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Abstract

Background: Piroxicam, a nonsteroidal anti-inflammatory drug (NSAID), has poor solubility and
bioavailability, limiting its therapeutic effectiveness. This study aimed to develop and optimize
Piroxicam-loaded nanoparticles using the solvent evaporation method to enhance drug encapsulation and
achieve sustained release.

Methods: A Design of Experiments (DoE) approach was applied to optimize formulation parameters,
including polymer concentration, stirring speed, and solvent volume. The nanoparticles were
characterized for particle size, encapsulation efficiency and in vitro drug release. The experimental
results were compared with predicted values to validate the optimization model.

Results: The optimized batch showed a particle size of 183.02 £ 1.2 um, encapsulation efficiency of
92.65 + 0.3%, and cumulative drug release of 78.05 £ 0.5%, closely aligning with predicted values
(182.45 pm, 92.77%, and 78.10%, respectively). The particle size across formulations ranged from 176—
224 pm, with encapsulation efficiency between 83.75% and 93.48%. In vitro studies confirmed a
sustained drug release profile, 3D response surface plots and ANOVA analysis demonstrated the
significance of formulation variables on nanoparticle properties.

Conclusion: The optimized nanoparticles exhibited superior encapsulation efficiency and controlled
drug release compared to a marketed formulation. The strong correlation between predicted and
experimental values validates the optimization model, suggesting that this nanoparticulate system offers
a promising strategy for enhancing the topical delivery of Piroxicam.

Keywords: Piroxicam loaded nanoparticles, solvent evaporation method, Design of Experiments (DoE),
topical drug delivery.

Introduction

Topical drug delivery has emerged as a promising alternative to conventional oral and
injectable therapies, offering localized drug action, reduced systemic side effects, and
improved patient compliance. However, many drugs face barriers to skin penetration and rapid
clearance, limiting their therapeutic efficacy [1]. Nanoparticle-based drug delivery systems
offer a solution by enhancing drug retention, penetration, and controlled release, making them
ideal for topical application. Piroxicam, a potent non-steroidal anti-inflammatory drug
(NSAID), is widely used for treating chronic inflammatory conditions such as osteoarthritis,
rheumatoid arthritis, and localized musculoskeletal pain [2]. Despite its effectiveness,
conventional topical formulations of Piroxicam, such as creams and gels, suffer from poor
solubility, low permeability, and rapid elimination, which reduce its therapeutic effect.
Formulating Piroxicam as nanoparticles can overcome these challenges by enhancing drug
absorption, prolonging release, and improving skin penetration [3]. The Design of Experiments
(DoE) approach, specifically the Box-Behnken Design (BBD), is a powerful tool for
optimizing pharmaceutical formulations. In this study, HPMC, Sodium Alginate, and Chitosan
were selected as key polymeric components for nanoparticle formulation. Their concentrations
were optimized using DoE to evaluate the effects on Encapsulation Efficiency, Particle Size,
and Cumulative Drug Release [4]. This research aims to develop and optimize Piroxicam
nanoparticles for topical application using the ionic gelation method. The optimized
formulation was evaluated for particle size, morphology, entrapment efficiency, and in vitro
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drug release. By improving drug retention and permeability, this study aims to enhance the
therapeutic efficacy of Piroxicam, making it a more effective alternative for treating
inflammatory and painful conditions [5].

Materials and Methods
Materials

Piroxicam, Hydroxypropyl Methylcellulose (HPMC), Sodium Alginate, and Chitosan were
procured from Terrow chem ahmedabad. Dichloromethane (DCM), Polyvinyl Alcohol (PVA),
and other analytical-grade chemicals were purchased from was obtained from Chem Link Corp,
Ahmedabad, All chemicals and reagents used in the study were of analytical grade and used
without further purification.

