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Abstract: Nanoformulations (NFs) are suitable for encapsulation and delivery of multiple hydrophobic drugs. Polymers 
enable higher drug entrapment and sustained drug release profile. In this study, poly(lactic-co-glycolic) acid (PLGA) 
nanoparticles (NPs) co-encapsulating hydrophobic agents including curcumin (Cur) and meloxicam (Mlx) were prepared 
and physicochemically characterized. Mono and dual drug loaded NPs of Cur and Mlx were synthesized using single-
emulsion (o/w) solvent evaporation method. NPs were characterized for zeta size and potential, polydispersity index 
(PDI), encapsulation efficiency, in vitro drug release and storage stability. In vitro antioxidant activity was determined 
using DPPH and ABTS scavenging assays. Spherical smooth surfaced mono and dual drug-loaded NPs showed particle 
sizes of 104.2 to 195.4 nm, zeta potential of -22.9 to -17.1 mV and PDI below 0.25. High encapsulation efficiency 
(>75%) of all drug-loaded NPs was found. NPs exhibited an initial burst following sustained drug release rates at pH 7.4. 
In vitro, Cur and Mlx co-loaded NPs exhibited higher radical scavenging activity compared to pure drugs in DPPH and 
ABTS assays. Storage stability studies showed insignificant changes in NPs at 4oC and 27oC for one month. 
Conclusively, Cur and Mlx co-encapsulation resulted in stable NFs with high drug encapsulation efficiencies, improved 
drug release profiles and antioxidant activities. 
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INTRODUCTION 
 
Nanoformulations (NFs), as targeted drug delivery 
systems, have gained more attention from researchers in 
the last few decades. Nanoparticles (NPs) are formulated 
as colloidal systems with particle sizes ranging from 10 
nm to 1000 nm. Biodegradable polymers are used to 
adsorb, entrap or chemically couple the active substances 
(Li et al., 2022). In contrast to conventional drug delivery 
systems, NPs have several advantages such as enhanced 
stability, hydrophobic and hydrophilic drug incorporation, 
administration through different routes, reduction in 
administration frequency and fewer side effects. Drugs 
having poor absorption can be incorporated into NPs to 
enhance their bioavailability, controlled release and 
prolong the drug residence time in the body (Saxena et 
al., 2020).  
 
Polymers include poly (D, L-lactic-co-glycolic) acid 
(PLGA) is widely used to prepare controlled release NPs 
for human use due to its non-immunogenic, 
biocompatible and biodegradable features (Rocha et al., 
2022). Lactic acid and glycolic acid are two monomeric 
parts of PLGA that are obtained upon polymer hydrolysis. 
Being endogenous compounds lactic acid and glycolic 
acid are readily metabolized in the body. Therefore, 

PLGA NPs are associated with minimal systemic 
toxicities (Ghitman et al., 2020). Stabilizing agents are 
used to reduce the interfacial tension between 
hydrophobic and hydrophilic phases consequently 
stabilizing the colloidal dispersion. Polyvinyl alcohol 
(PVA) or other types of pluronics are used to incorporate 
hydrophobic substances into NPs (Arefian et al., 2020). 
 
It is well established that excessive production of reactive 
oxygen species (ROS) plays a crucial role in the 
pathogenesis of various chronic inflammatory diseases. In 
recent years research focus is increased to employ 
antioxidant therapies in the management of oxidative 
stress-mediated pathological abnormalities (Zhong et al., 
2021). Curcumin (Cur), a polyphenol extracted from the 
rhizome of Curcuma longa, is well studied for its 
potential antioxidant, anti-inflammatory, anti-microbial 
and anti-carcinogenic activities. Studies have shown the 
effectiveness of Cur in the treatment of rheumatoid 
arthritis, Alzheimer’s disease, multiple sclerosis and 
atherosclerosis (Salehi et al., 2019; Guan and Gao, 2022). 
Also, Cur inhibits metastasis, cell proliferation and 
induces apoptosis mediated by growth factors and pro-
inflammatory factors (Kabir et al., 2021). However, the 
poor aqueous solubility of Cur limits its widespread 
clinical applications. Several researchers have attempted 
to develop Cur encapsulated NFs to evade the low 
solubility problem (Lu et al., 2020; Wu, 2021).    *Corresponding author: e-mail: bilal.aslam@uaf.edu.pk 
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Meloxicam (Mlx) belongs to the non-steroidal anti-
inflammatory drugs (NSAIDs). It prevents the production 
of pro-inflammatory prostaglandins (PGs) by selectively 
inhibiting cyclooxygenase-2 (COX-2). In addition, the 
antioxidant potential of Mlx is reported to strengthen the 
antioxidant defense system and inhibit cell apoptosis, 
ameliorate liver toxicity and is believed to be responsible 
for its neuroprotective action (Pawlukianiec et al., 2020). 
The combination of Mlx with other natural/synthetic 
agents has shown synergistic pharmacological activities in 
various pathological conditions (Gutierrez et al., 2021; 
Wasay et al., 2022).  
  
