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Abstract: Pharmaceutical substance sitagliptin has long been used to treat diabetes. However, subsequent researches
have shown that sitagliptin has additional therapeutic effects. Anti-inflammatory effects are observed. Combining
sitagliptin with biodegradable polymers like nanoparticles for chemotherapy may be effective. This method enhances
therapeutic agent pharmacokinetics. This study tests sitagliptin (SIT) chitosan base nanoparticles against MCF-7 cancer
cell lines for anti-cancer effects. Sitagliptin chitosan-based nanoparticles are tested for their ability to suppress MCF-7
cancer cell proliferation. lonic gelation, a typical nanoparticle manufacturing method, was used. A detailed examination
of the nanoparticles followed, using particle-size measurement, FTIR, and SEM. Entrapment efficiency, drug-loading,
and in-vitro drug release were assessed. Loaded with chitosan and sitagliptin, the nanoparticles averaged 500nm and
534nm in diameter. Sitagliptin has little effect on particle size. Chitosan-based Sitagliptin nanoparticles grew slightly,
suggesting Sitagliptin is present. SIT-SC-NPs had 32% encapsulation efficiency and 30% drug content due to their high
polymer-to-drug ratio. SEM analysis showed that both drug-free and sitagliptin-loaded nanoparticles are spherical, as
shown by the different bands in the photos. The SIT-CS-NPs had a 120-hour release efficiency of up to 80%. This
suggests that these nanoparticles could cure hepatocellular carcinoma, specifically MCF-7 cell lines.

Keywords: Sitagliptin, chitosan nanoparticles, advanced breast cancer, in-vitro cytotoxicity, MCF-7 cell lines,
nanoparticle-based chemotherapy.

INTRODUCTION

Cancer is a multifaceted collection of disorders that
manifests as the unregulated proliferation and
dissemination of abnormal cells, with the potential to
arise in diverse bodily organs and tissues. Metastasis is a
critical factor in cancer-related mortality, including the
infiltration of adjacent tissues by cancer cells and their
subsequent migration to distant organs. In the past decade,
cancer was responsible for an estimated 9.6 million
fatalities, thereby positioning it as the second most
significant contributor to worldwide mortality (Ruddon,
2007; Warwick-Booth & Cross, 2018). The incidence
rates of several types of cancer exhibit gender disparities,
as seen by the predominance of lung, prostate, colorectal,
stomach, and breast cancer among males and breast,
colorectal, lung, cervical and thyroid cancer among
females (Idrees et al., 2018).

Cancer presents itself in several manifestations,
encompassing carcinoma, melanoma, sarcoma, lymphoma
and leukemia. Carcinomas, which originate from various
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tissues such as the skin, lungs, breasts, pancreas and
glands, represent the most commonly detected forms of
cancer. (Demir, 2007 and Shaefer Jr et al., 2015)
Lymphomas are characterized by the impact on
lymphocytes, while leukemia is characterized by the
abnormal growth of blood cells (Stickel et al., 2017).
Sarcomas, on the other hand, develop from different types
of connective tissues, while melanomas arise from skin
cells responsible for pigment production
(Ananthakrishnan et al., 2006).

This study article explores a specific domain of oncology
research, namely breast cancer, which is a widely
prevalent disease that has a substantial impact on the
health of women. Advanced breast cancer, namely the
highly aggressive MCF-7 cell line, presents significant
obstacles as a result of its propensity for aggressive
activity and metastatic spread (Pei et al., 2023).

In the setting of advanced breast cancer, the
implementation of novel therapeutic approaches is
important to combat its highly aggressive characteristics
effectively. ~ The  repurposing  of  pre-existing
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pharmaceuticals and the utilization of sophisticated drug
delivery technologies offer encouraging strategies for
improving treatment efficacy (Losh, 2009). The primary
objective of this study is to explore the potential of
Sitagliptin Phosphate Nanoparticles as an innovative
therapeutic approach for advanced breast cancer, with a
specific emphasis on targeting the MCF-7 cell line
(Kheraldine et al., 2021).