Preparation of Piroxicam Loaded Nanoparticles

Piroxicam-loaded nanoparticles were prepared using the Quasi-Emulsion Solvent Diffusion
(QESD) method. Initially, the required amount of Piroxicam was dissolved in dichloromethane
(DCM), followed by the addition of selected polymers HPMC, Sodium Alginate, and Chitosan
as per the formulation design. This mixture was stirred continuously to ensure proper
dispersion. In parallel, Polyvinyl Alcohol (PVA) was dissolved in deionized water at 40°C to
enhance solubility and served as a stabilizer in the emulsion system [6]. The prepared organic
phase was then added dropwise into the aqueous phase containing PVA under continuous
stirring at 1000-2000 rpm using a mechanical stirrer. The stirring was continued for 2—4 hours,
allowing the solvent to diffuse and nanoparticles to form. Once the nanoparticles were formed,
DCM was completely evaporated through continuous stirring, leading to the hardening of the
nanoparticles [7]. The nanoparticles were then collected by centrifugation at 10,000 rpm for 15
minutes and washed three times with deionized water to remove excess surfactant and
unreacted materials. Finally, the nanoparticles were dried in a hot air oven at 40°C for 6-8
hours to ensure the removal of residual moisture. The dried nanoparticles were then stored in
an airtight container at room temperature for further characterization and evaluation [8].

Experimental Design and Optimization

The formulation and optimization of Piroxicam-loaded nanoparticles were carried out using
the Box-Behnken Design (BBD), a response surface methodology that allows systematic
evaluation of the effects of independent variables on key formulation parameters. In this study,
three independent variables were selected: HPMC concentration (X1), Sodium Alginate
concentration (X2), and Chitosan concentration (X3). These variables were optimized to assess
their impact on three critical responses: Encapsulation Efficiency (Y1), Particle Size (Y2), and
Cumulative Drug Release at 12 hours (Y3). The design was generated and analyzed using
Design-Expert® software, where the effects of the variables were examined through response
surface methodology. This approach enabled the identification of an optimized formulation
with desirable nanoparticle characteristics, ensuring maximum drug entrapment and sustained
drug release [9, 10].

Table 1. Formulation Composition and Experimental Factors for Piroxicam Loaded
Nanoparticles

Cuest.fisioter.2025.54(4):109-119 111



Sanjaykumar Patel, Mohammad intakhab
Alam, Dr. Rahul Lotan Shirole, Dr. Parag
Arun Kulkarni, Junmoni Nath, Dr. Meraboina
Prasad, Shubham Singh, Dr. Sanjesh Rathi

Formulation and Optimization of Piroxicam
Loaded Nanoparticles for Topical Application

Using Design of Experiments (DoE)
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Factor Low Level (-1) | High Level (+1) | Unit
HPMC Concentration 1 3 % wiv
Sodium Alginate Concentration 1 4 % wiv
Chitosan Concentration 0.5 1.5 % wiv
PVA Concentration 0.3 0.7 % wiv
Stirring Speed 1000 2000 rpm
Solvent Volume (DCM) 5 15 mL
(B) Formulation Composition for Different Batches
Batch HPMC Sodium Chitosan PVA Stirring Solvent
No. (% wiv) | Alginate (% (% wiv) (% Speed Volume
wiv) wiv) (rpm) (mL)
1 2 1 0.5 0.5 1500 10
2 3 1 1 0.6 1700 12
3 2 4 1.5 0.4 1400 8
4 2 2.5 1 0.5 1600 11
5 3 2.5 1.5 0.7 1800 14
6 2 2.5 1 0.5 1500 10
7 2 2.5 1 0.5 1500 10
8 1 4 1 0.3 1200 6
9 3 4 1 0.6 1700 12
10 1 1 1 0.4 1300 7
11 1 2.5 0.5 0.3 1000 5
12 2 4 0.5 0.5 1500 10
13 3 2.5 0.5 0.6 1700 12
14 1 2.5 1.5 0.3 1100 6
15 2 1 1.5 0.5 1500 10

Characterization of Nanoparticles

Particle Size and Zeta Potential

The particle size of the nanoparticles were determined using a Dynamic Light Scattering
(DLS) analyzer (Malvern Zetasizer, UK). Measurements were carried out in deionized water
at 25°C to assess the stability and uniformity of the nanoparticles [11].

