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Introduction: Cyclosporine (CsA), a potent immunosuppressive chemother:

malignant carcinoma, acute leukemia, and triple-negative breast cance

Methodology: A specified polymeric nanoformulation (NF) bas rug delivery techm§ue with ligand functionalization at the
surface was developed to improve its delivery at the intended area
HA binding to the CD44 receptor at binding sites A and B in triple-
in thiolated chitosan (TC) with the outermost coating of j@maluronic ac formulated and characterized.

acy for prolonged time. The in silico verified the
ncer cells. The NF of encapsulated Cyclosporine

Results: So, the zeta analysis revealed a particle size o gnd PDI of 0.433, zeta potential of 38.9mV. FTIR and Raman
investigations also support the existence of hydrophobic Y surfaces, and non-clumping characteristics. While XRD

demonstrated the stability of NF at high tcglp i 'howed 85% drug encapsulation followed Higuchi release model for
therapeutic moiety at acidic pH for a max g compared to raw Cyclosporine, the in vitro tumor cell inhibition of

breast cancer cells.

Conclusion: This novel fo i roved the Wng-term viability, effectiveness, and active targeting as an effective and potent

negative breast (¥nhcer (TNBC) is usually considered breast carcinoma, lacking all typical breast cancer receptors. TNBC
comprises more than 25% of all BC, specifically in America, with a 56% convergence in gene expression studies,
categorizing TNBC as a variant of basal-like BC." TNBC has a more significant fatality progression of 40% in the
chronic phase within the first five years after disease prognosis relative to other BC variants, and it typically manifests in
young females. The average survival duration for patients with last-stage TNBC is not more than one year, and about
45% of them will acquire distant metastasis to the upper or abdominal organs.” Comparing TNBC to other subtypes of
BC, therapeutic choices have generally been more constrained. Despite the advancement of novel biological and

personalized medicines, cytotoxic chemotherapy continues to be the cornerstone of treatment for TNBC. Detailed
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information on the effectiveness of chemotherapeutic agents in the neoadjuvant, adjuvant, and metastatic contexts is
available.> However, even though chemotherapy is the standard therapy against TNBC, the active therapeutic compo-
nents employed could not distinguish between normal and cancerous cells. Numerous cancers, particularly malignant
carcinoma, acute leukemia, and TNBC, are commonly treated with Cyclosporine (CsA), a strong immunosuppressive
chemotherapeutic medication. However, due to P-glycoprotein-arbitrated efflux, its therapeutic potential exhibits poor
solubility and rapid evacuation and generates adverse effects because of dose-limiting systemic toxicity.* This medication
causes long-term harmful consequences to the heart, lungs, and kidneys while interfering with the morphological features
of healthy cells that proliferate rapidly, including bone marrow, gastrointestinal cells, and hair follicles.’

Additionally, the therapeutic regimen for cancer typically necessitates delivering considerably high concentrations of
chemotherapeutic medications with limited penetration to the injured tissues. A multimodal targeted drug delivery system
(DDS) is employed to deliver the active moiety specifically to the malignant cells by minimizing the org

promoting functionalized nanoformulations’ absorption.” DDS utilizes natural polymers
monly employed pharmaceutical components. Localizing the medicine at the specified

increasing Cs’ magnetic strength.'' The procedure, renown¥
interactions in the presence of contrarily chargcdms

es.'? The following steps are used by ThC when they have reached the

p vessels. (ii) Inject the medicine in the capsule onto the targeted site.
yeen increased on the cancer cell’s membrane. (iv) Become ingested by
endocytic response. The outer layer, submucosal fluid, and connective tissues

glycolytic pat'gufreactive oxygen species, and the growth of TNBC cells have all been demonstrated to be under the control
of CD44 in prior S¥
species, assuring howPquickly a tumor develops.'> Because of its relatively greater binding affinity, HA attaches to CD44

