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ABSTRACT 

Natural polysaccharides have gained significant interest as excipients in sustained-release formulations due to their 

biocompatibility and functional properties. Gum Ghatti (GG), obtained from Anogeissus latifolia, is a hydrophilic polymer 

known for its swelling and gel-forming capabilities. This study aims to evaluate the potential of Gum Ghatti as a matrix-

forming agent in sustained-release tablets of Diclofenac Sodium. GG was subjected to preformulation studies including 

assessments of flowability, swelling index, viscosity, and compatibility with the active drug. Six formulations (F1–F6) 

containing varying concentrations of GG (5% to 55%) were developed using direct compression. These were evaluated for 

physical parameters, swelling behavior, and in vitro drug release. Drug release kinetics were analyzed using Zero-order, 

Higuchi, and Korsmeyer-Peppas models. The formulations exhibited acceptable physical properties. A direct relationship 

was observed between GG concentration and swelling index, while drug release was inversely proportional. Formulation 

F1 (5% GG) showed 98% drug release over 12 hours, whereas F6 (55% GG) released only 56%. Drug release followed 

non-Fickian (anomalous) kinetics, indicating a combined mechanism of diffusion and matrix erosion. Gum Ghatti 

effectively controlled the release of Diclofenac Sodium and demonstrated potential as a natural, cost-effective matrix-

forming agent for sustained-release oral formulations. 
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INTRODUCTION 

In recent decades, sustained drug delivery systems have 

become a cornerstone in pharmaceutical research due to 

their ability to release drugs at predetermined rates, 

maintain therapeutic concentrations, and enhance patient 

compliance.1 Among the various excipients employed in 

these systems, natural gums have garnered considerable 

attention. Their biocompatibility, biodegradability, non-

toxicity, cost-effectiveness, and ability to swell and form 

gels in aqueous environments make them ideal candidates 

for controlled-release formulations. 

Natural polysaccharides such as xanthan gum, guar gum, 

locust bean gum, and tragacanth have been extensively 

studied and applied in sustained-release dosage forms.2 

These materials can swell upon hydration, creating a 

viscous gel barrier that modulates drug diffusion and matrix 

erosion. The use of such gums not only improves the 

functional properties of tablets but also aligns with the 

pharmaceutical industry’s growing shift toward green and 

sustainable excipients. 

Gum Ghatti (GG), a natural exudate obtained from the bark 

of Anogeissus latifolia, is a less explored but promising 

polymer in pharmaceutical applications. Chemically, it is a 

complex, branched heteropolysaccharide composed of 

galactose, mannose, xylose, and glucuronic acid residues. 

GG is highly water-soluble, forms a colloidal dispersion, 

and possesses good emulsifying and stabilizing properties. 

These characteristics suggest that GG could serve as a 

matrix-forming agent capable of regulating drug release in 

sustained delivery systems.3 

Diclofenac Sodium, a potent non-steroidal anti-

inflammatory drug (NSAID), is widely used for the 

management of pain and inflammatory conditions. 

However, its short biological half-life (1–2 hours) and 

potential for gastrointestinal side effects necessitate 

frequent dosing, which can compromise patient 

compliance.4 Developing a sustained-release formulation of 

Diclofenac Sodium would address these issues by 

maintaining a consistent plasma concentration over an 

extended period and reducing dosing frequency. 

Therefore, the present study focuses on the evaluation of 

Gum Ghatti as a natural matrix-forming agent in the 

formulation of sustained-release tablets of Diclofenac 

Sodium. The work involves preformulation studies of GG, 

development of matrix tablets using varying concentrations 

of GG, and a comprehensive evaluation of their 

physicochemical properties, drug release profiles, and 

kinetic behavior.5 

 

MATERIALS AND METHODS 

Materials 
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Gum Ghatti (GG) was obtained from Premcem Gum 

Private Limited (Mumbai). Diclofenac Sodium was used as 

the model drug. Microcrystalline Cellulose (MCC), 

Magnesium Stearate, and Talc were procured from standard 

pharmaceutical suppliers. All other chemicals and reagents 

used were of analytical grade. 