Co-encapsulation of multiple therapeutic compounds 
within a single nano-delivery system has attained 
significant attention in recent years. Multiple drugs co-
loaded nano-carriers can act synergistically with better 
target selectivity, therapeutic efficacy and low toxicity 
(Liu et al., 2022). Therefore, this study aimed to 
synthesize, characterize and explore the in vitro 
antioxidant activities of Cur and Mlx co-encapsulated 
PLGA NPs.  
 
MATERIALS AND METHODS  
 
Drugs and chemicals 
Curcumin (Spectrum®, China), meloxicam (Sigma-
Aldrich®, USA), poly(lactic-co-glycolic) acid (PLGA) of 
MW 7,000-17,000 (Sigma-Aldrich®, USA) and polyvinyl 
alcohol (PVA) 1500 (Duksan® Pure Chemicals, Korea) 
were procured. 
  
Preparation of NPs 
A modified method of Mora-Huertas, (2010) was adopted 
to prepare Cur, Mlx and Cur plus Mlx loaded NPs via a 
single-emulsion (o/w) solvent evaporation method. 
Organic phase contained PLGA polymer dissolved in 
acetone (200mg/mL) and aqueous phase consisted of 
PVA (2%, w/v) solution. Accurately weighed 10mg of 
Cur and Mlx alone and in three combinations (ratio 25:75, 
50:50 and 75:25) were separately dissolved in 1.5mL of 
acetone-dichloromethane (1:2, v/v) solvent mixture. 
PLGA solution and drugs dissolved solvent mixture were 
emulsified with 10 mL of PVA solution using a micro-tip 
probe sonicator (Sonics & Materials, Inc., USA) for 30 
seconds at 50W output in an ice bath. Then, the 
formulations were continuously stirred to completely 
evaporate the organic phase at 37oC using a magnetic 
stirrer, leaving behind the colloidal suspension of blank 
NPs (NP-B), Cur loaded NPs (NP-C), Mlx loaded NPs 
(NP-M) and different combinations of Cur plus Mlx co-
encapsulated NPs i.e. NP-CM1 (25:75), NP-CM2 (50:50) 
and NP-CM3 (75:25). NFs were centrifuged at 25000 rpm 
for 10 minutes and NPs in pellet form and the 
supernatants were collected for further analysis. 
 

Particle size, zeta potential and polydispersity index 
(PDI) 
All NPs were subjected to particle size, zeta potential and 
PDI characterization (Siddique et al., 2021). The collected 
pellets re-suspended in deionized water and sonicated for 
30 seconds were analyzed using Zeta Sizer 3000 
(Malvern®, UK). 
 
Encapsulation efficiency (%) 
The encapsulation efficiency of NPs was determined by 
pelletizing the samples at 25,000 rpm for 20 minutes 
under a controlled temperature (4oC). Then, supernatants 
were collected and absorbance (λmax: 427 nm for Cur, 363 
nm for Mlx) was measured using a spectrophotometer 
(Shimadzu®, Japan). Different concentrations of Cur and 
Mlx were used to prepare the calibration curve and 
encapsulation efficiency was calculated by using an 
indirect method of Sun et al., (2015) as Encapsulation 
efficiency (%) = [(Encapsulated drug - Free drug)/ Total 
added drug] x 100. 
 