ies. A metabolic enzyme in TNBC cells, is necessary to regulate glycolysis and production of antioxidant

receptors. The resulting ligand-receptor compound is then absorbed, which causes the polymer to degrade and releases the
potent medicine into the target sites. DDS using HA polymers, the intrinsic ability of HA to bind with highly expressed CD44
membrane receptors, the primary binding receptor of HA on the surface of tumor cells, is reportedly being used to create
nanoformulations with the encapsulation of pharmacologically active components. Due to the low penetration of HA into
healthy tissues, the toxicities brought on by the lethal drug were decreased.'® The primary objectives for the formulation of
DDS with the inclusion of membrane-bounded ligands, ie, HA-coated ThC, were, therefore, to specifically target the
neoplasmic areas by adhering to the CD44-R and to liberate potential nanomedicine by receptor-arbitrated endocytosis
specifically at the malignant region (Figure 1).
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Figure | Localized delivery of CsA to triple-negative breast cancer cells by HA-coated ThC nanoformulation follgy¥ receptogmediaté d osis.

Materials and Methods

Chemicals and Reagents

Glacial acetic acid, N-hydroxy succinimide (NHS), Tripolyphosph: PP), Chitosan (Cs), and Thioglycolic
droxylamine, Sodium dihydrogen
ride (EDC), Sodium hydroxide (NaOH),

m dihydrogen phosphate were purchased

—

acid (TGA) were taken from Quaid e Azam University,
phosphate, 1-ethyl-3-3 (3- dimethylamino propyl carbodii
Calcium chloride (CaCl,), Dipotassium hydrogen phosphai
from Merck (Germany). Artificial mucin, Hyalurglggmacid ( ), High retention Dialysis membrane and
Sodium borohydride were obtained from Scientific
provided distilled water. Ellman’s reagent (5 ~nitrodenzoic acid; DTNB) was supplied by Merck Traders.

In this research, only an-analytical-gradg agents were employed.

In silico Investigations
L-R Binding Through Mol

ployed to examine the molecular structure and interconnections between amino acids.

In silico Ana for CD44 Expression
The expression ot CD44 on breast cancer cells was analyzed using the GEPIA bio-informatics tool. GEPIA extracts data from
GTEXx (Gene-to-Tissue Expression) for normal tissues and TCGA (The Cancer Genome Atlas) for tumor tissues. The dot plot, box

plot, overall survival, and disease-free survival data were extracted from GEPIA for CD44 expression in breast adenocarcinoma.

Synthesis of ThC

To make a ThC mixture, a previously published study by’ was followed. Moreover, a milky, nebulous substance was
produced after lyophilization and was kept at 4°C for future implications.'”
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Identification of Thiol (-SH) Groups on Chitosan

Using Ellman’s solution, a sulfhydryl-containing water-soluble molecule, the disulfide bonds of ThC were detected. Due to the
excellent reactivity of the solution at pH 7, it is employed for quantifying unbound sulfhydryl groups.'® The ThC was mixed into
the autoclaved H,O, then 0.50 mL of phosphate buffer (PB) at pH-8.0 with Ellman’s solution 0.5 mL, was added. The mixture was
kept in an incubator for 2 hours at 25°C. The absorption was determined at a frequency of 420 nm after the biomolecular solution
had been centrifuged at 23,500 rpm to collect residue. The control samples of Cs remained unchanged. The concentration of thiol
compounds was estimated from the relevant control calibration curves developed against TGA standards.'®

Synthesis of Nanoformulations of HA-Coated ThC
The ionic gelation technique was used to create the nanoformulations of the HA-encapsulated ThC. In all compositions,
the addition of the ThC solubilized in de-ionized H,O, and cross-linker TPP 0.1 mg/mL in ThC s
accompanied by the addition of HA in an aqueous medium. The nanoformulation was prepared

pension, was then

of crosslinked chemistry with the polymeric substances and cross-linkers."®

Synthesis of CsA Encapsulated Drug in Nanoformulation
The ionic gelation approach produced the CsA encapsulated nanoformulation with
tions of varied concentrations were produced by adding 0.1 mL TPP and continu
Then, for 15 minutes, all of the compositions were sonicated at 30 m
lyophilized, and encapsulated with 1 mg/mL HA.'®

