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Abstract

Background: The field of biomedical research has been searching for novel platforms for therapeutic and
diagnostic uses for a long time. The most recent is the use of nanomaterials, which gave birth to the field of
nanomedicine.

Methodology: Chitosan/alginate nanoparticles are a unique drug delivery system that target the tumor location
by maintaining a pH-dependent drug delivery. Chitosan/alginate is a natural, pH-sensitive, biodegradable,
biocompatible, and bioadhesive polymer that is very valuable among other materials. Using a water-in-oil (w/0)
emulsion method, alginate/chitosan of varying sizes electrostatically complexes to generate doxorubicin (DOX)-
loaded nanoparticles (~80 nm) with remarkable homogeneity and spherical shape. Doxorubicin, an anti-cancer
drug, was loaded onto chitosan/alginate nanoparticles and described. The loading of doxorubicin was verified
using TEM and FTIR. The murin 4T1 breast cancer cell's viability and cell dead/dead state, as well as drug loading
and release properties, were studied.

Results: Doxorubicin-loaded nanoparticles' ideal loading efficiency, stability, and release profiles were identified.
Following a 72-hour treatment period, cell viability was determined, and the IC50 values for free and encapsulated
DOX were 0.13 and 0.15 ug/mL, respectively. While the nanoparticles are quite stable at pH 7.4, the
alginate/chitosan NPs discharged the majority of the doxorubicin at pH 5.5.

Conclusion: These nanocarriers are a viable platform for the delivery of water soluble medicines because of their
good performance, physiochemical features, and ease of manufacture.
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1. Introduction

In 2020, 10 million fatalities and 20 million new cancer diagnoses were recorded by GLOCAN, with breast
cancer accounting for the majority of reported cancer cases [1]. Effectively curing the illness is still a challenge
despite current medications, necessitating more specialized and advanced care [2]. Present-day chemotherapy,
which uses medications that are poorly soluble in water, has problems with accurate tissue distribution,
encourages tumor resistance, is very toxic to normal cells, and causes serious side effects, degradation, poor
specificity, and restricted targeting [3, 4]. Therefore, improving medication delivery and development
processes represents a critical issue in the fight against cancer [5, 6].

Traditional cancer therapies include radiation, chemotherapy, and/or surgery. Because each of these
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approaches has drawbacks of its own, there is a pressing need for novel technologies in the treatment of tumors
[7]. The use of nanotechnology becomes more important in the fight against cancer [8]. Finding efficient
carriers for therapeutic chemicals is at the heart of using nanotherapy to treat cancer.

The solubility, circulation to cancerous tissues, anti-cancer potency, reduction of inappropriate drug
distribution to minimize toxicity in healthy cells, enhancement of drug accumulation at specific sites,
bioavailability, and prolongation of drug effectiveness are all enhanced when drugs are encapsulated or
entrapped in nanocarriers [9-11]. In chemical approaches to nanomaterials, the idea of nanovehicles is central
to the concept of polymer-based NPs as an effective delivery platform because of their small size, large surface
area, high drug-loading capacity, ease of surface customization, and increased stability of nanoparticle
formulations [12,13].

Natural polymers with mucoadhesive, biodegradable, and biocompatible qualities, such as chitosan and
alginate, are used in pharmaceutical and biomedical applications for drug delivery and cell encapsulation [14].
Water-soluble sodium alginate is a salt that is obtained from alginic acid, which is present in brown algae
species. It is widely used in the food, beverage, bioengineering, and pharmaceutical sectors [15].

When sodium alginate is soluble, it may undergo cross-linking that is aided by divalent cations such as Mg2+
and Ca2+. This results in the formation of what are known as "egg box junctions," which ultimately produce
insoluble calcium alginate [16]. Conversely, the biopolymer chitosan is derived from the polysaccharide chitin
via a process known as deacetylation, which is usually not fully completed. Chitosan has a pKa of around 6.5.
Its amino groups may be protonated in slightly acidic conditions, which gives the glucosamine residue a
positive charge. Compared to chitin, chitosan has different physical and chemical characteristics because of
these positive charges. Chitosan has a wide range of uses because of its good film-forming ability,
affordability, biocompatibility, non-toxicity, inertness under physiological conditions, antibacterial
properties, strong mechanical strength, and chemical modification susceptibility [17, 18].

