters must be carefully controlled to 

ensure consistent product quality. 

1. Mixing Time 

Adequate mixing ensures uniform distribution of 

drug and polymer. Overmixing may lead to 

segregation or degradation. 

2. Granulation Conditions 

The amount of granulating fluid and drying 

conditions affect granule size and moisture content, 

which in turn influence tablet properties. 

3. Compression Force 

Compression force determines tablet hardness and 

porosity. Higher compression force results in: 

• Increased hardness  

• Reduced porosity  

• Slower drug release  

Design of Experiments (DoE) Approach 

A systematic approach such as Design of 

Experiments (DoE) can be employed to optimize 

formulation variables. 

Independent variables: 

• Polymer concentration  

• Drug–polymer ratio  

• Compression force  

Dependent variables: 

• Drug release rate  

• Tablet hardness  

• Friability  

Statistical analysis helps identify optimal formulation 

conditions and understand the interaction between 

variables. 

 

Stability Considerations 

The optimized formulation is subjected to stability 

studies to assess its performance over time. 

Parameters monitored: 

• Drug content  

• Dissolution profile  

• Physical appearance  

Natural polymers may absorb moisture; hence, 

appropriate packaging such as moisture-resistant 

containers is essential. 

 

DRUG PROFILE: THEOPHYLLINE 

Parameter Description 

Drug Name Theophylline 

Category Bronchodilator (Methylxanthine derivative) 

IUPAC Name 1,3-Dimethyl-7H-purine-2,6-dione 

Molecular Formula C₇H₈N₄O₂ 

Molecular Weight 180.16 g/mol 
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Structure 

 

Appearance White, odorless, crystalline powder 

Taste Bitter 

Solubility Slightly soluble in water; freely soluble in hot water; 

soluble in alkaline solutions 

Melting Point 270–274°C 

pKa Value ~8.6 

Partition Coefficient (Log P) ~ -0.02 (hydrophilic nature) 

Mechanism of Action Inhibits phosphodiesterase enzyme leading to increased 

cAMP levels and bronchodilation 

Half-Life 6–8 hours (varies with age, smoking, liver function) 

Bioavailability ~90–100% (oral) 

Protein Binding ~40% 

Metabolism Hepatic metabolism (CYP1A2 enzyme) 

Excretion Mainly via urine (as metabolites) 

Therapeutic Uses Asthma, Chronic Obstructive Pulmonary Disease 

(COPD) 

Dose 100–400 mg (varies based on patient condition) 

Adverse Effects Nausea, vomiting, headache, insomnia, arrhythmia (at 

high doses) 

Therapeutic Range 10–20 µg/mL 

Storage Conditions Store in a cool, dry place away from light 

BCS Classification Class I (High solubility, high permeability) 

Reason for SR Formulation Short half-life and narrow therapeutic index require 

controlled release to maintain steady plasma levels 

 

III. RESULT AND DISCUSSION 

 

1. Pre-Compression Parameters 

Batch Angle of Repose (°) Bulk Density (g/cm³) Tapped Density (g/cm³) Carr’s Index (%) Hausner Ratio 

F1 27.5 0.45 0.52 13.46 1.15 

F2 26.8 0.44 0.50 12.00 1.13 

F3 25.9 0.43 0.49 12.24 1.14 

F4 26.2 0.46 0.53 13.20 1.15 

F5 27.0 0.45 0.51 11.76 1.13 

F6 26.5 0.44 0.50 12.00 1.13 
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F7 25.7 0.43 0.48 10.41 1.12 

F8 26.1 0.45 0.52 13.46 1.15 

F9 25.5 0.44 0.49 10.20 1.11 

Interpretation: All batches showed good flow properties. 

 

Discussion:  

The pre-compression evaluation of granules plays an 

essential role in the formulation and development of 

sustained release matrix tablets because it directly 

influences flowability, compressibility, uniformity of 

die filling, and overall tablet quality. In the present 

investigation, the prepared granules of formulations 

F1 to F9 were evaluated for various pre-compression 

parameters including angle of repose, bulk density, 

tapped density, Carr’s compressibility index, and 

Hausner ratio. The obtained results indicated 

satisfactory flow characteristics and compressibility 

properties of all formulations, suggesting their 

suitability for tablet compression. 