Optimization of a Nanoformulation Synthesis Protocol

Using DesignExpert software, the BoxBehnken factorial design
(ZP), polydispersity index (PDI), and
). Finally, an optimal composition was

with PDI
Run Particle PDI Zeta Potential
Size nm tmVv
| 17.50 1444 | —9.84
17.50 752.8 | 10
60.00 25.00 460.7 0.49 25.6
20.00 25.00 387.2 0.591 -23.7
60.00 25.00 390.12 0.162 17.1
20.00 10.00 293 0.42 -225
37.50 100.00 25.00 1683 | 75
25.00 20.00 17.50 396.2 0.524 -27.6
9 37.50 60.00 17.50 416.7 0.584 12
10 25.00 100.00 17.50 3191 | 10
] 50.00 60.00 10.00 438 0.678 12
12%* 25.00 60.00 10.00 192.5 0.433 38.9
13 37.50 100.00 10.00 2133 | 6.5

Note: *The red colored parameters were selected for the formulation of nanoparticles.
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Characterization of Nanoformulations
The efficacy of nanoformulations as a potential treatment element was assessed by characterizing their numerous
features.

Physiochemical Attributes of Nanoformulations

Malvern Zetasizer Nanos ZS90 was used to measure the average NPS, PDI, and ZP of blank and CsA encapsulated
nanoformulations. The measurements were made with the nanoformulations dissolved in autoclaved H,O at a ratio of
1:10 at room temperature. Three distinct batches were examined for the average NPS, PDI, and ZP to determine an
average value.

Morphological Attributes of Nanoformulations
SEM was used to examine the morphology of ThC-HA nanoformulations that were g

and ascertain their functional groups.” The lyophilized powder of nan,
group’s distinctive peaks.?!

The surface of NF and Raman spectrosgpy, ¢ and non-destructive biochemical technique, examined CsA
encapsulated nanoformulations. With W and an activation frequency of 780 nm, the empirical data

processing frequency range was

¢ variables were used to acquire all spectral information. Like

substance to learn more about a molecule’s composition or properties.
1

An indirect app®ach was employed to calculate the proportion of CsA enclosed in nanoformulations. After centrifuga-
tion, a syringe filter was used to collect the supernatant and then subjected to an additional Ultraviolet-Visible (UV-Vis)
spectrophotometer (NanoDrop 2000c, USA) analysis at 269 nm to examine the presence of a free drug. The formulas

employed in our previous studies’ were used to estimate the EE and DL ratios.*

In-Vitro CsA Release Study of Nanoformulations

Dialysis bag submerged in PB pH 6.8 and 7.4 at 370C to assess the release of Cyclosporine from nanoformulations. The
dialyzing membrane was filled with 5 mg of lyophilized powder, and 50 mL of PB in both pH ranges, and a magnetic hot
plate was used to keep the dissolution media warm. The release of readily accessible Cyclosporine was also assessed
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using the same methodology for comparison purposes. Triplicate samples were used in the investigation. A UV-Vis
spectrophotometer (NanoDrop 2000c, USA) was used to evaluate the samples (1.5 mL) at 269 nm at predetermined
intervals of 0, 2, 12, 24, 48, and 72 hours. The standard calibration curve of Cyclosporine at pH 6.8 and 7.4 in phosphate
buffer was used to calculate the findings® and display them on an Excel spreadsheet.

Dynamics of Cyclosporine Release

A key element in establishing a dosage therapeutic effect is how the molecule is released from the matrix. Various kinetic
methods were utilized for in-vitro Cyclosporine release and nanoformulations penetration to elucidate the process of drug
release from nanoformulations.'”