Fourier transform infrared spectroscopy (FT-IR) 
The FT-IR analysis was performed to observe the extent 
of bonding and drug-polymer interactions between 
entrapped drugs and polymer. Each lyophilized NPs 
sample (5 mg) compressed (1000 psi) in 100 mg of KBr 
was analyzed using FT-IR spectroscope (Spectrum Two®, 
Perkin Elmer) connected with Spectrum® 10.5.3 software. 
Absorption spectra of samples were measured from 4000 
to 600 cm-1 in the IR region (Hussain et al., 2021). 
 

Table 1: Particle size, zeta potential and PDI of Cur and 
Mlx mono and dual drug encapsulated NPs. 
 

Sample 
Particle size 

(nm) 
Zeta potential 

(mV) 
PDI 

NP-B 10.3 -24.4 0.07 
NP-C 138.8 -20.8 0.19 
NP-M 104.2 -21.7 0.18 
NP-CM1 190.1 -22.9 0.24 
NP-CM2 195.4 -17.1 0.21 
NP-CM3  171.9 -20.2 0.22 

 

Table 2: Encapsulation efficiency of Cur and Mlx 
encapsulated NPs. 
 

Sample Cur content (%) Mlx content (%) 
NP-B --- --- 
NP-C 93.16 --- 
NP-M --- 89.71 
NP-CM1 88.90 86.36 
NP-CM2 91.84 90.23 
NP-CM3  88.42 77.31 

 

Thermo-gravimetric (TGA-DSC) analysis 
The thermo-gravimetric analysis of NPs was carried out 
to observe possible drug-polymer interactions using TA 
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Instrument Q600 DSC (New Castle, Delaware, USA). 
Each sample (3-5 mg) was transferred into aluminum 
crucibles and heated from room temperature to 300oC 
maintaining the heating rate at 10oC/minute and nitrogen 
gas flow rate at 100mL/minute.  
 
Scanning electron microscopy (SEM) 
Surface morphology of NPs was visualized by SEM 
(JSM5910, Jeol, Japan). One drop of a concentrated 
aqueous suspension of NPs was placed and allowed to dry 
on a metal grid for 24 hours at room temperature. 
Samples were coated with gold-palladium and analyzed 
under an argon atmosphere (Kızılbey, 2019). 
 

Storage stability study 
Equal quantities (5 mg) of NPs re-suspended in deionized 
water were separately stored for one month at 4oC and 
27oC. Samples were assayed after a pre-estimated time to 
observe the changes in particle size, zeta potential and 
PDI (Wan et al., 2018). 
 
In vitro release study 
Drug release profile of NPs was determined using USP 
apparatus 2 (Paddle apparatus) according to Sun et al., 
(2015). Egg membrane used as a dialysis membrane was 
soaked overnight in PBS (pH 7.4) before conducting the 
analysis. The purified NPs equivalent to 10 mg drug was 
placed in a dialysis membrane, tied with heat resistant 
thread and dipped in 500mL of PBS (pH 7.4) with 
continuous agitation. About 10mL of PBS was withdrawn 
at specific intervals (0.2, 0.4, 1, 2, 3, 5, 8, 12 and 24 
hours) and an equal volume of PBS was substituted to 
maintain the sinking conditions. Absorbance was 
measured at 363nm and 427nm using a spectrophotometer 
(Shimadzu®, Japan) and cumulative percentage release 
was calculated. All measurements were taken in triplicate.    
 
DPPH radical scavenging assay 
The DPPH* scavenging photometric assay with some 
modification was performed to assess the antioxidant 
activity of NPs (Subhan et al., 2021). Test samples 
include pure Cur and Mlx and mono and dual drug loaded 
NPs diluted in ethanol (1000µg/mL) were added to 2 mL 
of ethanolic DPPH (200µg/mL) to prepare different 
concentrations (100 to 6.25µg/mL). Samples were 
incubated at 25oC for 30 minutes and absorbance was 
taken at 517 nm. The percentage inhibition of DPPH* was 
calculated by the given formula: DPPH* inhibition (%) = 
[(A-Control – A-Sample)/A-Control] x 100. A-Control is 
absorbance of DPPH without sample and A-Sample is 
absorbance of DPPH with the sample.  
 
