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In the present study, ribociclib-loaded nanosponges (RCNs) composed of ethylcellulose and polyvinyl alcohol were developed
using an emulsion-solvent evaporation method. Preliminary evaluations of the developed RCNs (RCNI1 to RCN7) were
performed in terms of size, polydispersity index (PDI), zeta potential (ZP), entrapment efficiency (EE), and drug loading (DL),
which allowed us to select the optimized formulation. RCN3 was selected as the optimized carrier system with particle size
(363.5 £ 4.8nm), PDI (0.292 + 0.012), zeta potential (—18.5 +0.05mV), EE (81.35 + 1.64%), and DL (21.96 + 0.28%). Further,
the optimized nanosponges (RCN3) were subjected to FTIR, XRD, DSC, and SEM studies, and results confirmed the proper
encapsulation of the drug within the porous polymeric matrix. In vitro drug release studies showed that the drug release was
significantly enhanced with a maximum drug release through RCN3 formulation (81.85+0.37%) and followed the Higuchi
model. Moreover, the RCN3 system showed greater cytotoxicity than free ribociclib (RC) against MDA-MB-231 and MCEF-7
breast cancer cell lines. The percentage of apoptosis induced by RCN3 was found significantly higher than that of free RC
(p <0.05). Overall, ribociclib-loaded ethylcellulose nanosponges could be a potential nanocarrier to enhance the effectiveness of
ribociclib in breast cancer treatment.

1. Introduction

Breast cancer (BC) is considered one of the most common
and fatal cancer types detected in women globally [1-4]. It
has been believed that BC is the second foremost reason
for death after mortalities caused by lung cancer [4-8]. Cur-
rent developments in explaining the molecular/cellular

mechanisms associated with ER+ and TNBC, signaling path-
ways, and cellular cycle controlling proteins have paved a
path for merging endocrinotherapies with the targeted ther-
apeutic agents [9-12]. Moreover, downregulation of cell pro-
liferation is facilitated by unusual stimulation of the cellular
cycle mechanism based on the biological effect of cyclin-
dependent kinase (CDK) [13]. The development of
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nonperceptive CDK inhibitors was found to be futile because
of the mutual lack of efficiency and extreme toxicity
described through clinical/preclinical trials performed over
various cancer types [14]. The clinically established ribociclib
(RC), abemaciclib, and palbociclib, classified as second-
generation CDK4/6-targeting inhibitors, have showed potential
anticancer activities in patients diagnosed with (HER-2) BC
[15, 16]. Amongst these inhibitors, RC has been proven as a
vastly discerning CDK4/6-selective inhibitor [17], and it acts
by specifically merging with the ATP-binding pockets of
CDK4/6 [18-21]. Nowadays, numerous preclinical and clinical
trials are going on concerning RC administration for the effec-
tive mitigation of various tumor types such as non-small-cell
lung cancer, BRAFV600 cervical cancers, NRAS-mutant mela-
nomas, neuroblastoma, thyroid cancers, lymphoma, and others
[22-24]. In one of the preclinical analyses, it was reported that
the RC exhibited potential inhibitory activities principally
against the ER+ cell lines, signifying that (ER+) BC might be
predominantly liable to CDK4/6 inhibition [25, 26]. It has been
noticed that RC as a single moiety or in combination has exhib-
ited potential anticancer activity and also has been found to be
efficient to overcome the issues associated with resistance,
established through clinical or preclinical studies. For instance,
combined dosing of RC with alpelisib (PI3K inhibitor) resulted
in improved tumor deterioration, augmented response rates,
and development free existence than the single-drug moieties
[26, 27]. In another study, the combined treatment of RC and
letrozole reduced the cell proliferation more evidently than
the single drugs in the treated grade II/III (HR+) BC and
(HER2-) BC cell lines [26]. Despite numerous therapeutic
activities of RC against BC, its release and targeting behavior
at a specific site have been always a major concern, leading to
its poor bioavailability. RC is classified as BCS IV drug and
demonstrates low solubility and permeability that limits the
bioavailability of drug [28]. Its clinical effectiveness is insuffi-
cient at the therapeutic level, resulting in an increase in dosage
frequency or side effects from high doses. There has not been
much work done in the nanocarrier system to address the issue.
To overcome these issues, recently it was formulated as poly-
meric micelles [29] and a nanostructure lipid carrier [30] in
order to enhance solubility and bioavailability of RC. Repur-
posing of RC for the treatment of breast cancer in a nanos-
ponge formulation is a novel approach. For this, RC-loaded
ethylcellulose-based nanosponges were developed and evalu-
ated and optimized. Furthermore, anticancer activity of RC
and RC-loaded ethylcellulose-based nanosponges was deter-
mined in MDA-MB-231 and MCF-7 breast cancer cells by
examining cell viability and apoptosis.