Zero-Order Kinetics

The graph between the cumulative release of CsA versus time was constructed to analyze its kinetj e following
zero-order by ensuing the protocol provided by.’

First-Order Kinetics
The optimum sink conditions were retained in these circumstances, as explained b
selected formula was employed to construct the cumulative values for the drug

Erosion Model (Hixon Crowell’s Cube Root Equation)
Drug release is illustrated by various methods in Hixon Crowel’s model, includi
applied to this model was like the’ study.

Diffusion/Relaxation Model (Korsmeyer Peppas or Power-Law Ed@tion)
This concept is demonstrated by the formula reported by’ which drugd¥flease against time using an exponential
curve.

In-Vitro Antitumor Efficacy of N

Nanoformulations
Cell Culture

In contrast to raw Cyclosporine, thed

ons of CsA Encapsulated

or activity of nanoformulations of CsA (CsA-NF) encapsulated ThC-
ells (MCF-10A) and triple-negative breast cancer cells (MDA-MB-

g MB-231 in RPMI
2.Group 2: CsA-treated MDA-MB-231 cells

4.Group 4: Control MCF-10A cells
5.Group 5: Inj.CsA-treated MCF-10A cells
6.Group 6: CsA-NF-treated MCF-10A cells

MTT Assay for Cell Viability

The previously published approach was used to determine the cytotoxicity of CsA-NF with a few minor adjustments. The
cells were seeded in 96-well plates at a cell density of 1x10° cells/ well and incubated in appropriate conditions to grow
until the appropriate confluence rate was reached. Five separate groups were made by following the protocol.” The
normal breast epithelial cell line and TNBC cell line were used for the comparative analysis of the findings of CsA
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encapsulated in nanoformulations and the raw format of the CsA.>* After 24 hours, the medium was withdrawn from the
cells, and then various concentrations of CsA-NF and blank were applied by following the protocol provided by.9

Trypan Blue Exclusion Assay for Cell Viability
Membranes of living cells are intact, whereas dead cells have perforated membranes because of which they retain trypan
blue dye while living cells do not. Trypan blue exclusion assay is performed to quantify the number of living/dead cells
in a suspension.” The cell viability was determined by using the formula.

% Viability of cells = Viable cell count x 100

Total number of cells

Cell Morphology Assay for Cytopathic Effect
To determine the apoptotic effects of pure CsA and CsA NF, cell morphology analysis was

lines with different concentrations of pure drug and NF and then analyzing the cellula,
apoptotic effects. The hallmarks of apoptosis include rounding, aggregation, detachm
and shrinkage. For this purpose, both normal and cancerous cell lines (MCF-10 were seeded at
1x106 cells/well density in a 96-well plate at 37°C in a CO2 incubator. After 24 S@PXposed to CsA and
CsA-NF at different concentrations (10, 40, and 80 pg/mL dissolved in PBS#pA icroscope was used to
observe changes in cell morphology post-24 hours of cell treatment.

Stability Analysis

The stabilization of the nanoformulations of CsA encapsulate A was ex®@ined over three months while being

maintained at 4°C and room temperature of 370C for chang ize, PDI, zeta potential, and shape. Before an

assessment, the nanoformulations were re-distributed into d ter being stored in lyophilized form.

Statistical Evaluation
With a significant p-value of less than 0.05, one-wa ariance (ANOVA) and Student’s #-test was used to

statistically analyze the data, which were en as\E mean of three samples plus standard deviation (mean + SD).

Results and Discussions

Molecular Docking
The AutoDock Vina featu

ormal tissue data (from GTEx), and tumor tissue data (from TCGA). GEPIA analysis outcomes
showed that CD44 is highly over-expressed on breast adenocarcinoma tissues as compared to normal breast tissues, as
shown in Figure 3 dot plot (A), box plot (B), and role of CD44 expression on breast adenocarcinoma patients’ overall
survival and disease-free survival (C). Unlike overall patient survival, CD44 expression was very prominent in patients’
disease-free survival after treatment with chemotherapeutic drugs.