This study presents a potential pathway for enhancing the
outcomes of patients with advanced breast cancer by
integrating the domains of nanotechnology and cancer
research. This collaboration contributes to the continuous
endeavors in addressing the challenges posed by this
difficult disease (Nabil et al., 2021). Considering the
considerable incidence and consequential ramifications of
breast cancer, particularly in advanced stages, the
implementation of a novel and efficacious strategy has the
potential to profoundly reshape therapy frameworks and
enhance patient prognoses (Koundouros & Poulogiannis,
2020). The utilization of drug repurposing strategies, such
as sitagliptin, which has demonstrated cytotoxic
properties against cancer cells, presents a viable and
economically efficient approach to improve treatment
efficacy (Kirtonia et al., 2021 and Lesmana et al., 2006).

Cancer, an intricate assortment of diseases distinguished
by unregulated cellular proliferation, represents a
significant worldwide health issue owing to its profound
influence on mortality rates (Tewari et al., 2022). The
metastatic phenomenon, characterized by the infiltration
of cancer cells into adjacent tissues and subsequent
migration to distant organs, plays a substantial role in
cancer-related mortality (Bhat et al., 2021). The
differential occurrence rates of distinct cancer kinds
among individuals of different genders highlights the
necessity of implementing tailored strategies to
effectively tackle the specific obstacles associated with
each type (Kale et al., 2023; Zapka & Lemon, 2004).

Breast cancer, a disease of significant prevalence and
significance, poses a substantial challenge, particularly in
its advanced stages. The necessity for alternative
therapeutic techniques arises from the aggressive nature
of advanced breast cancer, as demonstrated by the MCF-7
cell line. The utilization of pre-existing pharmaceuticals,
such as Sitagliptin, has potential in augmenting the
efficacy of treatment results (Malik et al., 2022). In
addition, the utilization of nanomedicine methodologies
for the administration of therapeutic medicines via
nanoparticles presents a promising advancement in the
field of cancer treatment. The user has provided a
reference to support their statement (Tiwari et al., 2023).

The objective of this study is to produce and analyze
sitagliptin phosphate nanoparticles and evaluate their
cytotoxicity against MCF-7 cell lines in an In-vitro
setting. This research endeavors to enhance the
accessibility and effectiveness of treatment choices for

breast cancer patients in Pakistan and other regions by
integrating drug repurposing with nanomedicine
technology.

MATERIALS AND METHODS

The sitagliptin used in this study was obtained from Mass
Pharmaceuticals Pvt. Limited, Lahore, with the batch
number B#27-0001-21037 as gift sample. Glacial acetic
acid (100%) was sourced from SIGMA-ALDRICH,
identified by the RTECS number AF-1225000. Sodium
tri-polyphosphate, with the lot number SBCC2990, was
also acquired from SIGMA-ALDRICH. Chitosan, used in
the study, was procured from SIGMA-ALDRICH and its
lot number was STBH6262. The dialysis tubing used,
with dimensions 14.3mm and a molecular weight cutoff
(MWCO) of 12,000-14,000 Daltons, was obtained from
Medicell Membranes Ltd.

The cell culture medium used for the study was
Dulbecco’s modified eagle medium (DMEM) with the
product code L0102-500, sourced from Biowest, USA.
Fetal bovine serum (FBS) was also used, obtained from
Hyclone with the product code SV30160, originating
from South America. The penicillin-streptomycin solution
used was from Hyclone with the product code
SV30082.01, sourced from the US. Phosphate-buffered
saline (PBS) was procured from Oxoid, England, with the
product code BR0014G. Thiazolyl tetrazolium bromide
(MTT), a commonly used reagent, was sourced from
Bioworld, USA, with the product code 42000092-2.