Chitosan's positive charges have made it easier to utilize in a variety of applications, such as materials for
treating wounds [19], enhancers for absorption through intestinal epithelium, and mucosal sites for proteins,
peptides, and medications [20]. Additionally, it has been used to boost plant growth and support plant defenses
against fungal diseases. Furthermore, it has been shown that chitosan is useful for immobilizing cells and
enzymes [21]. The enhanced activity of alginate and chitosan in nanoparticle form, which is ascribed to their
tiny size and the quantum size effect, makes them favored in many applications [22].

Numerous synthetic approaches, including layer-by-layer procedures [23], emulsification [24], and
nanoprecipitation [25], may be used to generate polymer nanocarriers [26]. The final nanocarrier's shape,
morphology, integration, and ability to encapsulate therapeutic drugs are greatly influenced by the synthesis
method that was selected [26]. Complexes of alginate and chitosan have been widely used to manufacture a
variety of medicinal payloads. Examples include esculin for the treatment of nephrolithiasis [27], insulin for
protein delivery [28], temoporfin for photodynamic therapy [29], gatifloxacin for ocular administration [30],
and chemotherapeutic drugs like doxorubicin (DOX) and paclitaxel for the treatment of lung cancer [31]. The
particular emphasis of this study is on doxorubicin (DOX), a chemotherapeutic drug sold under the brand
name Adriamycin that is produced from a type of bacteria. Here, DOX—which is renowned for its inherent
fluorescence—is used as a prototype medicinal substance.
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In cancer treatment, DOX works by intercalating with DNA to limit the production of macromolecules [32,
33]. It is widely used to treat a wide range of tumors, such as soft tissue sarcomas, carcinomas, and
hematological malignancies [34]. Its lack of tumor cell selectivity, however, limits its therapeutic utility [35]
by producing serious adverse effects such cardiotoxicity, anaphylaxis, and disturbances in intracellular
biochemical pathways [36, 37]. In tumor cells, DOX has a poor mitochondrial damage pathway despite its
quick entrance into the nucleus of the cell [38, 39]. By using engineered nanocarriers, more especially
chitosan-modified nanoparticles, to increase DOX's anticancer efficacy via targeted drug delivery systems,
the current work seeks to solve the shortcomings of DOX in cancer treatment [40, 41].

2. Methodology:

The following sources provided the resources utilized in the study: The following materials were purchased
from Sigma-Aldrich (St. Louis, MO): dodecylamine (98%), chitosan (50,000—-190,000 molecular weight
range with a deacetylation level of 75-85%), and sodium alginate (12,000—40,000 molecular weight range).
All materials were used exactly as supplied. The source of doxorubicin hydrochloride was MedChem Express
(Monmouth, NJ). The suppliers of cyclohexane and hydrochloric acid were Fisher Scientific (Fair Lawn, NJ).
The alginate, chitosan, and doxorubicin hydrochloride were dissolved in an 18 MQ Milli-Q water source
before being added to the mixture.