ABTS radical scavenging assay 
Radical scavenging activity of NPs was determined using 
ABTS radical decolorization assay (More and Makola, 
2020). The production of ABTS cation radical was 
accomplished by mixing ABTS (10 mg) and potassium 
persulfate (2 mg) in deionized water and storing in dark 

for 18-20 hours. Then, ABTS solution (500μL) was 
diluted with 30mL of methanol. Different concentrations 
(100-6.25μg/mL) of each NPs and pure drugs were 
prepared and added to ABTS methanolic solution. 
Absorbance was measured at 734 nm after incubating the 
test samples for 30 minutes at room temperature. The 
percentage inhibition (%) of ABTS was calculated using 
the above-mentioned formula. 
 

STATISTICAL ANALYSIS 
 
Results obtained from in vitro antioxidant assays were 
analyzed by applying two-way ANOVA and Tukey’s test 
using GraphPad Prism® software (version 6.01), 
considering P<0.05 as a significant difference. Triplicate 
values were presented as Mean±SD. 
 

RESULTS 
 
Particle size, zeta potential and PDI of NPs 
As mentioned in table 1, Cur and Mlx mono and dual 
drug loaded NPs showed particle sizes ranging from 
104.2 nm to 195.4 nm along with PDI values less than 
0.25. Zeta potential values were recorded from -22.9 mV 
to -17.1 mV.   
 

Encapsulation efficiency of NPs 
The encapsulation efficiency of prepared NPs was 
determined by the indirect method. NPs encapsulate Cur 
and Mlx alone and in different combinations showed 
encapsulation efficiency of more than 75% (table 2). 
 
FT-IR analysis of NPs 
The FT-IR spectra of PLGA, Cur and Mlx standards are 
shown in fig.1 (A-C). The spectra for drug loaded NPs 
(fig. 1D-F) revealed similarity to the PLGA spectrum. 
The obtained results showed the peak at ~1729 cm-1 
indicate the C=O ester bond stretching of PLGA. Peaks in 
the region of 1100-1400 cm-1 are representing C-O 
stretches for the samples. PLGA and co-encapsulated NPs 
showed a peak at ~2929 cm-1 which indicate C-H bond 
stretching. The characteristic peaks of Cur and Mlx at 
~1580 cm-1 and ~3290 cm-1 represent stretching of C=N 
and O-H bonds, respectively were also noticed for dual 
drug loaded NPs. 
 
Thermo-gravimetric analysis of NPs 
The thermo-gravimetric behavior of pure PLGA, Cur, 
Mlx and dual drug loaded NPs was assessed using TGA-
DSC analysis as shown in fig. 2(A-F). Thermograms of 
PLGA, Cur and Mlx demonstrated two thermal peaks; an 
initial phase transition peak at 53.6oC, 182.7oC and 
223.4oC and a second peak at 228.1oC, 224.9oC and 
265.2oC, respectively indicating thermal degradation of 
pure compounds (fig. 2A-C). However, dual drug loaded 
NPs encapsulating Cur and Mlx (fig. 2D-F) showed a 
single broadened peak at 229.6oC, 226.9oC and 232.3oC, 
respectively. 
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Table 3: Particle size, zeta potential and PDI of Cur and Mlx mono and dual drug encapsulated NPs after one month 
(4oC and 27oC). 
 

Particle size (nm) Zeta potential (mV) PDI Sample 
4oC 27oC 4oC 27oC 4oC 27oC 

NP-B 24.3 18.1 -19.9 -22.6 0.17 0.11 
NP-C 190.1 159.2 -13.2 -17.3 0.29 0.24 
NP-M 147.6 122.4 -14.8 -19.1 0.30 0.21 
NP-CM1 244.8 220.1 -16.1 -20.8 0.32 027 
NP-CM2 278.0 241.7 -14.9 -18.3 0.22 0.19 
NP-CM3  236.2 199.9 -11.5 -15.1 0.33 0.26 

 

 
Fig. 1: FT-IR spectra of standards (A) PLGA, (B) Cur and (C) Mlx and dual drug loaded NPs (D) NP-CM1, (E) NP-
CM2 and (F) NP-CM3, respectively. 