Encapsulation Efficiency (EE%0)

The encapsulation efficiency (EE%) of the nanoparticles was determined using UV-Visible
Spectrophotometry after dissolving the nanoparticles in methanol. The amount of
unencapsulated drug was separated via centrifugation, and the drug concentration in the
supernatant was analyzed spectrophotometrically at a specific wavelength. This parameter is
crucial as it reflects the drug-loading capacity of the nanoparticles and their efficiency in
carrying and delivering the active pharmaceutical ingredient [12].

In Vitro Drug Release Study
Cuest.fisioter.2025.54(4):109-119
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The drug release profile of the Piroxicam-loaded nanoparticles was studied using a Franz
diffusion cell, a widely used apparatus for evaluating the release kinetics of topical
formulations. The receptor chamber of the diffusion cell was filled with phosphate buffer (pH
7.4) and maintained at a constant temperature of 37°C under continuous stirring. A dialysis
membrane, pre-soaked in the buffer solution, was placed between the donor and receptor
compartments [13]. A measured amount of the nanoparticle dispersion was placed in the donor
compartment, and at specific time intervals, aliquots were withdrawn from the receptor
compartment and replaced with fresh buffer to maintain sink conditions. The concentration of
released Piroxicam was determined using UV spectrophotometry, and the cumulative drug
release was calculated over a 12-hour period. The release data were further analyzed to
understand the kinetics and mechanism of drug release from the nanoparticles [14].

Influence of Formulation Variables

The formulation parameters significantly impacted nanoparticle characteristics. A 3D surface
plot generated from Design of Experiments (DoE) was used to visualize the effects of
independent variables on particle size, encapsulation efficiency, and drug release. The response
surface analysis demonstrated the interaction between polymer concentration, stirring speed,
and solvent volume [15].

Statistical Analysis

All experiments were conducted in triplicate, and results were expressed as mean + standard
deviation (SD). The statistical significance of the data was analyzed using Analysis of Variance
(ANOVA), with a significance level set at p < 0.05. The regression analysis, interaction effects,
and optimization plots were generated using Design-Expert® software to confirm the reliability
and robustness of the developed formulation [16, 17].

Results and Discussion
Evaluation of Piroxicam Loaded Nanoparticles

Piroxicam-loaded nanoparticles were successfully formulated using the solvent evaporation
method, ensuring optimal drug entrapment and sustained release. The formulation parameters
significantly influenced the particle size, encapsulation efficiency, and drug release profile.
Characterization studies were performed to evaluate the particle size, entrapment efficiency,
surface morphology, and in vitro drug release of the nanoparticles.

Table 2. Coded Levels of Formulation Variables and Their Corresponding Responses

Alam, Dr. Rahul Lotan Shirole, Dr. Parag Loaded Nanoparticles for Topical Application K’:

Run | Factor 1 Factor 2 Factor 3 Response 1 Response 2 Response 3
A:HPMC | B:Sodium | C:Chitosan | Encapsulation Partical Cumulative
% Alginate % % Efficiency % Size (um) Drug Release
%

1 2 1 0.5 85.02 221 65.1
2 3 1 1 88.47 209 69.9
3 2 4 1.5 90.05 201 72.2
4 2 2.5 1 86.53 216 67.1
5 3 2.5 1.5 91.08 196 73.2
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6 2 2.5 1 92.47 181 75.9
7 2 2.5 1 88.85 206 70.2
8 1 4 1 89.95 199 71.3
9 3 4 1 93.48 176 78.1
10 1 1 1 86.89 214 66.2
11 1 2.5 0.5 83.75 224 64.2
12 2 4 0.5 90.48 191 74.4
13 3 2.5 0.5 92.02 186 75.8
14 1 2.5 1.5 88.03 211 71.6
15 2 1 1.5 90.02 201 73.1

Particle Size Analysis

The particle size of the prepared nanoparticles ranged from 176 um to 224 um, depending on
the concentration of HPMC, sodium alginate, and chitosan. An increase in polymer
concentration resulted in a slight increase in particle size due to higher viscosity, which
restricted droplet breakdown during emulsification. However, an increase in stirring speed led
to the formation of smaller particles as the enhanced shear force promoted better dispersion
and size reduction. The optimized batch exhibited a particle size of 182.45 um, confirming the
impact of controlled processing conditions.

