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Abstract

Objectives: The goal of this research is to load Doxorubicin (DOX) on silver nanoparticles coupled with folic acid and test their anticancer
properties against breast cancer.

Methods: Chitosan-Capped silver nanoparticles (CS-AgNPs) were manufactured and loaded with folic acid as well as an anticancer drug,
Doxorubicin, to form CS-AgNPs-DOX-FA conjugate. AFM, FTIR, and SEM techniques were used to characterize the samples. The produced
multifunctional nano-formulation served as an intrinsic drug delivery system, allowing for effective loading and targeting of
chemotherapeutics on the Breast cancer (AMJ 13) cell line. Flowcytometry was used to assess therapy efficacy by measuring apoptotic
induction.

Results: DOX and CS-AgNPs-DOX-FA were found to inhibit cell proliferation in the AMJ13 cell line, according to the findings. The anti-
proliferative impact of these chemicals was attributed to cell death and activation of apoptosis, as evidenced by dual staining with acridine
orange and Ethidium bromide. The presence of high fluorescent signals specific for cellular uptakes of CS-AgNPs-DOX-FA into the cell line’s -
cytoplasm was confirmed.

Conclusion: According to the findings of this study, CS-AgNPs-DOX-FA has a lot of promise to be used as an anticancer delivery system. The

findings imply that this conjugate should be researched further for potential use as anticancer drug.
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Introduction

Cancer can be defined as a disease in which a group of malig-
nant tumors grows out of control, defying the convention rules
of cell division.' Cells are traditionally governed by signals that
indicate whether the cell should proliferate; develop further
into a cell, or death.” After heart disease, cancer is the second
leading cause of mortality.” Doxorubicin (DOX) is a medica-
tion that is often used to treat cancers such as ovarian carci-
noma, leukemia, colon cancer, breast cancer, lung cancer, and
prostate cancer, as well as other lymphomas. Doxorubicin has
a number of negative side effects in humans, such as nephro-
toxicity and cardiac toxicity.* As a result, efforts have been
made to create new DOX delivery techniques in order to
lessen these side effects, which could alter DOX’s biological
distribution, promote its deposition at cancer locations, and
improve its therapeutic effectiveness. Drug delivery is a sci-
ence that uses approaches that are based on biology, chemistry,
engineering, and medical principles.’

Nanoparticles could represent a breakthrough in the
treatment of a variety of disorders.® Due to their diverse uses
like anti-bacterial, anti-cancer, anti-inflammatory, bio-
catalysis, and biosensor, silver nanoparticles are one of the
most commonly utilized nanomaterials.” Nano-machines
and nanoparticles can multiply themselves due to their
design, making them an affordable and accessible therapy
option for a larger population.® It can also aid in the develop-
ment of smart drug-loaded nanoparticles, which can result in
more accurate drug delivery, increased efficacy, and lower
toxicity.’

While exploiting its effective anti-cancer properties; an
ideal targeted DOX delivery mechanism would reduce
required doses as well as the prevalence and degree of adverse
effects associated with the medicine."
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Chitosan is the second most abundant natural polysac-
charide formed from chitin,"" its features include non-toxicity,
biocompatibility, antibacterial activity, and biodegradability,'?
and there are few of the pharmacological and biological appli-
cations where it performs' such as tissue engineering," drug
delivery,”” and wound-healing dressing.'® After cellulose, chi-
tosan comes in second where combining chitosan with AgNPs
to generate nano-hybrids of silver and chitosan is particularly
promising for antibacterial and anti-cancer applications."”

Folic acid (vitamin B9) is an important component of
cell development and metabolism, and because of its high
affinity for the folate receptor proteins; folate is used as a
cancer-targeting agent, because folate receptor is overex-
pressed in certain malignant cells such as breast, ovarian,
lung, kidney, brain, and colon cancers and it’s considered as a
tumor biomarker.' When folate is conjugated with drug
delivery methods; it improves the drug uptake via endocy-
tosis in cells.”” Researchers have used this technique to create
the surface of nanoparticles that contains folic acid.”