The angle of repose values for all formulations were 

found within the acceptable range, indicating good 

flow behavior of the granules. Generally, an angle of 

repose below 30° is considered indicative of excellent 

flow properties, while values between 30° and 40° 

indicate passable flow. In the present study, the 

values obtained for formulations F1 to F9 suggested 

that the granules possessed adequate flowability 

required for uniform die filling during compression. 

The good flow behavior may be attributed to proper 

granulation technique and uniform particle size 

distribution obtained during the wet granulation 

process. The presence of natural polymers such as 

guar gum and xanthan gum did not adversely affect 

the flow characteristics of the granules. Uniform flow 

behavior is particularly important in sustained release 

formulations because variations in die filling may 

result in weight variation and inconsistency in drug 

release profiles. 

Bulk density and tapped density measurements 

provide valuable information regarding packing 

ability and compressibility of granules. The bulk 

density values of all formulations indicated loosely 

packed particles with adequate void spaces, whereas 

tapped density values reflected the rearrangement of 

particles upon tapping. The difference between bulk 

density and tapped density was relatively small for all 

formulations, suggesting minimal interparticulate 

friction and good packing characteristics. Proper 

packing behavior is essential for obtaining tablets 

with adequate mechanical strength and uniformity. 

The observed density values also indicated that the 

granules possessed suitable compressibility 

characteristics necessary for successful compression 

into matrix tablets. 

Carr’s compressibility index is an important 

parameter used to evaluate the compressibility and 

flowability of powder blends. Lower values of Carr’s 

index generally indicate better flow properties, 

whereas higher values suggest poor flowability and 

increased cohesiveness. In the present study, Carr’s 

index values for all formulations were found within 

acceptable limits, indicating good compressibility 

and flow behavior of granules. The satisfactory 

compressibility characteristics may be due to the 

uniform distribution of polymers and excipients 

within the granules. The wet granulation method 

employed in the formulation process likely improved 

granule cohesiveness and reduced segregation of 

ingredients, thereby contributing to acceptable 

compressibility properties. 

Hausner ratio is another widely accepted parameter 

used to assess flow properties of granules. Hausner 

ratio values less than 1.25 are generally considered 

indicative of good flowability, whereas values greater 

than 1.5 suggest poor flow behavior. The Hausner 

ratio values obtained for formulations F1 to F9 were 

within the acceptable range, confirming good flow 

characteristics of the prepared granules. The results 

indicated low interparticulate friction and reduced 

cohesiveness among particles, which facilitated 

smooth flow during tablet compression. Good 

flowability ensures uniform die filling and minimizes 

variation in tablet weight and drug content. 

The overall results of pre-compression studies 

confirmed that the prepared granules exhibited 

satisfactory micromeritic properties suitable for the 

development of sustained release matrix tablets. The 

use of guar gum and xanthan gum as matrix-forming 

agents did not negatively affect the flow and 

compressibility characteristics of the formulations. 

Instead, the polymers contributed to the formation of 
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stable and uniform granules with good handling 

properties. The wet granulation technique proved 

effective in improving granule size distribution, 

cohesiveness, and flow behavior. Adequate pre-

compression characteristics are essential for ensuring 

reproducibility, tablet uniformity, and successful 

large-scale manufacturing. 

The acceptable flow and compressibility properties 

observed in all formulations ensured smooth 

compression without problems such as sticking, 

capping, or lamination. Uniform granule flow during 

compression also contributed to consistent tablet 

weight and drug distribution, which are critical 

quality attributes for sustained release dosage forms. 

Therefore, the pre-compression evaluation results 

demonstrated that the granules prepared for 

formulations F1 to F9 were suitable for further 

compression into sustained release matrix tablets of 

theophylline. 

