Development and Evaluation of O-CaP Core
Nanoparticles for Efficient Non-Viral Gene Delivery

ABSTRACT

Background: Nanoparticles have gained significant attention in biomedical appli-
cations, particularly in gene delivery, due to their tunable physicochemical proper-
ties. A new core nanoparticle, O-CaP-2 (Octadecylamine- Calcium Phosphate core
nanoparticle), was synthesized and evaluated for its physicochemical properties,
cytocompatibility, and gene transfer efficiency.

Methods: In this study, 2 different nanoparticles were synthesized and character-
ized, and their transfection efficiency was evaluated. A core-shell structure was
formed by coating calcium phosphate nanoparticles (CaP NPs) with octadecylam-
ine nanoparticles (OD NPs) to enhance stability and cellular uptake. The synthe-
sized nanoparticles were characterized in terms of size and surface charge using
a Zetasizer. Morphological properties were analyzed by scanning electron micros-
copy (SEM), while chemical interactions were investigated through Fourier transform
infrared spectroscopy (FTIR). The cytotoxicity of the nanoparticles was assessed
using MTT (2,5-diphenyltetrazolium bromide [MTT, Thiazolyl blue]) assay over a
24-hour period. Finally, nanoparticles exhibiting optimal physicochemical properties
and biocompatibility were selected for transfection studies. The transfection effi-
ciency of these nanoparticles was evaluated to determine their potential for gene
delivery applications.

Results: The O-CaP-2 nanoparticle, with a zeta potential of +24.3 mV, an average size
of 184 nm, and a PDI (polydispersity index) of 0.2, was selected for further evalua-
tion. Scanning electron microscopy imaging showed dense, spherical particles, while
FTIR analysis confirmed the presence of octadecylamine and calcium phosphate.
MTT assays indicated no cytotoxic effects across tested concentrations. Gene trans-
fer studies achieved a transfection efficiency of 78% + 5.18%, demonstrating O-CaP-
2’s potential as a safe and effective gene delivery vector.

Conclusion: The O-CaP-2 core nanoparticle, characterized by its favorable physico-
chemical properties, biocompatibility, and high transfection efficiency, demonstrates
strong potential as a safe and effective non-viral gene delivery vector.
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INTRODUCTION

Nanotechnology has revolutionized various fields, including medicine, by
enabling the development of novel drug delivery and gene therapy systems.
Among these, nanoparticles have emerged as promising carriers for nucleic
acids due to their ability to protect genetic material and facilitate cellular
uptake.! Calcium phosphate nanoparticles (CaP NPs) have been widely investi-
gated as gene delivery vectors due to their biodegradability, biocompatibility,
and ability to enhance transfection efficiency. However, their stability and cel-
lular uptake efficiency can be improved by surface modifications.?

Octadecylamine (OD) is a hydrophobic molecule that can enhance the stabil-
ity and cellular interaction of nanoparticles when used as a coating material.®
By forming a core-shell structure with CaP NPs as the core and OD NPs as the
shell, the aim was to develop a nanoparticle system with improved physico-
chemical properties and gene delivery potential. The characterization of these
nanoparticles, including size, surface charge, and chemical composition, is cru-
cial for understanding their behavior in biological environments.*
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What is already known on
this topic?

Nanoparticles are economical,
highly biosecure tools preferred
in gene and drug transfer as an
alternative to viral vectors in
recent years. Octadecylamine is
a form of fatty acid also found in
cell membranes and has no toxic
effect on cells. Calcium phos-
phate is a mineral found in bone
and tooth structure and is widely
preferred especially in the field
of biomaterials. Octadecylamine-
based and calcium phosphate
nanoparticles have been synthe-
sized by scientists in the literature
and used for the transfection of
different cell lines, but there is no
study in the literature that uses
both components for a single
type of nanoparticle.

What this study adds on this
topic?