Optimization of Nanoformulations
Using DesignExpert updated variant, the BoxBehnken factorial design for the refinement of nanoformulation was used to
select the core component structure (Figure 4). The NPS, PDI, ZP and EE were the variables that were examined as
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yaluronic acid (ligand) downloaded from PubChem NCBI database and CD44 (4PZ3) receptor downloaded from protein data
ding (D) 3D-[igand aromatic-bonding (E) 3D-Ligand hydrophobic bonding (F) by using Discovery studio 2017 R2 Client. The Green dashed line
gd line represents an unfavorable bond in part A.

dependent variables. Finally, as illustrated in Table 1, an optimal formulation was chosen, and qualitative features were
assessed.

Synthesis of Nanoformulations of Blank and CsA Encapsulated ThC-HA

There were 850 uMol/g of thiol groups in the polymer. By employing the cross-linker TPP, the positively charged amino
group of ThC and the negatively charged HA inter-acted ionically to produce the nanoformulations of the blank, and CsA
encapsulated ThC-HA. In a process involving sodium tripolyphosphate, glacial acetic acid, and 0.1 mg/mL quantities of
Cyclosporine, the ThC mixture was disintegrated, producing nanoformulations of Cyclosporine encapsulated ThC-HA. In
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Figure 3 Dot plot (A) and Box plot (B) data for CD44 expression in breast adenocarcinoma and normal breast tissues (C) Effect of CD44 expression on overall survival
and disease-free survival post-treatment. X-axes indicate survival time in months, while Y-axis indicates the percent survival of patients.

prior studies, the ionic gelation process was used to create methotrexate-encapsulated Cs nanoparticles tested in vitro

against the LNCaP cell line.?® A related method was used to assess the cytotoxic effects of VC-encapsulated folic acid-Cs
linked nanomaterials on NCI-H460 cells.*’
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¥ blank nanoformulation, the average smallest NPS was 184.9 nm with a ZP of 37 mV and a PDI
0f 0.428 at a levcR@t 60 mg/mL ThC. The average NPS and ZP of nanoformulations of CsA encapsulated ThC-HA, on the other
hand, increased withSreasing polymer content from formulations with unchanged drug levels. The zeta potential of the smallest
size of CsA encapsulated nanoformulations was 192.9, and the PDI was 0.433 at a rate of 60 mg/mL ThC.*® Numerous factors,
primarily the particulates’ size, shape, surface charge, and cytotoxicity, impact nanoformulations’ effectiveness.” The structural
and physiochemical characteristics of the NPs were examined.*’

Additionally, NPs smaller than 300 nm have a substantially longer dissolution rate due to limited reticuloendothelial system
absorption, which has resulted in a rise in malignant cell uptake. For DDS targeting cancer cells, nanoformulations of CsA
encapsulated ThC-HA smaller than 300 nm can be employed. According to a study, charged NPs were eliminated from the body’s
circulation more quickly than uncharged ones, and formulations with positive ZP encouraged the absorption of NPs by tumor
cells. A recently published research revealed the usage of preactivated ThC NPs encapsulated with octreotide that had a peak
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Size (d.nm): % Intensity: St Dev (d.n. Mean (mV) Area (%) St Dev (mV)
Z-Average (d.nm): 1849 Peak 1: 2578 ar7 1092 Zeta Potential (mV): 37 Peak 1: 301 232 6.66
Pdl: 0428 Peak2: 5558 100 1362 Zeta Deviation (mV): 865 Peak 2: 157 68 5.02
Intercept: 0071 Peak 3: 5229 23 4570 Conductivity (mS/em): 0.490 Peak3: 000 00 0.00
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Pdl: 0.433 Peak2: 5547 12 98.05 Zeta Deviation (mV): 6.07 0.00
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Size Distribution by Intensity
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v

