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ABSTRACT 

Objective: The objective of this work was to increase the bioavailability of Aspirin to the retina by increasing its bioavailability to blood. This was 
achieved by forming aspirin-loaded PLGA nanoparticles  

Methods: Aspirin-loaded PLGA nanoparticles were prepared by a solvent evaporation process. The PLGA was dissolved in the proper solvent and 
added dropwise to the Aspirin-albumin solution revolving at 3000 rpm. Glutaraldehyde was used as a cross-linker at 20% concentration. The 
nanoparticles were obtained after passing the solution through HPH and subsequent centrifugation. 

Results: The prepared nanoparticles were found to be spherical with the smooth surface as seen in SEM. and with a size of 160.9 nm. Aspirin-loaded 
PLGA nanoparticles showed in vitro drug release of 71.4 % and ex-vivo permeation of 66.2 %. The formulation was found to be stable for six months.  

Conclusion: The developed aspirin-loaded polymeric nanoparticles could be effective for the controlled delivery of aspirin in the early prevention 
of diabetic retinopathy. 
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INTRODUCTION 

Up to 60% of all causes of visual impairment globally are cataracts 
and age-related macular degeneration [1]. In general, vitreoretinal 
disorders, which include side effects such as diabetic retinopathy 
(DR), diabetic macular edema, cataracts, and glaucoma, have 
emerged as significant contributor to visual loss in the elderly [1]. 
Due to the complicated structure and physiology of the eye, 
conventional methods of drug delivery may fail to produce the 
necessary therapeutic benefit. Ocular formulations must be made 
with the highest care in terms of sterility, stability, non-harmful 
excipients, and the absence of particles without sacrificing efficacy 
because they are delicate and crucial organ. In order to facilitate 
treatment efficacy while minimizing side effects related to such 
disorders, a drug delivery system must be created [2]. 

Aspirin (ASP) works by inhibiting the enzyme cyclooxygenase, 
which lowers the number of prostaglandins produced (PGs) [3]. 
Regarding its function as a physiological regulator, the control of PG 
production in the eye appears to be of great significance. Albumin-
bound ASP was created to lessen the negative effects connected with 
free ASP since systemic administration of high dosages of ASP 
generates substantial side effects, including hemolytic breakdown. 

Albumin nanoparticles that are biodegradable and biocompatible 
have been demonstrated to be very effective at delivering a variety 
of ophthalmic medications [4]. Aspirin and other medicines have 
binding sites in albumin [5]. 

The most promising type of drug delivery technologies for 
ophthalmic applications is polymeric ophthalmic nanoparticles 
because they improve medication absorption [6, 7]. The advantages 
of suggested nanomedicine in the treatment of diabetic retinopathy 
are highlighted by the employment of innovative nanoparticle-based 
drug delivery systems in conjunction with established therapeutic 
modalities [8]. The Polylactic-Co-Glycolic Acid (PLGA) class of 
polymers has received FDA approval [9]. It is a copolymer made of 
polyglycolic acid (PGA) and polylactic acid (PLA), and it is widely 
used to deliver medicines, proteins, and macromolecules [10, 11]. By 
boosting the formulation's retention through bioadhesion, 

nanoparticle formulations lengthen a novel drug's exposure time 
while protecting pharmaceuticals that are susceptible to 
degradation or denaturation in the pH range of extremes [12, 13]. 

By attaching ASP to albumin and encasing the ASP-albumin complex 
in PLGA, the current study sought to create ASP-loaded PLGA 
nanoparticles. It has been proposed that ASP's binding to albumin 
will lessen the negative effects of free ASP [4, 14]. The generated 
nanoparticles were evaluated for their zeta potential, polydispersity 
index, and particle size. Additionally investigated were the 
transcorneal permeability utilizing goat skin and the in vitro release 
kinetics over the cellophane membrane. 

MATERIALS AND METHODS  

Materials 

Acetylsalicylic acid (aspirin, ASP) was obtained from Research Labs 
Fine Chemical Industries Ltd., Mumbai, India. Bovine serum albumin 
(BSA) was purchased from Sisco Research Laboratories Pvt Ltd, 
Mumbai, India. Resomer RG 504 H (PLGA, having 50:50% ratio of 
lactide and glycolide components) was purchased from Evonik 
Degussa, Bloomberg, USA. Aqueous solution of glutaraldehyde 
(25%) and Acetonitrile HPLC were procured from Research Lab Fine 
Chem Industries Ltd., Mumbai, India. Milli-Q ultrapure water filtered 
through Millipore system was used for the HPLC system and 
preparation of reagents/solutions. All other chemicals used were of 
analytical grade. 