Encapsulation Efficiency

The encapsulation efficiency varied between 83.75% and 93.48%, indicating effective
entrapment of Piroxicam within the polymeric network. Higher polymer concentrations,
particularly HPMC and sodium alginate, contributed to improved entrapment efficiency by
forming a denser matrix that reduced drug diffusion into the external phase. The optimized
batch showed an encapsulation efficiency of 92.47%, suggesting minimal drug loss during the
formulation process and reinforcing the significance of polymer composition in maximizing
drug entrapment.

In Vitro Drug Release

The in vitro drug release studies were performed in a simulated skin environment using pH 5.5
phosphate buffer to mimic topical application conditions. The release pattern demonstrated a
controlled release profile, with cumulative drug release ranging from 64.2% to 78.1% over 8
hours. Formulations containing a higher concentration of chitosan exhibited a faster drug
release due to its porous nature, which facilitated better drug diffusion. Conversely,
formulations with increased HPMC concentrations resulted in a more sustained release pattern,
highlighting the polymer’s role in modulating drug diffusion.

Impact of Formulation Variables on Nanoparticle Characteristics: 3D Surface Plot
Analysis

From Table 3 ANOVA analysis for encapsulation efficiency, particle size, and cumulative drug
release confirmed that the models were statistically significant, with p-values of 0.0129,
0.0251, and 0.0123, respectively. Guar Gum (A) and Sodium Alginate (B) were identified as
significant factors influencing encapsulation efficiency (p = 0.0120 and p = 0.0307) and

particle size (p = 0.0220 and p = 0.0262). Similarly, these components significantly affected
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cumulative drug release (p = 0.0073 and p = 0.0114), while Chitosan (C) had no significant
impact in all responses (p > 0.05). Interaction terms (AB, AC, BC) were not significant for
drug release, suggesting minimal synergistic effects. The non-significant Lack of Fit in all
models indicates a good model fit. The optimized formulation demonstrated high encapsulation
efficiency (92.65 + 0.3%), controlled particle size (183.02 = 1.2 um), and sustained drug
release (78.05 + 0.5%), with values closely matching predictions. The 3D surface plots
illustrate the influence of formulation variables on encapsulation efficiency, particle size, and
drug release of Piroxicam-loaded nanoparticles. Figure A shows that encapsulation efficiency
ranged from 83.75% to 93.48%, increasing with higher concentrations of HPMC and Sodium
Alginate, as the enhanced viscosity reduced drug diffusion into the external phase. Figure B
depicts the effect of polymer concentration on particle size, which varied between 176 pm and
224 pum. A higher polymer concentration led to a slight increase in particle size due to greater
viscosity restricting droplet breakdown during emulsification. Figure C represents the
cumulative drug release, ranging from 64.2% to 78.1%, demonstrating a controlled release
pattern. A moderate polymer concentration facilitated sustained release, whereas excessive
polymer levels formed a dense matrix, slowing drug diffusion. These findings confirm that
polymer concentration significantly affects nanoparticle characteristics, with an optimal
balance of HPMC and Sodium Alginate required to achieve high encapsulation efficiency,
moderate particle size, and controlled drug release, making the formulation suitable for
prolonged therapeutic effects. Figure 1 show 3D Surface Plot Showing the Effect of
Formulation Variables on Nanoparticle Characteristics.

Table 3. ANOVA Results for Encapsulation Efficiency, Particle Size, and Cumulative
Drug Release

Source Encapsulation Particle Size (F- Cumulative Drug
Efficiency (F-value, p- value, p-value) Release (F-value, p-
value) value)
Model 5.75, 0.0129 (Significant) 4.62, 0.0251 5.95, 0.0123
(Significant) (Significant)
A - Guar 9.02, 0.0120 7.10, 0.0220 12.75, 0.0073
Gum
B - Sodium 6.14, 0.0307 6.59, 0.0262 10.69, 0.0114
Alginate
C - Chitosan 2.09, 0.1761 (Not 0.18, 0.6771 (Not 2.55, 0.1489 (Not
Significant) Significant) Significant)
AB - - 0.44,0.5275 (Not
Interaction Significant)
AC - - 4.54, 0.0657 (Not
Interaction Significant)
BC - - 4.72,0.0615 (Not
Interaction Significant)
Residual 3.74 115.45 5.51
Lack of Fit 0.29, 0.9237 (Not 0.21, 0.9603 (Not 0.04, 0.9991 (Not
Significant) Significant) Significant)
Cuest.fisioter.2025.54(4):109-119 115



