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INTRODUCTION 

 A new class of materials known as nanosponges is composed of tiny particles with 

chambers that are only a few nanometers across and can contain a wide range of chemicals. These 

particles have the ability to convey hydrophilic and lipophilic compounds, as well as to increase 

the solubility of molecules that are not very water soluble. According to preliminary trials, this 
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An Innovative idea for a medication delivery system is the nanosponges. In order to improve the drug’s 

bioavailability and release it in a controlled and sustained manner, the current study set out to create 

and characterize the best stable nanosponges of piroxicam using the emulsion solvent diffusion method. 

The emulsion solvent diffusion method was utilized to prepare the nanosponge, employing distinct 

drug-polymer ratios such as ethyl cellulose, polyvinyl alcohol, and dichloromethane. FTIR, or Fourier 

transform infrared spectroscopy, was used to estimate Piroxicam’s compatibility with polymers. 

Preformulation parameters were assessed for the prepared nanosponges. All batches of the nanosponges 

formulations were assessed for entrapment efficiency and production yield. The drug and other 

excipients do not interact chemically or physically, according to the results of the FTIR analysis. 

Several mathematical models were fitted to the in vitro release study data. In conclusion, the 

formulation and evaluation of Piroxicam nanosponges present a promising strategy for overcoming the 

limitations associated with poorly soluble drugs. 
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method may be up to five times more effective than conventional methods at delivering breast 

cancer drug. Nanosponges are microscopic structures that resemble mesh and have the potential to 

revolutionize the treatment of numerous diseases. [1] [2] 

 The nanosponge has a naturally degradable polyester scaffold structure serving as its 

backbone, and it is roughly the size of a virus. With the help of tiny molecules known as cross-

linkers, which have a preference for particular polyester segments, the long polyester strands are 

mixed in solution. The polyester segments are cross-linked to create a spherical shape with 

numerous pockets, or cavities, for storing medicines. Because the polyester degrades reliably in 

the body, the medication can be delivered according to a predetermined schedule. [3] 

The drug molecules are contained within the center of the encapsulating nanoparticles, or 

nanosponges. The three types of nanoparticles encapsulating, complexing, and conjugating can be 

distinguished based on how they associate with medications. Nanosponges and nanocapsules 

serve as symbols for the first type. Drug molecules are carried by sponge-like nanoparticles called 

alginate nanosponges, which have numerous holes and resemble sponges.   

 

ADVANTAGES 

1. Boost the drugs water solubility in aqueous solutions. 

2. Drug molecules can be released by nanosponges in a predictable manner.  

3. Microorganisms cannot pass through the nanosponges minuscule 0.25 µm pore size, which 

makes them function as self-sterilizers. 

4. The drug delivery systems utilizing nanosponges are non-toxic, non-mutagenic, and non-

irritating. 

5. The body may eliminate poisonous and venomous substances with the aid of 

nangsponges.[7] 

6. The medicine delivery technique of nanosponges minimizes adverse effects. 

7. Improve and strengthen formulation stability. The adaptability of the Lessen the frequency 

of doses. 

8. Increased adherence from patients. 

9. Complexes of nanosponges are stable at temperatures up to 130 °C and over a broad pH 

range (Le. 1-11). [8][9] 

10. Nano sponges show good compatibility with nearly all of the formulation's ingredients and 

vehicles. 
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DISADVANTAGE 

1. While nanosponges can encapsulate small molecules, they are not appropriate for bigger 

compounds. 

2. Occasionally, there may be dose dumping. [10] 

MATERIALS AND METHODS 

 Piroxicam was obtained as Gift sample. Polyvinyl alcohol, Ethyl cellulose and 

Dichloromethane were obtained from Molychem Pvt. Ltd.,Mumbai. 