For experimental assays, 96-well plates were used, which
were obtained from Corning, USA. The Breast cancer
(MCF-7) cell lines utilized in the study were generously
provided by the School of Biological Sciences (SBS) and
the Center of Excellence in Molecular Biology (CEMB),
Lahore, Pakistan.

Preparation of sitagliptin NPs

Sitagliptin nanoparticles (SIT-CS-NPs) were formulated
using the ionic gelation method(Wilson, Alobaid, Geetha,
& Jenita, 2021). The process involved dissolving chitosan
in glacial acetic acid (2% v/v) and allowing it to stand
overnight. SIT was dissolved in the prepared chitosan
solution. The SIT-CS-NPs were created by adding
tripolyphosphate (0.2% w/v) at a rate of 1 ml/min while
continuously stirring at 600 RPM for 2 hours at room
temperature. The resulting solution was poured into vials
and centrifuged at 10,000 rpm for 30 minutes to obtain
nanoparticles, which were then washed with double
distilled water (Mittal et al., 2022). Different batches with
varying concentrations were prepared.

Drug encapsulation efficiency

The drug encapsulation efficiency (EE) was determined
by assessing the amount of unentrapped drug in the
supernatant collected during the preparation of SIT-CS-
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NPs. The concentration of unentrapped drug was
measured at the A-max of SIT (256 nm) using a UV-
absorbance spectrometer, and the encapsulation efficiency
was calculated using the equation 1.

Weight of drug in NPs

: — x100%
Weight of initial drug

Encapsulation Efficiency (EE) =

Drug loading

The drug loading (DL) of SIT in the prepared chitosan
nanoparticles was quantified by comparing it with a
standard solution of SIT using a UV-spectrophotometer.
Absorbance was measured at the A-max of SIT (256 nm),
and the drug loading was calculated using the equation 2.

Drug Loading (DL) = Wel\?\?t_o;tdrtfjgl\:g NPs x100%
eight o s

Characterization

Fourier Transform Infrared Spectroscopy (FTIR)

The FTIR spectra of chitosan polymer, chitosan
nanoparticles, sitagliptin and SIT nanoparticles were
obtained using the Agilent Cary 630 FTIR Spectrometer.
Samples were prepared in KBr disks and scanned in the
IR region of 4000-400 cm.

Analysis of particle size

The particle size analysis of sitagliptin (SIT) nano
particles and chitosan nanoparticles was conducted using
the BT-90 Nano laser particle size analyzer. Nanoparticles
were sonicated in deionized water to reduce particle
adhesion, and the particle size was measured under
specific conditions.

Scanning electron microscope-energy dispersive X-ray
spectroscopy (SEM-EDX)

The Nova NanoSEM 450 field-emission scanning
electron microscope (FE-SEM) was utilized to study the
surface morphology of SIT-Chitosan NPs and chitosan
nanoparticles. Prior to imaging, the samples underwent a
gold coating process in a vacuum environment.

In-vitro drug release study

The In-vitro drug release of sitagliptin from chitosan
nanoparticles was assessed using the dialysis method.
Samples of SIT nanoparticles were placed in dialysis
tubing and subjected to a dissolution medium. The
concentration of released SIT was measured using a UV
spectrophotometer and the cumulative release over time
was determined.

Cytotoxic assay

The cytotoxic effects of free and encapsulated sitagliptin
nanoparticles against MCF-7 cell lines were assessed
using the MTT assay (Ghasemi, Turnbull, Sebastian &
Kempson, 2021). MCF-7 cells were treated with varying
concentrations of SIT nanoparticles and cell viability was
measured through absorbance readings.

STATISTICAL ANALYSIS

The experimentation protocol was replicated thrice and
the resultant data were presented as mean * standard
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deviation (SD). Statistical analyses were executed using
GraphPad Prism software (version 7). Subsequently, the
data underwent rigorous statistical scrutiny employing
both analysis of variance (ANOVA) and Tukey's post hoc
test, facilitated by GraphPad Prism, version 7.
Significance was ascribed to findings with a p-value less
than 0.05.