100 200
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Size (d.nm)

NPS of 277 + 19 nm, 0.2 PDI and ZP of +28.2 + 3 mV.** The
on were published in another research.®’ They have physical and chemical
>3 nm and 342.1 + 18.8 nm, respectively. Drug loading, drug solubility,
t durability are all affected by nanoformulations in some way. These effects rely on the

The surfa8 , and size of the nanoformulations of blank and CsA encapsulated in ThC-HA were confirmed using SEM and
TEM examin2¥@@. Regardless of the various delivery methods, the morphology significantly affects the movement and dispersion
of NPs within th® cell.>* The results indicated the formulation’s smooth surface particles, as illustrated in Figure 6A. These

Table 2 Physiochemical Properties NFs of Blank and CsA-Loaded ThC-HA s Were
Negatively Charged

Sr. No Formulation Particle Size (nm) PDI Zeta Potential (mV)
| Blank NF 184.9 0.428 37.8
2 CsA-loaded ThC-HA 192.9 0.433 389
International Journal of Nanomedicine 2023:18 https: 5723

Dove:


https://www.dovepress.com
https://www.dovepress.com

Abduh Dove

graphics somehow resembled one another due to the drug being loaded correctly inside the polymeric substance. The lyophilized,
circular nanoformulation of CsA encapsulated in ThC-HA was seen in the TEM images (Figure 6B).

Curcumin-encapsulated N, O-carboxymethyl Cs NPs were also discovered to have a circular form, and their antitumor
efficacy was assessed against L929, and MCF-7 cell lines.>* Research reported that ferulic acid encapsulated Cs NPs had
substantial antitumor efficacy against ME-180 and confirmed their uniform and circular structure.>* When employed against NCI-
H460, the CsA encapsulated folic acid-Cs coupled NPs had a suitable antitumor property and had a circular form with a uniform
surface.”’ Previous research has shown that the particle’s morphology and structural confirmation significantly impact intracel-
lular delivery. Due to their intrinsic configuration, the circular particles readily absorb the bloodstream.*

Functional Group of Nanoformulations
When comparing the formulations with HA and ThC in the lyophilized form to the blank and CsA encapsulated
formulation, the FTIR spectrum revealed distinguishing peaks and data regarding the structure
(Figure 6C). The primary TC lines were detected at 3400 ' due to the bending of the OH,
2940 cm™ ! respectively linked to the CN bond.*® Moreover, the -SH bending peak at 1650

ocular delivery of Cyclosporine exhibited identical peaks.'’

Crystallographic Investigation of Nanoformulations
XRD analysis was used to determine the implications of intramolecular a ciations on the crystal-

crystallinity level that was very close to that of blank nanoformul e formation of hydrogen bonds between

molecules and extra molecular forces that may have persiste encapsulated formulation as well. To

comprehend the crystalline morphological conformatign of ¢ semi-crystalline materials, X-rays are

WA AT R R SR e D)

-_— e .5 -~ -~ ._\W

Wavenumber (cm-1)

F v gt F & & % F & 3 0 F F & d 0. F T & 3ole?
a 3500 3000 2500 2000 1500

Figure 6 SEM images of a plane surface with nanosize, smooth and spherical shaped nanoparticles at 3um (A) CsA-loaded ThC-HA, and (B) TEM showed more precise image of NF at
200nm exhibiting spherical granules. There shape support their movement in the leaky vasculature of cancer cells (C) FTIR spectrum of nanoformulation of CsA-loaded in ThC-HA.
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generated by entrapping the drug in this polymer, as seen in Figure 7C. Considering the alteration of Cs to produce thiolated
chitosan and stability enhancement at elevated temperatures,'” reported similar results previously.

adding thiol groups to Cs improves its overall stability, improving the reliability of the nanoformulations

