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ABSTRACT 

Hypertension is a widespread chronic disorder that requires effective and patient-friendly therapeutic strategies to ensure 

long-term compliance. Amlodipine Besylate, a commonly prescribed calcium channel blocker for hypertension, exhibits 
low aqueous solubility, which may delay drug dissolution and onset of action. The present study aimed to formulate and 

optimize fast dissolving tablets (FDTs) of Amlodipine Besylate using isolated Plantago ovata mucilage as a natural 

superdisintegrants to enhance disintegration, drug release, and patient compliance. The mucilage was isolated and 

characterized for its suitability as a polymeric excipient, and a 2³ full factorial design was employed to optimize formulation 

variables, including concentrations of Plantago ovata mucilage, sodium starch glycolate, and microcrystalline cellulose. 

Critical quality attributes such as wetting time, disintegration time, and in-vitro drug release were evaluated, and predicted 

responses were compared with experimental values to assess model reliability. The optimized formulation showed a 

predicted wetting time of 43.71 seconds, drug release of 96.37%, and disintegration time of 76.83 seconds, while observed 

values were 45.62 seconds, 97.59%, and 79.28 seconds, respectively, with percentage predicted error values below 5% for 

all responses. These findings demonstrate that Plantago ovata mucilage is an effective natural superdisintegrants for 

developing patient-compliant Amlodipine Besylate FDTs, offering a biocompatible and sustainable alternative to synthetic 
excipients, with potential application in improved oral delivery of antihypertensive drugs... 
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INTRODUCTION 

Hypertension is a major global public health concern and a 
leading risk factor for cardiovascular morbidity and 

mortality, necessitating effective, safe, and patient-friendly 

therapeutic approaches. Among the various routes of drug 

administration, the oral route remains the most preferred 

due to its convenience, cost-effectiveness, high patient 

compliance, and suitability for both local and systemic drug 

delivery. Tablets represent the most widely used solid oral 

dosage form because of their accurate dosing, ease of 

administration, stability, and self-medication advantages. 

However, conventional tablets and capsules often pose 

swallowing difficulties, particularly in pediatric, geriatric, 

and dysphagic patients, which can compromise medication 
adherence and therapeutic outcomes [1,2]. 

 

Fast dissolving tablets (FDTs) have emerged as an advanced 
oral drug delivery system designed to overcome these 

limitations. FDTs rapidly disintegrate or dissolve in the oral 

cavity within a short time without the need for water, 

enabling faster onset of action and improved patient 

compliance. Their rapid disintegration enhances drug 

dissolution and absorption, making them especially suitable 

for drugs requiring quick therapeutic action and for patients 

with swallowing difficulties [3]. The oral route accounts for 

approximately 50–60% of all marketed dosage forms due to 

its simplicity, effectiveness, and acceptability, further 

highlighting the importance of developing patient-centric 

oral formulations [4]. Amlodipine Besylate, a long-acting 
dihydropyridine calcium channel blocker, is widely 

prescribed for the management of hypertension and angina 
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pectoris. Despite its high therapeutic efficacy, Amlodipine 

Besylate exhibits low aqueous solubility, which can limit its 

dissolution rate and delay onset of action. Formulating 

Amlodipine Besylate as a fast dissolving tablet can 

significantly enhance its dissolution profile, promote faster 
drug release, and improve patient compliance, particularly 

in elderly hypertensive patients who require long-term 

therapy [5]. Recent advancements in drug delivery systems 

have emphasized the use of natural polymers derived from 

plant sources due to their biocompatibility, 

biodegradability, low toxicity, cost-effectiveness, and 

widespread availability. Plant-based Mucilage’s have 

gained considerable attention as alternatives to synthetic 

excipients in tablet formulations. Plantago ovata (Isabgol) 

husk is a rich source of Mucilage composed primarily of 

arabinoxylans, known for its excellent swelling capacity, 

hydrophilic nature, and water-wicking properties. These 
characteristics make Plantago ovata mucilage a promising 

