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Background: The aim of the present investigation is to prepare baricitinib (BAR)-loaded diphenyl carbonate (DPC) β-cyclodextrin 
(βCD) based nanosponges (NSs) to improve the oral bioavailability.
Methods: BAR-loaded DPC-crosslinked βCD NSs (B-DCNs) were prepared prepared by varying the molar ratio of βCD: DPC (1:1.5 
to 1:6). The developed B-DCNs loaded with BAR were characterized for particle size, polydispersity index (PDI), zeta potential (ZP), 
% yield and percent entrapment efficiency (%EE).
Results: Based on the above evaluations, BAR-loaded DPC βCD NSs (B-CDN3) was optimized with mean size (345.8±4.7 nm), PDI 
(0.335±0.005), Yield (91.46±7.4%) and EE (79.1±1.6%). The optimized NSs (B-CDN3) was further confirmed by SEM, spectral 
analysis, BET analysis, in vitro release and pharmacokinetic studies. The optimized NSs (B-CDN3) showed 2.13 times enhancement in 
bioavailability in comparison to pure BAR suspension.
Conclusion: It could be anticipated that NSs loaded with BAR as a promising tool for release and bioavailability for the treatment of 
rheumatic arthritis and Covid-19.
Keywords: baricitinib, cyclodextrin, diphenyl carbonate, crosslinker, bioavailability, BAR, DPC

Introduction
Baricitinib (BAR) is a azetidineacetonitrile, 1-(ethylsulfonyl)-3-[4-(7H-pyrrolo[2,3-d] pyrimidin-4-yl)-1H-pyrazol-1-yl]-, 
empirically represented as (C16H17N7O2S), with molar mass of 371.42 g/mol. The mechanism of action of BAR is as 
a Janus Kinase Inhibitor, there are four tyrosine receptor kinases Janus kinase (JAK1-3), and tyrosine kinase (TYK2), 
wherein JAK2 activation may be critical for tumour formation and progression, JAK3 is required for immune cell 
development. However, JAK1 and TYK2 indicated in disease conditions and immune suppression.1–3 BAR act against 
rheumatoid arthritis (RA) by disrupting the responses of cells due to the cytokines. Unrecognized proteins (cytokines) are 
inhibited that are actively involved in cells to cells communication, and excess of this cytokines may cause RA 
inflammation.4–6 Baricitinib (BAR) (Olumiant) relieve the symptoms of pain, stiffness and swelling in joints and 
slows the joint damage that RA can cause. Most people who benefit from this treatment will notice some improvement 
within the first 12 weeks.7,8 Recently, it was therapeutically used against the COVID-19 and SARS-CoV-2 by inhibiting 
the signalling pathways such as interleukin-2, interleukin-6, interleukin-10, interferon-γ, and impairing the AP2- 
associated protein kinase, respectively. It used as an antiarrhythmic agent, and JAK inhibitor with proven and effective 
anti-inflammatory and anti-viral effects, used during Covid-19 as a immunomodulatory,9,10 recently it got approved for 
treatment of alopecia.11,12 BAR is the first FDA-approved once-daily pill for the treatment of severe alopecia areata, this 
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JAK inhibitor demonstrated excellent hair regrowth compared to the placebo.13 Moreover, it was also shown to decrease 
the proliferation of JAK1/JAK2 expression in mutated cells and causes caspase-mediated cell death.14

BAR is used as curative as well as palliative treatment purpose. BAR is not recommended in pregnancy and 
breastfeeding, therefore if anyone is under BAR treatment one should use contraceptive for at least one week after its 
treatment.15 Moreover, any person undergoing for operation or surgery must stop taking BAR for a week of before and 
after the surgical procedure. Treatment of BAR is recommended only for non-live vaccines and should be avoided with 
live vaccines. There is no therapeutic incompatibility between BAR and NSAIDs or other analgesics.16 However, there 
are a few side-effects observed with BAR treatments that include; nausea, vein embolisms, pulmonary embolism, 
breathlessness, affects on the immune system thereby causing cold sores, chest and urinary tract infections.17

BAR is reported to show poor aqueous solubility, which creates hindrance in developing formulations. Scientist have 
explored many formulations including nanocarriers to improve the solubility of this drug and to improve the efficacy.18–21 