 
Fig. 2: Thermograms of standards (A) PLGA, (B) Cur and (C) Mlx and dual drug loaded NPs (D) NP-CM1, (E) NP-
CM2 and (F) NP-CM3, respectively. 
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SEM analysis of NPs 
Surface morphological features of PLGA-based NPs were 
observed under SEM. NPs loaded with mono and dual 
drugs showed nearly spherical and smooth surfaces 
without any significant adhesion or aggregation (fig. 3A-
E). In addition, some NPs with a porous surface were also 
found. 

 
Fig. 3: SEM microphotographs showing smooth-surfaced 
spherical NPs. (A) NP-B, (B) NP-C, (C) NP-M, (D) NP-
CM1, (E) NP-CM2 and (F) NP-CM3. 

 
Fig. 4: In vitro drug release profile of mono drug loaded 
NP (A) NP-C and NP-M and dual-drug loaded NP (B) 
NP-CM1, (C) NP-CM2 and (D) NP-CM3. Results are 
presented as Mean±SD (n=3). 

Storage stability studies of NPs 
To assess the storage stability, Mlx and Cur loaded NPs 
were stored at 4oC and 27oC for one month. After the 
predetermined time, samples of each NPs were evaluated 
for the changes in zeta size, zeta potential and PDI. 
Results presented in table 3 indicate insignificant changes 
in particle size, zeta potential and PDI of all NPs at 27oC 
compared to that stored at 4oC.   

 
Fig. 5: In vitro antioxidant activity of pure Cur and Mlx 
and NPs loaded with Cur and Mlx mono  and dual drug 
loaded NPs in (A) DPPH* scavenging assay and (B) 
ABTS* scavenging assay. Results are presented as 
Mean±SD (n=3). *P<0.05 significant difference from 
pure Cur; #P<0.05 significant difference from pure Mlx. 
 
In vitro drug release of NPs 
Results presented in fig. 4(A-D) showed the drug release 
profile of Cur and Mlx encapsulated NPs in a dissolution 
medium (pH 7.4) for 24 hours. All NPs exhibited a 
biphasic drug release pattern for 24 hours. An initial burst 
release of Cur or/and Mlx was seen from NPs for 5 hours 
and then sustained drug release was observed up to 24 
hours. Results demonstrated that 68.11±4.12% and 
70.78±4.23% of Cur and Mlx, respectively were released 
from mono drug loaded NPs in 24 hours (fig. 4A). Three 
combinations of co-drug loaded NPs showed 
42.12±2.10%, 58.44±2.52% and 61.84±1.64% of Cur 
release and cumulative release of Mlx was 67.11±2.20%, 
65.90±1.81% and 53.46±1.25%, respectively (fig. 4B-D).  
 
In vitro antioxidant activity of NPs 
The radical scavenging activity of different 
concentrations, ranging from 6.25-100 μg/mL, of mono 
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and dual drug loaded NPs in comparison to pure Cur and 
Mlx was assessed using DPPH and ABTS assays as 
mentioned in fig. 5 (A, B). In both tests, the test samples 
demonstrated free radical scavenging activity in a dose-
dependent manner. The NP-C and NP-M showed a 
significantly increased DPPH scavenging activity from 
28.99±1.62% to 84.01±1.25% and 11.55±0.81% to 
52.24±0.98% in comparison to pure Cur (17.34±0.95% to 
67.43±1.32%) and Mlx (7.26±1.03% to 38.57±2.31%). 
The free radical scavenging activity of dual drug loaded 
NPs i.e. NP-CM1, NP-CM2 and NP-CM3 was found in 
the range of 10.82±0.84% to 47.62±0.63%, 13.19±0.59% 
to 59.91±0.82%, and 23.51±1.71% to 75.53±0.85%, 
respectively (fig. 5A). Similarly, ABTS radical 
scavenging ability of mono- and dual-drug loaded NPs 
were observed in the range of 22.28±0.96% to 
82.27±1.04% for NP-C, 6.63±0.94% to 40.97±1.28% for 
NP-M, 5.19±0.91% to 32.28±1.04% for NP-CM1, 
8.79±0.85% to 47.97±1.18% for NP-CM2 and 
11.70±1.28% to 68.36±1.10% for NP-CM3, respectively 
as compared to pure Cur (14.67±0.49% to 64.19±0.67%) 
and Mlx (2.67±0.51% to 26.21±0.95%) (fig. 5B).  
 