RESULTS

In this present study, SIT-CS-NPs were prepared by using
the effective biodegradable polymer named chitosan. The
SIT-CS-NPs were prepared by using the ionic gelation
method and then characterized by the various techniques
for the determination of the physiochemical properties.
The cytotoxic assay of these nanoparticles is performed to
be investigation against the anti-cancer properties of these
nanoparticles for breast carcinoma cells.

STANDARD CALIBRATION CURVE OF
SITAGLIPTIN

Ei

g. 1: Calibration curve of sitagliptin

Fig. 2: FTIR of sitagliptin raw

Percentage entrapment efficacy

The percentage-entrapment-efficiency of the prepared
nanoparticles was determined by using equation 1

Percentage Entrapment efficiency of SIT-CS-NPs has
been measured after taking the mean of 3 preparations.

Drug loading capacity

The drug loading capacity of prepared SIT nanoparticles
was determined by using Equation 2. The calibration
curve was measured for Sitagliptin to determine the
concentration of unknown samples as it was illustrated in
the fig. mentioned below.
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Table 1: Sitagliptin NPs various concentration

Ingredients Batch 1 Batch 2 Batch 3
Sitagliptin (mg) 50 100 250
Chitosan (mg) 50 100 250
Glacial Acetic Acid (ml, 2% v/v) 30 30 30
Tripolyphosphate (ml, 0.2% w/v) 15 15 15
Table 2: Percentage entrapment efficacy
Formulation Particle size(nm) PDI EE (%) LC (%)
NP’s Empty 500nm 0.076 - -
NP’s + SIT 526nm 0.069 32% 30%
Table 3: In-vitro drug release
% Drug Release
mg mL mg/mL Abs of STD
STD 0.5 50 0.01 0.04
SMP 33.8 30 1.1267
Sitagliptin Nanoparticles
Time (hrs) Abs of SMP Cumulative Drug Release % Correction Factor
0 0 0 0
0.25 0.125 2.774 0.277
0.3 0.213 5.004 0.455
1 0.356 8.354 0.696
2 0.452 10.726 0.825
4 0.632 14.849 1.086
6 0.963 22.455 1.497
8 1.563 36.179 2.261
12 2.456 56.758 3.339
24 3.135 72.902 4.050
48 3.622 84.420 4.443
72 3.865 90.205 4.510
Table 4: Percentage drug release by NPs
% Drug Release
mg mL mg/mL
STD 0.5 50 0.01
SMP 35 30 1.1667
Sitagliptin Raw drug
Time (hrs) Abs of SMP Cumulative Drug Release % Correction Factor
0 0 0 0
0.25 2.236 47.914 4,791
0.3 3.232 74.049 6.732
1 3.589 83.639 6.970
2 3.756 87.456 6.727
4 3.963 91.649 6.546
6 4.125 94.939 6.329
8 4.253 97.465 6.092
12 4.375 99.842 5.873
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Fourier-transfer-infrared-analysis (FTIR)

The prepared SIT nanoparticles were subjected to the
Fourier transfer infrared analysis (FITR) for the
determination of characteristics of peaks of pure drug in
final prepared nanoparticles with polymer (chitosan). The
spectrum of pure Sitagliptin, polymer and final
formulation were recorded and compared with each other.