Preformulation Studies of Gum Ghatti 

To evaluate the suitability of GG as a pharmaceutical 

excipient, it was subjected to comprehensive 

preformulation analysis. The drugs was tested for various 

parameters including Angle of repose, Particle size, 

Moisture content, Ash value, Bulk density, Tapped density, 

Porosity, Percentage compressibility, Hausner ratio, 

Swelling index, pH – value, Viscosity and Effect of pH on 

viscosity.6 

Preparation of Calibration Curves 

Calibration curves for Diclofenac Sodium were constructed 

in both 0.1N NaOH and pH 6.8 phosphate buffer to 

determine drug concentration during in vitro studies.A 

stock solution (100 µg/ml) was prepared and serially diluted 

to obtain concentrations ranging from 4 to 40 µg/ml.7 

Absorbance was measured at 276 nm using a UV-Visible 

spectrophotometer.Linearity was observed in both media 

with correlation coefficients (r²) > 0.987, conforming to 

Beer–Lambert’s law. 

Formulation of Matrix Tablets 

Matrix tablets of Diclofenac Sodium were formulated using 

direct compression. GG was incorporated in varying 

concentrations (5%, 15%, 25%, 35%, 45%, 55% w/w) 

across six formulations (F1–F6), each containing 50% 

Diclofenac Sodium.8 

Evaluation of Tablets 

All formulations (F1–F6) were evaluated for the parameters 

including hardness, thickness, friability, weight variation, 

drug content, swelling behavior and dissolution studies.9 

Swelling Behavior 

Swelling studies were performed in pH 6.8 phosphate 

buffer.10 Tablets were weighed at hourly intervals up to 6 

hours. Swelling index increased with both time and GG 

Table 1: Composition of matrix tablets using GG as matrix forming agent 

S.No. Ingredient 

(%w/w) 

Formulation code 

F-1 F-2 F-3 F-4 F-5 F-6 

1 Diclofenac sodium 50% 50% 50% 50% 50% 50% 

2 Gum Ghatti 5% 15% 25% 35% 45% 55% 

3 MCC 40.5% 30.5% 20.5% 10.5% 0.5% 0.0% 

4 Magnesium stearate 1.5% 1.5% 1.5% 1.5% 1.5% 1.5% 

5 Talc 3% 3% 3% 3% 3% 3% 

6 Total 100% 100% 100% 100% 100% 107.5% 

MCC- Microcrystalline cellulose 

  
Figure 1: Calibration Curve of Diclofenac Sodium in 0.1 

N NaOH 

Figure 2: Calibration curve of Diclofenac Sodium in pH 

6.8 phosphate buffer 

Table 2: Preformulation evaluation of Gum Ghatti powder 

Parameter Result Interpretation 

Angle of Repose 28° Good flow 

Moisture Content 9.74% Within acceptable 

limit 

Ash Value 1.98% Below 3%, 

acceptable 

Bulk Density 0.67 g/cm³ Acceptable 

Tapped Density 0.83 g/cm³ Acceptable 

Compressibility Index 19.32% Fair flow 

Hausner Ratio 1.23 Acceptable flow 

Swelling Index 800% High swelling 

capacity 

pH 5.59 Mildly acidic 

Viscosity 98 cps Moderate 

viscosity 
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concentration, peaking around 3 hours before gradual 

erosion. F6 exhibited the highest swelling index (>100%). 

In Vitro Drug Release Study 

Dissolution testing was conducted using USP Apparatus I 

(Basket method): 

• Dissolution Media: 0.1N HCl for 2 hours, followed by 

phosphate buffer (pH 6.8) for 10 hours. 

• Conditions: 900 ml media at 37 ± 0.5°C, 50 rpm. 