natural superdisintegrants capable of rapidly absorbing 

saliva, swelling extensively, and facilitating quick tablet 

disintegration [6]. The incorporation of Plantago ovata 

mucilage as a natural superdisintegrants in the formulation 

of Amlodipine Besylate fast dissolving tablets offers a 

sustainable and patient-friendly alternative to synthetic 

disintegrants. In addition to its functional pharmaceutical 

role, the mucilage allows for phytochemical 

characterization, supporting its suitability as a herbal-based 

polymer in modern dosage forms. Therefore, the present 
study focuses on the design and optimization of herbal-

based polymeric fast dissolving tablets of Amlodipine 

Besylate using isolated Plantago ovata mucilage. A full 

factorial design approach was employed to systematically 

evaluate and optimize formulation variables with the 

objective of improving critical quality attributes such as 

wetting time, disintegration time, and drug release, 

ultimately leading to an effective and patient-compliant 

dosage form for hypertension management. 

 
Figure 1. Chemical Structure of Amlodipine Besylate 

 

MATERIAL AND METHODS 

Amlodipine Besylate was used as the active pharmaceutical 

ingredient for the formulation of fast dissolving tablets 
(FDTs). Plantago ovata (Isabgol husk), procured from the 

local market of Ahmedabad, was utilized as a source of 

Mucilage and employed as a natural superdisintegrants due 

to its hydrophilic and swelling properties. Sodium starch 

glycolate (SSG) and microcrystalline cellulose (MCC) were 

included to enhance tablet disintegration and mechanical 

strength. Mannitol was used as a diluent to improve 

palatability, while magnesium stearate and talc served as 

lubricant and glident, respectively, to facilitate tablet 

compression. All materials were of analytical reagent (AR) 

grade and were selected based on their compatibility with 
Amlodipine Besylate and suitability for developing patient-

compliant FDTs. 

Isolation of Mucilage 

The Mucilage was isolated from Plantago ovata (Isabgol 

husk) using a standard extraction method. The husk was 

cleaned thoroughly to remove adhering impurities and then 

dried and powdered. The powdered material was soaked in 

distilled water with continuous stirring for several hours to 

facilitate the release of mucilage into the aqueous medium. 

The resulting mixture was filtered through a muslin cloth to 

separate the mucilage solution from the residual solid 

matter. The filtrate was then treated with ethanol in a 1:3 
ratios (filtrate to ethanol) to precipitate the Mucilage. The 

precipitated mucilage was collected by filtration, washed 

with acetone to remove impurities, and dried at a controlled 

temperature of 40–50 °C. The dried Mucilage was 

powdered and stored in an airtight container for further use. 

The isolated Plantago ovata Mucilage, owing to its 

hydrophilic nature and high swelling capacity, was utilized 

as a natural superdisintegrants in the formulation of fast 

dissolving tablets of Amlodipine Besylate to enhance tablet 

disintegration and dissolution [7]. 

Preparation of Fast Dissolving Tablets (FDTs) 

Formulation Design 

The formulation of Amlodipine Besylate Fast Dissolving 

Tablets (FDTs) was optimized using a 2³ full factorial 

design, as presented in Table 1, to systematically study the 

effect of formulation variables on tablet performance. The 

independent variables selected were the concentrations of 

Plantago ovata Mucilage, Sodium Starch Glycolate (SSG), 

and Microcrystalline Cellulose (MCC). The influence of 

these factors on critical quality attributes, namely wetting 

time, disintegration time, and drug release, was evaluated. 

This experimental design enabled the assessment of both 

individual and interactive effects of formulation 
components, facilitating optimization of the tablet 

characteristics for improved therapeutic efficacy and patient 

compliance [8]. 