METHODS:  

 Production of nanosponges by emulsion solvent diffusion method involves varying the 

ratio of ethyl cellulose and speed of rotation. Two phases that is the dispersed phase and the 

continuous phase are prepared separately. The dispersed phase is prepared by dissolving ethyl 

cellulose and the piroxicam in 20 ml of dichloromethane.200 mg of polyvinyl alcohol is dissolved 

in 100 ml of water by using a magnetic stirrer (continuous phase).Then dispersed phase was added 

drop wise in the continuous phase. The mixture is continuously stirred for 4 hours using a 

magnetic stirrer at different RPM as per formulation batches. The nanosponges formed were 

collected by filtration and dried in oven at 40°c for about 24 hours. The nanosponges were then 

kept in the vacuum desiccators to remove the residual solvent till further use.[54] 

METHODOLOGY 

1. Preformulation study: 

A. Drug Characterization 

i. Colour: A little amount of Piroxicam was taken in butter paper and examined under well 

lighted area. 

ii. Odour: Small amount of Piroxicam sample was smelled to get the odour. 

iii. Appearance: A pinch of Piroxicam was taken between two fingers and appearance was 

observed. 

B. Determination of melting point: 

The sample’s melting point serves as the initial indicator of its purity. Melting point of 

Piroxicam was performed by open capillary method. Piroxicam was taken in a glass capillary 

whose one end was sealed by flame. The capillary was then placed inside the melting point 

apparatus and melting point was noted. 

C. Solubility study: 



HARNESSING DESIGN EXPERT FOR PIROXICAM 

NANOSPONGES FORMULATION AND ITS EVALUATION 

Priyanka A. Bobade*1, Kiran B. 

Dhamak2, Vikas D. Kunde3, 

Vinayak M. Gaware 

 

 
 

 

 

 

Cuest.fisioter.2025.54(2):3841-3866 3844 

 

The solubility of Piroxicam was determined in various solvents. In a test tube 10 ml of required 

solvent was transferred and 20 mg of Piroxicam was added to the solvent. The mixture was then 

sonicated for 10min and observation was done for the particles remain if any. 

D. UV-visible spectrophotometric analysis: 

UV spectroscopy: The UV spectrum of Piroxicam was obtained. Shimadzu, A11454500 

Spectrophotometer and spectra manager software was used for analysis. Methanol was used as 

solvent to prepare dilutions. 

Method: 10 mg of Piroxicam was dissolved in 10 ml of solvent (methanol) to produce 1000 

µg/ml. From this prepared solution 0.2 ml of sample was taken and further diluted with methanol 

up to 10ml to produce 20 µg/ml sample and spectra was observed. 

Calibration Curve preparation:  

Solution A: From stock solution 1ml of sample was withdrawn and diluted up to 10ml with 

solvent (methanol) to produce 100 µg/ml. 

Dilutions: From solution A 0.5 ml, 1 ml, 1.5 ml, 2 ml and 2.5 ml solution were withdrawn and 

diluted up to 10ml with solvent (methanol) to produce 5 ppm, 10 ppm, 15 ppm, 20 ppm and 25 

ppm and absorbances were measured at 325 nm. 

E. FT-IR of Piroxicam:  

The IR spectrum of Piroxicam was recorded on Perkin Elmer Spectrum one. Spectrum was 

recorded by using potassium bromide (KBr) as blank, at a resolution of 4 cm over a range 400-

4000 cm. The peaks in the spectrum of Piroxicam were compared with the principle peaks of the 

IR spectrum reported in the monograph. 

2. Drug excipient compatibility study: 

Drug excipient compatibility studies represent an important phase in drug development. Drug 

substances are usually combined with the excipients which serve different and specialized 

purpose. Excipients are pharmacologically inert, but given the right conditions they can 

undergo chemical reactions and physical interactions with drug molecules under favorable 

environmental conditions. Compatibility test on drug excipient have been used to approve or 

reject excipients for use in pharmaceutical formulation. The API alone and with individual 

excipients were taken in different ratios and mixed well. Passed through sieve, the blend was 

filled into the glass vials and kept in stability chamber at 40± 2°C/75 ± 5%RH. 

3. Preparation of nanosponges by Emulsion solvent diffusion method 

4. Factorial Design model:-  



HARNESSING DESIGN EXPERT FOR PIROXICAM 

NANOSPONGES FORMULATION AND ITS EVALUATION 

Priyanka A. Bobade*1, Kiran B. 

