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  Abstract 

Mucoadhesive drug delivery systems have gained significant attention in the management of gastrointestinal 

disorders due to their ability to prolong drug residence time and enhance therapeutic efficacy. The present study 

focuses on the evaluation of the combined effect of natural mucilages, namely flaxseed (Linum usitatissimum) 

and tamarind seed (Tamarindus indica), on mucoadhesive strength and duodenal ulcer healing. The mucilages 

were extracted using aqueous extraction followed by ethanol precipitation and further characterized for their 

physicochemical properties. Mucoadhesive microspheres were formulated using ionotropic gelation technique 

with sodium alginate as a gelling agent and calcium chloride as a cross-linking agent. Herbal constituents such 

as curcumin, liquorice, and aloevera were incorporated for enhanced anti-ulcer activity. 

The prepared microspheres were evaluated for micromeritic properties, swelling index, percentage yield, in vitro 

drug release, and ex vivo mucoadhesive strength. The results indicated that the combination of flaxseed and 

tamarind mucilage exhibited improved flow properties, high swelling capacity, and significant mucoadhesive 

strength compared to individual polymers. The optimized formulation demonstrated sustained drug release and 

prolonged adhesion to the mucosal surface. Furthermore, the synergistic effect of natural polymers and herbal 

actives contributed to enhanced gastroprotective and anti-ulcer activity. 

In conclusion, the combined mucilage system represents a promising, biocompatible, and effective approach for 

developing mucoadhesive drug delivery systems for the treatment of duodenal ulcers. This study highlights the 

potential of natural polymers in improving therapeutic outcomes while minimizing side effects. 
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Introduction 

The term polymers is derived from Greek word poly means many and meros means unit or parts. Polymer is large 

molecule made up of many small repeating units called monomers connected by chemical covalent bonds.[1] 

Polymers are the backbone of the pharmaceutical drug delivery system. Polymer is generally used indicate a large 

number of high molecular weight substances due to presence of very large number and type of atoms in their 

molecules, polymers exhibit different chemical structures, physical properties, mechanical behavior, thermal 

characteristics.[2] Polymers plays an important role or extensive application in drug delivery system because they 

have unique properties which is not present in other materials. Polymers are used to control the drug release rate 

from the formulation and they are also enhance stability so used as a stabilizers, taste masking agents and 

protective agents in various drug delivery systems [3]. Polymers can bind to the solid dosage form and also change 

the flow properties of a liquid dosage form. [4]. Natural polymers, particularly plant-derived mucilages, have 

gained significant attention in pharmaceutical research due to their biocompatibility, biodegradability, and 

functional properties such as mucoadhesion and ulcer healing potential. Mucilages from tamarind seeds 

(Tamarindus indica) and flaxseeds (Linum usitatissimum) are rich in polysaccharides, making them promising 

candidates for drug delivery systems. Their mucoadhesive properties enable prolonged residence time at mucosal 

sites, enhancing drug absorption and therapeutic efficacy. Additionally, their inherent bioactive properties can 

contribute to the healing of duodenal ulcers by forming protective barriers and promoting tissue regeneration.[5] 
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Peptic ulcer is a chronic disease which impairs the quality of life and is associated with increased morbidity and 

mortality. Peptic ulcer disease is a worldwide problem. Statistics from all sources indicate 10% or more of adult 

population are affected within their life time and 50% of healthy individuals complain of dyspepsia. 

The novel oral mucoadhesive drug delivery system has the ability of retaining in the stomach for longer times 

and can release the drug content slowly so that an effective level of drug can be provided to its site of Absorption 

(stomach) to heal the ulcer. Mucoadhesive microspheres are tiny spherical units (~1000μm), have ability to form 

bioadhesion to the gastric mucosa which restricts gastric emptying of formulation through the pyloric sphincter. 