The goal of this research is to develop and test the ability
of the CS-AgNPs-DOX-FA combination to deliver anticancer
drugs more effectively on breast cancer cell line.

Materials and Methods

Chemicals and Reagents

Chitosan (CS) (CDH India), Acetic acid (Solvochem UK),
Silver nitrate (AgNO,) (Avonchem UK), Sodium hydroxide
(NaOH) (Panreac Spain), Acridine Orange-Ethidium bro-
mide (AO/EtBr; Sigma-Aldrich, USA), Dual Staining (Sigma
USA), Dimethyl Sulfoxide (Santacruz Biotechnology, USA),
Fluorescein Isothyocyanate Isomer I (FITC) (Sigma USA),
RPMI-1640 Media (Capricorn Germany), Trypsin, breast
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cancer cell line (AM] 13), 3-(4,5-Dimethyl-2-thiazolyl)-2,5-
diphenyl-2H-tetrazolium bromide (MTT) (Bio-World USA).

Preparation of Silver Nanoparticles
with Chitosan (CS-AgNPs)

In common synthesis of silver nanoparticle, 1 g of chitosan
was dissolved in 5% acetic acid with stirring for 30 min. This
was then filtered to achieve clear solution. About 15 mL of
freshly 0.1 M AgNO, was added followed by the addition of
one hundred pL of 1 M NaOH and stirring for 10 h at 90°C.
The color was turned from colorless to light yellow and subse-
quently to yellowish brown which confirm the formation of
CS-AgNPs.*!

Preparation of CS-AgNPs-DOX- FA (Conjugate)

One mg of DOX was added to 10 ml of CS-AgNPs and
mixed for 24 hours at 37°C for DOX loading. Using a calibra-
tion curve and an excitation wavelength of 480 nm, the
amount of DOX in the supernatant was quantified spectro-
fluorometrically and a 575 nm emission wavelength for every
1 ml of hybrid CS-AgNPs surface formation, then 50 micro-
grams of DOX were injected (CS-DOX -AgNPs).

A 10 mg dose of folic acid (FA) was added to the solution
and stirred at room temperature for another day in the dark.”

Characterization of Silver Nanoparticles
and CS-AgNPs-DOX-FA Conjugate

Fourier Transform Infrared (FT-IR) Spectroscopy

To identify the functional groups in the samples, FTIR equip-
ment (Shimadzu Corporation, Japan) was used to scan them
over a wavelength range of 400-4000 nm.

Atomic-force Microscopy (AFM)

The AFM was used for the determination of surface mor-
phology, thickness, roughness, and topography of the mate-
rials. The measure of the thickness of the film is carried out by
the careful scratching of the film in representative area. The
physical AFM operation is involved with a cantilever that as
a sharp tip with high sensitivity to the small forces, making
contact with sample surface.”

Field Emission Scanning Electron Microscopic (FESEM)

The morphology and nanoparticle grain size of the examined
materials were seen using a scanning electron microscope
(SEM). By lowering the amount of solution on the cover slide
grid, thin films of silver nanoparticles and the CS-AgNPs-
DOX-FA conjugate were formed, which were then allowed
to dry at room temperature before being seen under SEM.

The in vitro Study

Cytotoxicity Assay

To determine the cytotoxic effect of DOX and CS-AgNPs-
DOX-FA conjugate, the 3-(4,5-Dimethyl-2-thiazolyl)-2,5-
diphenyl-2H-tetrazolium bromide (MTT) assay was done
using 96-well plates.”** A 1 x 10* cells/well was seeded from
the Breast cancer cell line. After 24 hours or the formation of
a confluent monolayer, cells were treated with DOX and
CS-AgNPs- DOX-FA conjugate by adding (1.5, 3.1, 6.25, 12.5,
25 ug/ml) to the wells. By removing the medium, 28 pL of
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2 mg/mL MTT solution was added, followed by incubation of
the cells for 2.5 hours at 37°C, cell viability was determined
after 24, 48, and 72 hours of last addition. After removing the
MTT solution, the crystals in the wells were solubilized by
adding 130 pL of DMSO followed by incubating with shaking
at 37°C for 15 minutes.”® The absorbency was measured at
492 nm using a microplate reader, and the test was done
in triplicate. The following equation was used to compute
the rate of cell growth inhibition (the percentage of
cytotoxicity):

Inhibition rate = A-B/A x 100

Where A is the optical density of control, and B is the
optical density of the samples.