2.1 Nanoparticle Formulation

A glass scintillation vial containing 50 mg of sodium alginate powder was filled with 4 mL of Milli-Q water
and allowed to dissolve. To accomplish dissolution, moderate mixing was carried out on a stir plate for thirty
minutes using a stir bar. One scintillation vial was filled with 60 mg of chitosan powder, 3 mL of Milli-Q
water, and 1 mL of 1 M HCI. To help the chitosan dissolve, this mixture was agitated for 30 minutes on a stir
plate with a stir bar (an acidic atmosphere is important for this procedure). A 50 mg/mL aliquot of doxorubicin
hydrochloride was obtained, and 10 mL of Milli-Q water was used to thoroughly dissolve it. The
concentrations of the produced stock solutions were 5 mg/mL for doxorubicin, 20 mg/mL for chitosan, and
15 mg/mL for alginate. 100 mL of cyclohexane was put in a fume hood to a 100 mL PYREX reusable media
storage container. Dodecylamine was melted by slowly heating it under warm tap water for one minute, even
though it was a solid at room temperature. Next, 2 milliliters of the liquid dodecylamine were pipetted into
the 100 milliliters of cyclohexane, which is now regarded as the solid phase. This bottle was put on a 1000
rpm stir plate. Following that, 100 microliters of the 15 milligram per milliliter alginate solution were pipetted
straight into the organic phase and stirred for a duration of 15 minutes. A chitosan and "loading" material
solution was made while the alginate was blending in the organic phase. To achieve therapeutic loading, a
mixture of 20 puL of the 5 mg/mL DOX solution and 80 pL of the 20 mg/mL chitosan solution was used. Then,
after the 15 minutes of alginate mixing, 100 pL of this mixture was introduced to the organic phase. When the
chitosan mixture was added to the organic phase, a shift in turbidity was seen. Instead of adding the 5 mg/mL
doxorubicin solution to the 80 pL of chitosan solution, 20 pL of Milli-Q water was added in order to create
empty nanoparticles. After making this modification, the chitosan mixture was added to the organic phase and
stirred for 15 minutes.

2.2. Nanoparticle Characterization
® Size and zeta potential
The Malvern Zetasizer ZSP (Malvern Instruments, UK) was used to characterize size and zeta potential. The
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numbers given are the mean + standard deviation of the three measurements, which were done in triplicate.

® Transmission Electron Microscopy (TEM).

To get further insight into the shape of the nanoparticles and to validate size measurements, transmission
electron microscopy (TEM) was used. A Technai F-20 transmission electron microscope running at 4200 eV
was used to capture TEM pictures. Ten microliters of post-filtered nanoparticle solution were dropwise
deposited onto the copper surface of the formavar/carbon backed TEM grid (Ted Pella) in order to prepare
the TEM grids. To guarantee adequate drying, wet TEM grids were covered and left in a desiccator for the
whole night before imaging.

It was not modified or coated in any way before being allowed to dry at ambient temperature and then analyzed
using a TEM. From measured particles visible by TEM images, mean diameters and size distribution of
diameters were collected and analyzed using the SPSS 11.0 software file.

® FTIR analysis
To analyze the molecular structure of the alginate and chitosan nanoparticles, Fourier-transform infrared
(FTIR) absorption spectra of each sample were obtained. With a Jasco 460 Plus spectrophotometer from the
USA, the 400—4,000 cm-1 range was used for this. Room-temperature KBr pellets were used to prepare the
samples for analysis.

32 scans were collected for every sample, guaranteeing a thorough procedure of data acquisition. The effective
resolution of the spectrophotometer was adjusted to 4 cm-1. The goal of this process was to get comprehensive
infrared absorption spectra, which would allow for the analysis and recognition of distinctive functional
groups and chemical bonds found in chitosan and the resultant alginate nanoparticles.

2.3 DOX concentration evaluation

Using the fluorescence that the nanoparticle solution naturally has, the concentration of DOX in the solution
was ascertained by contrasting the fluorescence of the DOX-containing nanoparticle solution with a standard
curve of the drug solutions. 470/550 nm fluorescence was measured using a Tecan M200 Infinite plate reader.
This procedure assisted in determining the amount of DOX contained in the nanoparticle solution. By
comparing the amount of DOX found in the final nanoparticle solution to the amount of DOX added originally
during the synthesis, encapsulation efficiency was determined. The purified nanoparticle solution was
sectioned into 100 pL aliquots and put in Slide-A-Lyzer MINI dialysis machines with a molecular weight
cutoff of 2 kDa in order to determine the drug release kinetics from the nanoparticle solution over time. These
gadgets were gently shaken while immersed in 20 mL quantities of PBS. The quantity of DOX released was
measured using fluorescence on the retentate samples at different times. To understand the drug release
profile, many time points (1, 3, 5, 9, 24, 48, and 72 hours) were assessed in duplicate after the first
measurement.