These carrier systems can be spread out homogeneously over the entire region of the stomach and upper small 

intestine, which can facilitate improved absorption and localized action of drug. The bioadhesion of these carriers 

are generally facilitated by muco- polymers, having the ability to adhere to the surface of epithelial tissue of the 

stomach by intimate contact. This results in delaying Gastric emptying time, thus the time of retention of the 

Product in the gastric region is enhanced.[6] 

Gastrointestinal Mucoadhesive Drug Delivery Systems: 

Oral route is undoubtedly most favored route of administration, but hepatic first-pass metabolism, degradation 

of drug during absorption, mucus covering GI epithelia, and high turnover of mucus are serious concerns of oral 

route. In recent years, the gastrointestinal tract (GIT) delivery emerged as a most important route of 

administration. Bio adhesive retentive system involves the use of bio adhesive polymers, which can adhere to the 

epithelial surface in the GIT. Using bio adhesive would be achieved increase GI transit time and increase in 

bioavailability. 

 

Material and Method: 
Flaxseed, Tamarind seed, aloevera, turmeric, liquorice are taken from local market. Sodium alginate, calcium 

chloride were purchased from Merck using distilled water, all the solutions were made, and the mucilage was 

extracted. 

 

Methodology: 

Extraction of flaxseed mucilage 
[7] 

Take a seed, soaked 200gm linseed in distilled water 1000ml beaker for 4hrs at room temperature. Boiled it in 

water bath to get slurry. And then cool it by putting in refrigerator for 24 hrs after set undissolved substance and 

gets clear mixture, decant the solution. Cool at room temperature and then pour it in 3 parts of ethanol alongside 

with constant stirring, with nonstop blending precipitate is formed, washed with ethanol and dry for 24 hrs at 

room temperature Take a seed, soaked 200gm linseed in distilled water 1000ml beaker for 4hrs at room 

temperature. Boiled it in water bath to get slurry. And then cool it by putting in refrigerator for 24 hrs after set 

undissolved substance and gets clear mixture, decant the solution. Cool at room temperature and then pour it in 3 

parts of ethanol alongside with constant stirring, with nonstop blending precipitate is formed, washed with 

ethanol and dry for 24 hrs at room temperature. 

Extraction of tamarind seed mucilage 
[8] 

Take a raw seed and cleaned with distilled water and dry it. Then 250gm of seed broken into small pieces and make 

it dry powder. In 1000ml beaker add 500ml distilled water and heat upto 80-100 degree in water bath then add 

prepared powder of TM powder with constant stirring upto it gets viscous. Then keep aside for 2hrs release of 

mucilage after the filter out with ethanol by using muslin cloth to remove mucilage. Add hot water upto 25 ml 

and put aside to get 1/3 concentrate volume and keep overnight in refrigerator. Filter and dried powder is 

obtained. This dry powder pass sieve no. 120. 
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Extraction of curcumin from turmeric powder- 

1. Dissolve Turmeric Powder. 

 Take 10gm of turmeric powder in a glass container. 

 Add 100mlof ethanol (or isopropyl alcohol) as a solvent. 

2. Extraction Process 

 Stir the mixture well. 

 Heat it at 40-50degree in a water bath for 30-60 minute to enhance extraction. 

3. Filtration 

 Filter the solution using filter paper on muslin cloth to remove solid residue. The filtrate contains 

curcumin and other compounds dissolved in ethanol.4. Curcumin precipitation 

 Add distilled water to the filtrate as curcumin has low water solubility. This cause curcumin to precipitate 

out. 

5. Drying the extract 

 Collect the precipitate by filtration. 

 Dry it in a warm place or under a vacuum to get purified curcumin precipitate 

Extraction of liquorice powder[9] 

1. Mixing the powder with solvent 

 Take liquorice powder in glass container. 

 Add distilled water or ethanol 

2. Extraction Process 

 Stir well and heat at 40-50 ℃ for 30-60 minute using a water bath. 

 Let it cool. 

3. Filtration 

 Filter the solution using filter paper or muslin cloth to remove solid residue. 

 The filtrate contains extracted compounds like glycyrrhizin, flavonoids, and saponins. 