The cells were then treated for 24 hours to DOX and
CS-AgNPs-DOX-FA conjugate. The plates were stained with
crystal violet stain and incubated at 37°C for 10-15 minutes
after the exposure duration. The stain was carefully wiped
away with tap water until all of the dye was gone. The cells
were viewed under a 100 magnification inverted microscope,
and photos were recorded with a digital camera mounted to
the microscope.

Apoptosis Assay (AO/EtBr)

The Acridine Orange-Ethidium bromide (AO/EtBr; Sigma-
Aldrich, USA) staining method was used to examine the DOX
and CS-AgNPs-DOX-FA conjugate induced mortality of the
AM]J13 cell line. Briefly, 24 hours after seeding cells in 12-well
plates, they were treated with DOX and CS-AgNPs-DOX-FA
conjugate at IC, (14.67 g/mland 11.03 g/ml, respectively) and
incubated for an additional 20 hours. Phosphate-buffered
saline was used to wash the cells twice. At an equal number of
cells, dual fluorescent dyes (10 uL of AO/EtBr) were applied to
the wells. Finally, fluorescent microscopy was used to examine
the cells.”

Fluorescent Labeling using FTIC

The following procedure was used to make the CS-
AgNPs-DOX-FA conjugate tagged with a fluorescent dye;
Fluorescein Isothyocyanate Isomer I (FITC) (I mg mL™)
was mixed with CS-AgNPs-DOX-FA conjugate and incu-
bated at room temperature for 10 hours. The cells were
treated at 37°C for 12 hours with the FITC-labeled CS-
AgNPs-DOX-FA combination. The nuclei were stained with
DAPI labeling. A fluorescent microscope was used to take
images at a magnification of 40.%

Statistical Analysis

The analysis of data was statistically evaluated using Graph
Pad Prism 6, and an unpaired ¢-test was used. The mean and
standard deviation of three measurements were used.

Results and Discussion

Characterization of CS-AgNPs- DOX-FA

Fourier Transforms Infrared Spectroscopy Analysis

Compounds’ FTIR spectra were collected in the wavelength
range 4000-400 cm™'. There is an overlapping of O-H stretching
and N-H stretching bands in pure chitosan, which contributes
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to the development of a peak around 3430 cm™, as reported by
Hassan M. Ibrahim et al. 2018.” In the CS-AgNPs spectra, this
characteristic peak shifted to 3428 cm™. The C-H stretching
and C-H bending peaks of pure chitosan occurred at 2917
cm™, and 1426 cm™, respectively, in the CS-AgNPs spectra.
These two peaks are also displaced to 2925 cm™, and 1418
cm™, respectively, in the CS-AgNPs spectrum. N-H bending
produced a distinctive peak at 1637 cm™, which shifted to
1625 cm™ in the CS-AgNPs spectra.”” The overlapping of the
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alcoholic C-O stretching band and the ether linkage, as well as
the C-O-C stretching band, resulted in a peak at 1079 cm™!
(Fig. 1b) while, in the CS-AgNPs spectra, this peak emerges at
1080 cm™ (Fig. 1b). These findings are in line with those of
prior investigations of studies by other researchers.”**> FTIR
spectra for both CS-AgNPs-DOX and DOX were used to vali-
date DOX loading on CS-AgNPs (Fig. 1¢). DOX characteristic
peaks may be seen in Fig. 2b at 3382 cm™, and 1618 cm™.%***
The FTIR spectra of CS-AgNPs-DOX indicated a frequency
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Fig. 1 (a) FTIR of Chitosan. (b) FTIR of DOX-AgNPs. (c) FTIR of CS-AgNPs -DOX-FA. (d) FTIR of DOX. (e) FTIR of FA.
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shift in DOX characteristic peaks to 3428 cm™, 1639 cm™, as
well as a considerable decrease in intensity, after DOX loading
on CS-AgNPs (Fig. 1d). The interaction of DOX’s negative car-
boxylate group with the positive amino group of chitosan
which coats the surface of silver nanoparticles is the cause this
change. These findings support the developed nano-stability
hybrid.”