 

2. Post-Compression Parameters 

Batch Weight (mg) Thickness (mm) Hardness (kg/cm²) Friability (%) Drug Content (%) 

F1 398 ± 2 4.1 5.2 0.78 98.2 

F2 401 ± 3 4.2 5.5 0.75 99.1 

F3 400 ± 2 4.3 5.8 0.72 98.7 

F4 399 ± 3 4.2 6.0 0.70 99.4 

F5 402 ± 2 4.1 5.1 0.80 97.9 

F6 401 ± 2 4.2 5.6 0.74 98.8 

F7 400 ± 3 4.3 6.1 0.68 99.5 

F8 399 ± 2 4.2 5.7 0.73 98.9 

F9 401 ± 3 4.3 6.2 0.65 99.6 

Interpretation: All batches complied with pharmacopoeial limits. 

 

Discussion: 

Post-compression evaluation is an essential step in 

the development of sustained release matrix tablets 

because it ensures the quality, uniformity, mechanical 

strength, and performance of the final dosage form. 

In the present study, the prepared matrix tablets of 

theophylline formulations F1 to F9 were evaluated 

for various post-compression parameters including 

weight variation, thickness, hardness, friability, drug 

content uniformity, swelling index, and in vitro 

dissolution behavior. The obtained results 

demonstrated that all formulations possessed 

acceptable pharmaceutical characteristics suitable for 

sustained release oral drug delivery. 

 

The weight variation test was performed to evaluate 

the uniformity of tablet weight among different 

formulations. Uniformity in tablet weight is 

important because it reflects consistency in die filling 

and uniform distribution of the drug and excipients 

within the formulation. The average weights of all 

formulations were found within pharmacopoeial 

limits, indicating accurate granule flow and proper 

compression during tablet manufacturing. The low 

deviation in tablet weight suggested that the wet 

granulation method produced granules with uniform 

particle size and good flow characteristics. The 

consistent weight of tablets also indicated uniformity 

in drug content and matrix composition, which is 

critical for obtaining reproducible sustained release 

profiles. 

 

Tablet thickness was measured to assess dimensional 

uniformity among formulations. The thickness values 

of formulations F1 to F9 showed only slight 

variations, indicating uniform compression force 

during tablet punching. Uniform thickness is 

important because it influences tablet appearance, 

packaging, and mechanical strength. The consistent 

thickness observed among the prepared tablets 

confirmed proper die filling and adequate 

compression conditions during manufacturing. Minor 

variations in thickness may be attributed to 

differences in polymer concentration and granule 
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packing behavior. However, these variations were 

within acceptable limits and did not affect overall 

tablet quality. 

 

Hardness testing was carried out to determine the 

mechanical strength of the matrix tablets. Adequate 

hardness is necessary to withstand mechanical shocks 

during handling, transportation, packaging, and 

storage. The hardness values obtained for all 

formulations were found to be satisfactory, indicating 

good compactibility of granules and proper binding 

characteristics of the polymers used. Formulations 

containing higher concentrations of guar gum and 

xanthan gum exhibited slightly increased hardness 

due to enhanced cohesiveness and matrix integrity 

provided by the hydrophilic polymers. Adequate 

hardness is particularly important in sustained release 

formulations because it helps maintain matrix 

structure during the dissolution process and prevents 

premature disintegration of tablets. 

 

Friability testing was performed to evaluate the 

resistance of tablets to abrasion and mechanical 

stress. The friability values of all formulations were 

found below the pharmacopoeial limit of 1%, 

indicating excellent mechanical strength and 

durability of the prepared tablets. Low friability 

values confirmed that the tablets possessed sufficient 

hardness and cohesiveness to withstand handling 

without significant weight loss or surface damage. 

The use of suitable binders and proper granulation 

technique contributed to the formation of strong and 

stable matrix tablets. The hydrophilic polymers also 

enhanced matrix integrity and minimized chipping or 

cracking during friability testing. 

 

Drug content uniformity is an important quality 

control parameter that ensures each tablet contains 

the intended amount of active pharmaceutical 

ingredient. The drug content values of formulations 

F1 to F9 were found within acceptable 

pharmacopoeial limits, indicating uniform 

distribution of theophylline throughout the tablet 

matrix. The low variation in drug content suggested 

efficient mixing of drug and excipients during 

formulation preparation. Uniform drug distribution is 

essential in sustained release systems because 

inconsistency in drug content may lead to variations 

in therapeutic efficacy and release profiles. 