Dhamak2, Vikas D. Kunde3, 

Vinayak M. Gaware 

 

 
 

 

 

 

Cuest.fisioter.2025.54(2):3841-3866 3845 

 

In order to formulate stable nanosponges, 32 full factorial design was applied to the formulation 

that showed the satisfactory results to see the effect of varying the concentrations of variables 

such as Speed of rotation (X1) and Concentration of polymer (Ethyl cellulose) (X2) on 

responses like particle size and entrapment efficiency. The levels of two factors were selected 

on the basis of studies carried out before implementing the experimental design. .[62]  

Table No.1: Factorial design for Nanosponges 

 

 

 

 

5. Evaluation procedures: 

1. Physical examination:[63] 

i. Color: A little quantity of nanosponges was taken on a glass slide and examined in 

well lighted area.  

ii. Odor: Adequate quantity of nanosponges was smelled to get the odour. 

iii. Appearance: Quantity of nanosponges was taken in between two fingers and 

appearance was experienced. 

2. Practical yield :[64] 

The practical yield of nanosponges was determined using the weight of the dried finished product 

with respective to the initial weight of the drug and polymer used to make the nanosponges. The 

following equation was used to determine the practical yield. 

  

 

 

 

3. Entrapment efficiency: 

To calculate the entrapment efficiency accurately weighed quantity of nanosponges (10 mg 

equivalent of piroxicam) with 5 ml of methanol in a volumetric flask was shaken for 1 min using 

Factor Levels 

Independent variables Lower level Medium level Higher level 

Speed of rotation 1400 1600 1800 

Drug: Ethyl cellulose ratio 1:1 1:1.5 1:2 

Responses  

Particle size (nm) Lowest 

Entrapment efficiency (%) Highest 

Practical weight of nanosponges 

Practical yield    = 

Theoretical weight of (Drug + Polymer) 

X 100 
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vortex mixer. The volume was made up to 10 ml with methanol. Then the solution was filtered, 

diluted and the concentration of piroxicam was determined spectrophotometrically at 325 nm. 

 

  

 

 

4. In vitro release study: [65] 

Drug release was determined by dialysis method. 100 mg of each formulation was poured into 

dialysis bags and put into 25 ml phosphate buffer (pH 6.8 pH) and stirred (100 rpm, room 

temperature). At predetermined time intervals, 1 ml of aliquot was taken and then substituted by 

fresh phosphate buffer. Finally, suitable dilution was made with methanol and the amounts of 

released piroxicam in phosphate buffer were measured by spectrophotometer at 325 nm. Aliquots 

withdrawn were assayed at each time interval for the drug released at λ max of 325 nm using UV-

Visible spectrophotometer by keeping methanol as blank and the amount of released drug was 

estimated by the standard curve. 

5. Particle size determination:[66] 

The average mean diameter and size distribution of loaded nanosponges was determined by 

Dynamic Light Scattering method using Malvern zeta sizer at 25°c. The dried nanosponges were 

dispersed in water to obtain proper light scattering intensity for piroxicam nanosponges.  

6. Determination of zeta potential:[67] 

Zeta potential is a measure of surface charge. The surface charge (electrophoretic mobility) of 

nanosponge can be determined by using Zeta sizer (Malvern Instrument) having zeta cells, 

polycarbonate cell with gold plated electrodes and using water as medium for sample preparation. 

It is essential for the characterization of stability of the nanosponges. 

RESULT & DISSCUSION 

1. Preformulation study: 

A.  Drug Characterization: 

Drug characterization parameters such as colour, odour and appearance were analysed for the 

procured drug samples and the results were shown in table 2. 

Table No.2: Drug characterization parameters 

 

Colour Off-White 

Actual drug content in nanosponges 

Entrapment efficiency    = 

Theoretical drug content 

X 100 
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B. Determination of melting point: 

The melting point of Piroxicam was found to be in the range of 196-198 oC which comply with 

reported melting point of Piroxicam.  

C.  Solubility study: 

The solubility study of Piroxicam was carried out by using different solvent systems as per the 

literature. The solubility results were shown in table 3. 

Table No.3: Results for solubility study 

 

 

 

 

 

 

D. UV-visible spectrophotometric analysis: 

The UV-visible spectrophotometric analysis was carried out by using Shimadzu, A11454500 

Spectrophotometer and spectra manager software was used for analysis. Methanol was used as 

solvent system for determination of λ max. 20 µg/ml of Piroxicam sample was used and λ max 

was found as 325 nm. The spectra for results were expressed in figure. 