2. Materials and Methods

2.1. Materials. Ribociclib (RC) was procured from Meso-
chem Technology (Beijing, China), and ethylcellulose and
polyvinyl alcohol (MW-85,000-124,000) were purchased
from Loba Chemie, India. Organic solvent methylene chlo-
ride (MC), Dulbecco’s Modified Eagle’s Medium (DMEM),
and Fetal Bovine Serum (FBS) were obtained from Sigma-
Aldrich, St. Louis, USA. All other chemical reagents were
of analytical grade and were used as received.
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2.2. Development of Ribociclib-Loaded Nanosponges. Ethyl-
cellulose-based ribociclib-loaded nanosponges (RCNs) were
prepared as per the method reported by Ahmed et al. [31],
by using an emulsion-solvent evaporation approach. Accu-
rately weighed ribociclib (50 mg) was dissolved in 5mL of
methylene chloride and vortexed followed by an addition
of polymer ethylcellulose (EC) (25-100 mg). Drug-polymer
organic solution was then ultrasonicated for 3 minutes in
an ultrasonic water bath (Daihan Scientific, Model: WUG-
DO06H, Gangwon, Korea) to complete the dissolution of
added solids. Aqueous stabilizer solution (25-100 mL) was
prepared by dissolving PVA in distilled water (0.5% w/v),
and the dispersion was mixed with an ultradisperser (IKA
T 25 digital Ultra-Turrax®, Staufen, Germany) for 5
minutes. Emulsification was achieved by adding the organic
solution (drug-polymer solution) to the aqueous solution in
a jacketed ice bath using a sonication probe (435A), pro-
grammed for 5 minutes with a 5sec on-off cycle at 65%
amplitude (probe sonicator, Model-FB120, Fisher Scientific,
Massachusetts, USA). Nanomaterial colloidal dispersion
was placed on the ceramic-coated aluminum-plated mag-
netic stirrer (MS-20D, Witeg Labortechnik GmbH,
Wertheim, Germany) stirred at 1000rpm to evaporate
organic solvent for about 24h under atmospheric condi-
tions. Colloidal aqueous dispersion was then ultracentri-
fuged (Eppendorf, model 5418R, Hamburg, Germany) for
2 hours at 8000 rpm. The sediment was then recovered and
washed with Milli-Q water (n = 3) to remove the adsorbed
PVA. Finally, ribociclib-loaded nanosponge slurry was
lyophilized and freeze-dried (Millrock Technology, New
York, USA). The drug amount was kept constant (50 mg)
in all seven nanocarriers. The ratio of EC and PVA was
altered to optimize nanosponges (Table 1). The fluffy-
spongy matrix-nanosponges were then coded and preserved
in a capped glass vial until further characterizations [31].

2.3. Evaluation of Particle Size, Polydispersity Index, and
Zeta Potential. Dynamic light scattering (Zetasizer Nano
7S instrument, Malvern Instruments, UK) was used to
determine the mean particle diameter and polydispersity
index (PDI) of RCNs. Samples under the study were diluted
with Milli-Q water (1:200) and sonicated for 2 minutes to
break particle agglomerates. Diluted particle dispersion was
then filled into the cuvette fixed with the copper alloy elec-
trode. The sample holder was then placed into the particle
analyzer. The laser beam passed at 900, and parameters were
set to analyze particle size and potential [32]. All the mea-
surements were taken in triplicate (n = 3). The ZP values of
each nanosponge were measured (Zetasizer Nano ZS instru-
ment, Malvern Instruments, UK). The same method was
adopted for ZP measurement except diluted samples were
transferred into a glass electrode [33].