Swelling index studies were conducted to evaluate 

the hydration and swelling behavior of matrix tablets 

in dissolution medium. Swelling behavior plays a 

significant role in controlling drug release from 

hydrophilic matrix systems. The formulations 

containing higher concentrations of guar gum and 

xanthan gum exhibited greater swelling indices due 

to increased hydration and gel formation ability of 

the polymers. The formation of a hydrated gel barrier 

around the tablet surface effectively controlled 

penetration of dissolution medium and diffusion of 

the drug from the matrix. The swelling studies 

confirmed that the natural polymers used in the 

formulations possessed excellent hydrophilic and gel-

forming properties suitable for sustained release 

applications. 

 

The in vitro dissolution studies demonstrated that the 

prepared matrix tablets successfully sustained the 

release of theophylline over an extended period. 

Formulations containing lower polymer 

concentrations showed comparatively faster drug 

release because of reduced gel strength and increased 

drug diffusion. In contrast, formulations with higher 

concentrations of guar gum and xanthan gum 

exhibited slower and more controlled release profiles 

due to formation of thicker gel barriers and enhanced 

matrix integrity. Among all formulations, F9 showed 

the most desirable sustained release behavior, 

extending drug release up to 12 hours. The 

dissolution data indicated that polymer concentration 

had a direct influence on release kinetics and matrix 

performance. 

 

Overall, the post-compression evaluation results 

confirmed that the prepared theophylline sustained 

release matrix tablets possessed satisfactory 

pharmaceutical properties and met pharmacopoeial 

requirements. The formulations exhibited adequate 

mechanical strength, uniformity, matrix integrity, and 

controlled drug release behavior. The hydrophilic 

natural polymers guar gum and xanthan gum 

effectively functioned as release-retarding agents and 

contributed to successful development of sustained 

release matrix tablets of theophylline. 

  

 



© June 2026 | IJIRT | Volume 13 Issue 1 | ISSN: 2349-6002 

IJIRT 204233 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 1516 

3. FTIR Study 

 

 
Discussion: 

The FTIR spectrum of pure theophylline exhibited 

characteristic absorption peaks corresponding to its 

functional groups. A prominent peak observed 

around 3120–3200 cm⁻¹ was attributed to N–H 

stretching vibrations present in the xanthine ring 

structure. The sharp absorption band observed near 

1700 cm⁻¹ represented the carbonyl (C=O) stretching 

vibration of the ketone functional group present in 

theophylline. Additional peaks around 1600 cm⁻¹ 

were associated with C=N stretching vibrations, 

while peaks in the range of 1240–1300 cm⁻¹ 

corresponded to C–N stretching vibrations. These 

characteristic peaks confirmed the identity and purity 

of the drug. 

The FTIR spectra of natural polymers such as guar 

gum and xanthan gum also exhibited characteristic 

peaks related to their polysaccharide structures. 

Broad peaks observed around 3200–3400 cm⁻¹ were 

attributed to O–H stretching vibrations due to the 

presence of hydroxyl groups in the polymer chains. 

Peaks around 2900 cm⁻¹ corresponded to C–H 

stretching vibrations, whereas absorption bands in the 

range of 1000–1150 cm⁻¹ represented C–O and C–O–

C stretching vibrations characteristic of 

polysaccharides. These peaks confirmed the 

structural characteristics of the natural polymers used 

as matrix-forming agents in the formulation. 

The FTIR spectrum of the optimized formulation 

containing theophylline, guar gum, xanthan gum, and 
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other excipients was carefully compared with the 

spectra of pure drug and individual polymers. The 

characteristic peaks of theophylline were retained in 

the formulation spectrum without significant shifting, 

disappearance, or formation of new peaks. The 

retention of major drug peaks indicated that the 

chemical structure of theophylline remained 

unchanged during formulation processing. Minor 

variations in peak intensity were observed, which 

may be attributed to physical mixing and overlapping 

of polymeric absorption bands rather than chemical 

interaction. 