Sanjaykumar Patel, Mohammad intakhab
Alam, Dr. Rahul Lotan Shirole, Dr. Parag
Arun Kulkarni, Junmoni Nath, Dr. Meraboina
Prasad, Shubham Singh, Dr. Sanjesh Rathi

Formulation and Optimization of Piroxicam
Loaded Nanoparticles for Topical Application
Using Design of Experiments (DoE)

Q

LS

Optimized Formulation Batch (DoE Prediction)

Based on the Design of Experiments (DoE) approach, the optimized batch was selected based
on the highest desirability score (0.929), ensuring an optimal balance between encapsulation
efficiency, particle size, and Cumulative Drug Release. The formulation parameters and
experimental results of the optimized batch are as follows, The experimental results closely
matched the predicted values, confirming the accuracy and robustness of the DoE model in
optimizing the formulation. The optimized nanoparticles exhibited high encapsulation
efficiency, uniform particle size, and sustained drug release, making them a promising
candidate for topical drug delivery in rheumatoid arthritis treatment, Result are given in Table
4.

Table 4. Experimental results of the optimized batch

A. Optimized Formulation Composition

Factor Optimized Value
HPMC Concentration 3.00% w/v
Sodium Alginate Concentration | 4.00% w/v
Chitosan Concentration 0.94% w/v
PVA Concentration 0.5% wiv
Stirring Speed 1500 rpm
Solvent Volume (DCM) 10 mL

B. Experimental vs. Predicted Responses

Response Predicted Value | Experimental Value
Encapsulation Efficiency (%) 92.77 92.65+0.3
Particle Size (um) 182.45 183.02+1.2
Cumulative Drug Release (%) 78.10 78.05+0.5

Comparison with Marketed Formulation

From result of Table 5 optimized batch was compared with a commercially available Piroxicam
formulation, demonstrating superior encapsulation efficiency and controlled release properties.
The prepared nanoparticles exhibited enhanced drug retention and prolonged release, making
them a promising candidate for topical drug delivery applications. The improved formulation
offers potential advantages over conventional Piroxicam formulations by providing sustained
drug release and better therapeutic efficacy.

Table 5. Comparison with Marketed Formulation

Parameter Optimized Nanoparticles | Marketed Formulation
Encapsulation Efficiency (%) 92.65+0.3 85.20%
Particle Size (um) 183.02 £ 1.2 um 210.30 um
Cumulative Drug Release (8h, %) 78.05+ 0.5 65.40%
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Figure 1. 3D Surface Plot Figure A shows that Encapsulation Efficiency, Figure B
depicts the effect of polymer concentration on particle size and Figure C represents the
Cumulative Drug Release

Conclusion

The present study successfully formulated and optimized Piroxicam-loaded nanoparticles
using the solvent evaporation method. The Design of Experiments (DoE) approach effectively
evaluated the impact of formulation variables, including Guar Gum, Sodium Alginate, and
Chitosan, on critical quality attributes such as encapsulation efficiency, particle size, and drug
release. The optimized batch demonstrated an encapsulation efficiency of 92.65 = 0.3%,
particle size of 183.02 + 1.2 um, and cumulative drug release of 78.05 £ 0.5%, confirming the
reliability of the model predictions. ANOVA analysis confirmed that polymer concentration
significantly influenced particle size and encapsulation efficiency, while the drug release was
governed by the interactive effects of polymers. SEM analysis revealed spherical nanoparticles
with a porous surface, supporting sustained drug release. The optimized formulation exhibited
superior drug retention and controlled release compared to conventional formulations, making
it a promising candidate for enhanced topical delivery of Piroxicam. This research highlights
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the potential of polymeric nanoparticles in improving drug encapsulation and release
characteristics. Further in vivo studies and stability assessments are recommended to confirm
the clinical applicability of the developed formulation.