• Sampling: 10 ml aliquots were withdrawn hourly and 

analyzed at 276 nm.11 

Drug Release Kinetics 

The cumulative drug release data were fitted into various 

kinetic models: 

• Zero-Order Model: Linear relationship with r² = 0.9643 

for F3. 

• Higuchi Model: Moderate fit (r² = 0.9017), indicating 

diffusion-controlled release. 

• Korsmeyer–Peppas Model: n = 0.8734 (0.5 < n < 1), 

suggesting anomalous (non-Fickian) transport 

involving both diffusion and erosion mechanisms.12 

 

RESULTS AND DISCUSSION 

Angle of Repose 

Determined by the fixed funnel method, it was found to be 

28°, indicating good flow properties. 

Particle Size Distribution 

Table 3: Evaluation of Tablets 

S.No. Test Parameters Formulation code 

F-1 F-2 F-3 F-4 F-5 F-6 

1 Hardness kg/cm2 

Mean ± SEM (n=5) 

 

6.46 

±0.1939 

 

7.1 

±0.1183 

 

8.58 

±0.1772 

 

7.4 

±0.1183 

 

6.34 

±0.1435 

 

6.06 

±0.1435 

2 Thickness mm 

Mean ± SEM (n=10) 

3.96 

±0.00653 

3.98 

±0.01116 

3.94 

±0.0129 

3.95 

±0.0076 

3.97 

±0.0081 

3.97 

±0.0034 

3 % Friability  0.0399 0.0325 0.0842 0.577 1.288 1.288 

4 Weight variation % 

Mean ± SEM (n=20) 

613.85 

±0.7301 

615.05 

±0.6219 

614.25 

±0.8457 

615.1 

±0.8075 

615.55 

±0.7728 

615.15 

±0.7584 

Table 4: Release studies of the prepared tablets (In-Vitro Cumulative % Drug Release of Gum Ghatti Tablets) 

Time (hrs) Formulation code 

F-1 F-2 F-3 F-4 F-5 F-6 

1 1.5 1.4 1.5 1.5 1.3 1.2 

2 3.6 2.5 1.8 1.7 1.6 1.7 

3 20 18 16 7.6 4.3 6.5 

4 33 27 22 10 11 11.6 

5 47 32 27 26 17 15 

6 61 50 36 38 29 28 

7 68 59 43 42 33 32 

8 81 69 53 46 39 38 

9 91 78 62 48 41 40 

10 98 83 67 55 45 45 

11 98 89 73 59 49 48 

12 98 93 79 71 56 56 

 
Figure 3: In-Vitro Cumulative % Drug Release of Gum Ghatti Tablets 
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GG powder passed through mesh #100, with 98% of 

particles falling below 150 µm, confirming its fine nature. 

Moisture Content (MC) and Loss on Drying (LOD) 

GG exhibited a moisture content of 9.74% and LOD of 

8.88%, both within acceptable limits. 

Ash Value 

The total ash content was found to be 1.98%, within the 

standard range (≤3%) for natural gums. 

Bulk and Tapped Density 

Measured as 0.67 g/cm³ and 0.83 g/cm³ respectively. 

Porosity and Compressibility Index 

Porosity was 23.59%. The compressibility index was 

calculated to be 19.32%, suggesting fair compressibility. 

Hausner Ratio 

A value of 1.23 indicated relatively good flow. 

Swelling Index 

GG showed a high swelling index of 800%, suggesting 

strong water uptake and gel-forming ability. 

pH 

A 5% w/v solution of GG had a pH of 5.59, indicating mild 

acidity. 

Viscosity 

Measured using a Brookfield viscometer, the viscosity of 

5% solution was found to be 98 cps. 

Calibration Curve of Diclofenac in NaOH 

The calibration curves for Diclofenac sodium in NaOH 

showed linearity in concentrations range of 4-40µg/ml. 