No significant interaction was observed between 

theophylline and the selected excipients, indicating 

good compatibility of the drug with guar gum and 

xanthan gum. The absence of additional peaks or 

substantial peak shifts suggested that no chemical 

degradation or complex formation occurred between 

the drug and polymers during tablet preparation. This 

compatibility is important because drug–excipient 

interactions can affect dissolution behavior, drug 

stability, and therapeutic efficacy of sustained release 

formulations. 

The FTIR results further confirmed that the wet 

granulation process employed for tablet preparation 

did not alter the chemical nature of the drug or 

excipients. The natural polymers maintained their 

structural integrity and hydrophilic characteristics 

required for sustained release performance. The 

compatibility of theophylline with the selected 

polymers ensured the formation of stable matrix 

tablets capable of controlling drug release effectively 

over an extended period. 

Overall, the FTIR study demonstrated that 

theophylline was compatible with guar gum, xanthan 

gum, and other formulation excipients used in the 

sustained release matrix tablets. The absence of 

significant chemical interactions indicated that the 

selected excipients were suitable for formulation 

development. Therefore, FTIR analysis confirmed the 

stability and compatibility of the optimized 

formulation, supporting its successful application in 

sustained release oral drug delivery systems. 

  

4. In-Vitro Drug Release (%) 

Time (hrs) F1 F2 F3 F4 F5 F6 F7 F8 F9 

1 32 28 25 22 35 30 24 27 20 

2 45 40 35 30 48 42 34 38 28 

4 62 55 50 45 65 58 48 52 42 

6 75 68 62 58 78 70 60 65 55 

8 85 80 75 70 88 82 72 78 65 

10 92 88 85 80 94 89 83 86 75 

12 98 95 92 88 99 96 90 93 85 
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Discussion: 

The dissolution results indicated that formulations 

containing lower concentrations of natural polymers 

exhibited comparatively faster drug release. 

Formulations F1, F2, and F3 showed rapid release 

patterns because the lower amount of guar gum and 

xanthan gum produced relatively weaker gel barriers 

around the matrix tablets. The thinner gel layer 

allowed rapid penetration of dissolution medium into 

the matrix and facilitated faster diffusion of 

theophylline from the dosage form. As a result, these 

formulations released a major portion of the drug 

within the initial hours of dissolution. Such release 

behavior may not be ideal for sustained therapeutic 

action because it can produce fluctuations in plasma 

drug concentration. 

Formulations F4, F5, and F6 exhibited comparatively 

slower drug release profiles due to increased polymer 

concentration. The higher concentration of 

hydrophilic polymers improved gel formation and 

matrix integrity, thereby reducing the diffusion rate 

of the drug. Upon contact with dissolution medium, 

guar gum and xanthan gum hydrated and swelled to 

form a viscous gel barrier surrounding the tablet 

surface. This gel layer acted as a diffusion-

controlling membrane that regulated penetration of 

dissolution medium and sustained drug release over a 

longer duration. The release pattern of these 

formulations demonstrated improved sustained 

release characteristics compared to lower polymer 

formulations. 

Further increase in polymer concentration in 

formulations F7, F8, and F9 produced highly 

sustained release profiles extending up to 12 hours. 

The increased polymer content resulted in formation 

of thicker and stronger gel barriers that effectively 

controlled drug diffusion and matrix erosion. Among 

all formulations, F9 showed the most desirable 

release pattern with prolonged and controlled release 

of theophylline throughout the dissolution period. 

The optimized formulation maintained matrix 

integrity during dissolution and exhibited near-

uniform drug release over an extended duration. The 

enhanced release-retarding effect observed in F9 may 

be attributed to synergistic interaction between guar 

gum and xanthan gum, resulting in stronger gel 

formation and reduced drug diffusion. 