Direct Compression Method 

Fast dissolving tablets were prepared using the direct 

compression method. Amlodipine Besylate was uniformly 

blended with Plantago ovata Mucilage, SSG, and MCC to 

ensure homogeneous distribution of the drug and 

excipients. Mannitol was incorporated as a diluent to 

enhance palatability, while talc and magnesium stearate 

were added as glident and lubricant, respectively, to 
improve powder flow and compression characteristics. The 

final blend was compressed into tablets using a rotary tablet 

press, and compression parameters were optimized to 

obtain tablets with uniform weight, adequate hardness, 

rapid disintegration, and efficient drug release. This method 

provided a simple and scalable approach for the 

development of patient-compliant Amlodipine Besylate 

FDTs. 

Characterization of Isolated Mucilage 
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Mucilage Yield Percentage 

The yield of Mucilage isolated from Plantago ovata husk 

was determined to evaluate extraction efficiency. The husk 

material was extracted with distilled water, filtered, and the 

isolated Mucilage was dried to a constant weight. The 
percentage yield was calculated using a standard formula 

[9]. 

Solubility Profile and Swelling Index 

The solubility of the isolated Plantago ovata Mucilage was 

evaluated in water, ethanol, methanol, and chloroform. The 

Mucilage was highly soluble in water, moderately soluble 

in ethanol and methanol, and insoluble in chloroform, 

confirming its hydrophilic nature and suitability as a natural 

superdisintegrants [10]. The swelling index study in water 

demonstrated rapid and extensive swelling, a desirable 

characteristic for fast dissolving tablet formulations. 

Identification Test 
The presence of Mucilage was confirmed by treating the 

isolated powder with 1% Ruthenium Red solution. The 

appearance of a violet coloration indicated the presence of 

Mucilage, confirming its identity and purity for 

pharmaceutical use [11]. 

Evaluation of Tablets 

Wetting Time 

Wetting time of the fast dissolving tablets (FDTs) was 

evaluated to determine the rate of moisture uptake, which 

influences disintegration and patient compliance. A folded 

tissue paper was placed in a petri dish containing 5 mL of 
distilled water, and the tablet was placed on the paper. The 

time required for complete wetting of the tablet surface was 

recorded in seconds [12]. 

In-Vitro Dissolution Study 

The in-vitro dissolution study was conducted using a USP 

Type II (paddle) dissolution apparatus at 50 rpm. The 

dissolution medium consisted of 900 mL of phosphate 

buffer (pH 6.8) maintained at 37±0.5°C. Samples were 

withdrawn at predetermined time intervals and analyzed 

spectrophotometrically at the appropriate wavelength. The 

cumulative percentage of Amlodipine Besylate released 

was calculated to assess dissolution performance. 
Disintegration Test 

Disintegration time was determined using a modified 

method with Sorenson’s buffer (pH 6.8) to simulate salivary 

conditions. The tablet was placed in a cylindrical basket 

containing 6 mL of buffer, and the time taken for complete 

disintegration and passage through a 10-mesh screen was 

recorded. The average disintegration time of six tablets was 

calculated to ensure reproducibility [13]. 

Optimization and Validation 

Formulation optimization was performed using Design-

Expert software based on the factorial design results. 
Wetting time, disintegration time, and drug release were 

selected as critical quality attributes. Response surface 

analysis and regression modeling were employed to identify 

optimal formulation conditions. An optimized batch (F9) 

was prepared and validated by comparing predicted and 

observed values of the response parameters. The close 

agreement between predicted and experimental results 

confirmed the robustness and reliability of the optimized 

fast dissolving tablet formulation of Amlodipine Besylate, 

ensuring improved patient compliance and therapeutic 

performance [14]. 

Statistical Analysis 

Data Analysis 

Statistical analysis of the experimental data was carried out 
to optimize the formulation of Amlodipine Besylate fast 

dissolving tablets (FDTs) and to evaluate the influence of 

formulation variables. Multiple regression analysis was 

used to fit polynomial equations describing the relationship 

between the independent variables concentrations of 

Plantago ovata Mucilage, Sodium Starch Glycolate (SSG), 

and Microcrystalline Cellulose (MCC)—and the dependent 

responses, namely wetting time, disintegration time, and 

drug release. This approach enabled quantitative 

assessment of the individual and interactive effects of 

formulation variables on tablet performance. 