Fig. 3: Chitosan raw FTIR

Fig. 4: FTIR of sitagliptin chitosan Base NPs

FTIR analysis of sitagliptin phosphate nanoparticles

A total of four sets of Fourier Transform Infrared (FTIR)
spectra were acquired, encompassing the analysis of pure
sitagliptin or sitagliptin raw, chitosan, sitagliptin
Nanoparticles (NPs) and the resultant formulations. The
Fourier-transform infrared (FT-IR) spectrum of sitagliptin
phosphate and sitagliptin nanoparticles displays several
distinctive bands. A prominent characteristic is the
presence of a robust broad-band at 3357cm, which can
be ascribed to the stretching vibration of the N-H bond. In
contrast, the stretching vibration shown by the NH2 group
is quite feeble. Furthermore, there were medium strong-
bands detected at wave numbers of 3059cm-1, 2917cm-1
and 2850cm™, which can be attributed to the stretching
vibrations of C-H bonds present in both aromatic and
aliphatic functional groups. Within the spectral region
spanning from 1669cm-1 to 1634cm™, one can observe
the presence of medium-to-be-strong bands. These bands
can be ascribed to the vibration-stretching of both the
carbonyl group and the 1,2,4-triazole ring. The peak that
is prominently detected at a wavenumber of 1609 cm™ is
most likely attributed to the vibrational motion of N-H
bending. The stretching vibrations of - (C-N) and -(C-N)
bonds can be ascribed to the three bands detected at the
wavenumbers 1556, 1514 and 1426cm . The vibrational
frequencies detected at 1324 and 1274cm? were
indicative of the in-plane bending motion exhibited by the
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C-H bonds. In contrast, the spectral bands observed at
1146 and 978cm-1 were indicative of the stretching
vibration associated with the C-F bonds. The spectral
patterns seen at wavenumbers 913, 881, 844 and 725cm
display discernible characteristics that suggest the
presence of out-of-plane bending.

Cumulative Drug Releass %
Y

Thne (Hours)

Fig. 5: In-vitro drug release sitagliptin-loaded chitosan
nanoparticles

Fig. 6: SEM Imagine of SIT-NPs (50 to 100 micrometer)

Fig. 7: SEM images of SIT-NPs (100-300 micrometer)

The chelation process results in a noticeable decrease in
the frequency values of the stretching vibration of the -
NH2 base group, which were seen at 3300, 3316, 3340,
3341, 3305 and 3340cm*. The Fourier-transform infrared
(FT-IR) spectra of the chitosan nanoparticles (NPs)
demonstrate the lack of bands that were typically linked
to the bending vibration of the -NH2 functional group.
This observation implies that the chelation mechanism
between the ST ligand and chitosan.

involves the bonding of the ST ligand to a nitrogen atom
inside the NH2 group. The wavenumber at which the
vibrational stretching of the (C=0) groups in the unbound
ST ligand occurs is measured to be 1669cm™.
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Nevertheless, the observed peak is absent in the spectra of
ST NPs, as is the case with several other nanoparticles.
This observation implies that the oxygen atom and C=0
group could participate in chelation with other
pharmaceutical compounds.

0.2
0.18

|
0.16 ,
0.14
0.12
0.1
0.08

0.06 positive Blank 100ug/mL 300ua/mL 500ug/mL

Fig. 8: MTT assay results cell viability of MCF-7 cells
sitagliptinr vs sitagliptin NPs, blue SIT raw, red is SIT-
NPs.

The observed spectral bands at a wavenumber of 1634
cm-1 in the synthesized silver nanoparticles (ST-NPs)
were attributed to the stretching-vibration of the carbon-
nitrogen (C=N) bond inside the 1,2,4-triazole ring. The
bands observed in the ST NPs demonstrate minimal or
slightly elevated wave numbers, suggesting that the
nitrogen atom inside the C=N group does not actively
participate in the coordination process. The chemical
known as Free ST demonstrates two different stretching
bands, which were observed at wave numbers of 1146 and
978 cm-1, specifically inside the -C-F area. After the
formation of NP structures, it is noted that the maxima
stay constant, suggesting that the C-F bond is quite distant
from the location of complexity. The presence of spectral
peaks with moderate to low intensity in the frequency
range of 558-445cm™ suggests the participation of
Chitosan in stretching vibrations of oxygen and nitrogen
atoms. Hence, the findings from the infrared spectroscopy
analysis indicate that chitosan establishes coordination
bonds with the ST phosphate. The ligand demonstrates
bidentate chelation characteristics, as illustrated in the
pictures, by utilizing its amino and carbonyl functional
groups.