2.4. Percent Drug Entrapment and Loading Estimation.
Entrapment efficiency (EE) and drug loading (DL) in the
developed nanosponges for each formula were estimated
by an indirect method [34]. The freshly prepared nanos-
ponge solution was centrifuged (Hermle Labortechnik,
Z216MK, Wehingen, Germany) at 12,000rpm for 10
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TasLE 1: Composition of ribociclib-loaded nanosponges.

Nanosponges Ribociclib Ethylcellulose ~ PVA 0.5%, w/w
(mg) (mg) (mL)

RCNI1 50 25 25

RCN3 50 25 50

RCN3 50 50 25

RCN4 50 50 50

RCN5 50 25 100
RCN6 50 50 100
RCN7 50 100 100

minutes. After centrifugation, the supernatant of each sam-
ple was collected in the microcentrifuge tube and analyzed
using an ultraviolet-spectrophotometer (Jasco UV/Visible
Spectrophotometer V-630 Japan) at A max =275nm [35].
The %EE and %DL were calculated using equations:

T. -
EE (%) = Ta=5a 100,
D
(1)
Total entrapped drug
DL (%) = —— x 100,
Weight of nanosponges

where T, is the theoretical drug content, S; is the
amount of free drug in the supernatant, and T7, is the theo-
retically calculated total drug amount.

2.5. FTIR Spectroscopy. The possibilities of any chemical
interaction between drug and excipients are detected by
FTIR analysis. KBr pellets were prepared for pure drug RC
and optimized nanosponge (RCN3), separately. First collect
an interferogram of a KBr signal (100% transmittance) using
an interferometer, to validate the instrument; then, RC and
optimized RCN were analyzed in the wavelength range of
4000-400cm™ using the FTIR spectrophotometer (Jasco
4600 Mid-IR FTIR Spectrometer, Japan) [36-38].

2.6. Differential Scanning Calorimetry. Thermal analysis of
drug (RC) and nanosponges (RCN3) was performed by
DSC study, wherein the sample (5mg) under study was
crimped in an aluminum pan and then analyzed against an
empty reference pan. The thermal properties of pure RC
and optimized RCN were analyzed within a temperature
range of 30-250°C at a heating rate of 10°C/min using the
DSC instrument (DSC N-650, Scinco, Seoul, Korea).

2.7. X-Ray Diffraction (XRD) Analysis. X-ray diffraction
(XRD) study is one of the most prominent techniques for
the characterization of NSs [38]. XRD studies are performed
to estimate the physical property of the samples, whether the
compound exhibits crystalline or amorphous state. The
physical nature of the pure RC and optimized RCN3 was
evaluated at 20 angle in the range of 5-60° using an X-ray
diffractometer (Altima IV Regaco, Tokyo, Japan).

2.8. Morphology by Scanning Electron Microscopy (SEM).
The morphology of the optimized nanosponge (RCN3)
was examined using SEM (JEOL JSM-5900-LV, Tokyo,

Japan) operated at 15kV. Freeze-dried powder of RCN3
was coated with a thin layer of gold under vacuum.

2.9. In Vitro Drug Release Studies. The nature of drug release
and kinetic is assessed through in vitro drug release studies
in biorelevant physiological medium. Based on these studies,
the mechanism of drug release was also examined. The study
was performed by using a dialysis bag method [38]. Briefly,
10mL of both pure RC suspension and optimized nanos-
ponge (RCN3) containing 10 mg equivalent of amount of
drug was added in the respective dialysis bags (cut-off mol.
weight 12,000 Daltons) followed by dipping of these bags
into a beaker comprising 100 mL of phosphate buffer solu-
tion (PBS) pH 7.4 maintained at 37 + 2°C and was kept over
a magnetic stirrer at 100 rpm. At predetermined time inter-
vals, 1 mL of sample aliquots was withdrawn from respective
dialysis bags and was simultaneously replaced with freshly
prepared PBS. Finally, the withdrawn aliquots of respective
samples were measured at wavelength 275nm [36] using
UV/Vis spectroscopy (Jasco UV spectrophotometer V-630,
Japan). All the specimens for each sample were executed in
triplicate (n=3). Moreover, the kinetics and mechanism
behind the drug release from RCN3 were assessed through
fitting the results of cumulative drug release studies into var-
ious kinetic mathematical modelling, such as zero-order,
first-order, Higuchi, and Korsmeyer-Peppas models, and
were calculated via the following equations:

Zero order, Qt = Q0 + kOt,

1 - k1t
First order, log Qt = &,
2.303

o kHt1 (2)
Higuchi, Qt = —

= ktn,

K P !
orsmeyer-Peppas,
PP Moo

where Qf is the total drug dissolved in time ¢, QO is the
total drug dissolved in the dispersion medium at the initial
stage, kO is the zero-order kinetic constant, k1 is the first-
order rate constant, and kHt1/2 is the Higuchi model con-
stant. Mt and Moo are cumulative drug release at time ¢
and infinite time, respectively; k is the rate constant of
RCNS; t is the release time; and # is the diffusion exponent
representing the release mechanism.

2.10. MTT Assay against Breast Cancer Cell Lines. The cell
viability assay was performed to assess the anticancer effi-
cacy of pure RC and RCN3 against selective human breast
cancer cell lines (MCF-7 and MDA-MB-231). Human breast
cancer cell lines MCF-7 (ATCCC®RL-3435™) and MDA-
MB-231 (ATCCC®HTB-26™) were obtained from the
American Type Culture Collection (ATCC, Manassas, VA,
USA). The in vitro cell viability study was accomplished
through the 2,5-diphenyl-2H-tetrazolium bromide (MTT)
assay using a colorimetric method. Before analysis, both
the cell lines were passaged in DMEM culture medium sup-
plemented with FBS (10%) and were then incubated in an
incubator overnight maintained at 37°C under CO,
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TaBLE 2: Evaluation of ribociclib-loaded nanosponges (RCN1-RCN7).

Nanosponges Size + SD (nm) PDI ZP +SD (mV) %EE %DL

RCN1 585.2+2.2 0.643 +0.005 -12.92+0.04 49.26 +1.13 12.70 £ 0.51
RCN2 466.9+2.3 0.320 £ 0.009 -15.98 £0.08 61.95+1.08 13.96 £ 0.14
RCN3 363.5+4.8 0.292 +£0.012 -18.5+0.05 81.35+1.64 21.96 +0.28
RCN4 440.6 + 2.2 0.514 +£0.004 -9.49+0.01 36.04 +0.91 10.97 £0.35
RCN5 7349+3.1 0.726 £ 0.006 —6.49 +0.02 23.28 £0.84 8.52+0.15
RCN6 546.8 + 4.6 0.272 +0.007 -14.9+0.04 69.68 +1.11 17.46 +0.23
RCN7 610.4 +£8.3 0.392+0.014 -11.93 £0.06 45.21 +1.46 11.21+0.17

PDI: polydispersity index; ZP zeta potential; EE entrapment efficiency; DL drug loading.

environment. Later, 1000 L of these cell suspensions
(~5 x 10* cells/mL) was loaded into a sterilized 24-well plate
and was kept in the incubator undisturbed overnight main-
tained at 37°C. After incubation, each of the samples was
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FiGure 1: Comparative FTIR spectra of pure RC and optimized nanosponge (RCN3).
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FiGUure 2: Comparative DSC spectra of pure RC and optimized nanosponge (RCN3).

added distinctly into pretreated (transferred from a 24-well
plate) 96-well plates. Further, 100 uL of the earlier prepared
MTT solution (5% w/v) was treated to the separate wells and
were incubated for 3 hours at 37°C. Finally, optical density of
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FiGure 3: Comparative XRD pattern of pure RC and optimized nanosponge (RCN3).

each sample was estimated at 490 nm with the help of the
ELISA microplate reader (Thermo Fisher Scientific, USA)
to determine the percent cell viability; also, IC50 was mea-
sured.