Analysis of Variance (ANOVA) 
Analysis of Variance (ANOVA) was performed to 

determine the statistical significance of the developed 

models. A p-value less than 0.05 was considered 

statistically significant, indicating a meaningful influence 

of formulation variables on the responses. The F-value was 

used to assess the adequacy and reliability of the model for 

predicting tablet characteristics [15]. 

Contour Plots 

Contour plots were generated to visualize the interaction 

between formulation variables and their effects on critical 

quality attributes. These plots illustrated response surfaces 
for wetting time, disintegration time, and drug release as a 

function of two variables while keeping the third constant. 

The contour plots, together with regression analysis and 

ANOVA, facilitated identification of optimal formulation 

conditions and supported the development of a robust and 

patient-compliant Amlodipine Besylate FDT formulation 

[16]. 

Table 1: 23Factorial design with Upper & Lower limits 

of all factors 

3 Factors Levels 

-1 +1 

Plantago ovata Mucilage (mg) 5 15 

Conc. of S.S.G. 6 12 

Conc. of M.C.C. 20 40 

 

Table 2: Formulae for the Preparation of Fast 

Dissolving Tablets as per Experimental Design 

Ingredie

nts (mg) 

F1 F2 F3 F4 F5 F6 F7 F8 

Amlodipi

ne 

Besylate 

5 5 5 5 5 5 5 5 

Plantago 

ovata 

Mucilage 

15 15 5 15 5 5 15 5 

S.S.G. 6 12 12 6 6 6 12 12 

M.C.C. 40 20 20 20 40 20 40 40 

Magnesiu

m stearate 

1 1 1 1 1 1 1 1 

Talc 1 1 1 1 1 1 1 1 



Page: 3 2 1   

Design and Optimization of Herbal-Based Polymeric Fast Dissolving Tablets of Amlodipine Besylate Using Plantago ovata 

Mucilage... 
 

IJDDT, Volume 16 Issue 1s, 2026 
 

Mannitol 13

2 

14

6 

15

6 

15

3 

14

2 

16

2 

12

6 

13

6 

Total 

Weight 

(mg) 

20

0 

20

0 

20

0 

20

0 

20

0 

20

0 

20

0 

20

0 

 

Results and Discussion 

Characterization of Isolated Mucilage 

Mucilage Yield Percentage 

The extraction process yielded 12.30g of Mucilage from 

200g of Plantago ovata husk, corresponding to a percentage 

yield of 6.15% (Table 3). This moderate yield indicates that 

the isolation method was efficient and suitable for obtaining 

a sufficient quantity of Mucilage for further formulation 

development. 

Solubility Profile 

Solubility studies demonstrated that the isolated Plantago 

ovata Mucilage was highly soluble in water and formed a 

gel-like structure in hot water, while it was insoluble in 

ethanol (Table 4). The pronounced aqueous solubility 
confirms the hydrophilic nature of the Mucilage, which is 

essential for its function as a natural superdisintegrants by 

facilitating rapid moisture uptake and tablet disintegration 

upon contact with saliva. 

Identification Test 

The identity of the isolated Mucilage was confirmed using 

a 1% Ruthenium Red test, which produced a violet 

coloration, indicating the presence of Mucilage material 

(Table 5). This positive reaction confirms the successful 

isolation and purity of Plantago ovata Mucilage, validating 

its suitability for pharmaceutical application as a natural 
superdisintegrants. 