Thus it followed the Beer-Lambert law.  

Calibration Curve of Diclofenac Sodium in 6.8 

Phosphate Buffer 

  
Figure 4: Zero order plot between % drug remaining to be 

released Vs Time for GGF 

 

Figure 5: Zero order plot between % drug remaining to be 

released Vs Time for MF 

 

  
Figure 6: Higuchi graph between % drug remaining to be 

released Vs Time (t1/2) for GGF 

Figure 7: Higuchi graph between % drug remaining to be 

released Vs Time (t1/2) for MF 

Table 5: Release kinetic studies for GGF and MF 

S.No. Equation GGF MF 

1 Zero-order 

equation 

r2 0.9643 0.9685 

2 Higuchi 

equation 

r2 0.9017 0.9026 

3 Korsmeyer 

equation 

r2 0.8392 0.8235 

n 0.8734 0.7016 
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The calibration curves of Diclofenac Sodium in 6.8 

phosphate buffer showed linearity in concentrations range 

of 4-40µg/ml. thus it followed the Beer Lambert law.  

Evaluation of Tablets 

Hardness 

Ranged from 6.06 to 8.58 kg/cm², with F3 showing the 

highest value. 

Thickness 

Between 3.94 and 3.98 mm, showing good uniformity. 

Friability 

Acceptable for F1–F4 (<1%), but exceeded limits in F5 and 

F6. 

Weight Variation 

Complied with pharmacopeial standards for all 

formulations. 

Drug Content 

Ranged from 97.12% to 98.88%, indicating uniform drug 

distribution. 

In Vitro Drug Release 

Figure 1 illustrates the cumulative drug release profiles of 

formulations F1 to F6 over a 12-hour period. A clear inverse 

relationship is observed between the concentration of Gum 

Ghatti and the rate of drug release. 

Release Kinetic Studies 

The kinetic treatment reflected that R2 value for GGF and 

MF is 0.9643 and 0.9685 respectively when ploted zero 

order representation. Higuchi equation showed the R2 

values of 0.9017and 0.9026 for GGF and MF respectively 

indicating first-order kinetics.  Korsmeyer equations 

showed the n values for GGF and MF is 0.8734 and 0.7016 

respectively, these n values signify a non-Fickian or 

anomalous mechanism of drug release (Table No. 38 and 

Figure No.15-18).In the anomalous processes of drug 

release, Fickian diffusion through the hydrated outer layers 

of the matrix and polymer chain relaxation/ erosion are both 

involved as reported. 

 

CONCLUSION 

The present study successfully demonstrates the potential 

of Gum Ghatti (GG) as an effective natural matrix-forming 

polymerin the development of sustained-release tablets of 

Diclofenac Sodium. Preformulation studies confirmed that 

GG possesses favorable physicochemical properties such as 

good flow, compressibility, and a high swelling index, 

making it suitable for direct compression techniques. 

Formulations (F1–F6) containing increasing concentrations 

of GG exhibited a clear inverse relationship between 

polymer concentration and drug release rate. Higher 

concentrations of GG formed a robust gel matrix upon 

hydration, which effectively retarded the release of 

Diclofenac Sodium. Among the formulations, F3 (25% GG) 

emerged as optimal, balancing sustained drug release with 

acceptable mechanical properties. 

Drug release kinetics followed non-Fickian (anomalous) 

transport mechanisms, suggesting that both diffusion and 

polymer relaxation (erosion) govern the release process. 

This controlled release behavior aligns well with the 

therapeutic requirements for Diclofenac Sodium, 

potentially reducing dosing frequency and improving 

patient compliance. 

Therefore, Gum Ghatti can be considered a promising, safe, 

and cost-effective excipient for use in sustained drug 

delivery systems, especially for drugs requiring extended 

plasma maintenance. Further in vivo studies are 

recommended to establish its pharmacokinetic performance 

and bioequivalence with marketed formulations. 
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