Mean absorbance of sample
100.

(3)

Cell Viability (%) =
ell Viability (%) Mean absorbance of control

2.11. Apoptosis Studies by the Annexin V-Propidium Iodide
Method. Apoptosis induced by control, pure RC, and opti-
mized nanosponge (RCN3) was studied by the Annexin V
staining technique. The 1 x 10° cells/well were seeded in
six-well plates and incubated with IC50 concentration of

optimized formulation (RCN3) for 24h at 37°C, collected,
and centrifuged for 5 min. The cells were then washed twice
in PBS and resuspended at room temperature. The mixture
was incubated for 5 minutes at 25°C with Annexin V-FITC
(10 uL) and propidium iodide (PI) solution (5uL). A flow
cytometer was used to do the study.

2.12. Statistical Analysis. Results were expressed as the mean
+ standard error of the mean (SEM). Statistical variations of dif-
ferent treatment groups were analyzed according to one-way
analysis of variance (ANOVA) followed by post hoc Tukey’s test.
P < 0.05 was considered statistically significant. Statistical analy-
sis was performed using the GraphPad Prism program (version
4) (GraphPad Software, San Diego, CA, USA).
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FIGURE 4: SEM images of the optimized nanosponge (RCN3).

3. Results and Discussion

3.1. Particle Size, PDI, ZP, %EE, and %DL. The particle size
analysis of the developed RC-loaded polymeric nanosponges
was assessed through DLS studies. The particle size, PDI,
and ZP of the nanosponges (RCN1-RCN7) were measured
in the range of 363.5+4.8-734.9+3.1nm, 0.292 +0.012-
0.726 £ 0.006, and —6.49 + 0.02to — 18.5+ 0.05mV, respec-
tively (Table 2). Based on the results of particle size analysis,
RCN3 was selected as the optimized formulation with opti-
mized particle size, PDI, and ZP values of 363.5 + 4.8 nm,
0.292 £0.012, and —18.5+ 0.05mV, respectively. From the
results of zeta potential, it was suggested that the negative
surface charge of the formulations was probably due to
ethylcellulose, which further assisted in particle-particle
repulsion [38, 39]. It is believed that the values of (P > +30
mV indicate the formation of a stable dispersion; however,
it has to be mentioned that the usual Smoluchowski method
to calculate (P is only valid for hard spheres. In this case, due
to the soft nature of NSs, {P calculated by conventional anal-
ysis does not reflect the state of agglomeration or stability.
Our soft NS particles were stable despite {P < £30 mV [40].
Furthermore, the results of %EE and %DL of the nanos-
ponges (RCN1-RCN7) were demonstrated in Table 2. The
%EE and %DL were found to be in the range of 23.28%-
81.35% and 8.52%-21.96%, respectively. RCN3 exhibited
the most suitable outcomes of %EE (81.35+1.64) and
%DL (21.96 + 0.078).

3.2. FTIR Spectroscopy. FTIR spectra of pure drug RC and
RCN3 are presented in Figure 1. Typical peaks of pure RC
were assigned at 3200cm™ for NH stretching, 2914cm™

for C=H stretching, 1631cm™ for C=O stretching, and
1529cm™ for NH bending vibration. Results showed that
the spectrum of RCN3 exhibited shifting/disappearance of
identical peaks of RC with the reduction in intensity in the
fingerprint region of the drug. This indicates that the drug
was physically entrapped within the polymer matrix [41].

3.3. Differential Scanning Calorimetry. As shown in the
results of DSC analysis in Figure 2, it was observed that
the sharp endothermic peak of pure RC at 201.12°C [42]
completely disappeared in the case of RCN3. This is possibly
due to the proper entrapment of the drug within the poly-
mer-ethylcellulose.