 

  

 

 

 

 

 

 

 

Odour Characteristic 

Appearance Fine powder 

Sr.no Solvent Observation 

1. Methanol Soluble 

2. Dimethyl sulfoxide Soluble 

3. Dichloromethane Soluble 

4. Water Insoluble 
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Fig. No.1: Blank in Methanol 

 

 

 

 

  

 

 

  

 

 

 

 

 

                             Fig. No.2: 20 PPM solution of Piroxicam in Methanol 

  

Calibration curve for Piroxicam in methanol: 

Table No.4: Calibration curve for Piroxicam 

 

Sr.no. Concentration (ppm) Absorbance 

1. 5 0.2335 

2. 10 0.4558 

3. 15 0.7224 

4. 20 0.9703 

5. 25 1.1488 
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Fig. No.3: Calibration curve for Piroxicam

 

 The calibration curves were linear and obeyed Beer-Lambert’s law in the concentration 

range 5-25 μg/ml. The correlation coefficient values were 0.9962 indicating excellent linearity 

of the data. 

E.  FT-IR of Piroxicam: 

The IR spectrum of Piroxicam was recorded by using FTIR spectrometer. IR spectra was shown 

in figure 4. Characteristic functional groups were observed in FTIR spectrum as shown in table 

5. 

 

 

 

 

 

 

 

 

 

Fig. No.4: IR of Piroxicam

 

 

Table No.5: IR frequencies of Piroxicam functional group 

  

Functional group Observed Frequency Reported Frequency 

O-H Stretching 

(Alcohol) 
3471.87 3550-3200 
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N-H Stretching  

(Aliphatic amine) 
3392.79 3400-3300 

C-H Stretching 

(Aromatic) 
2991.59, 2941.44  3000-2800 

C=C Stretching 

(Cyclic alkene) 
1589.34 1650-1566 

C-N Stretching 

(Amide group) 
1440.83 1500-1400 

S=O Stretching 

(Sulphonamide) 
1352.1 1370-1335 

 

2. Drug excipient compatibility study: 

The FTIR Spectra of Piroxicam in pure form and their physical mixture was observed, the result 

showed that there was no interaction between drug, polymer and excipients. IR spectra for 

compatibility study were shown in figure 5, 6, 7 and their respective functional group detection 

data were shown in 6. 

  

 

 

 

 

 

 

 

 

 

 

Fig. No.5: Compatibility IR for Piroxicam: Polyvinyl alcohol 
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Fig. No.6: Compatibility IR for Piroxicam: Ethyl cellulose 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Fig. No.7: Compatibility IR for Piroxicam: Dichloromethane 

  

Table No.6: Drug excipient compatibility 

Ingredient 
Initial 

observation 

Condition 

40°C/75% RH 

(Accelerated) 

1 month 

Piroxicam White NCC 

Piroxicam : Polyvinyl alcohol White NCC 

Piroxicam : Ethyl cellulose White NCC 
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NCC (No conformational change) in physical appearance from initial description, RH (Relative 

Humidity). It can be seen from the above data that Piroxicam combination was stable with all the   

excipients used for formulation and development. 

3. Formulation of Piroxicam loaded Nanosponges: 

 

 

 

 

 

 

Table No.7: Formulation ingredients and its roles 

 Sr.no. Ingredients Role 

1. Piroxicam Anti-inflammatory 

2. Polyvinyl alcohol Stabilizing agent 

3. Ethyl cellulose Polymer 

4. Dichloromethane Solvent for polymer 

5. Distilled water Dispersion medium 

 

 Formulation strategy: 

Table No.8: Formulation strategy 

 

Piroxicam : Dichloromethane Transparent NCC 
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Sr.no. 
Ingredients/ 

Parameters 

Batches 

F1 F2 F3 F4 F5 F6 F7 F8 F9 

1. Piroxicam (mg) 100 100 100 100 100 100 100 100 
10

0 

2. 
Polyvinyl alcohol 

(mg) 
200 200 200 200 200 200 200 200 

20

0 

3. 
Ethyl cellulose 

(mg) 
100 100 100 150 150 150 200 200 

20

0 

4. 
Speed of rotation 

(RPM) 

140

0 

160

0 

180

0 

140

0 

160

0 

180

0 

140

0 

160

0 

18

00 

5. 
Dichloromethane 

(ml) 
20 20 20 20 20 20 20 20 20 

6. 
Distilled water 

(ml) 
100 100 100 100 100 100 100 100 

10

0 
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 4. Evaluation of formulated batches: 

a. Physical evaluation: 

All prepared batches were examined for physical evaluation parameters such as colour, odour and 

appearance. The results for all the batches were mentioned in table 9. 