ThermoFisher's Nicolet iS5 Infrared Spectrophotometer was used for the infrared spectroscopy study. To
measure total internal reflectance, dry samples were compressed and positioned over the diamond filament.
High resolution spectra were obtained for alginate, chitosan, DOX, and lyophilized nanoparticles in the
wavelength range of 4000 to 400 cm—1. The purpose of this investigation was to provide light on the
component species that make up the final nanoparticle structure.

2.4. Cell culture
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The 4T1 murine breast cancer cells, obtained from Waltham, Massachusetts-based PerkinElmer, were cultured
in RPMI 1640 media that was enhanced with 1% penicillin/streptomycin and 10% fetal bovine serum (FBS).
Before being used in viability tests, the cells were passaged through and divided at least twice after being
grown to a confluency of around 90%.

In a Corning 96-well plate with transparent bottom and black walls, the cells were counted and diluted to
obtain a seeding density of 2000 cells per well before plating. A ThermoFisher Countess II FL. Automated
Cell Counter was used to count the concentrated cell suspension prior to plating. Using an INTEGRA ASSIST
automated pipetting robot from Integra, diluted cell suspensions were pipetted into each well at a volume of
100 pL, using a typical pipetting/mixing methodology. The next day, the cells were dosed after they had
stabilized over night.

The nanoparticle and/or free medication solutions were sterilely filtered through a 0.20 um filter on the days
of dosing. To produce media solutions containing the nanoparticles and/or free drug solutions, a dosing plate
was created under sterile circumstances. 10% DMSO was added to the positive cell kill control wells, whereas
the RPMI medium was used in the untreated wells. In order to reduce evaporation-related irregularities, the
plate's exterior wells were kept unoccupied.

Each well's growth medium was aspirated, and the wells were dosed appropriately. Half-fold dilutions of one
produced nanoparticle solution were applied to columns 2-9, rows B-D. Half-fold dilutions of either empty
nanoparticle solutions or free doxorubicin were administered to columns 2-9, rows E-G. Columns 10-11,
rows B—D received the positive control, whereas columns 1011, rows E—G received the negative control. For
the purpose of maintaining constant liquid levels across the plate, phosphate-buffered saline, or PBS, was
pipetted into the diamond gaps between the wells. The intended assay timepoint was then reached by
incubating the plate.

2.5. Cell Viability Assay

72 hours after dosing, the wells' media was aspirated, cleaned three times with PBS, and replaced with fresh
media containing two drops per milliliter of media. Each well received an addition of ThermoFisher's NucBlue
live cell reagent and NucGreen dead cell reagent. Before the cells were fixed with formalin, they were given
30 minutes to incubate with the reagents and three additional PBS washes. After giving the cells 30 minutes
to fix in the formalin, they underwent three additional PBS washes. The cells were photographed using the
DAPI and GFP filter sets on an EVOS FL Auto Imaging System (ThermoFisher) with a 20X objective after
100 pL of PBS was added to each well.

2.6. Data analysis
The gathered data were shown as the means + standard deviation from a minimum of three different
experiments. The Student's t-test was used to evaluate the variations in the group means; statistical
significance was defined as *P < 0.05, **P < 0.01 or ***P < 0.001.

3. Results and discussion
The procedure that produced and characterized the alginate-chitosan nanoparticles with DOX included an
interaction between the positive amine groups on chitosan polymers and the negative carboxylic acid groups
on alginate strands. This contact served as the starting point for the complexation that produced the
nanoparticles, which happened in an organic solution that functioned as the distributed aqueous phase.
The aqueous phase included water, alginate, and chitosan, whereas the organic phase contained cyclohexane
and dodecylamine. The nanoparticles went through two stages of filtering after the creation and extraction
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process: a low-pass 100 kDa filter was used to remove bigger aggregates, and a high-pass 10 kDa filter was
used to remove smaller contaminants. Before being used in in vitro tests, the particles were cleaned by washing
them and then passing them through a 0.20 um syringe filter to guarantee sterility.