Analysis of particle size

The particle size of chitosan-based nanoparticles of
Sitagliptin (SIT) were determined using particle size
analyzer-BT-90

Particle size of SIT NPs

The results of the particle size study indicate that the
particles of chitosan NPs were uniformly dispersed, with
an average size of 500nm and a polydispersity index of
0.076%0.054. Regarding SIT-NPs, it was observed that
they exhibited an average diameter measuring 534nm,
accompanied by a polydispersity index of 0.084.

In-vitro drug release

The dialysis method is used to determine the in-vitro
release of chitosan-based  Sitagliptin  phosphate
nanoparticles at a pH of 7.4. Results were shown
mentioned below in the fig. 5. This formulation shows the
biphasic releasing pattern with an initial burst or abrupt
release of the drug followed early few hours and two
hours and sustained release of chitosan NPs through 3
days.

SEM analysis of sitagliptin chitosan nanoparticles
Scanning electron microscopy (SEM) is carried out to
determine the morphology of the chitosan-based
sitagliptin nanoparticles. When observed using SEM,
mentioned below fig. shows this polymer nanoparticles
have a smooth-globular-surface with some kind of
variations, mostly due to having a sucrose-solution
embedded which is being used as a cryoprotectant when-
freeze-drying

Cytotoxic assay

This study included cytotoxic effects of free sitagliptin
and the different concentrations of the SIT-CS-NPs NPs
on the MCF-7 cancer cells after 24 hours of incubation
and then being assessed using a colorimetric MTT assay.
MTT assay - results of the cytotoxic activity against the
MCEF-7 cells were shown in the below fig. This indicates
that SIT-CS-NPs have very comparable or no significant
difference of cytotoxic effect in raw and NPs forms of
sitagliptin.

DISCUSSION

It is widely recognized that the glucose-lowering benefits
of sitagliptin were currently being investigated for
potential off-label applications. The incretin actions of
DDP4 have been observed to contribute to cardiac safety
and the regulation of hypertension (Lytvyn et al., 2017).
Consequently, there is potential for future investigation
into the potential of this medicine in cancer prevention
and its anti-cancer activities. Upon careful examination of
the patient's medical history, profile and the severity of
the condition, it is evident that Sitagliptin demonstrates
significant efficacy and favourable benefits in the
treatment of diverse metabolic diseases, certain
neurogenerative disorders, as well as renal and bone
disorders (Islam et al., 2022). There has been an increased
interest in exploring the potential applications of
sitagliptin as an agent or medicine for treating liver cancer
and breast cancer, either as a standalone treatment or in
conjunction with other chemotherapeutic agents. Previous
epidemiological  research  demonstrated that the
consumption of sitagliptin significantly enhances clinical
outcomes in different types of cancer (Garg et al., 2014).
However, the limited bioavailability, short half-life and
adverse effects of Sitagliptin pose obstacles to its
potential application as a chemotherapeutic agent.
Sitagliptin ~ phosphate is  classified under the

1854

Pak. J. Pharm. Sci., Vol.36, No.6(Special), November 2023, pp.1849-1858



Biopharmaceutics Classification System (BCS) as Class
3, indicating that it is a highly soluble medication with
limited permeability. One potential technique for
enhancing the availability of a substance is by the
conversion of its nanoparticles, which can help overcome
its poor permeability and modify its physiological feature
(Talegaonkar & Bhattacharyya, 2019). The findings of
this work demonstrate that chitosan-loaded sitagliptin
nanoparticles exhibit significant cytotoxic effects on
MCEF-7 cells, surpassing the cytotoxicity observed with
normal sitagliptin or raw sitagliptin.