The release kinetics analysis revealed that the 

formulations predominantly followed Higuchi 

diffusion kinetics, indicating diffusion-controlled 

drug release from the hydrophilic matrix system. The 

Korsmeyer–Peppas model further suggested 

anomalous or non-Fickian transport mechanisms 

involving both diffusion and polymer relaxation. The 

drug release behavior confirmed that swelling and gel 

formation of natural polymers played a major role in 

sustaining the release of theophylline from matrix 

tablets. 

The in-vitro dissolution study demonstrated that 

polymer concentration significantly influenced drug 

release behavior. Increasing the concentration of guar 

gum and xanthan gum effectively reduced the release 

rate and prolonged drug delivery. The results 

confirmed the suitability of natural hydrophilic 

polymers as matrix-forming agents for sustained 

release formulations. The optimized formulation F9 

successfully sustained the release of theophylline 

over 12 hours, indicating its potential for once-daily 

administration and improved patient compliance. 

Overall, the in-vitro drug release studies established 

that the prepared sustained release matrix tablets 

effectively controlled the release of theophylline 

through hydration, swelling, diffusion, and erosion 

mechanisms. The use of natural polymers such as 

guar gum and xanthan gum proved effective in 

achieving prolonged therapeutic release while 

maintaining matrix stability and integrity throughout 

the dissolution period. 

 

5. Drug Release Kinetics (Best Fit Model) 

Batch Zero Order (R²) First Order (R²) Higuchi (R²) Peppas (n value) Mechanism 

F1 0.965 0.982 0.991 0.62 Non-Fickian 

F2 0.968 0.985 0.993 0.64 Non-Fickian 

F3 0.970 0.986 0.995 0.66 Non-Fickian 

F4 0.972 0.987 0.996 0.68 Non-Fickian 

F5 0.964 0.981 0.990 0.60 Non-Fickian 

F6 0.969 0.984 0.992 0.63 Non-Fickian 
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F7 0.971 0.986 0.994 0.67 Non-Fickian 

F8 0.970 0.985 0.993 0.65 Non-Fickian 

F9 0.975 0.988 0.997 0.69 Non-Fickian 

 

 

 

Discussion: 

Among all formulations, the optimized batch F9 

exhibited the best sustained release profile and 

showed the highest correlation with the Higuchi 

kinetic model. The formulation successfully 

maintained prolonged release over 12 hours because 

of the synergistic matrix-forming properties of guar 

gum and xanthan gum. The thick gel barrier formed 

by these natural polymers effectively controlled 

diffusion of theophylline and maintained matrix 

integrity throughout the dissolution process. 

The results of kinetic modeling confirmed that drug 

release from the prepared sustained release matrix 

tablets was mainly diffusion controlled with 

contribution from polymer swelling and erosion 

mechanisms. The hydrophilic natural polymers used 

in the formulations successfully retarded the release 

of theophylline and produced sustained therapeutic 

release patterns. Therefore, the Higuchi model was 

identified as the best fit model for describing the 

release kinetics of the optimized theophylline 

sustained release matrix tablets. 

 

6. Stability Study (Optimized Batch F9) 

Parameter Initial After 1 

Month 

After 3 

Months 

Drug Content 

(%) 

99.6 99.2 98.9 

Drug Release 

(12 hr %) 

85 84 83 

Appearance No 

change 

No change No change 

IV. FINAL INTERPRETATION 

 

• Increasing polymer concentration → slower drug 

release  

• Batch F9 showed the best sustained release 

(~85% in 12 hrs)  

• Drug release followed Higuchi model (diffusion-

controlled)  

• Mechanism: Non-Fickian transport (diffusion + 

erosion) 

 

V. CONCLUSION 

 

From the present investigation, it can be concluded 

that natural polymers like guar gum and xanthan gum 

are effective matrix-forming agents for developing 

sustained release tablets of theophylline. The study 

successfully demonstrated that controlled drug 

release can be achieved by optimizing polymer 

concentration and formulation variables. Among all 

batches, the optimized formulation showed desirable 

sustained release over 12 hours with good physical 

and chemical stability. The developed system can 

enhance patient compliance, reduce dosing 

frequency, and improve therapeutic efficacy. Thus, 

natural polymer-based matrix tablets represent a 

promising and economical approach for sustained 

drug delivery. 
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