4. Evaporation 

 Heat the filtrate at a low temperature to evaporate the solvent. 

 The leaves behind a semi-solid or powdered extract after complete drying. 

5. Storage 

 Store the dried extract in an airtight container in a cool, dry place. 

 

Preparation of microspheres of combination of two different polymer without active constituent using 

ionic gelation technique -A homogenous polymer solution was prepared by dissolving the flaxseed mucilage 

powder and tamarind seed mucilage powder along with sodium alginate as biding agent. Then 10% w/v quantity 

of calcium chloride solution was prepared which was used as a cross linking agent. The prepared dispersion was 

then manually added drop wise into calcium chloride (10 % w/v) solution (40 ml) using a syringe having a needle 

of size (no.22). The Calcium chloride solution having the droplets was then allowed to stay for 15 minutes for 

the curing reaction to take Place and produce spherical rigid drug loaded spheres. The Spheres obtained after the 

reaction were then collected and washed repeatedly with acetone. After washing, the spheres Were properly dried 

at 45℃ for 12 hours.[10] 
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Result and Discussion 

 
Table 1: Formulation Profile 

 

 

 

Batch 

 

   Flaxseed            

   mucilage    

    (gm) 

Tamarind seed 

mucilage (gm) 

 

Sodium alginate 

(%w/v) 

Calcium chloride 

(%w/v) 

B1 1.5    1.5 2 5 

B2 2               1 2.5 5 

B3 1 2 3 5 

 
Table 2: Formulation Profile of T1 batch 

 

 

 

Batch 

 

Flaxseed 

mucilage 

(gm) 

 

Tamarind seed 

mucilage (gm) 

Sodium      

alginate 

(%w/) 

 

Calcium 

chloride 

(%w/v) 

 

Curcu 

min (gm) 

 

 

Liquoric 

e(gm) 

 

 

Aloevera(g

m) 

 

 

T1 

 

 

1.5 

 

 

1.5 

 

 

2 

 

 

5 

 

 

0.5 

 

 

0.5 

 

 

0.3 

 

 

 

 
Fig 1: Microspheres 
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Table 3: Micromeritics properties of microsphere 

 

 

Micromeritics 

properties 

 

B1 

 

B2 

 

B3 

 

T1 

 

Bulk density 

(gm/ml) 

 

0.66 
 

0.64 
 

0.62 
 

0.56 

 

Tapped 

density(gm/ml) 

 

0.71 
 

0.71 
 

0.66 
 

0.58 

 

Angle of repose 

 

28.5 
 

28.65 
 

28.06 
 

26.84 

 

Hausners ratio 

 

1.07 
 

1.1 
 

1.06 
 

1.03 

 

Carr’s Index% 

 

7.04 
 

9.8 
 

5.3 
 

3.4 

       Swelling Index: 

       This technique was used for characterization of sodium alginate microspheres were performed with swelling 

index    technique. Take the appropriate phosphate buffer solution of and kept the microsphere in above solution 

and kept the temperature 30℃ and changes in initial particle size and final particle size due to swelling was 

measured by microsphere and measure the particle size periodically. 

 
Table no 4: Swelling index of prepared microsphere 

 

 

Batches 

 

B1 

 

B2 

 

B3 

0.1 N HCL(30 min) 
 

440 
 

230 
 

340 

 

Phosphate buffer 6.9 pH 

(30min) 

 

380 
 

520 
 

420 

 

Swelling index curve of T1 batch at different time interval for 100mg drug. 

 

Table no 5: Swelling index of T1 batch 

 

 

Sr.no 

 

Time(min) 

 

Swelling Index (%) 

 

1. 

 

10 
 

200 

 

2. 

 

20 
 

310 

https://ijnrd.org/
http://www.ijnrd.org/


INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 
© 2026 IJNRD | Volume 11, Issue 7, July 2026 | ISSN: 2456-4184 | IJNRD.ORG 

 

IJNRD2607106 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org) 

 

 

b81 

 

3. 