In recent years, the use of non-biodegradable polymers in
pharmaceutical sciences has raised concerns, leading to
the exploration of biodegradable polymers as an
alternative solution. Due to growing concerns over
environmental safety and the escalating issue of global
warming, consumers have noticed a notable rise in the use
of biopolymers. Biopolymers exhibit less adverse
environmental impacts and can be readily obtained from
various sources such as agricultural raw materials, marine
organisms, microorganisms and wildlife. The waste
generated by these companies can potentially be exploited
for the manufacturing of biopolymers. Chitosan has
garnered significant interest in nanostructure formulation
due to its complete biodegradability, biocompatibility,
tunable physiochemical characteristics, ease of processing
and well-defined formulation processes (Al Sharabati et
al., 2021). Chitosan has been utilised not only as a carrier
in various drug delivery methods but also as a framework
in tissue engineering. Chitosan has significantly benefited
from facilitating complete biodegradation in aquatic
environments (Wankar et al., 2020). The product has
received approval from the Food and Drug Administration
(FDA). It has garnered considerable attention due to its
notable efficacy features, such as biocompatibility,
versatility in designing sustained-release formulations,
protection of drugs or agents from degradation and
potential targeting of specific organ cells. Compelling
arguments for using chitosan as the preferred material for
creating desired medication nanoparticles have been
previously discussed (Upadhyaya et al., 2014).

Primary human breast cancer cell lines were widely
regarded as the gold standard for in-vitro investigations
about liver-specific toxicity and xenobiotic metabolism
(Guillouzo et al., 2007). However, their utilisation is
hindered by limited availability resulting from a scarcity
of human breast cell samples and their short lifespan and
high costs. An alternate methodology to primary human
breast cancer cell involves the utilization of two-
dimensional (2D) monolayers (GOmez-Lechén et al,
2014). The MCF-7 Breast cancer cell line was initially
derived from breast cancer in a thirty-year-old female
subject of Caucasian-American descent. MCF-7 cells
were a widely recognized breast cancer cell line that
serves as an established and commonly utilized In-vitro
model for human breast cancer cells. During the process
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of cultivation, MCF-7 cells secrete many liver-specific
plasma proteins, such as transferrin, a-fetoprotein, and
albumin. The user's text is a numerical value. The MCF-7
cells are not only extensively utilized as a model for
human breast cells, but they are also considered to be
straightforward and manageable under in-vitro settings,
allowing for the generation of reliable and accurate data
over an extended period of time (Ramirez et al., 2018).
The observed characteristics of these entities include non-
tumorigenic behavior, a significantly elevated growth rate,
an epithelial-like appearance, and the ability to execute
numerous distinct breast functions. MCF-7 cells have
been successfully cultured on a bigger scale in a culture
system. The examination of MCF-7 cells reveals the
expression of differentiated breast functions, including
lipoprotein metabolism and transport, synthesis and
secretion of plasma proteins, cholesterol and triglyceride
metabolism, glycogen synthesis, insulin signaling, and
bile acid synthesis (Kouhbanani et al., 2021; Maurya,
2009; Van Landeghem). Therefore, the MCF-7 cell lines
were selected for our investigation of breast cancer (Aslan
et al., 2004).