Cyclosporine Loading and Encapsulation Efficiency (EE) %

UV-Vis spectrophotometer was used to calculate how much loaded Cyclosporine was in the nanoformulations. According
to Table 3, the average percentages of EE and DL of nanoformulations of CsA encapsulated ThC-HA were 85% and
14%, respectively. Prior studies on the drug-loaded nanoformulations revealed a higher pharmacological profile and
improved efficacy in-vivo and in-vitro investigations.>® Gemcitabine was previously shown to have 3.91 + 0.12 DL and
EE 85.4 + 4.9% in folic acid-Cs linked NPs.*
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Table 3 Percentages of EE and DL NFs of CsA-Loaded in ThC-HA

Absorbance Encapsulation Encapsulation Efficiency | Drug Loading | Drug Loading %
Efficiency (EE%) % (Mean £ SD) (DL) (Mean £ SD)

2.9031 85.35% 85.70%%0.003 | 14.32 14.27+0.05

2818 85.78% 14.22

2.781 85.97% 14.29

In vitro Cyclosporine Release Study
The drug release test was carried out using a dialysis bag submerged in PB pH 7.4 and 6.8

are needed to attain the plasma levels in the blood circulation because the
and the residual was released immediately in 24 hours*® and previousl

release of VC of 4:25 formulation within 2 h s, and subseq
and 8 h s, respectively.”” The polymer’s concentration and t release were shown to be inversely

related. The drug release was shown to be delayed up to 12 hours.

Dynamics of Cyclosporine Release
Various kinetic parameters were used to deveidp ase process using the information of the cumulative % of

deemed the best compared to all kineti \ . 6.8, as shown in Figure 8B and C, because their R2 values

Table 4 Drug Release Rates from Sy i nprocessed CsA at Predetermined Intervals in Phosphate Buffers at pH 7.4
and 6.8, Respectively

Sr. Time Absorba % CsA Released from % CsA Released from Drug (CsA)
No. (Hr) anoformulation at pH 7.4 | Nanoformulation at pH 6.8 | Solution at pH 7.4
(Mean % S.D) (Mean % S.D) (Mean % S.D)

| 0 0 0

2 7779119 26.75053467 7.779119206

3 0.11274 15.54774 55.2900819 15.54774028

4 0.13092 23.0959 62.20910204 23.09590048

5 0.14143 30.01417 70.304807 | 30.01417248

6 6 0.1038 0.15731 36.90095 77.7515013 36.90095008

7 12 0.1028 0.15268 43.68275 80.92601096 43.68274631

8 24 0.1109 0.15983 51.31489 81.63710112 51.31489161

9 48 0.1127 0.16245 66.15926 84.39398639 59.13600336

10 72 0.246 0.16809 80.19526 86.72478192 66.15925673
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Time (Hr) | Cumulative % CsA | Cumulative % CsA
Released (pH 7.4) | Released (pH 6.8)
0 0 0
2 0.5 7.779119 26.75053467
3 | 15.54774 55.2900819
4 2 23.0959 62.20910204
6 4 30.01417 70.3048071
7 6 36.90095 77.7515013
8 12 43.68275 80.92601096
9 24 51.31489 81.63710112
10 48 66.15926 84.39398639
I 72 80.19526 86.72478192
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Table 6 The Different Kinetic Models on Drug Release of NFs at pH 7.4 and 6.8

Zero-Order First-Order Higuchi Korsmeyer-Peppas | Hixon Crowell
R? K, R? K, R¥ K4 R? Ks R? Ks
pH 7.4 | 09389 | 7.137 | 09712 | —0.0413 | 0.9864 | 188l 0.5902 10.263 0.6753 | 0.423

pH 6.8 | 0.6794 | 10.535 | 0.7212 | —0.0526 | 0.932 | 30.33 0.2554 0.7071 0.6579 | 0.1373

Notes: *R2 (highlighted) value close to | is th eindicator of best kinetic model followed by release of drug from formulations.