 

Table 3: Percent Yield of Isolated Materials 

Isolated Material Quantity 

Used 

Material 

Obtained 

(Yield) 

% 

Yield 

Plantago ovata 

Mucilage 

200 g 12.30 g 6.15 

% 

 

Table 4: Solubility of Isolated Material in Various 

Solvents 

Isolated Material Solvent Solubility 

 

Plantago ovata 

Mucilage 

Water Soluble 

Hot 

water 

Forms gel-like 

substance 

Ethanol Insoluble 

 

Table 5: Results of Identification Test of Isolated 

Material 

Isolated Material Observation Result 

Plantago ovata 

Mucilage 

Violet colour Mucilage 

present (+) 

 

Evaluation of Fast Dissolving Tablets (FDTs) 
The evaluation of Amlodipine Besylate Fast Dissolving 

Tablets (FDTs) was performed to study the influence of 

varying concentrations of Plantago ovata Mucilage, 

Sodium Starch Glycolate (SSG), and Microcrystalline 

Cellulose (MCC) on critical quality attributes such as 

wetting time, drug release, and disintegration time (Table 

6). 

Wetting Time 

The wetting time of the formulations ranged from 43.05 
seconds to 83.46 seconds. The shortest wetting time was 

observed in formulations containing high levels of Plantago 

ovata Mucilage and MCC with low SSG concentration 

(Run-1), indicating rapid moisture uptake and enhanced 

capillary action due to the hydrophilic nature of the 

Mucilage. 

Drug Release 

The cumulative drug release varied between 70.73% and 

99.10%. The highest drug release was achieved in 

formulations with high Plantago ovata Mucilage and SSG 

concentrations and low MCC content (Run 2), suggesting 

improved tablet porosity and faster dissolution of 
Amlodipine Besylate. 

Disintegration Time 

Disintegration time values ranged from 63.71 seconds to 

121.43 seconds. The fastest disintegration was observed in 

formulations with high Plantago ovata Mucilage and MCC 

but low SSG levels (Run 1), whereas the slowest 

disintegration occurred when all three components were 

present at high concentrations (Run 8), likely due to 

formation of a denser tablet matrix. 

 

Table 6. Results of Experimental Runs and DoE Study 

of FDTs (Batch F1–F8) 

Run Wetting 

Time (s) 

Drug 

Release 

(%) 

Disintegration 

Time (s) 

1 43.05 81.49 63.71 

2 47.21 99.10 68.05 

3 49.76 72.98 70.31 

4 48.19 70.73 69.64 

5 50.65 74.62 74.19 

6 83.46 74.80 69.93 

7 77.57 86.27 113.49 

8 83.42 75.57 121.43 

 

Optimization and Validation of Formulation 

The formulation of Amlodipine Besylate FDTs was 

optimized using a 2³ full factorial design, resulting in the 

selection of Batch F9 as the optimized formulation (Table 

7). Batch F9, containing high levels of Plantago ovata 

Mucilage and SSG with a moderate concentration of MCC, 

exhibited a predicted wetting time of 43.71 seconds, drug 

release of 96.37%, and disintegration time of 76.83 
seconds. The desirability value of 0.872 indicates a well-

optimized formulation with rapid onset and improved 

patient compliance. 

Visualizing Optimization: Contour Plots 

The optimization process was further interpreted using 

contour plots (Figure 2–4), illustrating the interactions 

among Plantago ovata Mucilage, SSG, and MCC on 

wetting time, drug release, and disintegration time. These 

plots helped identify the optimal concentration range of 

formulation variables and supported selection of the 

optimized batch. 
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Validation of Optimized Formulation 

The observed results of Batch F9 closely matched the predicted values, with a wetting time of 45.62 seconds, drug release 

of 97.59%, and disintegration time of 79.28 seconds (Table 8). The percentage predicted error (% PE) for all response 
parameters was below 5%, confirming the accuracy of the statistical model and robustness of the optimized formulation. 

 

Table 7. Predicted Composition and Responses of Optimized Formulation (Batch F9) 

Plantago 

ovata 

Mucilage 

(mg) 

S.S.G. 

(mg) 

M.C.C. 