The FTIR spectra of FA, CS, and FA-CS conjugates are
illustrated in the diagram (Fig. 1c). The hydroxyl (-OH)
stretching and N-H stretching vibrations emerged as peaks
in FA (Fig. le) between 3600 and 3000 cm™. The C=0O
stretching vibration of the -COO group appeared at 1692
cm™', while the C=0 bond stretching vibration of the -CO-
NH group appeared at 1640 cm™'. The bending mode of N-H
vibration showed at 1605 cm™, while the ~-OH deformation
band of the phenyl structure appeared at 1412 cm™. At 1483

m~’, the phenyl ring’s distinctive absorption peak appeared.*
The stretching vibrations of N-H (3456 cm™) and C-H
stretch vibrations (2884 and 2846 cm™) functional groups
were discovered in the FTIR spectra of CS (Fig. 1a). Amide I,
II, and III each had peaks at 1664, 1592, and 1324 cm™,
respectively. Peaks at 1420 cm™, and 1383 cm™ were indica-
tive of ~-CH, symmetrical deformation, while peaks at 1152
cm™', and 1087 cm™ were indicative of C-O stretching vibra-
tions from (C-O-C).”” The characteristic absorption bands of
both FA and CS were visible in the FTIR spectra of the FA-CS
conjugate (Fig. 1c). The presence of chemical interactions
between FA and CS was established when the peak due to the
deformation vibration N-H amide-II of the amine group
(1597 cm™) changed to a higher frequency at 1605 cm™. Fur-
thermore, the amide-III (1324 cm™) and C-O stretching

M.S. Jabar et al.

vibrations (1087 cm™) peaks of CS were moved to 1312 cm™,
and 1078 cm™, respectively, implying that FA and CS may
interact strongly.

Atomic-force Microscopy Analysis

The 3D AFM image distribution of silver nanoparticles and
CS-AgNPs-DOX-FA is shown in Fig. 2. The silver nanoparti-
cles appeared to be spherical, with a grain size of up to 7 nm,
according to the photograph.

Scanning Electron Microscope

The size and shape of the compounds were seen using the SEM
method. Figure 3 shows the findings of SEM characterization
of the produced silver nanoparticles. The SEM image revealed
nanoparticles with a diameter range of >10 nm that were sub-
stantially spherical in shape.

The Anticancer Activity

The MTT Assay

The cytotoxic effect of DOX and CS-AgNPs-DOX-FA con-
jugate against Breast cancer cell line was studied. The
anti-proliferative activity of the DOX and CS-AgNPs-
DOX-FA conjugate was tested by in vitro study of their
ability to inhibit the proliferation of (AM]J13) cell line but
not normal cell line (HBL-100) cells. The results of this
study showed the cytotoxic activity of DOX and CS-
AgNPs-DOX-FA conjugate against the AMJ13 cell line and
the results revealed a concentration dependent manner, as
shown in Figures 4-7.
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Fig. 2 (a, b) AFM images of synthesized of AgNPs, (c, d) AFM images of synthesized of CS-AgNPs-DOX-FA.
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Fig. 3 The SEM image of (S-AgNPs-DOX-FA.
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Fig. 4 Cytotoxic effect of DOXin AMJ13 cells. IC = 14.67 pg/ml.

100
86.33 + 1.453 N=3

754

59.00 + 2.309 N=3

o
=)
2

38.00 £ 2.082 N=3

Cytotoxicity %

22.67 + 1.202 N=3
259

7.667 + 0.8819 N=3

Fig.5 Cytotoxic effect of CS-AgNPs-DOX-FA conjugate in AMJ13
cells. IC, = 11.03 pg/ml.