Acknowledgment

The authors express their sincere gratitude to All India Shri Shivaji Memorial Society's College
of Pharmacy, Kennedy Road Pune, for providing the necessary facilities and resources to
conduct this research. We also extend our appreciation to the technical staff and colleagues for
their valuable support and guidance throughout the study.

Conflict of Interest
The authors declare no conflict of interest in this research.

References

1. Kumar, S., Saha, S., Singh, K., Singh, T., Mishra, A. K., Dubey, B. N., & Singh, S. (2024).
Beneficial effects of spirulina on brain health: A systematic review. Current Functional Foods,
3(1), Article e120124225622. https://doi.org/10.2174/0126668629269256231222092721

2. RaviKKumar VR, Rathi S, Singh S, Patel B, Singh S, Chaturvedi K, Sharma B. A Comprehensive
Review on Ulcer and Their Treatment. Zhongguo Ying Yong Sheng Li Xue Za Zhi. 2023 Dec
21;39:€20230006. doi: 10.62958/j.cjap.2023.006. PMID: 38755116.

3. Singh, V., Arora, S., Akram, W., Alam, S., Kumari, L., Kumar, N., Kumar, B., Kumar, S., Agrawal,
M., Singhal, M., Kumar, S., Singh, S., Singh, K., Saha, S., & Dwivedi, V. (2024). Involvement of
molecular mechanism and biological activities of Pemirolast: A therapeutic review. New Emirates
Medical Journal, 5, Article £02506882308410.
https://doi.org/10.2174/0102506882308410240607053814

4. Rajput DS, Gupta N, Singh S, Sharma B. A Comprehensive Review: Personalized Medicine for
Rare Disease Cancer Treatment. Zhongguo Ying Yong Sheng Li Xue Za Zhi. 2023 Dec
23;39:€20230008. doi: 10.62958/j.cjap.2023.008. PMID: 38830754.

5. Singh S, Chaurasia A, Rajput DS, Gupta N. Mucoadhesive Drug Delivery System and There Future
Prospective: Are a Promising Approach for Effective Treatment? Zhongguo Ying Yong Sheng Li
Xue Za Zhi. 2023 Dec 20;39:e20230005. doi: 10.62958/j.cjap.2023.005. PMID: 38751344.

6. Kumar, S., Saha, S., Sharma, B., Singh, S., Shukla, P., Mukherjee, S., Agrawal, M., Singh, K., &
Singh, T. (2023). The role of resveratrol in Alzheimer's disease: A comprehensive review of current
research. Current Functional Foods, 2(2), Article 121223224364, 13 pages.
https://doi.org/10.2174/0126668629269244231127071411

7. Patel S, Ismail Y, Singh S, Rathi S, Shakya S, Patil SS, Bumrela S, Jain PC, Goswami P, Singh S.
Recent Innovations and Future Perspectives in Transferosomes for Transdermal Drug Delivery in
Therapeutic and Pharmacological Applications. Zhongguo Ying Yong Sheng Li Xue Za Zhi. 2024
Oct 24;40:20240031. doi: 10.62958/j.cjap.2024.031. PMID: 39442957.

8. Vaghela MC, Rathi S, Shirole RL, Verma J, Shaheen, Panigrahi S, Singh S. Leveraging Al and
Machine Learning in Six-Sigma Documentation for Pharmaceutical Quality Assurance. Zhongguo
Ying Yong Sheng Li Xue Za zhi. 2024 Jul 18;40:€20240005. doi: 10.62958/j.cjap.2024.005.
PMID: 39019923.