 

30 
 

350 

 

4. 

 

40 
 

390 

 

5. 

 

50 
 

410 

 

6. 

 

60 
 

490 

 

 

 

 

 

 

 

 

 

 

 

 

 
          Fig 2: Swelling index 

 

 

          Percentage yield of Microsphere: 

         The percentage yield is determined by the formula, 

         Percentage yield of microsphere= Practical weight of microsphere / Theoretical weight of microsphere  

         (polymer+ drug) x 100 

 
Table 6: Percentage yield of prepared microspheres 

 

 

Formulation 

Code 

 

B1 

 

B2 

 

B3 

 

T1 

 

Percentage 

Yield% 

 

74.01 
 

82.21 
 

84 
 

79.56 

 EX VIVO Mucoadhesive Strength [8] 

Mucoadhesive strength is the measure of how strongly a material (usually a drug delivery system) adheres                                                            

to a mucosal surface, like the inside of the mouth, nose, or gastrointestinal tract. It’s important for ensuring that 

the drug stays in place long enough for effective absorption. 
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                               Mucoadhesive strength of microsphere on duodenum 

 
Table 7: Mucoadhesive strength of microsphere 

 

 

Batch 

 

1hr 

 

2hr 

 

3hr 

 

4hr 

 

5hr 

 

6hr 

 

B1 

 

50 
 

49 
 

47 
 

46 
 

41 
 

38 

 

B2 

 

49 
 

49 
 

46 
 

44 
 

40 
 

37 

 

B3 

 

50 
 

50 
 

48 

 

46 
 

42 
 

39 

 

T1 

 

45 
 

40 
 

38 
 

34 
 

30 
 

27 

 

 

 

Fig 3: Mucoadhesive test 

 

% Mucoadhesion of microsphere: No. of microspheres applied - No. of microspheres leached out 

/No. of microspheres applied X 100 
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Table 8: % Mucoadhesion of Prepared Microspheres 

 

 

Batch 

 

1hr 

 

2hr 

 

3hr 

 

4hr 

 

5hr 

 

6hr 

 

B1 

 

100 

 

98 

 

94 

 

92 

 

82 

 

76 

 

B2 

 

100 

 

100 

 

96 

 

92 

 

82 

 

78 

 

B3 

 

98 
 

98 
 

92 
 

88 
 

80 
 

74 

 

B4 

 

90 
 

80 
 

76 
 

68 
 

60 
 

54 

 

 

Absorbance of prepared microsphere by UV- Visible spectrophotometer. 

 
Table 9: Absorbance of batch T1 

 

 

 

Sr.NO 

 

Time(hr) 

 

Absorbance of curcumin 

 

Absorbance of liquorice 

 

1. 

 

1hr 
 

0.0152 
 

0.0482 

 

2. 

 

2hr 
 

0.0172 
 

0.0486 

 

3. 

 

3hr 
 

0.0192 
 

0.0493 

 

4. 

 

4hr 
 

0.0200 
 

0.0507 

 

5. 

 

5hr 

 

0.0234 

 

0.0422 
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Graphical representation of Absorbance v/s Time study for drug loaded microsphere: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 4: Absorbance of prepared microspheres 

 

Conclusion 
The combined mucilage of flaxseed and tamarind shows significant potential as a natural mucoadhesive and 

gastroprotective agent for duodenal ulcer management. Rich in polysaccharides, omega-3 fatty acids, and 

bioactive compounds, the formulation enhances mucoadhesion, forms a protective gel-like barrier over the 

duodenal mucosa, and promotes healing by reducing inflammation, oxidative stress, and gastric acid diffusion. 

The addition of curcumin, liquorice, and aloevera further improves its antiulcer and soothing properties. Due to 

its biocompatibility, non-toxic nature, and sustained drug delivery capability, the flaxseed–tamarind mucilage 

blend represents a promising and cost-effective natural alternative for advanced oral mucoadhesive drug delivery 

and ulcer therapy. 
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