 

Table No.9: Physical evaluation of Nanosponges 

Batches Colour Odour Appearance 

F1 Off-white Characteristic Fine particles 

F2 Off-white Characteristic Fine particles 

F3 Off-white Characteristic Fine particles 

F4 Off-white Characteristic Fine particles 

F5 Off-white Characteristic Fine particles 

F6 Off-white Characteristic Fine particles 

F7 Off-white Characteristic Fine particles 

F8 Off-white Characteristic Fine particles 

F9 Off-white Characteristic Fine particles 

 

b. Determination of practical yield: 

Practical yield of the formulated Piroxicam nanosponges were calculated using the formula and 

results were mentioned in table 10. 

 

Table No.10: Determination of percent practical yield 

Batches 
Practical mass 

(Nanosponges) mg 

Theoretical yield 

(Drug + Polymer) 

mg 

% Practical 

yield 

F1 150.32 200 75.16 

F2 156.44 200 78.22 

F3 171.26 200 85.63 

F4 193.15 250 77.26 

F5 206.1 250 82.44 

F6 210.9 250 84.36 
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F7 210.36 300 70.12 

F8 234.57 300 78.19 

F9 237.96 300 79.32 

 

 

c. Determination of Entrapment efficiency: 

The entrapment efficiency was found to be highest for F9 formulation which is 94.16 and the 

lowest entrapment of drug was found for F1 formulation. This might be due to the fact that the 

variation in entrapment efficiency was due to the changes in the polymer concentration. The 

prepared nanosponges possess high drug entrapment efficiency and were found to be in the 

range of 80.35% - 94.16%. 

Table No.11: Determination of percent Entrapment efficiency 

Batches 
Entrapment efficiency 

(%) 

F1 80.35 

F2 84.88 

F3 87.63 

F4 85.58 

F5 88.65 

F6 90.05 

F7 90.35 

F8 92.88 

F9 94.16 

 

 

d. In vitro dissolution study: 

In vitro drug release study of the prepared Piroxicam nanosponges was carried out using dialysis 

bag diffusion method. Amount of drug released in different time intervals were observed. The 

percent cumulative drug release for all the batches were found in the range of 83.57 – 98.75 %. As 

the concentration of polymer in nanosponges increases percent cumulative drug release also 

increases with decrease in time. On the basis of in vitro dissolution data, it was found that F6 
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batch was having highest percent cumulative drug release that is 98.75 % with respective to other 

batches. The results were expressed in table 12 and figure 8. 

 

Table No.12: Determination of % drug diffusion 

 

Time 

(Hrs.) 

 

Batches 

 
% Cumulative Drug Release (%) 

F1 F2 F3 F4 F5 F6 F7 F8 F9 

1 15.46 14.58 12.45 13.68 11.28 13.45 11.38 12.45 10.35 

2 29.27 27.14 21.69 28.16 26.16 27.69 23.16 23.36 21.69 

3 45.99 44.68 38.24 41.05 35.05 37.04 34.35 35.67 32.28 

4 58.77 59.78 52.27 54.06 56.36 49.27 42.46 40.72 47.41 

5 75.15 74.58 70.39 65.78 67.78 61.59 55.28 49.16 55.25 

6 90.26 89.46 78.13 77.28 75.28 75.13 68.78 59.25 68.03 

7 94.66 93.92 85.34 85.06 86.06 85.64 75.25 71.67 74.92 

8 - - 92.16 94.15 95.96 98.75 89.36 85.61 83.57 
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  Fig. No.8: % Drug release study 

5. Optimization of prepared nanosponges: 

To study the effect of independent variables on responses Design Expert 7.0 software was used. 

Experimental design layout developed for 9 possible batches of piroxicam loaded nanosponges. Out 

of the various models such as Linear, 2FI, Quadratic and Cubic which fit well was suggested by 

software and was tested for analysis of variance (ANOVA).  