After 48 hours, the proliferation of AMJ 13 was signifi-
cantly inhibited when compared to untreated control cells, cell
growth was dramatically reduced. The AM]J 13 cell line showed
minimal cytotoxicity after 48 hours of treatment with DOX at
a concentration of 25 g/mL, but the cell line showed moderate
cytotoxicity after 48 hours of treatment with the CS-AgNPs-
DOX-FA conjugate at the same concentration. This conjugate
had no effect on the HBL cell line which leads to suggest that
this conjugate could be used as anti-proliferative and cytotoxic
agents.

Using an inverted phase contrast microscope, the conju-
gate’s apoptogenic properties were studied by morphological
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Fig. 7 Cytotoxic effect of CS-AgNPs-DOX-FA conjugate in
HBL-100 cells.

alterations in the AMJ13 cell line. The control (untreated) cells
retained their original morphology and were generally
adhered to the tissue plate, as seen in Fig. 8. After 48 hours of
treatment with DOX and CS-AgNPs-DOX-FA conjugate, the
cells showed significant anti-proliferative activity and mor-
phological changes. Our findings revealed no morphological
alterations in the HBL cell line after treatment with the same
conjugate at the same concentration (Fig. 9). Apoptotic signs
such as membrane blebbing and lack of contact with neigh-
boring cells were identified, as well as a decrease in the number
of cells. This indicates that the nanoparticles may have in vivo
applications.™

Apoptosis Assay (AO/EtBr)

The changes in the nuclear morphology of AMJ 13 cells after
treatment with DOX and CS-AgNPs-DOX-FA conjugate
were studied using AO/EtBr dual staining method. The apop-
totic cells were evaluated based on DNA damage, as shown in
Fig. 10.

Cellular Uptake

A fluorescent microscope was used to visualize the conjuga-
tion of FITC to CS-AgNPs-DOX-FA and their cellular absorp-
tion, as illustrated in Fig. 11. The presence of significant
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Control cells
Control cells

Doxorubicin treated cells

Doxorubicin treated cells

Nano-Doxo treated cells

Fig. 8 Morphology changesin AMJ13 cells after treatment with
DOX, and CS-AgNPs-DOX-FA. The cells were observed under an
inverted microscope at 100x magnification.

Nano-Doxo treated cells

Fig. 10 The induced apoptosis in AMJ13 cell line by DOX and
(S-AgNPs-DOX-FA conjugate. Fluorescence microscopicimages
of AMJ13 cells show the morphological changes after acridine
orange-ethidium bromide dual staining. The original magnifica-
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Fig. 11 Cellular uptake of CS-AgNPs-DOX-FA in AMJ13 cells. Control
cells mean AMJ13 cells without treatment. Treated cells mean
Fig.9 Morphology changes in HBL-100 cells after treatment with AMJ13 cells treated with (S-AgNPs-DOX-FA. Images were acquired
DOX and CS-AgNPs-DOX-FA conjugate. The cells were observed at 100X magpnification. The cells were incubated with FITC-labeled
under an inverted microscope at 100x magnification. (S-AgNPs-DOX-FA conjugate for 24 h at 37°C, 5% C0,.
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fluorescence signals in the treated AMJ13 cells confirmed the
selective absorption of this conjugate into the cell’s
cytoplasm.

Conclusion

This study demonstrates an efficient method for loading doxo-
rubicin onto chitosan modified with AgNPs. The loading
method is a simple, cost-effective, large-scale, and energy-
efficient way to make well-defined colloidal nanoparticles
without using any additives. CS-AgNPs-DOX-FA was also
much more cytotoxic on the cancer cell line than DOX alone.
According to the findings of this study, CS-AgNPs-DOX-FA
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has alot of promise to be used as an anticancer delivery system.
The findings imply that this conjugate should be researched
further for potential use as anticancer drug.
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