β-cyclodextrin (βCD) is a macrocyclic oligosaccharide cavity consisting of seven α-1,4-linked d-glucopyranosyl units, these 
are further crosslinked by using any cross linker; diphenyl carbonate (DPC), 1,1′-carbonyl diimidazole, 6-hexamethylene 
diisocyanate, pyromellitic dianhydride, 2,6-naphthalene dicarboxylic acid, 1,4-butanediol diglycidyl ether, in order to 
fabricate β-cyclodextrin nanosponges (β-CDNSs). In pharmaceutical industries, cyclodextrins (CD) usage for complexation, 
solubilization, stability, and improved dissolution and bioavailability is well-established and proven by many model drugs. 
CDs, due to their Lewis base character, can be able to accommodate guest supramolecular structures and facilitate the 
hydrophilicity. Moreover, the NSs formed by CDs has the hydrophilic, nanoporous, increases surface area, characteristics. 
β-CDNSs are stable at high temperatures up to 300°C, and over the pH range of 1 to 11. They can be easily fabricated by 
thermal desorption, and ultrasound techniques.21–25

The objective of the current study is to prepare the βCDNSs using DPC as cross linker and incorporate the BAR drug. 
The prepared DPC-crosslinked βCDNSs characterized for physicochemical, and pharmaceutical parameters. The opti-
mized BAR-loaded DPC-crosslinked βCDNSs was then further evaluated for pharmacokinetic studies on rats.

Materials and Methods
Materials
BBAR) was purchased from “Mesochem Technology” Beijing, China. β-cyclodextrin (βCD), DPC and Dimethyl 
sulfoxide (DMSO) are procured from Sigma Aldrich, Germany and Alain PhrarmTech, India, respectively. All the 
other chemicals will be of analytical grades.

Synthesis of DPC Crosslinked β-CD-NSPs
Blank NSPs were synthesized by crosslinking the β-cyclodextrin (βCD) with DPC. Briefly, four batches of blank NSPs 
were prepared in the molar ratio (1:1.5, 1:3, 1:4.5 and 1:6, β-CD/DPC) by melting the dispersion at 90°C until to get 
liquefy, and added triethylamine (0.3 mL) that help in cross linking by proton exchange between DPC and βCD. The 
solution was solidified by cooling and then triturated in the mortar and pestle.25 The resultant mass was crushed, then 
rinsed repeatedly with ultrapure water to remove the phenol by product, extracted in triplicate with absolute acetone, and 
then left to air dry.

Phase Solubility Studies
The stability constant (K) and complexation efficiency (CE) of the combination including BAR/βCD were determined 
using a phase solubility analysis. Briefly, an excess quantity of BAR was dispersed into aqueous solution containing βCD 
(0–50 mM), and conical flasks were shaken at 25°C, 100 rpm for 72 h.26 The supernatant of the samples were carefully 
collected and filtered (0.45 µm), and the filtrate was diluted and analysed by UV- spectrophotometer at 224 nm (Jasco 
V-630 Made in Japan).27 The stability constant (Kc) was calculated from the phase solubility plot using following 
equations:26
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Loading of BAR into NSPs
Four NSPs formulations (B-CDN1− B-CDN4) were developed by dispersing BAR with blank DPC crosslinked β-CD- 
NSPs in hydroalcoholic solvent (ethyl alcohol/water, 50:50 v/v) in the molar ratio (1:1, BAR:NSPs) ratio, using 
ultrasonicator “(Ultrasonic-Water Bath; Daihan Scientific, Model: WUG-D06H, Gangwon, Korea)” for 15 min. The 
BAR loaded β-CDNSs were then lyophilized, pulverized and stored in a glass-vial for further analysis.

Particle Characterization
Prepared BAR loaded β-CDNSs (B-CDN1-B-CDN4) were characterized for the particle analysis using Malvern particle 
analyser “Malvern zetasizer (ZEN-3600, Malvern Instruments Ltd., Malvern, UK)” worked on the principle of dynamic 
light scattering, where in the particles under Brownian motion scattered laser light and particle dimensions measured. 
The sample under investigation was diluted with Milli-Q water (1:200) and filled in the disposable polystyrene cuvettes 
(DTS0012), and for the zeta potential (ZP) sample liquid was filled in the cuvettes having two arms tubing fixed with 
copper strip to conduct current (DTS1070).28 All samples run in triplicate at temperature 25 °C.