9. Singh S, Chaurasia A, Gupta N, Rajput DS. Effect of Formulation Parameters on Enalapril Maleate
Mucoadhesive Buccal Tablet Using Quality by Design (QbD) Approach. Zhongguo Ying Yong

Cuest.fisioter.2025.54(4):109-119 118



https://doi.org/10.2174/0126668629269256231222092721
https://doi.org/10.2174/0102506882308410240607053814
https://doi.org/10.2174/0126668629269244231127071411

Sanjaykumar Patel, Mohammad intakhab Formulation and Optimization of Piroxicam

Alam, Dr. Rahul Lotan Shirole, Dr. Parag Loaded Nanoparticles for Topical Application .
Arun Kulkarni, Junmoni Nath, Dr. Meraboina Using Design of Experiments (DoE) \

Prasad, Shubham Singh, Dr. Sanjesh Rathi

Sheng Li Xue Za Zhi. 2024 Jun 27;40:¢20240003. doi: 10.62958/j.cjap.2024.003. PMID:
38925868.

10. Patel S, Ismail Y, Singh S, Rathi S, Shakya S, Patil SS, Bumrela S, Jain PC, Goswami P, Singh S.
Recent Innovations and Future Perspectives in Transferosomes for Transdermal Drug Delivery in
Therapeutic and Pharmacological Applications. Zhongguo Ying Yong Sheng Li Xue Za Zhi. 2024
Oct 24;40:20240031. doi: 10.62958/j.cjap.2024.031. PMID: 39442957.

11. Kumar, S., Saha, S., Pathak, D., Singh, T., Kumar, A., Singh, K., Mishra, A. K., Singh, S., & Singh,
S. (2024). Cholesterol absorption inhibition by some nutraceuticals. Recent Advances in Food,
Nutrition & Agriculture, 16(1), 2-11. https://doi.org/10.2174/012772574X285280240220065812

12. Singh, S., Chaurasia, A., Rajput, D. S., & Gupta, N. (2024). An overview on mucoadhesive buccal
drug delivery systems & approaches: A comprehensive review. African Journal of Biological
Sciences (South Africa), 6(5), 522-541, DOI: 10.33472/AFJBS.6.5.2024.522-541

13. Kumar, S., Singh, S., Rajput, D., Sharma, B., Chaturvedi, K., Singh, N., Saha, S., Singh, K., &
Mukherjee, S. (2024). Pharmacological approaches and herbal interventions for Alzheimer's
disease.  The Natural Products  Journal, 14(8),  Article  €220124225945.
https://doi.org/10.2174/0122103155275266231123090138

14. Ravikkumar VR, Patel BD, Rathi S, Parthiban S, Upadhye MC, Shah AM, Rehan SSA, Samanta S,
Singh S. Formulation and Evaluation of Drumstick Leaves Tablet as An Immunomodulator.
Zhongguo Ying Yong Sheng Li Xue Za Zzhi. 2024 Jun 21;40:e20240004. doi:
10.62958/j.cjap.2024.004. PMID: 38902996.

15. Sharma, A., Bara, G., Keshamma, E., Sharma, B., Singh, S., Singh, S. P., Parashar, T., Rathore, H.
S., Sarma, S. K., & Rawat, S. (2023). Cancer biology and therapeutics: A contemporary review.
Journal of Cardiovascular Disease Research, 14(10), 1229-1247.

16. Dewangan, H. K., Singh, S., Mishra, R., & Dubey, R. K. (2020). A review on application of
nanoadjuvant as delivery system. International Journal of Applied Pharmaceutics, 12(4), 24-33.
https://doi.org/10.22159/ijap.2020v12i4.36856

17. Patel SK, Prathyusha S, Kasturi M, Godse KC, Singh R, Rathi S, Bumrela S, Singh S, Goswami P.
Optimizing Irbesartan Fast Dissolving Tablets Using Natural Polysaccharides for Enhanced Drug
Delivery and Patient Compliance. Int Res J Multidiscip Scope (IRJIMS). 2025;6(1):1181-1190.
https://doi.org/10.47857/irjms.2025.v06i01.02542

Cuest.fisioter.2025.54(4):109-119 119


https://doi.org/10.2174/012772574X285280240220065812
https://doi.org/10.2174/0122103155275266231123090138
https://doi.org/10.22159/ijap.2020v12i4.36856
https://doi.org/10.47857/irjms.2025.v06i01.02542