Methods 

Preparation of aspirin-loaded PLGA nanoparticles (ASP-PLGA-
NPs) 

According to a procedure outlined by Das et al., the ASP-PLGA NPs 
were made by solvent evaporation followed by cross-linking with a 
25% aqueous solution of glutaraldehyde [13] In a lab incubator, 
aspirin was incubated with the necessary quantity of BSA solution 
(2% w/v in H2O) for one hour at 37 °C. With constant stirring at 
3000 rpm [15]. In order to guarantee that there would be enough 
amino groups available for binding with aspirin even after all of the 
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glutaraldehyde had bonded to albumin, glutaraldehyde solution was 
added at a concentration of 1.56 g/ml albumin solution. The solution 
was homogenized 10 times at 10,000 psi using an Avestin-
EmulsiFlex-C5 high-pressure homogenizer while still being stirred at 
room temperature. Once the supernatant was clear and the 
temperature was between 2-4 °C, it was centrifuged at 12,000 rpm 
[16, 17]. As indicated in table 1, different batches were created and 
optimized by varying the protein: polymer ratio and the solvent. 

Characterization of prepared ASP-PLGA-NPs 

Analytical method 

Reverse-phase high-performance liquid chromatography was used 
to purify aspirin in its pure form and formulation (RP-HPLC). 
Utilizing a C18 column (Kromasil, 150 x 4.6 mm, 5) and acetonitrile 
and water eluents (60:40 v/v, pH adjusted to 3.0 with 
orthophosphoric acid) at flow rates starting at 1 ml/min, 
chromatographic separation was carried out. A UV detector set to 
235 nm was used to keep an eye on the peaks [18]. 

Particle size, polydispersity index (PDI) and zeta potential 

The lyophilized nanoparticles were resuspended in phosphate-
buffered saline (pH 7.4) to obtain a 0.5% solution according to the 
method described by Gupta et al. [17]. Particle size, polydispersity 
and zeta potential measurements were performed using a particle 
size analyzer (Zetasizer ZS90, Malvern Instruments, UK). 

Scanning electron microscopy (SEM)  

Microscopic images were taken with a scanning electron microscope 
(Philips, CM 200, acceleration voltage 200 kV, resolution 0.23 nm). 
Nanoparticles were coated with chromium for better resolution [19]. 

Drug loading and entrapment  

Using a method created by Shu-Ben et al., the effectiveness of the 
drug loading and encapsulation of ASP-PLGA NPs was assessed [20]. 
The steps are described. After 30 min of phosphate buffer soaking, 
ASP-PLGA-NPs (10 mg) were centrifuged at 8000 rpm. By using 
HPLC at 235 nm, the clear supernatant was examined for the 
presence of ASP. Plotting the range of concentrations from 1 g/ml to 
10 g/ml at 235 nm allowed for the calculation of the ASP standard 
curve. The following formula was used to determine the percentage 
of drug loading and the effectiveness of entrapment:  

 

 

In vitro drug diffusion study 

ASP-PLGA NPs were the subject of an in vitro drug diffusion 
investigation employing a cellophane membrane in a diffusion 

chamber made up of two compartments divided by a membrane, as 
stated by Das et al. [21]. In order to sustain contact with the 
maintenance membrane to be determined using PBS, a 0.5% 
ophthalmic solution (20 ml) using phosphate-buffered saline (PBS, 
pH 7.4) was supplied to the donor chamber while the receptor 
chamber was filled with 1 ml PBS. At certain intervals, samples (1 
ml) of the receiver solution were obtained in order to calculate the 
amount of aspirin that diffused through the cellophane membrane. 
To maintain sink conditions, the same amount of buffer was 
introduced to the receiving chamber [22]. The HPLC technique was 
used to fig. out how much medication was released. 

Transcorneal permeability 

The transcorneal permeability of ASP-PLGA NPs was examined ex 
vivo in goat cornea. From the nearby slaughterhouse, the freshly 
sliced goat corneas were retrieved and kept in ice-cold PBS for 
future research. According to Gupta et al., the experiment was 
conducted in a diffusion chamber made up of two chambers divided 
by a goat horn [23]. The donor chamber contained the ophthalmic 
solution (0.5%, 1 ml), and the receptor chamber had PBS (20 ml). In 
order to maintain sink conditions, samples were obtained at regular 
intervals and PBS was refilled with fresh media. HPLC was utilised to 
determine how much ASP diffused through the ocular membrane. 