3.4. X-Ray Diffraction (XRD) Analysis. XRD spectra of pure
drug RC and optimized nanosponge (RCN3) are presented
in Figure 3. XRD diffractogram of RC exhibited various
characteristic sharp and intense peaks at degree 2-theta
6.7°, 8.5°, 9.4°, 9.8°, 11.5°, 12.9°, 15.6°, 16.9°, 18.0°, 19.2°,
19.6°,21.2°, and 22.7° as reported in literature [42]. However,
various drug peaks disappeared or were reduced in intensity
except two sharp peaks at 38.1° and 44.3° which could be
seen in RCN3, probably due to the presence of the polymer.
Thus, it clearly indicated that the RC was adequately encap-
sulated within the polymer matrix in the nanosponge. The
disappearance/reduction in peak intensity is due to transfor-
mation of crystalline drug into amorphous form [42].

3.5. Morphology by Scanning Electron Microscopy (SEM).
The morphology of the optimized RC-loaded nanosponge
(RCN3) is presented in Figure 4. Particles could be seen in
nanosize range with a spongy porous surface. The particles
were connected to each other and form a bridge, probably
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FIGURE 5: Drug release profile and kinetic model of RCN3.

due to the presence of PVA remnants on the surface of the
nanosponge. The size of particles observed by SEM was
approximately identical to that observed by the DLS method.

3.6. In Vitro Drug Release Studies. In vitro drug release study
was performed using a dialysis bag method, and release data
of drug from the nanomaterials assist in assessing the safety
and efficacy. Drug release profiles for both pure RC suspen-
sion and optimized formulation (RCN3) have been repre-
sented in Figure 5. Results showed that the drug release
was sustained in RCN3 in comparison to pure drug suspen-
sion. An initial burst drug release was observed within the
first 5h, followed by sustained release till 24 h. Burst release
effect could be due to the adsorption or distribution of RC
on the nanosponge surface that permits instant drug dissolu-
tion on contact wetting with diffusion medium [39]. The
release pattern with an initial burst effect followed by a sus-

tained release by the fraction of drug located inside the
porous matrix represents the biphasic drug release profile
[43]. The cumulative drug release values for both pure RC
suspension and RCN3 were found to be 81.85% + 0.37 and
57.02% + 0.56, respectively. From the results, it was esti-
mated that the polymer played a crucial role in increasing
the sustained release properties of the drug, probably
because of slower dispersion of aqueous medium inside the
porous matrix. Almutairy et al. discussed that the release
of olmesartan from the ethylcellulose nanosponges was in
a sustained pattern, which could be due to viscous and swell-
ing nature of the polymer used EC [39].

Additionally, the results of release kinetic of the drug
from optimized nanosponges are shown in Figure 5. The
values for regression coefficient (r*) were found to be differ-
ent, i.e., for zero-order (> = 0.8298), first-order (> = 0.7745
), and Higuchi models (> = 0.9441). From the results, it was
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considered that the Higuchi model acted as a best-fit model,
signifying sustained drug release from the porous nanoma-
trix [44]. Figure 5 shows the Higuchi release kinetic graph
plotted from cumulative (%) drug release against the square
root of time in hours. Sustained drug release from the ethyl-
cellulose for a prolonged time period could be due to the fact
that the drug release was diffusion controlled through the
porous nanocarrier [35]. Sustained release of RC from
nanosponges could be beneficial for the treatment of breast
cancer.

3.7. MTT Assay against Breast Cancer Cell Lines. The encap-
sulation of pure RC within the polymeric matrix significantly
enhanced its targetability, leading to improved anticancer
effects against both the breast cancer cell lines. Gadag et.al
reported that RC is a potential cyclin-dependent kinase
(CDK) inhibitor and could be effectively used for the breast
cancer [45]. The MTT assay exhibited concentration-
dependent reduction in percent cell viability for pure drug
RC and the optimized nanosponge RCN3 against MCF-7
and MDA-BD-231 breast cancer cell lines (Figure 6). The
RCN3 exhibited significant reduction in cell viability (87.9,
63.0,30.8, and 22.3% at 6.25, 12.25, 25, and 50 yg/mL) in com-
parison to pure drug RC (93.8, 84.0, 76.8, and 49.1% at 6.25,
12.25, 25, and 50 ug/mL), against MCF-7 cell lines, respec-
tively, and the cell viability against MDA-DB-231 cell lines
showed 84.4, 68.8, 46.0, and 39.4% at 6.25, 12.25, 25, and
50 ug/mL) in comparison to pure drug RC (93.1, 87.8, 73.9,
and 48.8% at 6.25, 12.25, 25, and 50 yg/mL), against MCF-7
cell lines, respectively. The IC50 values were calculated for
the RC and RCN3 as 48.66 + 0.5 ug/mL and 17.39 + 0.46 ug
/mL in MCF-7 cell lines and 49.51 + 0.76 ug/mL and 23.09
+2.11 yg/mL in MDA-MB-231 cell lines, respectively. The
anticancer effect of RCN3 was enhanced to 2.14-fold and