O-CaP core nanoparticles syn-
thesized by combining 2 different
nanoparticles increase the trans-
fection efficiency compared to 2
nanoparticles and strengthen the
protection of the genetic mate-
rial targeted for transfer from
cellular and environmental fac-
tors. With the new type of O-CaP
nanoparticles, positively charged,
small-sized, and non-laborious-
to-synthesize nanoparticles that
can be used in gene transfer have
been introduced to the literature.
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In this study, CaP NPs coated with ODA NPs were syn-
thesized and characterized, and their suitability for gene
delivery applications was assessed. The nanoparticles
were analyzed using a Zetasizer for size and zeta poten-
tial, SEM for morphological properties, and FTIR for
chemical composition. Furthermore, their cytotoxicity
was evaluated using CC1072-SK cells, and their transfec-
tion efficiency was assessed. This research contributes
to the development of an optimized nanoparticle system
with potential applications in gene therapy and biomedi-
cal engineering.

MATERIAL AND METHODS

The CCD1072-SK human fibroblast cell line was sourced
from the cell stocks at Yildiz Technical University Molecular
Biology and Genetics Laboratory. These are not primary
human cells. For this study, the following reagents were
procured: Dulbecco's Modified Eagle Medium (DMEM)
(high glucose, with glutamine), F-12 Nutrient Mixture
(Ham’s), Fetal Bovine Serum, Trypsin-EDTA Solution C
(0.05%) with EDTA (0.02%) from Biological Industries
(Beit-Haemek, Israel. The plasmid used to transfect
CCD1072-SK human fibroblast cells was the human 4- in-1
iPSC PiggyBac Vector from System Biosciences (Palo
Alto, CA, USA). This study used a commercially avail-
able cell line and no human tissue or cells were harvested,
therefore no ethical approval and informed consent were
required.

Synthesis of Nanoparticles

Calcium phosphate nanoparticles (CaP NPs) were synthe-
sized using by the microemulsion method proposed in the
paper by Yildirim et al® In this method, 2 different solutions
were first prepared. The content of the first solution was
formed with calcium chloride (0.05 M), sodium dodecyl
sulfate (SDS, 1% w/Vv), and Tween80 (1% w/v) under contin-
uous stirring for 24 hours. The other solution content was
prepared with sodium citrate (0.025 M), disodium hydro-
gen phosphate (0.025 M), SDS (1% w/v) and Tween80 (1%
w/Vv) dissolved with a magnetic stirrer for 24 hours.®> The
second solution was then added dropwise to the first solu-
tion, followed by centrifugation at 10,000 rpm to obtain
a nanoparticle pellet. The mixture was stirred at 600 rpm
for 72 hours and washed 4 times with ethanol at +4°C to
remove volatiles. The obtained CaP NPs were dissolved
in 2 pM CTAB solution and stored at —20°C for further
lyophilization.

Octadecylamine nanoparticles (OD NPs) were made using
an emulsion-solvent evaporation method. First, octadecyl-
amine (0.2 M) was dissolved in 2 mL of chloroform to pre-
pare the lipid solution. This solution was then slowly added
to an agueous solution containing 6% Tween 80 while stir-
ring. To form the emulsion, the mixture was sonicated with
a probe (30% amplitude, 50 seconds). After that, it was
stirred for 4 hours to remove the solvent. The nanopar-
ticles were collected by ultracentrifugation, freeze-dried,
and stored at +4 °C for later use.®
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In the nanoparticle synthesis stage, firstly 2 nanoparticles
were synthesized separately and then O-CaP nanopar-
ticles were obtained by forming a core-shell structure
with 2 optimal particles. The synthesized nanoparticles
were washed and collected via centrifugation, then resus-
pended in deionized water for further characterization.The
obtained O-CaP nanoparticles zeta potential and size dis-
tributions were analyzed by Zetasizer.

Characterization of Nanoparticles

The size and zeta potential of the synthesized O-CaP
nanoparticles were measured using a Malvern Nano ZS
Zetasizer (Malvern Nano ZS Zetasizer is a brand name
and model number) in liquid form with triplicate measure-
ment. The morphological properties were observed using
a Zeiss EVO LS 10 SEM. Prior to imaging, the samples were
dripped onto SEM stabs and dried at room temperature.
Since the samples are non-conductive, they were instru-
mented after Au/Pd coating. Chemical interactions and
functional group analysis were performed using a Perkin
Elmer Spectrum 100 FTIR system.