Stability studies 

At storage temperatures between 2 and 8 °C, the physical stability of 
lyophilized nanoparticles was investigated. For six months, 20 mg of 
ASP-PLGA NPs were kept in amber glass vials and subjected to the 
aforementioned conditions. After zero, three, and six months, the 
lyophilized nanoparticles were examined for particle size and zeta 
potential. The Q1R2 ICH Guidelines, 2003 were followed for the 
stability studies [24]. 

Statistical analysis 

All the statistical studies were done using SAS® Enterprise Guide 6.1 
M1HF5 (6.100.0.4180) (64-bit) licensed to SVKM’s NMIMS, Mumbai, 
India and installed on hp® Desktop with Intel® Core™ i3-4130T 
CPU @ 2.90 GHz. One-sample t-test was used at the 95% significance 
level with default settings [25]. 

RESULTS  

Particle size, PDI, and zeta potential  

The details of formulation approaches F1 to F8 are listed in table 1. 
The desired particle size and particle size distribution of ASP-PLGA 
NPs were obtained by optimizing various parameters such as the 
amount and rate of solvent addition, stirring rate, and amount of 
added glutaraldehyde to crosslink aspirin nanoparticles. It was 
found that the formulation F6 with protein: polymer ratio 1: 2 had a 
particle size of 160.9 nm, a PDI of 0.184 and a zeta potential of-14.1 
mV, respectively. 

 

Table 1: Formulations of ASP-PLGA-NPs 

Formulation Ratio of albumin: PLGA Solvent used Speed of agitation (rpm) 
F1 0.5: 2 Tetrahydrofuran 1500 
F2 1:2 Tetrahydrofuran 3000 
F3 1:3 Tetrahydrofuran 2500 
F4 1:2 Acetonitrile 3000 
F5 1:3 Acetonitrile 3000 
F6 1:2 Acetone 3000 
F7 1:3 Acetone 3000 
F8 1:2 Dichloromethane 3000 
 

Scanning electron microscopy 

SEM images of ASP-PLGA NPs showed spherical particles with a 
smooth surface (fig. 1). SEM images revealed even the uniformity in 
the size of the developed nanoparticle formulation. 

Encapsulation efficiency  

The ASP-PLGA NPs nanoparticles' encapsulation effectiveness varied 
from 24 to 60%, as indicated in table 2. Similar inclusion rates of 

between 40% and 60% were seen throughout all batches (table 2). 
For batches F4–F6, entrapment effectiveness and particle size were 
good. The highest capture efficiency with appropriate particle size 
was provided by batch F6, nevertheless. As a result, it was selected 
as the best method for further characterization. Results for particle 
size, PDI, and entrapment effectiveness are displayed in table 2. 
There was a significant difference between F6 and all other 
formulations except for F8 (outliers in terms of encapsulation 
efficiency, PDI, and percent drug loading, according to statistical 

Encapsulation efficiency (%) =
Amount of drug released from the lyophilized PLGA NPs 

Amount of drug initially taken to prepare the NPs
𝑋𝑋100 

Drug loading (%)  =
Amount of drug found in the lyophilized NPs  

Amount of lyophilized NPs 
𝑋𝑋100 
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analysis (t-test on one sample, 95% significance) (data not shown). 
Particle size and zeta potential, however, did not significantly differ 
between the F6 formulation and other formulations. As a result, it 
was selected as the best method for further characterization. 

In vitro drug diffusion 

Fig. 2 displays the in vitro diffusion patterns of developed 
formulations. When ASP-PLGA NP diffusion profiles are compared to 
those of ASP drug solutions containing the same quantity of ASP, it is 
shown that nanoparticles release the maximum amount of drug 
(71.4%) after 4 h while ASP-PLGA NPs release the maximum amount 
of drug (80%) after 1 h. 

In vitro transcorneal permeability 

Studies on in vitro transcorneal permeation using the newly created 
formulation revealed comparable and sustained permeation 
(66.2%) through the goat cornea after 6 h in comparison to that of 
the drug solution, indicating maximal drug release (61, 4%) after 3 h 
as shown in fig. 3. 