DSC Studies
DSC curves of pure BAR, and DPC, β-CD and optimized NSPs (CDN3) were taken by thermoanalytical technique using 
Scinco N650 (made in Korea). The sample (5 mg) were cramped into the hemispherical aluminium pan, individually, 
placed beside reference (empty-pan) in the chamber supplied with nitrogen (20 mL/min) and heated at a rate of 20 °C in 
the temperature range of 50–250 °C.

FTIR Studies
The FTIR spectrums of pure BAR, β-CD, DPC and optimized NNs (CDN3) were taken by triturating these samples with 
KBr (FTIR grade) and compressed into a transparent pellet using die. The scanning was done in the range of wavenumber 
4000 to 400 cm−1, each sample was passed through the IR intensity photons and fingerprints of functional groups present in 
the chemical entity was interpreted to propose the possible chemical interactions within the drug and β-CD-NS.

In vitro Drug Release Profile
In vitro drug release studies of pure BAR and optimized BAR loaded DPC cross linked βCD NSPs (B-CDN3) were 
conducted using dialysis bag (Hi-media Mol. 12,000 Dalton) shake flask method. The suspension of samples were sealed 
in the dialysis membrane and bag is put-up in the conical flask with phosphate buffer pH 6.8 kept at temperature 37 °C 
with continuous stirring at 100 rpm. At pre-determined time interval 1 mL sample is withdrawn from outer solution at 
each time interval and replaced by fresh PBS pH 6.8 medium. The aliquots were filtered and analyzed for drug release by 
using UV-spectrophotometer at 224 nm (Jasco V-630 Made in Japan).27 The experiment was done in triplicate. The drug 
release data were fitted to various kinetic models, including the zero order, first order, Higuchi, and Korsmeyer-Peppas 
models, by imposing relationships between the percentage of drug release per unit time, the percentage of log cumulative 
drug release per unit time, the percentage of log cumulative drug release per unit square root time, and the percentage of 
log cumulative drug release per unit log time, respectively. Based on the highest value of the correlation coefficient (R2), 
the best-fit model for the release of the medication was selected. The value of the release-exponent, which suggests the 
mechanism of drug release, was computed using the slope and R2 values of the plots.29,30

Morphology
The surface morphology of optimized NNs (B-DCN3) was examined by SEM “(Zeiss EVO LS10, Cambridge, UK)” by 
using the gold-sputter method. The sample was fixed in a stub and coated with gold and imaging was performed.

Brunauer-Emmett-Teller (BET) Analysis
BET analysis of CDN3 (optimized) β-CDNS was performed to determine the surface area, pore volume and pore radius 
by nitrogen sorption isotherm method. Briefly, CDN3 sample was filled into the glass bulb and heated overnight at 50 °C 
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under negative pressure of 0.1 MPa to completely dry until constant weight was observed (Quantachrome Instruments- 
version 5.0, Anton Paar, FL, USA). Surface area (SA) of NSPs (CDN3) was calculated with BET theory using isotherm 
adsorption data at P/P0 from 1.003–5.047 range.

Where SABET is the BET surface area (m2/g), CSA is the analysis gas molecules cross sectional area (0.162 nm2 for 
nitrogen); NA stands for the Avogadro number; S is the slope (g/cm3); YInt is the intercept (g/cm3)

Moreover, the pore volume and pore size distribution was calculated by Barrett, Joyner and Halenda's (BJH) theory 
using the following equation.

Where rp is pore radius (Å)

Bio-Analytical Methods
By making a minor change to our previously published UPLC-MS/MS method,20,31 BAR was analyzed in rat plasma 
samples. BAR and an internal standard (rivaroxaban d-5) were quantified using the precursor to production ion 
transitions of 372.07 > 251.14 and 440.04 > 4144.9 (quantifier) in the multiple reactions monitoring mode for detection. 
The cone voltage and impact energy were set to 50 V and 30 eV for BAR and 46 V and 28 eV for IS, respectively, while 
the capillary voltage was set at 3.9 kV. All parameters were within the allowed range specified in the guideline for 
bioanalytical method validation before analysis, which followed the validation of the technique.