DISCUSSION 
 
Oxidative stress is believed to be associated with the 
onset and persistence of various autoimmune and chronic 
inflammatory diseases. Therefore, anti-inflammatory 
agents along with antioxidants are becoming suitable 
approaches for the prevention and treatment of 
inflammatory conditions (Ijaz et al., 2021). Cur is a well-
known natural compound famous for its antioxidant and 
anti-inflammatory activities (Salehi et al., 2019). Mlx a 
potent synthetic NSAID, is efficient in relieving 
inflammation and pain. Mlx is preferred over other 
NSAIDs due to its low toxicity and appreciable 
tolerability (Pawlukianiec et al., 2020). However, poor 
aqueous solubility and low bioavailability are some 
limitations of the use of Cur and Mlx. NFs are being used 
as a single or/and co-drug delivery system to overcome 
the aforementioned drawbacks of hydrophobic drugs and 
to improve the therapeutic efficacy and targeted drug 
delivery of conventional drugs (Liu et al., 2022). Here, 
dual drug loaded PLGA NPs encapsulating Cur and Mlx 
were successfully prepared and characterized.  
 
Optimization of NPs to adjust the particle size of dual 
drug loaded NPs appears to be based on similar principles 
as single-agent loaded NPs prepared by the single 
emulsion (o/w) evaporation method. The emulsification 
process and stability of emulsion globules are the main 
controlling factors of particle size, while drug entrapment 
efficiency depends upon the partition of the drug in 
aqueous-organic phases and drug-polymer interactions. 
The particle size mainly contributes to the improved 
bioavailability of drug-loaded NPs (Hernández-Giottonini 
et al., 2020). Deprotonating free carboxylic groups of 

PLGA leads to a negatively charged polymer chain that 
imparts negative zeta potential. In comparison to large 
size NPs, small size NPs tend to have high zeta potential 
values which result in increased stability of NPs 
(Kızılbey, 2019; Ovenseri and Halilu, 2022). In the 
present study, PLGA NPs encapsulating single and three 
combinations of Cur and Mlx showed particle sizes 
ranging from 104.2 nm to 195.4 nm, PDI less than 0.25 
and zeta potential from -22.9 mV to -17.1 mV, which 
indicate the good uniformity and colloidal stability of all 
NPs (table 1). 
 
Encapsulation or entrapment efficiency (%) of NPs can be 
determined through a direct or indirect method. Free drug 
present in supernatant after centrifugation of NPs is 
measured through an indirect method and is used to 
estimate the encapsulation efficiency (Wan et al., 2018). 
Results revealed the high encapsulation efficiency (>75%) 
of prepared mono and dual drug loaded NPs determined 
through an indirect method (table 2). 
 
The FT-IR analysis of standard PLGA, Cur and Mlx and 
dual drug loaded NPs was carried out to highlight any 
drug-polymer interactions (fig. 1A-F). The presence of 
characteristic peaks of PLGA at ~1729 cm-1 (C=O 
stretching), ~2929 cm-1 (C-H stretching) and 1100-1400 
cm-1 (C-O stretching) in the FT-IR spectra of dual drug 
load NPs indicated the drug-polymer compatibility. In 
addition, distinctive peaks of standard Cur at ~1580 cm-1  
(C=N stretching) and Mlx at ~3290cm-1 (O-H stretching) 
were also noticed in dual drug loaded NPs which showed 
the chemical stability of Cur and Mlx in all NPs as 
observed in the previous study (Akel et al., 2021). 
 