Cytotoxicity Assay

The cytotoxicity of the nanoparticles was evalu-
ated wusing the MTT(3-(4,5-dimethylthiazol-2-y)-2,5-
diphenyltetrazolium bromide) assay with CCl072-SK
human fibroblast cell line.” 10° cells were seeded into each
well then incubated 24 hours for the cells to attach to the
well. Second day each well treated with varying volumes
of nanoparticles (10 plL, 20 plL, 30 puL) (.1 ng/ul) for further
24 hours. On the last day, the medium was removed from
the wells, MTT solution was added, and the plate was incu-
bated for 4 hours. At the end of the time, each well was
treated with dimethyl sulfoxide (DMSO) to dissolve the
formazan crystals and the optical density was measured
at 570 nm. Dimethyl sulfoxide was used as a positive con-
trol, and DMEM-F12 cell medium was used as a negative
control.® All groups were performed in triplicate to ensure
reproducibility.

Transfection Studies

Nanoparticles exhibiting optimal physicochemical prop-
erties and have no toxic effect on cells were selected
for transfection. Transfection studies were performed on
CCD1072-sk human fibroblast cells. 200 000 cells were
seeded in each well using 24 well plates. The cells were
allowed to attach and adapt to the wells by cultured for 24
hours in an incubator at 37°C and 5% CO,. At the 23rd hour,
the medium was replaced with serum-free medium to the
cells were stressed and the make pores in the membrane
structures opened. At 24 hours, DNA-O-CaP complex was
added to the wells and the plate was placed in the incu-
bator. Next day, transfection images were captured using
a Zeiss Observer Z1 inverted fluorescence microscope
with GFP (Green Flourescent Protein) attachment at 24
hours and 48 hours. Transfection efficiency was calculated
by comparing the number of transfected and non-trans-
fected cells in 3 independent regions determined from the
images.®
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Table 1. Rates of O-CaP Nanoparticles Formation

OD Nanoparticles

CaP Nanoparticles

O-CaP Nanoparticles

Zeta Potential Size Added Amount  Zeta Potential Size O-CaP No Zeta Potential Size PDI
+36 mV 688 nm 25 ul +15.7 mV 134.7 nm O-CaP1 19.8 mV 183n$m 0.3
+36 mV 688 nm 50 uL +15.7 mV 134.7 nm O-CaP 2 24.3 mV 184 nm 02
+36 mV 688 nm 75 uL +15.7 mV 134.7 nm O-CaP 3 281 mV 257 nm 0.2
+36 mV 688 nm 200 pL +15.7 mV 134.7 nm O-CaP 4 317 mV 426 nm 0.5
+36 mV 688 nm 300 uL +15.7 mV 134.7 nm O-CaP 5 331 mV 429 nm 0.3

CaP, calcium phosphate; OD, octadecylamine.

RESULTS

After the synthesis of OD and CaP nanoparticles, the
nanoparticles with the optimum zeta potential and size for
gene transfer were selected and used for core formation.
In core formation, CaP nanoparticle was kept constant
and OD nanoparticle was added at different ratios.Malvern
Nano ZS Zetasizer device was used for the size and zeta
potential analysis of the the new nanoparticle (O-CaP) in
core form. All measurements were performed based on
the DLS (dynamic light scattering) method with 3 rep-
etitions.”® The ratios in the formation process of O-CaP
nanoparticles and the results are given in Table 1.

For gene transfer, the nanoparticle is expected to have a
positive zeta potential after forming a conjugate with nega-
tively charged DNA. Thus, it is aimed to transfer the gene to
be transferred to cells by protecting it from environmental
factors. As shown in Table 1, the uncoated CaP nanopar-
ticles exhibited a zeta potential of +15.7 mV, while OD
nanoparticles had a significantly higher surface charge of
+36 mV. Following the coating process, the resulting O-CaP
nanoparticles showed a progressive increase in zeta poten-
tial values ranging from +19.8 mV to +331 mV, depending
on the amount of OD used. This increase in surface charge
indicates successful coating and enhances colloidal sta-
bility. More importantly, zeta potential plays a crucial role
in cellular uptake, as nanoparticles with moderately posi-
tive charges tend to interact more readily with negatively
charged cell membranes. The enhanced zeta potential of
O-CaP-2 (+24.3 mV), which was selected for transfection
studies, may have contributed to its effective cellular inter-
nalization and transfection performance. This explanation
has been included in the revised manuscript to provide a
clearer link between physicochemical properties and bio-
logical outcomes. According to this table, all of the synthe-
sized O-CaP nanoparticles have positive zeta potential for
gene transfer. The particle size is expected to be as small
as possible and the PDI value as close to O.1 as possible.
Considering the particle sizes and PDI values, the most suit-
able synthesized nanoparticle for gene transfer was deter-
mined as O-CaP-2. Characterization studies of O-CaP-2
nanoparticles were completed with the following studies.