Pharmacokinetic Studies
Male rats were used in a comparative pharmacokinetic studies between a newly synthesized optimized formulation (NSPs) 
and a standard BAR solution. Twelve healthy adult male wistar albino rats (n = 6, weight 200–230 g) were used in the 
experiment. They were randomly assigned to one of two groups: CDN3 formulation (1 mg/kg, P.O.) or BAR suspension 
dispersed in 0.5% w/v carboxy methyl cellulose. The animals were housed in the suggested settings with access to food and 
water after being acquired from the “Animal Care Centre, College of Pharmacy, Prince Sattam Bin Abdulaziz University, 
Alkharj”. The Prince Sattam Bin Abdulaziz University’s Research Ethics Committee reviewed and approved the experimental 
protocol (approval code: BERC 003-03-21), and NIH Guideline for the Care and Use of Laboratory animals was followed for 
all animals used in the experiments during the conduct of the study. The animals were fasted overnight, and blood samples 
(0.5 mL) were taken at specific intervals (0, 0.25, 0.5, 1, 2, 4, 8, 12 and 24 h) after the administration of the appropriate forms in 
pre-heparinized tubes. The blood samples were safely maintained in deep freezers (−80±10 °C) until UPLC–MS/MS analysis 
after being centrifuged at 4500 × g for 5 minutes to separate the plasma from the blood. Using “WinNonlin software”, 
a product of Pharsight Co., Mountain View, California, the non-compartmental pharmacokinetic model was chosen to 
determine the various pharmacokinetic parameters. Every result was treated as mean standard deviation (SD). The P/K 
parameters were estimated to include the elimination half-life (T1/2), rate constant (kz), mean residence time (MRT), peak 
plasma concentration (Cmax), duration to achieve peak concentration (Tmax), area under the curve (AUC), [(AUC0–24) 
(AUC0–∞)]. Unpaired t-test was employed to compare the outcomes between the NSPs formulation and the standard BAR 
solution (p ˂ 0.05 was regarded as statistically significant).

Statistical Analysis
The generated data were treated statistically using one-way ANOVA followed by post hoc Tukey’s multiple comparison 
test using the GraphPad Prism program (version 4) (GraphPad Software, San Diego, CA, USA). p < 0.05 was considered 
as significant.
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Results and Discussion
Phase Solubility Studies
The phase solubility investigation is basic requirement for optimizing the inclusion complex and determining a drug’s affinity 
with CDs. The molar ratio at which the drug forms a complex with CD has frequently been found using this method. The 
solubility of BAR increased linearly with increasing the concentration of βCD as shown in Figure 1, which confirmed AL-type 
system.25,32 The slope value was smaller than 1, which denotes an inclusion complex with molecules in a 1:1 molar ratio 
(BRA: βCD).26 The apparent stability constant, K1:1, was found to be 119.06 M−1. Therefore, it can be said that BAR and 
βCD formed a stable inclusion complex at a 1:1 molar ratio. These interaction with BAR were established by the cavity of 
βCD through intermolecular forces, confirming BAR’s incorporation inside the cavity of –CD.26

Particle Characterization
The BAR was encapsulated in β-CD NNs using DPC as a crosslinker. Four batches of BAR-loaded DPC-crosslinked 
βCD NNs (B-CDN1- B-CDN4) were prepared varying the molar concentration of (βCD: DPC; 1:1.5; 1:3; 1:4.5 and 
1:6.0). The mean particles size, polydispersity index (PDI), ZP, yield and EE of the developed NNs (B-CDN1- B-CDN4) 
were determined in the range of 261.9–864.3 nm, 0.335–0.665, −15.8 to –25.2 mV, 89.15–91.46% and 28.7–82.6%, 
respectively (Table 1). The findings indicate that the size of the NN is significantly influenced by the ratio of βCD:DPC. 
The findings demonstrated a direct correlation between crosslinker concentration (DPC) and particle size, with the lowest 
crosslinker concentrations for NN formulations exhibiting the smallest particle size. High ZP values indicate that the NN 
would be stable because of stronger repulsive forces, which demonstrating that the supramolecular complexes will not 
assemble over time.33 Among these formulations, B-CDN3 with βCD/DPC molar ratio of 1:4.5 was having better 

Figure 1 Phase solubility plot of βCD and BAR.