3.1. FTIR analysis

The efficacy of the nanoparticle preparation process was examined in terms of chemical structure using FTIR
analysis. Figure 1 displays the FTIR spectra of chitosan, sodium alginate, and the produced nanoparticles of
chitosan and alginate. The typical sodium alginate peaks (Fig. 2a) are 1,617 cm-1 for COO—(asymmetric
stretching), 3,397 cm-1 for O—H stretching, 1,028 cm-1 for C-O—C stretching, and 1,429 cm-1 for COO—
(symmetric stretching) [42]. The cross-linking of sodium alginate with Ca2+ results in a clear shift to lower
wavenumbers and a reduction in the strength of the COO- stretching peak. Moreover, the sodium alginate's
C-O-C stretching peak has been moved to a lower wavenumber, where its strength is decreased. This suggests
the existence of partial covalent interaction between the calcium atoms and the oxygen atoms of the ether
groups as well as ionic bonding between the calcium ions and the carboxyl groups of sodium alginate [43].
The N-H, amide I, and amide III groups contained in chitosan are responsible for three distinct absorption
bands at 3,413, 1,672, and 1,423 cm-1, as shown in Fig. 2¢ [43]. These distinctive absorption bands are also
visible in the FTIR spectra of the produced chitosan nanoparticles, as shown in Fig. 2d. Additionally, the
produced chitosan nanoparticles' FTIR spectra do not display any extra absorption peaks, indicating that the
nanoparticles' chemical structure remained unchanged throughout preparation. Fig. 1 shows the loaded
alginate and chitosan nanoparticle product together with doxorubicin. In the spectra, there are several
overlapping peaks from 1000 to 1800 cm—1, which are probably the carboxylic acid peaks from alginate and
peaks supplied by the primary amines from chitosan. This might indicate that both alginate and chitosan were
present in the nanoparticle product. The large peak at around 3600 cm—1 is probably caused by the water that
is remaining in the lyophilized nanoparticle product. Since that peak is only present on the chitosan, the little
peak adjacent to it may be caused by the amines from the chitosan.
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Fig. 1: FTIR spectra of a) alginate, b) alginate nanoparticles, c) chitosan, d) chitosan nanoparticles

3.2. Size distribution
Fig. 2A shows the size distribution of the nanoparticles, with an average size of 90.2+ 3.7 nm. Furthermore,
the presence of carboxylic acids on the alginate chains was shown to be responsible for the negative surface
charge indicated by the zeta potential, which was found to be —26.5 = 1.4 mV. A transmission electron
microscopy in Figure 2B attests to the nanoparticles' spherical shape and size. It's important to remember that
earlier research by Kuboi et al. [44] and Kiyoyama et al. [45] has emphasized the role reversing micelle size
plays in regulating chitosan and alginate nanoparticle dimensions.
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(2) (b) ©
Fig. 2: TEM micrographs and diameter distributions of a) alginate nanoparticles, and b) chitosan nanoparticles
¢) DOX loaded alginate/chitosan nanoparticles

Figures 2a, b, and c, respectively, show the TEM micrograph and the size distribution of the alginate and
chitisan nanoparticle and DOX loaded nanoparticle samples. The almost spherical shape of the alginate
nanoparticles is seen in the picture. Conversely, chitosan nanoparticles do not seem to be perfectly spherical
in form. The electrostatic repulsion between cationic CTAB and cationic chitosan in a water pool, which
produces weak and imperfectly chitosan reverse micelles, is the cause of this discrepancy.

Using a W/O microemulsion mostly constituted of cyclehexane as the solvent, n-hexanol as a co-solvent, and
Triton X-100 as the surfactant, several researchers [46-48] have created chitosan nanoparticles. According to
the work of Jiang and coworkers [49], the size of chitosan nanoparticles was stated to be smaller in these
works than it was in our investigation.