2.79-fold in comparison to free drug (RC) against MDA-
MB-231 and MCEF-7 breast cancer lines, respectively. The dif-
ferent sensitivity of ribociclib-loaded nanosponges to MCF-7
and MDA-MB-231 cells may be due to the differences in the
expression of breast cancer-related proteins. MCF-7 is a gluco-
corticoid receptor (estrogen and progesterone) epithelial
luminal-positive breast cancer cell [46]. It is a widely studied
model for hormone-dependent human breast cancer. MDA-
MB-231 is a triple-negative breast cancer cell (lack of estrogen
and progesterone). The MDA-MB-231 cell line used as a
model for human breast cancer cells exhibits an estrogen-
independent state and does not express an estrogen receptor.
The lack of estrogen and progesterone in MDA-MB-231 is
the key for the different sensitivity between MCEF-7 and
MDA-MB-231 [46]. The different sensitivity of these two cell
lines MCF-7 and MDA-MB-231 depends on the chemothera-
peutics. Anticancer data exhibited that the ribociclib, when
entrapped in nanosponges, showed potential cytotoxicity at
lower concentrations than free drug ribociclib. In general, a
high dose with multiple regimens is needed to get the chemo-
therapeutic effects leading to severe or multiple adverse effects
due to cell toxicity of anticancer drugs. Henceforth, the dose
and frequency of drug administration could be reduced by
the developed RCN3 nanosponges with sustained drug release.

3.8. Apoptosis Studies by the Annexin V-Propidium Iodide
Method. Apoptosis studies were performed by flow cytome-
try to explore the apoptotic potential of RCN3 against MCF-
7 cell lines. The results show an excellent apoptotic activity
of parent drug RC in comparison to control (Figure 7).
However, optimized RCN3 shows a sharp rise in cell death
in the late apoptosis phase in comparison to both control
and pure drug RC-treated MCF-7 cells. A remarkable
decrease in narcosis (N) was observed with RC and RCN3
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FIGURE 7: Apoptosis activity of control, free RC, and RCN3 against MCEF-7 breast cell lines. Bar graph showing percent of live cells (L), early
apoptosis (EA), late apoptosis (LA), and narcosis (N) induced by different treatments under investigation. Data are expressed as mean + SD
(n=3). = indicates significant difference between RCN3 (p < 0.05) and free RC and control.

treatment compared to control. Furthermore, the percentage
of early apoptosis (EA) and late apoptosis (LA) with RCN3
(10.4%) was significantly higher (p <0.05) in comparison
to free RC (4.1%) and control (1.4%). Therefore, the nanos-
ponge of RC confirmed antitumor activity against MCF-7
breast cell lines. It was revealed from apoptosis that the
RCN3 nanosponge was more cytotoxic than free RC to kill
breast cancerous cells.

4. Conclusion

We successfully developed and evaluated ribociclib-loaded
ethylcellulose-based nanosponges as a potential treatment
for breast cancer. The prepared nanosponges were opti-
mized based on particle size, PDI, zeta potential, entrapment
efficiency, and drug loading. The optimized nanosponges
improved the release properties of the ribociclib and also
showed higher cytotoxic and apoptotic cell death in MDA-
MB-231 and MCEF-7 cell lines. Based on overall findings,
repurposing ribociclib by encapsulation in a nanosponge
could be an effective approach for breast cancer treatment.
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