Table 1 Particle Characterization of Developed BAR-Loaded NNs

Formulae β-CD:DPC Mean Size±SD PDI±SD ZP±SD %Yield±SD %EE±SD

B-CDN1 1:1.5 261.9±6.9 0.548±0.021 −15.8±2.4 90.06±8.7 28.7±2.3

B-CDN2 1:3.0 306.1±9.4 0.665±0.032 −21.2±1.6 89.15±10.4 32.3±4.8

B-CDN3 1:4.5 345.8±4.7 0.335±0.005 −25.3±3.2 91.46±7.4 79.1±1.6

B-CDN4 1:6.0 864.3±8.5 0.544±0.009 −19.2±5.3 89.33±6.3 82.6±8.3

Abbreviations: PDI, polydispersity index; ZP, Zeta potential; %EE, Percent entrapment efficiency.
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physical characteristics with mean size (345.8±4.7 nm), PDI (0.335±0.005) (Figure 2), Yield (91.46±7.4%) and EE (79.1 
±1.6%) of B-CDN3 was smaller (345.8±4.7 nm), uniformly distributed with (0.335±0.005), which was further evaluated 
for spectral analysis, in vitro release and pharmacokinetic studies.

DSC Studies
The comparative DSC spectra of pure BAR, βCD, DPC and optimized NNs (B-DCN3) were shown in Figure 3. Pure BAR 
showed an endothermic melting peak at 218.5 °C,27 whereas CDN3 reflects peak in the range of 80–90 °C, which could be due to 
the DPC, however BAR peak was completely disappeared in the CDN3, indicating the drug was molecularly dispersed in to the 
porous network of the NNs. Furthermore, this might show how BAR interacts with the NN structure through both the inclusion 
and non-inclusion phenomena.34 Crystalline drug was deformed to the amorphous nature inside the DPC crosslinked β-CD NN.

Figure 2 Particle size (A) and ZP (B) of optimized NSs (CDN3).

Figure 3 Comparative DSC spectra of pure BAR, βCD, DPC and optimized NSs (CDN3).
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Figure 4 Comparative FTIR spectra of pure BAR, βCD, DPC and optimized NSs (CDN3).
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FTIR Studies
The comparative FTIR spectra of pure BAR, βCD, DPC and optimized NNs (B-DCN3) were presented in Figure 4. The 
FT-IR spectrum of pure BAR showed a number of strong absorption bands at wavenumbers of 3203.18 cm−1, 
3116.40 cm−1, 2258.23 cm−1, 1873.51 cm−1, and 1442.49 cm−1, which correspond to N-H stretching, =C-H- stretching, 
-C≡N- stretching, -C=N- stretching, -C=C- (aromatic) stretching, respectively.20,27 The FTIR spectra of βCD exhibited 
a characteristic peaks at 3365.17 cm−1 and 2927.41 cm−1 for O-H group stretching and C-H stretching, respectively.35 

The carbonate bond’s presence in the NNs was clearly verified using the FTIR spectra of optimized NNs (B-DCN3). This 
demonstrates the βCD tendency to crosslinked by DPC with one another which showed a peak at 1775.15 cm−1.36 The 
prominent broad peak of βCD could be also seen in optimized NNs (B-DCN3). However, BAR peaks were disappeared 
in optimized NNs (B-DCN3) that clearly evidenced complete encapsulation.

In vitro Drug Release Profile
The in vitro drug release study assesses the probable in vivo performance of dosage forms. The release data were presented as 
cumulative drug release vs time in hours. The release profile of pure BAR and optimized BAR loaded DPC crosslinked βCD NSPs 
(B-CDN3) are shown in Figure 5. A significant (p < 0.05) enhancement in release of BAR from optimized NSPs (B-CDN3) 
indicated as compared to the pure BAR (Figure 5). The optimized NSPs (B-CDN3) exhibited a quick release of drug (61±4.2%) 
within 3 h compared with pure BAR (40±6.4%). The free BAR showed complete release profile within 12 h of the study. The cross 
linked βCD present in the NSPs (B-CDN3) resulted in the production of porous, fluffy structure that has a greater capacity to speed 
up drug release and dissolution.37 The DPC crosslinked βCD NNs structure enhances CD's capacity to form particular complexes 
with guest molecules, which can be either strongly retained or released in a controlled manner.38,39 The regression coefficient for 
each of the four release kinetic models had values for the zero order of (0.9551), the first order of (0.9802), the Higuchi model of 
(0.9270), and the Korsmeyer Peppas model of (0.9912). The in vitro release data of the D-NSP3 formulation fit the Korsmeyer- 
Peppas kinetic model and had (n) value 0.517, indicating a non-Fickian (anomalous transport) and combination of chain relaxation 
and diffusion regulates release based on the greatest correlation coefficient (R2 = 0.9912).40–42