3.4. Drug release

A dialysis-based technique was used to assess DOX release from the alginate-chitosan nanocarriers. The
nanoparticle solution was dialyzed against 20 mL of pH 7.4 PBS after being split into 21 aliquots, each
containing 100 pL. Three samples were taken at different times (1, 3, 5, 9, 24, 48, and 72 hours), and their
fluorescence was compared to a doxorubicin standard curve. Figure 3 shows the lost DOX relative to the
original quantity at each time point. An encapsulation effectiveness of 8.3% was shown by the first
fluorescence measurements, which showed a concentration of around 8.3 ug/mL (0.1 mg DOX added into the
system). Within the first 24 hours, there was a notable release of DOX, with around 20% of the medication
remaining in the body at that time. By the nine-hour point, around 60% of the DOX was still in the nanoparticle
solution at physiological pH, showing a steady release pattern throughout the course of the experiment. This
shows that doxorubicin displayed controlled release instead of a sudden burst at normal pH values, mimicking
the length of time it would be delivered in vivo.

On the other hand, at pH 5.5, around 70% of the DOX was released by the 8-hour mark, and by the 24th hour,
90% of the DOX had been released. This quick release at an acidic pH shows that the particles release the
medication more easily in these conditions. This rapid release, while not originally planned, is in line with the
objective of optimizing treatment efficacy in moderately acidic environments, such as the tumor
microenvironment (~pH 6.7) or endosomes (pH 5-6) [50, 51].
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Fig. 3. Release curves for alginate-chitosan nanoparticles in different environments.
3.5. Cell Uptake and Toxicity

The absorption of alginate-chitosan nanoparticles by 4T1 murine breast cancer cells is shown in Fig. 4 after a
72-hour period. The cells in the top two photos (left to right) are treated with empty alginate/chitosan
nanoparticles and untreated cells. Cells treated with DOX (left) and alginate-chitosan nanoparticles containing
DOX (right) are shown in the bottom photographs (left to right). The intrinsic DOX, which was found using
a green fluorescent protein filter set, appears in red close to the nucleus' periphery after fixation, whereas
DAPI staining in blue emphasizes the cell nuclei. When compared to the untreated well, the addition of DOX
limits cell proliferation, demonstrating its inhibitory impact on 4T1 cell growth. Because there is no DOX in
those wells, the red channel is empty in both the untreated sample and the sample treated with empty
nanoparticles. Whether unencapsulated or encapsulated, the green signal of DOX, which colocalized with the
nucleus in both DOX-containing samples, shows the successful entrance of DOX into the cells. The drug's
effectiveness depends on this cellular absorption, which is consistent with a number of previously outlined
processes.
The initial lower concentration of DOX in the nanoparticles compared to the beginning concentration utilized
for the dose-response curve is the reason for the divergence in concentrations, even though they are not quite
equal (0.20 pg/mL for encapsulated vs. 0.17 pg/mL for free DOX). The encapsulated version has potential for
in vivo translation because of its regulated release of DOX and increased probability of reaching the tumor
environment, as well as its controlled release at physiological pH and longer circulation duration.

8820



Frontiers in Health Informatics ISSN- www.healthinformaticsjournal.com
Online:2676-7104

(2) (b)

() (d)
Fig. 4. Fluorescence images showing DOX uptake after 72 h exposure in 4 T1 cells. Treatments are: (a) No
treatment, (b) 0.20 pg/mL (DOX equivalent nanoparticle number) empty alginate-chitosan nanoparticle

treatment, (c) 0.17 pg/mL free DOX, (d) 0.20 ug/mL DOX-loaded alginate-chitosan nanoparticles. Blue
indicates cell nuclei; green indicates presence of DOX.

Several treatments, including empty nanoparticles, free DOX, and alginate/chitosan nanoparticles containing
encapsulated DOX, were given to the cells in order to assess the effectiveness of alginate-chitosan
nanoparticles against the 4T1 cancer cell line. The Alamar Blue reagent was used to measure the cell survival
after a 72-hour exposure to various treatments. After 72 hours, the percentage of cells that remained viable
after being exposed to varying quantities of free DOX and alginate-chitosan nanoparticles containing DOX is
shown in Fig. 5a, which also shows the DOX concentration in each scenario. For free DOX and encapsulated
DOX, the IC50 values that were obtained were 0.13 and 0.15 pg/mL, respectively. Interestingly, the IC50
value of free DOX against 4T1 cells after 72 hours is in good agreement with the results reported by Du et al.
[52]. Both the free and encapsulated drug's dose-response curves and matching IC50 values show similarities,
suggesting a similar therapeutic effect. If the carrier is not intrinsically hazardous, the encapsulated treatment
should theoretically exhibit comparable or somewhat higher IC50 values as a result of the drug's regulated
release.
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(a) (b)