The thermo-gravimetric analysis demonstrates the thermal 
transition, degradation and stability characteristics of 
materials as a function of temperature (Wasay et al., 
2022). Initially, materials show a small mass loss in the 
first transition step followed by significant mass loss due 
to the degradation of material (Sun et al., 2015). In this 
study, thermo-gravimetric changes of pure PLGA, Cur 
and Mlx and NPs encapsulating Cur and Mlx in three 
combinations were observed (fig. 2A-F). Thermo grams 
of pure compounds showed two thermal peaks indicating 
initial phase transition and later degradation of PLGA, 
Cur and Mlx. While, a single broadened peak of dual drug 
loaded NPs suggests the insignificant drug-polymer 
interaction and improved stability and sustained release 
nature of NPs as observed previously (Arzani et al., 2019; 
Akel et al., 2021). 
 
SEM analysis showed the spherical smooth-surfaced NPs 
with narrow particle size distribution. An insignificant 
difference was observed in the surface morphology of 
blank, mono and co-drug loaded NPs (fig. 3A-F). Size 
distributions obtained from SEM results were nearly 
similar to that measured from DLS. However, minor 
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differences in size measurement were found as SEM 
analysis is performed using dry state NPs while DLS 
measures the hydrodynamic size of dispersed NPs. Few 
NPs with porous surfaces were also observed, which is 
likely to be beneficial for drug dissolution and subsequent 
degradation of polymer (Khan et al., 2020).  
 
The storage stability of NFs is a critical parameter for all 
pharmaceuticals. Blank, mono and co-encapsulated NPs 
of Cur and Mlx stored at 4oC and 27oC for one month 
exhibited minor changes in the size, zeta potential and 
PDI in both cases (table 3). It indicates the stability of 
formulated NPs in these particular conditions. Our 
findings are in concordance with the previous study 
(Zhang et al., 2022). 
 
In vitro drug release study of NPs loaded with 
hydrophobic drugs (Cur and Mlx) bearing more than 75% 
encapsulation efficiency was carried out for 24 hours. All 
NPs showed drug release in a biphasic pattern (fig. 4A-
D). The initial phase of abrupt drug release indicated the 
rapid dissolution of the adsorbed drug on the surface of 
NPs followed by sustained drug release that could be due 
to slow penetration of diffusion medium into NPs. 
Therefore, the rate of drug diffusion through polymer is 
assumed as the main factor controlling the drug release 
from NPs as reported in a previous study (Grune et al., 
2021).  
 
DPPH and ABTS radical scavenging assays were applied 
to assess the antioxidant activities of Cur and Mlx in free 
and encapsulated NPs forms. In both assays, PLGA 
encapsulating Cur and Mlx showed significantly (P<0.05) 
enhanced antioxidant activities when compared to pure 
drugs (fig. 5A, B). Results indicate that the prepared 
mono and dual drug loaded NPs have promising 
antioxidant potential. Moreover, dual drug loaded NPs 
demonstrated additive antioxidant effects. Hence, co-
encapsulation of Cur and Mlx improved the 
bioavailability as well as may contribute to antioxidant 
effects in the oxidative stress-mediated pathological 
conditions as reported in the previous study (Patergnani et 
al., 2021; Widowati et al., 2022).  
 
CONCLUSION 
 
The present study demonstrated the successful preparation 
of Cur and Mlx co-encapsulated PLGA NPs using a 
single emulsion (o/w) solvent evaporation technique. Our 
findings also indicated the high drug entrapment 
efficiency of mono and dual drug loaded NPs with 
improved sustained release profiles and enhanced 
antioxidant activities of all formulations. Hence, these 
NPs have potential to act as nano-carriers for the co-
delivery of Cur and Mlx. Thus, our findings suggest that 
the dual drug loaded NPs may be applied in the clinical 
setting for the management of inflammatory conditions. 

Furthermore, we aim to investigate any possible 
synergistic anti-inflammatory and anti-arthritic activities 
of prepared dual drug loaded NPs in future studies.   
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