 

Fig. 1: SEM image of optimized ASP-loaded nanoparticles (F6)

 

Table 2: Evaluation of ASP-PLGA-NPs 

ASP-PLGA NPs 
formulation 

F1 F2 F3 F4 F5 F6 F7 F8 

Particle size (nm)#@ 380.0±9.9 227.3±12.2 459.6±10.4 124.5±6.5 194.8±18.6 160.7±9.2 182.2±15.2 662.1±27.7 
Polydispersity 
index (PDI) and 

0.416±0.042 0.286±0.014 0.404±0.02 0.179±0.016 0.274±0.012 0.184±0.016 0.288±0.004 0.342±0.082 

% drug loading and 9.45±0.6 11.23±0.8 10.58±0.24 12.44±0.22 12.76±0.27 16.94±0.7 14.28±0.5 9.48±0.25 
% Encapsulation 
efficiency* 

46.0±4.09 47.66±3.61 43.01±2.36 53.11±2.42 51.11±2.34 60.06±4.20 56.64±4.10 23.89±1.64 

Zeta potential -30.6±0.02 -18.8±0.32 -14.1±0.03 -4.6±0.05 -12.2±0.20 -14.1±0.02 -18.2±0.06 -42.9±0.64 

aResults are mean±standard deviation (SD), #n =3; @statistically not significant: one-sample t test, p≤0.05; and statistically significant: one-sample t-
test, p˃0.05; *statistically significant after deleting outlier F8: one-sample t-test, p˃0.05. 

 

 

Fig. 2: In vitro drug release of ASP-PLGA-NPs and ASP drug solution (n=3, Error bar indicates SD) 

 

 

Fig. 3: Trans-corneal permeability of ASP-PLGA-NPs and ASP drug solution (n=3, Error bar indicates SD) 
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Stability studies  

As indicated in table 3, there were no appreciable changes in the 
measured parameters for the formulations kept for six months at 2-8 °C. 
After six months of storage at-8 °C, the ASP-PLGA NPs' particle size 
increased somewhat, from 162 nm to 172.6 nm. Zeta potential readings 
were adjusted from-15.3 mV to-13.9 mV, albeit very significantly. The 

ASP-PLGA NPs were stable at 2-8 °C for six months, according to the 
stability study results. The findings indicate that ASP-PLGA NPs maintain 
their particle size even after extensive storage (six months). These 
findings conflict with earlier research by Tang and Singh [22], who 
claimed that aspirin caused PLGA to degrade in an extremely short 
amount of time. No other drug has been associated with the rapid 
degradation of PLGA that has been documented in the literature. 

  

Table 3: Stability study data of ASP-PLGA-NP’s at 2-8 °C 

Parameters Month 0 Month 3 Month 6 
Particle size (nm)@ 162±6.16 166.5±10.24 172.6±10.44 
Zeta potential [26]@ -15.3±1.54 -14.8±2.06 -13.9 mV±1.71 

aResults are mean±standard deviation (SD), #n =3; @statistically not significant: one-sample t test, p=0.05 

 

DISCUSSION 

The literature shows that the particle size is decisively influenced by 
these parameters [27]. Increasing the PLGA concentration increased 
the particle size and agglomerates of free PLGA could be observed, 
possibly due to differences in the saturation solubility of PLGA in 
various solvents. Since the components used in the formulation had 
low solubility in dichloromethane, a higher particle size was 
observed [28]. 

From the literature it can be concluded that rough particles produce 
less stable emulsion droplets compared to smooth spherical 
particles due to reduced contact between particle and interface, 
resulting in lower adsorption energy of the rough particles [29]. 
Therefore, spherical nanoparticles contribute to better formulation 
stability by reducing antiparticle friction due to the smooth surface 
[30]. 

The ASP-PLGA NPs nanoparticles' encapsulation effectiveness varied 
from 24 to 60%. The entrapment for different formulations revealed 
a broad range from 24 to 60%. The solubility of the drug in the 
aqueous phase, the rate at which the solvent precipitates in the 
organic phase, which in turn depends on the solvent's high and low 
vapour pressures, and the viscosity of the internal phase are all 
factors in drug encapsulation. But because of its high vapour 
pressure, it has been discovered that employing acetone as a solvent 
causes more entrapment [31]. Acetone quickly diffused and 
evaporated in water because of its high vapour pressure, which left 
little time for aspirin molecules to disperse in the aqueous phase and 
led to a high acetone entrapment. This caused the polymer to 
precipitate quickly. Vineeth et al. reported a similar outcome [32]. 