(c) (d)
Fig. 6. Fluorescent images of LIVE/DEAD assay. Blue indicates all cell nuclei; green indicates dead cells.
Treatments are: (a) No treatment, (b) 0.20 pg/mL (DOX equivalent nanoparticle number) empty alginate-
chitosan nanoparticle treatment, (¢) 0.17 pg/mL free DOX, (d) 0.20 pg/mL DOX-loaded alginate chitosan

nanoparticles. Lower number of cells in DOX treatment images due to presence of therapeutic inhibiting cell
proliferation.

Finding the dose-response relationship for the empty alginate/chitosan carrier was a crucial step in the
examination of the carrier's toxicity, as shown in Fig. 5b. Based on the available evidence, it seems that the
unloaded nanoparticles have low toxicity and are not expected to result in considerable cell death. Duplicate
plates that were treated exactly like the viability plates had their cell viability evaluated using a LIVE/DEAD
cell test in order to examine cell death in more detail. In this experiment, dead cells show a green signal that
overlaps with the nuclei, whereas all nuclei are labeled blue. Figure 6 shows the results of the assay:

There are not many dead cells in these wells, as seen by the (a) empty nanoparticle photos and (b) no treatment
images that show a few cells with a green signal. Multiple cells with a strong green signal around their nuclei
are seen in (c) cells treated with DOX and (d) alginate/chitosan nanoparticles treated with DOX, indicating a
significant number of dead cells. Because DOX inhibits the proliferation of cells inside the well, these wells
have fewer cells overall.

The LIVE/DEAD assay's qualitative toxicity evaluation combined with the Alamar Blue assay's quantitative
analysis shows how effective DOX is in killing 4T1 cells. On the other hand, Dénmez's 2010 work showed
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that both sensitive and doxorubicin-resistant MCF7 cells may efficiently internalize CS MNPs (Chitosan
Magnetic Nanoparticles) loaded with the drug. Because P-glycoprotein (P-gp) is highly expressed on the cell
membrane of drug-resistant MCF-7 cells, doxorubicin normally does not accumulate efficiently in the

cytoplasm of these cells [53].
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Fig. 7. Dose-response of 4 T1 cells to various treatments. (a) Cell viability after 72 h exposure to free/loaded
DOX shows similar dose-response. (b) Cell viability after 72 h exposure to empty alginate-chitosan

nanoparticles shows minimal toxicity associated with the drug carrier.

Conclusion
In conclusion, our experiment efficiently loaded doxorubicin into various sized chitosan/alginate for in vitro

targeted administration applications on 4T1 breast cancer cells. Doxorubicin-loaded nanoparticles' ideal
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loading efficiency, stability, and release profiles were identified. Following a 72-hour treatment period, cell
viability was determined, and the IC50 values for free and encapsulated DOX were 0.13 and 0.15 pg/mL,
respectively. While the nanoparticles are quite stable at pH 7.4, the alginate/chitosan NPs discharged the
majority of the doxorubicin at pH 5.5. Chitosan/alginate NPs loaded with doxorubicin were taken up by the
cells and aggregated around the nucleus, allowing the medication to be effectively administered close to the
nucleus, where it exhibits its anti-cancer action, according to fluorescence microscopy pictures. For
doxorubicin-resistant murin 4T1 breast cancer cells, chitosan/alginate nanoparticles loaded with the
medication exhibited more toxicity than the free drug. This attests to the medication's potency after discharge.
These findings suggest that the produced chitosan/alginate coated nanoparticles have a great deal of promise
for application as a pH-responsive drug delivery system that may target tumor cells.
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