Morphology
The SEM studies examined the morphology of optimized NNs (B-DCN3) (Figure 6). The image demonstrated the firm, 
rough surface and porous structure of the NSs formulation. This may be attributed to the BAR drug being encapsulated 
within the porous architecture of the NNs. In the past, reports with comparable morphological pictures and outcomes 
have also been reported.43

Figure 5 Comparative release profile of pure BAR and optimized NSs (CDN3).
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Brunauer-Emmett-Teller (BET) Analysis
The pore size, pore volume and surface area of optimized NN (B-CDN3) was determined by BET analysis using nitrogen 
adsorption/desorption technique (Figure 7). The B-CDN3 NNs exhibited a pore size (19.117 Å), pore volume (0.009 cc/g) 
and surface area (2.336 m²/g). This low value of pore size, pore volume and surface area was due to the fact BAR was 
adhered at the surface as as encapsulated within the pore of NN.31 These NSs release performance in the DPC-crosslinked 

Figure 6 SEM images of optimized NNs (B-DCN3).

Figure 7 Adsorption and desorption curves of optimized NSs (CDN3).
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βCDNSs can be significantly influenced by their particle size. In cases where the particle size is tiny, the system will have 
more surface area in comparison to samples with equal weights but higher particle sizes.4–46 The development of 
formulations will be aided by having a solid understanding of both particle size and surface area.

In vivo Pharmacokinetic Study
Table 2 displays the pharmacokinetic parameters estimated following oral administration of the NSPs formulation and 
pure BAR suspension (as reported by a non-compartmental pharmacokinetic analysis). The Tmax, Cmax (**p ˂ 0.001), 
AUC0–24 (**p ˂ 0.001), and AUC0–∞ (**p ˂ 0.001) values of the optimized NSPs formulation were significantly greater 
at the administered dose than those of the pure BAR suspension (Figure 8). Because of this, the NSPs formulation had 
a high capacity for circulation, and as a result, its relative bioavailability was 2.13 times higher than that of pure BAR 
suspension, the result is so close to our previously prepared BAR-loaded Lipid/Polymer Hybrid Nanoparticles.20,46 

Additionally, the T1/2 (6.83±1.1 h) and MRT (7.95±2.8 h) of the NSPs formulation were higher than that of the pure BAR 
suspension T1/2 (3.15±0.9 h) and MRT (3.77±2.1 h), showing that this formulation not only improves BAR’s 

Table 2 P/K Parameters After Single Oral Dose of Pure BAR 
Suspension and NSPs Administration (1 mg/kg in Rats)

P/K Parameters Pure BAR Suspension NSPs (B-DCN3)

Mean ±SD, (n=6) Mean ±SD, (n=6)

Cmax (ng/mL) 968±14.6 1499±27.1**

Tmax (h) 0.5 1

AUC0–24 (ng.h/mL) 3078±23.6 6548±27.1**

AUC0–∞ (ng.h/mL) 3099±25.4 7054±41.2**

T1/2 (h) 3.15±0.9 6.83±1.1**

MRT (h) 3.77±2.1 7.95±2.8

Relative Bioavailability (%) 100 213

Note: **P ˂ 0.05 significant compared with pure standard suspension.

Figure 8 Comparative plasma concentration vs. time profile of pure BAR suspension and optimized NSPs formulation (CDN3).
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bioavailability but also facilitates long-term retention, or sustain release performance. The BAR-loaded NSs exhibited 
long half-life compared to BAR suspension, indicating that formulation does indeed exert sustained release of BAR.47 

However, compared to optimized NSPs formulation, the time to reach the maximum plasma concentration (Cmax) was 
lower for pure BAR suspension. Overall, the solubility and release of the BAR were improved by NNs carriers, in 
addition to the pharmacokinetics, which was also greatly improved.

Conclusions
The current study aim was to BAR-loaded DPC-crosslinked β-CD NNs have been successfully developed to improve the 
bioavailability and sustain release the release of BAR. The optimized NNs (B-CDN3) had a suitable size, PDI, ZP and % 
EE to sustain the release of the drug, which was further confirmed by in vitro release and in vitro pharmacokinetic 
studies. The pharmacokinetic studies exhibited enhanced bioavailability compared to pure BAR. The optimized NNs 
(B-CDN3) was therefore shown to have superior therapeutic efficacy due to their porous, nanoscale structure. We 
conclude from our findings that optimized NNs (B-CDN3) is promising oral delivery for the treatment of arthritis.
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