The main chain ester bonds of the PLGA copolymer are broken down 
into oligomers, then monomers, through hydrolysis or 
biodegradation. This has been demonstrated for several drug kinds 
and proteins with various polymer ratios both in vivo and in vitro 
[33, 34].  

The improved batch had a two-stage release pattern, as depicted in 
fig. 2: an initial burst release followed by a steady release phase 
(extended-release). Drug type, drug concentration, polymer 
hydrophobicity, and drug diffusion from the polymer matrix were all 
factors in the initial drug burst. The presence of water in the matrix 
causes the polymer to hydrolyze into soluble oligomeric and 
monomeric components, which causes the delayed release phase. As 
a result, a pathway is opened up for the drug to be released through 
diffusion and erosion until the entire polymer has broken down [35].  

When compared to the medication solution, the transcorneal 
permeability investigation of the ASP-PLGA NPs revealed a 
persistent penetration profile. This might be because the 
nanoparticles are more soluble and have smaller particle sizes. 
Additionally, aspirin has an inherent high permeability property 
because it is a member of BCS Class II, which facilitates the increased 
pro-fleshing of ASP-PLGA-NPs. 

The findings indicate that ASP-PLGA NPs maintain their particle size 
even after extensive storage (six months). These findings conflict 
with earlier research by Tang and Singh who claimed that aspirin 

caused PLGA to degrade in an extremely short amount of time [36]. 
No other drug has been associated with the rapid degradation of 
PLGA that has been documented in the literature. Precise PLGA 
degradation profile in the aspirin-loaded PLGA gel system. 

CONCLUSION 

In the present study, the ASP-PLGA NPs were prepared using the 
solvent evaporation method as an ideal preparation technique for 
improved inclusion efficiency, zeta potential, and particle size. In 
vitro release studies and the transcorneal permeation studies 
performed showed the maximum drug release in 4 h and 6 h, 
respectively, which means that this formulation can give sustained 
release at the desired site of action compared to the drug that 
reached a peak concentration of at the end of 1 h or 3 h. The 
formulation showed acceptable stability when stored at 2-8 °C. It can 
be concluded that ASP-PLGA-NPs can be used successfully for ocular 
administration and treatment of eye diseases. 

ACKNOWLEDGEMENT 

The authors are thankful to SPPSPTM, SVKM’S NMIMS, Mumbai, 
India for providing all the facilities required for research.  

AUTHORS CONTRIBUTIONS 

All the authors have contributed equally. 

CONFLICT OF INTERESTS 

The authors declare no conflict of interest 

REFERENCES 

1. Al-Zakwani I, Al-Thuhli M, Al-Hashim A, Al Balushi KA. Drug 
utilization pattern in an intensive care unit at a tertiary care 
teaching hospital in Oman. Asian J Pharm Clin Res. 
2017;10(2):194-7. doi: 10.22159/ajpcr.2017.v10i2.15148. 

2. Chistiakov DA. Diabetic retinopathy: pathogenic mechanisms 
and current treatments. Diabetes Metab Syndr. 2011;5(3):165-
72. doi: 10.1016/j.dsx.2012.02.025, PMID 22813573. 

3. Kohner EM. Aspirin for diabetic retinopathy. BMJ. 
2003;327(7423):1060-1. doi: 10.1136/bmj.327.7423.1060, 
PMID 14604902. 

4. Tan YL, Ho HK. Navigating albumin-based nanoparticles 
through various drug delivery routes. Drug Discov Today. 
2018;23(5):1108-14. doi: 10.1016/j.drudis.2018.01.051, PMID 
29408437. 

5. Jahanshahi M, Mehravar R. Protein nanoparticles as a novel 
system for food science and technology. Dynam Biochem 
Process Biotechnol Mol Biol. 2009;3(2):1-11. 

6. Kaushik A, Mazumder R, Padhi S, Mazumder A, Budhori R, 
Manorma SD. Novel approaches in ocular drug delivery-A 
revolution. Int J App Pharm. 2022:1-11. doi: 
10.22159/ijap.2022v14i3.44045. 