Spherical inorganic-organic hybrid nanoparticles (SIT-
CS-NPs) are synthesized using the ionic gelation
technique, which is subsequently followed by freeze-
drying (Faramarzi et al., 2019). Numerous studies in
literature have employed the same methodology for
synthesizing Chitosan sitagliptin nanoparticles
(SreeHarsha et al., 2019; Thondawada et al., 2018). The
present study aimed to characterize Sitagliptin chitosan
nanoparticles in order to investigate their physiochemical
characteristics and shape. The SIT-CS nanoparticles
exhibited an entrapment efficiency (EE) of 33%, as
indicated (Amritha et al., 2015). The drug content (DC)
was also reported. This indicates that the encapsulation of
sitagliptin was highly successful, as observed through the
chosen methodology and at larger concentrations of
sitagliptin, the values for DC and EE began to decrease.
The particle-size measurements of the sitagliptin
nanoparticles, as indicated in the table, provide suggestive
evidence. There are numerous aspects to consider, such as
the viscosity of the media. The factors to consider in
polymer concentration, drug-polymer ratio, type and
concentration of stabilizing agents, and the organic-
phase/aqueous-phase ratio, as well as the kind of organic
solvents, are important in this context. The particle size of
polymeric drug delivery systems is influenced by various
factors (Gundogdu & Cetin, 2014; Guo et al., 2020). As a
result, the particle size of these chitosan sitagliptin
nanoparticles was influenced by the high drug-to-polymer
ratio. The polydispersity index is a metric that quantifies
the degree of heterogeneity in the molecular weight
distribution of a polymer's polymeric chain. It has been
shown that nanoparticles generated in this study exhibit a
polydispersity index (PDI) value of less than 0.1,
indicating a limited distribution of polymer and a
monodisperse system.
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A scanning electron microscopy (SEM) analysis was
conducted in order to investigate the morphology and
composition of the synthesized polymeric nanoparticles.
The scanning electron microscopy (SEM) analysis of
nanoparticles based on Chitosan revealed a clean circular
surface with minimal aggregation. One potential
explanation for the phenomenon of agglomeration could
be attributed to the accumulation process that takes place
during ion-sputtering involving gold.

The Dialysis method was employed to investigate the
release of sitagliptin from a chitosan polymer under pH
7.4 conditions. The results of this investigation are
presented, which displays the observed releasing pattern.
The initial three-hour period is characterized by the
observation of a burst release, which is subsequently
followed by a steady release over the next 72 hours.
During this sustained release phase, approximately 82%
of sitagliptin is released. According to the drug release
analysis, the phenomenon of first burst release can be
attributed to the presence of absorbed or encapsulated SIT
(active ingredient) in close proximity to the surfaces of
the nanoparticles (NPs). This proximity leads to a
significantly greater breakdown rate of the Chitosan
(polymer matrix) near the surface, resulting in an
enhanced release of SIT (EI-Naggar et al., 2023).

However, the disparity between the medicine in its raw
form and the drug encapsulated in a delivery system is not
substantial. The percentage survivability of the two forms
exhibits only a minimal variance. To date, research has
been undertaken on the nanoencapsulation of SIT with the
aim of its potential application in the treatment of type 2
diabetes (Rofeal et al., 2022). Nevertheless, the
application of chitosan-based nanoparticles (NPs) for the
efficient administration of SIT to different types of cancer
cells has not been extensively investigated in previous
studies.

CONCLUSION

In this study, chitosan base sitagliptin nanoparticles were
effectively synthesized using the ionic gelation technique.
Particle size and morphological analysis revealed that the
SIT- SC-NPs exhibited spherical shapes with smooth
surfaces with an average particle size <550nm. The
formulated nanoparticles had desired or prescribed
encapsulation efficiency and a sustained release profile
revealing that they can be conveniently used for that
purpose. Furthermore, the anticancer efficiency of
chitosan base sitagliptin nanoparticles against MCF-7
cells showed a dose-related response. These findings
indicate that the encapsulation of sitagliptin in the form of
nanoparticles can offer an attractive drug delivery
approach for the treatment of breast cancer. Further, in
vivo examination ought to be conducted to make clear the
therapeutic efficacy of these nanoparticles.

Study limitations

Our study has certain limitations concerning the use of
MCF-7 cell lines as an in-vitro breast carcinoma study
model. The 2D cell lines MCF-7 have the shortcomings of
cross-contamination  with  other cell lines and
susceptibility to genetic drift after long-term culturing.
This leads to considerable deviation in in vivo response.
Furthermore, because 2D cultured cells are constricted to
adhere to a rigid surface, they adopt a flat morphology
which affects normal cellular functions such as
proliferation, signaling, migration, and apoptosis.
Therefore, the use of three-dimensional (3D) models can
be investigated to overcome the constraints.
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