Table No.13: The layout of Actual Designs 

Runs 

Factor1 Factor 2 Response 1 Response 2 

A: Speed of 

rotation 

(RPM) 

B: Ethyl 

cellulose 

(mg) 

Particle size 

(nm) 

Entrapment 

efficiency (%) 

1 1600 100 210.9 84.88 

2 1800 200 201.7 94.16 

3 1600 200 268.9 92.88 

4 1400 150 304.5 85.58 

5 1400 200 315.2 90.35 

6 1800 100 195.4 87.63 

7 1800 150 135.3 90.05 

8 1600 150 245.7 88.65 

9 1400 100 254.3 80.35 
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Results for Particle size: 

Model Graphs for Particle size:                             

Design-Expert® Software

Particle size
Particle size
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A: Speed of rotation = 1600.00
B: Ethyl cellulose = 150.00
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Fig. No.9: Effect of Speed of rotation and ethyl cellulose on Particle size 

Conclusion: Speed of rotation and ethyl cellulose concentration are having impact on particle size 

of nanosponges. As the speed of rotation increases the particle size of nanosponges get decreases 

and as the concentration of ethyl cellulose in increases particle size of nanosponges also get 

increases.  

Results for Entrapment efficiency: 

Model Graphs for Entrapment efficiency: 

 

Design-Expert® Software

Entrapment efficiency
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Fig. No.10: Effect of Speed of rotation and ethyl cellulose on Entrapment efficiency 

 

Conclusion: Speed of rotation and ethyl cellulose concentration are having impact on entrapment 

efficiency of nanosponges. As the speed of rotation increases the entrapment efficiency of 

nanosponges get increases and as the concentration of ethyl cellulose increases entrapment 

efficiency of nanosponges also get increases.  
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Table No.14: Summary for effect of independent variable on responses 

Sr. No. 
Independent 

variables 
Particle size Entrapment efficiency 

1 
Speed of rotation 

(RPM) 

Inversely 

proportional (As 

speed of rotation 

increases particle 

size decreases) 

Directly proportional (As 

speed of rotation 

increases entrapment 

efficiency increases) 

2 
Concentration of 

Ethyl cellulose (mg) 

Directly 

proportional (As 

Conc. of ethyl 

cellulose increases 

particle size 

increases) 

Directly proportional (As 

Conc. of ethyl cellulose 

increases entrapment 

efficiency increases) 

Conclusion: On the basis of data obtained from evaluation of batches as well as factorial design 

model study F6 batch was selected as optimized batch which was having low particle size, high 

entrapment efficiency and sustained release of drug till 8 hrs. 

Result for particle size: 

 The particle size is one of the most important parameter for the characterisation of nanosponges. 

The average particle sizes of the prepared Piroxicam nanosponges were measured using Malvern 

zeta sizer. Result was mentioned under figure 11. 
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Fig. No.11: Particle size analysis for optimized batch (F6) 

Result for Zeta potential: 

Zeta Potential was determined using Malvern zeta-sizer instrument. Zeta potential analysis is 

carried out to find the surface charge of the particles to know its stability during storage. The 

magnitude of zeta potential is predictive of the colloidal stability. Nanosponges with zeta potential 

value greater than +20 mV or less than -20 mV typically have high degrees of stability. For 

Piroxicam nanosponges zeta potential was found to be -20.3mV with peak area of 100% intensity.  

 

 

Fig. No.12: Zeta potential analysis for optimized batch (F6) 
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CONCLUSION 

In the current study, a novel approach to improve the drug Piroxicam’s bioavailability and 

solubility was presented. This would enable a sustained delivery of the medication to the intended 

site, helping to treat various anti-inflammatory treatments associated with arthritis disease. Using 

varying concentrations of ethyl cellulose and polyvinyl alcohol, an emulsion solvent diffusion 

method was used to create the nanosponges. There was no incompatibility between the drug and 

the excipients, according to FTIR studies. Formulation F6 was found to have the highest percent 

cumulative drug release after in vitro data analysis. F6 was selected as optimized batch with low 

particle size, high entrapment efficiency and sustained release till 8 hrs.  The nanosponges 

demonstrated a sustained drug release profile, high encapsulation efficiency, and uniform particle 

size all of which are essential for sustaining therapeutic drug levels for a prolonged amount of 

time. To further confirm the efficacy and safety of piroxicam nanosponges, in vivo investigations 

and clinical trials ought to be the main areas of future research. The development of Piroxicam 

nanosponges has resulted in a noteworthy progress in drug delivery systems and presents a 

promising avenue for augmenting the effectiveness of anti-inflammatory treatments.  
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