7. Sankar VR, Reddy YD. Nanocochleate-a new approach in lipid 
drug delivery. Int J Pharm Pharm Sci. 2010;2(4):220-3. 

8. Mittal N, Kaur G. Investigations on polymeric nanoparticles for 
ocular delivery. Adv Polym Technol. 2019;2019:1-14. doi: 
10.1155/2019/1316249. 

https://doi.org/10.22159/ajpcr.2017.v10i2.15148�
https://doi.org/10.1016/j.dsx.2012.02.025�
https://www.ncbi.nlm.nih.gov/pubmed/22813573�
https://doi.org/10.1136/bmj.327.7423.1060�
https://www.ncbi.nlm.nih.gov/pubmed/14604902�
https://doi.org/10.1016/j.drudis.2018.01.051�
https://www.ncbi.nlm.nih.gov/pubmed/29408437�
https://doi.org/10.22159/ijap.2022v14i3.44045�
https://doi.org/10.1155/2019/1316249�


A. Pethe et al. 
Int J App Pharm, Vol 15, Issue 2, 2023, 161-165 

165 

9. Tathe A, Ghodke M, Nikalje AP. A brief review: biomaterials and 
their application. Int J Pharm Pharm Sci. 2010;2(4):19-23. 

10. Perinelli DR, Cespi M, Bonacucina G, Palmieri GF. PEGylated 
polylactide (PLA) and poly (lactic-co-glycolic acid) (PLGA) 
copolymers for the design of drug delivery systems. J Pharm 
Investig. 2019;49(4):443-58. doi: 10.1007/s40005-019-00442-
2. 

11. Varela Fernandez R, Garcia Otero X, Diaz Tome V, Regueiro U, 
Lopez Lopez M, Gonzalez Barcia M. Mucoadhesive PLGA 
nanospheres and nanocapsules for lactoferrin controlled ocular 
delivery. Pharmaceutics. 2022;14(4). doi: 
10.3390/pharmaceutics14040799, PMID 35456633. 

12. Cai Q, Wang L, Deng G, Liu J, Chen Q, Chen Z. Systemic delivery 
to central nervous system by engineered PLGA nanoparticles. 
Am J Transl Res. 2016;8(2):749-64. PMID 27158367. 

13. Gavini E, Chetoni P, Cossu M, Alvarez MG, Saettone MF, 
Giunchedi P. PLGA microspheres for the ocular delivery of a 
peptide drug, vancomycin using emulsification/spray-drying as 
the preparation method: in vitro/in vivo studies. Eur J Pharm 
Biopharm. 2004;57(2):207-12. doi: 
10.1016/j.ejpb.2003.10.018, PMID 15018976. 

14. Yuan L, Guo B, Zhong W, Nie Y, Yao X, Peng X. Interaction of 
mitoxantrone-loaded cholesterol modified pullulan 
nanoparticles with human serum albumin and effect on drug 
release. J Nanomater. 2019;2019:1-13. doi: 
10.1155/2019/8036863. 

15. Das J, Debbarma A, Lalhlenmawia H. Formulation and in vitro 
evaluation of poly-(d, l-lactide-co-glycolide) (plga) 
nanoparticles of ellagic acid and its effect on human breast 
cancer, mcf-7 cell line. Int J Curr Pharm Sci. 2021;13:56-62. doi: 
10.22159/ijcpr.2021v13i5.1887. 

16. Alkholief M, Albasit H, Alhowyan A, Alshehri S, Raish M, Abul 
Kalam M. Employing a PLGA-TPGS based nanoparticle to 
improve the ocular delivery of acyclovir. Saudi Pharm J. 
2019;27(2):293-302. doi: 10.1016/j.jsps.2018.11.011, PMID 
30766442. 

17. Gupta H, Aqil M, Khar RK, Ali A, Bhatnagar A, Mittal G. 
Sparfloxacin-loaded PLGA nanoparticles for sustained ocular 
drug delivery. Nanomedicine. 2010;6(2):324-33. doi: 
10.1016/j.nano.2009.10.004, PMID 19857606. 

18. De AK, Bera T. Analytical method development, validation and 
stability studies by RP-HPLC method for simultaneous 
estimation of andrographolide and curcumin in co-
encapsulated nanostructured lipid carrier drug delivery 
system. Int J App Pharm. 2021;13(5):73-86. doi: 
10.22159/ijap.2021v13i5.42181. 