In-Vitro Anticancer Potential of CsA-NF
MTT Assay for Cell Viability

The anticancer potential of CsA-NF was tested on MCF-10A and MDA-MB-231 at concentrationg
mL and contrasted to raw Cyclosporine (Figure 9). When the drug concentration is increased

mL, it has a dose-dependent effect on the cell survival of MCF-10A cells that have been

tion was raised to 90 pg/mL, it was only 20.87+0.01%. The IC50 for Cs
MCF-10A cells, when treated with pure CsA, the highest cell viabilit . . was observed at a concentration
n of 90 pg/mL, as reported in
ess significant reduction in the viability
hen the nanoformulation concentration

Jtotoxic potential of pure CsA and CsA-NF at different
concentrations of 10, 40, and 8 . own in Table 7 below, % cytotoxicity increased with increased
concentration of NFs. For MD
of 80pg/mL, and minimum iabili 1+0.04% was observed at a concentration of 80 pg/mL for pure CsA treated

MCF-10A mm Blank
150- w CsAdoaded TCs-HA 440 . " mn CsA-loaded TCs-HA
mm Pure CsA ) mm Pure CsA

Q " X 804
> 100 —
= g 60
8 8
2 > 40-
3 3
Q

° 20-

0_
Concentration pg/ml Concentration pg/ml

Figure 9 Cell viability analysis by MTT assay outcomes of MDA-MB-231 and MCF-10A cells after treatment with CsA and CsA-NF (mean + SD, *p < 0.05).

5728  res International Journal of Nanomedicine 2023:18
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Abduh

Table 7 Trypan Blue Exclusion Result of % Cytotoxicity

S.No | Concentration | CsA-ThC-HA Pure CsA
(Mean + SD) | (Mean + SD)
%Cytotoxicity MDA-MB-231
| 80 pg/mL 85+0.04 79.2+0.07
2 40 pg/mL 60.3+0.21 53.6+0.04
3 10 pg/mL 35.310.03 32.1£0.12
4 0 pg/mL 10£0.07 11£0.04
%Cytotoxicity MCF-10A
| 80 pg/mL 25+0.03 67+0.02
2 40 pg/mL 18.4+0.02 46+0.03
3 10 pg/mL 12+0.05 29.7+0,
4 0 pg/mL 10£0.07

increased in a dose-dependent manner. The cytopath!
such as shrunken cells and nuclei, roundj hsagorS

60 pg/ml 90 pg/ml

20 pg/ml

60 pg/ml 90 pg/ml

20 pg/ml

and dose-

/mL for CsA-ThC-HA treated cells.

ndent manner.

ells MDA-MB-231 were when treated with
pg/mL, and 90 pg/mL), the cytopathic effect
getermined by observing the hallmarks of apoptosis,
on of cells, and loss of characteristic cell morphology. The
B-231 cells was seen with CsA-NF, which was comparably

Figure 10 Cell morphology analysis of CsA and CsA-NF treated MDA-MB-231 and MCF-10A cells at 20x magnification.
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10A cells was seen with Pure CsA treatment at 80 pg/mL concentration, while CsA-NF did not have much cytopathic
effect on MCF-10A cells.

Conclusion

To improve the effectiveness of chemotherapeutics with ligand surface alteration, the current research significantly
developed the Cyclosporine loaded in thiolated chitosan (ThC) and encapsulated with Hyaluronic acid (HA) nanofor-
mulation (NF) for the targeted administration of drugs. Considering its hydrophilic properties, pseudo-immunogenicity,
longevity, and capacity to carry numerous readily alterable functional groups, HA was selected as the ligand for
administering chemotherapy Cyclosporine enclosed in the naturally occurring polymeric compound ThC. The outer
shell of the NF was infused with HA, a proven CD44 ligand, for targeted inhibition of the CD44 receptor, which is highly

expressed in numerous malignancies, including triple-negative breast cancer. To evaluate the producg effectiveness
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