(mg) 

Wetting 

Time (s) 

Drug 

Release 

(%) 

Disintegration 

Time (s) 

Desirability 

15 12 35 43.71 96.37 76.83 0.872 

 

Table 8. Validation Results of Optimized FDT Formulation (Batch F9) 

Parameter Predicted Observed % Predicted Error Acceptance Criteria 

Wetting Time (s) 43.71 45.62 4.18 < 5.0% 

Drug Release (%) 96.37 97.59 1.25 < 5.0% 

Disintegration Time (s) 76.83 79.28 3.09 < 5.0% 

 

 

Figure 2. Contour plot for the Wetting Time 

 

 

Figure 3. Contour plot for the Drug Release 

 

 Figure 4. Contour plot for the Disintegration time

 Implications for Formulation Development 

-1 -0.5 0 0.5 1

-1

-0.5

0

0.5

1

Disintegration Time (Second)

A: Liquorice Mucilage (mg)

B: 
SS

G (
mg

)

60

80

100

120

140

160

Factor Coding: Actual

Disintegration Time (Second)

63.71 121.43

X1 = A

X2 = B

Actual Factor

C = 0

-1 -0.5 0 0.5 1

-1

-0.5

0

0.5

1

Wetting Time (sec.)

A: Liquorice Mucilage (mg)

B
: S

S
G

 (
m

g
)

200

300

400

Factor Coding: Actual

Wetting Time (sec.)

43.05 83.84

X1 = A

X2 = B

Actual Factor

C = 0

-1 -0.5 0 0.5 1

-1

-0.5

0

0.5

1

Drug Release (%)

A: Liquorice Mucilage (mg)

B
: S

S
G

 (
m

g
)

40

50

60

Factor Coding: Actual

Drug Release (%)

70.73 99.1

X1 = A

X2 = B

Actual Factor

C = 0



Page: 3 2 3   

Design and Optimization of Herbal-Based Polymeric Fast Dissolving Tablets of Amlodipine Besylate Using Plantago ovata 

Mucilage... 
 

IJDDT, Volume 16 Issue 1s, 2026 
 

This study highlights the potential of using Plantago ovata 

mucilage as a natural superdisintegrant in the formulation 

of Amlodipine Besylate fast dissolving tablets (FDTs). The 

optimized formulation, developed through a systematic 2³ 

full factorial design, demonstrated that plant-based natural 
polymers can effectively enhance tablet disintegration, 

dissolution, and overall formulation performance. The use 

of Plantago ovata mucilage offers a biocompatible, cost-

effective, and sustainable alternative to synthetic 

superdisintegrants while significantly improving patient 

compliance, particularly for pediatric and geriatric 

populations with swallowing difficulties. The formulation 

strategy and optimization approach employed in this study 

may be extended to other poorly soluble drugs to improve 

therapeutic outcomes and patient acceptability. Further 

investigations may explore the applicability of other natural 

Mucilages in fast dissolving and patient-centric oral dosage 
forms. 

 

CONCLUSION 

The present study successfully demonstrates the 

formulation and optimization of Amlodipine Besylate Fast 

Dissolving Tablets (FDTs) using Plantago ovata mucilage 

as a natural superdisintegrant. The isolated mucilage, with 

a yield of 6.15%, exhibited excellent hydrophilic and 

swelling properties, which were instrumental in promoting 

rapid tablet disintegration and efficient drug release. The 

optimized formulation (Batch F9) achieved a wetting time 

of 43.71 seconds, drug release of 96.37%, and 

disintegration time of 76.83 seconds, indicating an optimal 
balance of formulation components. The high desirability 

value (0.872) and close agreement between predicted and 

observed responses confirmed the robustness and reliability 

of the developed formulation. Overall, the incorporation of 

Plantago ovata mucilage supports the development of 

patient-compliant, efficient, and environmentally 

sustainable fast dissolving tablets, and underscores the 

potential of natural polymers in advancing modern oral 

drug delivery systems. Future studies involving in vivo 

evaluation and scale-up studies are recommended to further 

validate the clinical and commercial applicability of the 

developed formulation. 
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