19. Zaghloul N, Mahmoud AA, Elkasabgy NA, El Hoffy NM. PLGA-
modified Syloid®-based microparticles for the ocular delivery 
of terconazole: in vitro and in vivo investigations. Drug Deliv. 
2022;29(1):2117-29. doi: 10.1080/10717544.2022.2092239, 
PMID 35838555. 

20. Sun SB, Liu P, Shao FM, Miao QL. Formulation and evaluation of 
PLGA nanoparticles loaded capecitabine for prostate cancer. Int 
J Clin Exp Med. 2015;8(10):19670-81. PMID 26770631. 

21. Das B, Sen SO, Maji R, Nayak AK, Sen KK. Transferosomal gel for 
transdermal delivery of risperidone: formulation optimization 
and ex vivo permeation. J Drug Deliv Sci Technol. 2017;38:59-
71. doi: 10.1016/j.jddst.2017.01.006. 

22. Gebreel RM, Edris NA, Elmofty HM, Tadros MI, El-Nabarawi MA, 
Hassan DH. Development and characterization of PLGA 
nanoparticle-laden hydrogels for sustained ocular delivery of 
norfloxacin in the treatment of pseudomonas keratitis: an 

experimental study. Drug Des Devel Ther. 2021;15:399-418. 
doi: 10.2147/DDDT.S293127, PMID 33584095. 

23. Tan F, Cui H, Bai C, Qin C, Xu L, Han J. Preparation, optimization, 
and transcorneal permeability study of lutein-loaded solid lipid 
nanoparticles. J Drug Deliv Sci Technol. 2021;62:102362. doi: 
10.1016/j.jddst.2021.102362. 

24. Lee J, Kim M, Hong CK, Shim SE. Measurement of the dispersion 
stability of pristine and surface-modified multi-walled carbon 
nanotubes in various nonpolar and polar solvents. Meas Sci 
Technol. 2007;18(12):3707-12. doi: 10.1088/0957-
0233/18/12/005. 

25. Dmitrienko A, Chuang Stein C, D’Agostino Sr RB. 
Pharmaceutical statistics using SAS: a practical guide. SAS 
Institute; 2007. 

26. Buya AB, Beloqui A, Memvanga PB, Preat V. Self-nano-
emulsifying drug-delivery systems: from the development to 
the current applications and challenges in oral drug delivery. 
Pharmaceutics. 2020;12(12):1194. doi: 
10.3390/pharmaceutics12121194, PMID 33317067. 

27. Akbari B, Tavandashti MP, Zandrahimi M. Particle size 
characterization of nanoparticles–a practical approach. Iran J 
Mater Sci Eng. 2011;8(2):48-56. 

28. Baishya R, Nayak DK, Kumar D, Sinha S, Gupta A, Ganguly S. 
Ursolic acid loaded PLGA nanoparticles: in vitro and in vivo 
evaluation to explore tumor targeting ability on B16F10 
melanoma cell lines. Pharm Res. 2016;33(11):2691-703. doi: 
10.1007/s11095-016-1994-1, PMID 27431865. 

29. Shanthala H, Jayaprakash H, Radhakrishna M, BH JG, PAUL K, 
Shankar S. Enhancement of solubility and dissolution rate of 
acetylsalicylic acid via co-crystallization technique: a novel 
ASA-valine cocrystal. International Journal of Applied 
Pharmaceutics. 2021:199-205. 

30. Dandamudi M, McLoughlin P, Behl G, Rani S, Coffey L, Chauhan 
A. Chitosan-coated PLGA nanoparticles encapsulating 
triamcinolone acetonide as a potential candidate for sustained 
ocular drug delivery. Pharmaceutics. 2021;13(10). doi: 
10.3390/pharmaceutics13101590, PMID 34683883. 

31. Patil N, Bhaskar R, Vyavhare V, Dhadge R, Khaire V, Patil Y. 
Overview on methods of synthesis of nanoparticles. Int J Curr 
Pharm Sci. 2021;13(2):11-6. doi: 10.22159/ijcpr.2021v13i2.41556. 

32. Vineeth P, Vadaparthi P, Kumar K, Babu BDJ, Rao AV, Babu KS. 
Influence of organic solvents on nanoparticle formation and 
surfactants on release behaviour in vitro using costunolide as 
model anticancer agent. Int J Pharm Pharm Sci. 2014;6(4):638-45. 

33. Vega E, Gamisans F, Garcia ML, Chauvet A, Lacoulonche F, Egea 
MA. PLGA nanospheres for the ocular delivery of flurbiprofen: 
drug release and interactions. J Pharm Sci. 2008;97(12):5306-
17. doi: 10.1002/jps.21383, PMID 18425815. 

34. Sah AK, Suresh PK, Verma VK. PLGA nanoparticles for ocular 
delivery of loteprednol etabonate: a corneal penetration study. 
Artif Cells Nanomed Biotechnol. 2017;45(6):1-9. doi: 
10.1080/21691401.2016.1203794, PMID 27389068. 

35. Jain GK, Pathan SA, Akhter S, Jayabalan N, Talegaonkar S, Khar 
RK. Microscopic and spectroscopic evaluation of novel PLGA-
chitosan Nanoplexes as an ocular delivery system. Colloids Surf 
B Biointerfaces. 2011;82(2):397-403. doi: 
10.1016/j.colsurfb.2010.09.010, PMID 20940097. 

36. Chen W, Fan D, Meng L, Miao Y, Yang S, Weng Y. Enhancing 
effects of chitosan and chitosan hydrochloride on intestinal 
absorption of berberine in rats. Drug Dev Ind Pharm. 
2012;38(1):104-10. doi: 10.3109/03639045.2011.592531, 
PMID 21774632. 

 

https://doi.org/10.1007/s40005-019-00442-2�
https://doi.org/10.1007/s40005-019-00442-2�
https://doi.org/10.3390/pharmaceutics14040799�
https://www.ncbi.nlm.nih.gov/pubmed/35456633�
https://www.ncbi.nlm.nih.gov/pubmed/27158367�
https://doi.org/10.1016/j.ejpb.2003.10.018�
https://www.ncbi.nlm.nih.gov/pubmed/15018976�
https://doi.org/10.1155/2019/8036863�
https://doi.org/10.22159/ijcpr.2021v13i5.1887�
https://doi.org/10.1016/j.jsps.2018.11.011�
https://www.ncbi.nlm.nih.gov/pubmed/30766442�
https://doi.org/10.1016/j.nano.2009.10.004�
https://www.ncbi.nlm.nih.gov/pubmed/19857606�
https://doi.org/10.22159/ijap.2021v13i5.42181�
https://doi.org/10.1080/10717544.2022.2092239�
https://www.ncbi.nlm.nih.gov/pubmed/35838555�
https://www.ncbi.nlm.nih.gov/pubmed/26770631�
https://doi.org/10.1016/j.jddst.2017.01.006�
https://doi.org/10.2147/DDDT.S293127�
https://www.ncbi.nlm.nih.gov/pubmed/33584095�
https://doi.org/10.1016/j.jddst.2021.102362�
https://doi.org/10.1088/0957-0233/18/12/005�
https://doi.org/10.1088/0957-0233/18/12/005�
https://doi.org/10.3390/pharmaceutics12121194�
https://www.ncbi.nlm.nih.gov/pubmed/33317067�
https://doi.org/10.1007/s11095-016-1994-1�
https://www.ncbi.nlm.nih.gov/pubmed/27431865�
https://doi.org/10.3390/pharmaceutics13101590�
https://www.ncbi.nlm.nih.gov/pubmed/34683883�
https://doi.org/10.22159/ijcpr.2021v13i2.41556�
https://doi.org/10.1002/jps.21383�
https://www.ncbi.nlm.nih.gov/pubmed/18425815�
https://doi.org/10.1080/21691401.2016.1203794�
https://www.ncbi.nlm.nih.gov/pubmed/27389068�
https://doi.org/10.1016/j.colsurfb.2010.09.010�
https://www.ncbi.nlm.nih.gov/pubmed/20940097�
https://doi.org/10.3109/03639045.2011.592531�
https://www.ncbi.nlm.nih.gov/pubmed/21774632�

	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	Table 1: Formulations of ASP-PLGA-NPs
	Table 2: Evaluation of ASP-PLGA-NPs
	Fig. 2: In vitro drug release of ASP-PLGA-NPs and ASP drug solution (n=3, Error bar indicates SD)
	Fig. 3: Trans-corneal permeability of ASP-PLGA-NPs and ASP drug solution (n=3, Error bar indicates SD)
	DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENT
	AUTHORS CONTRIBUTIONS
	CONFLICT OF INTERESTS
	REFERENCES