Characterization of Nanoparticles
Scanning electron microcope was used for morphological
characterization of the synthesized O-CaP-2 nanoparticles.

Before the analysis, the nanoparticle solution was dripped
onto the SEM stab and dried at room conditions and Au/Pd
was coated to give the samples conductive properties and
to obtain better quality images." The obtained images are
given in Image 1. In the images, it is observed that the syn-
thesized nanoparticles are densely dispersed and spherical.

Fourier transform infrared spectroscopy (FTIR) was per-
formed to confirm the chemical structure and functional
groups of octadecylamine (OD), octadecylamine-based
calcium phosphate nanoparticles (CaP), and octadecyl-
amine nanoparticles (O-CaP). The obtained spectra are
given in Image 2.

In the FTIR analysis, characteristic peaks corresponding to
phosphate groups (PO,*) of CaP and functional groups
from the OD polymer were observed. The presence of
overlapping or shifted bands, particularly in the regions
of -OH and C=0 stretching vibrations, indicates potential
hydrogen bonding and electrostatic interactions between
OD and CaP surfaces. In the spectrum of pure octa-
decylamine (blue line), strong peaks around 2848-2920
cm-' were observed, which are related to C-H stretch-
ing vibrations of methyl and methylene groups. A broad
peak around 3300-3400 cm-' shows the N-H stretching
of primary amines, and the peak near 1600-1650 cm™ is
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Image 1. Scanning electron microscopy images of O-CaP-2
nanoparticles.
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Image 2. Fourier transform infrared spectroscopy spectrum of
0O-CaP nanoparticles, octadecylamine and calcium phosphate.

due to N-H bending. In the O-CaP spectrum (black line),
these peaks are still present but with lower intensity, pos-
sibly due to partial interaction or structural changes dur-
ing nanoparticle formation.” In the CaP spectrum (green
line), 1624 cm™ shows carbonyl group (C=0) or amide |
pbands, 1340 cm™ indicate C-H stretching, and a clear peak
pbetween 1030 and 1100 cm™ appears, which corresponds
to the asymmetric stretching of phosphate groups (PO ,*-),
indicating the formation of calcium phosphate.” The pres-
ence of C-H stretching bands in all samples shows that
the alkyl chain structure is still present.'* Slight shifts in the
peaks indicate chemical interaction or complex formation
between CaP and OD. These results confirm that octadec-
ylamine and calcium phosphate were successfully incor-
porated into the O-CaP-2 structure and that there was a
successful coating and stable integration of OD onto the
nanoparticle surface.

Cytotoxicity analysis was performed with human fibro-
blast cells (CCD1072-SK) to examine the effect of nanopar-
ticles on cells after morphological and chemical bond
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Image 3. Cytotoxicity analysis of calcium phosphate and O-CaP

nanoparticles on CCD1072-SK cells.

characterization studies were completed. Cytotoxicity lev-
els were determined by the survival rate in the experimen-
tal groups compared to the control groups via MTT assay.”
The analysis was performed during 24 hours of incubation.
Survival rates in the experimental groups were determined
by assuming 100% viability of the negative control group.
The results are given in Image 3.

Accordingly those results, 10 uL and 20 uL CaP nanoparti-
cles induced cell proliferation with 116.5% (£2.8) and 101.2%
(+5.0), respectively. 30 puL CaP nanoparticles with 89.8%
(£3.4),10 uL O-CaP nanoparticles with 98.6% (+3.8), 20 uL
O-CaP nanoparticles with 85.7% (+2.9), and 30 uL O-CaP
nanoparticles with 77.6% (+1.4) showed no toxic effect
on cells. All ratios of the synthesized nanoparticles were
found to be suitable for gene transfer into cells. Studies
have shown that calcium phosphate is a non-toxic, bioab-
sorbable component.'®

Basak et al” evaluated the biochemical effects, cyto-
toxicity, and genotoxicity potentials of Nano-Calcium
Phosphate Nanoparticles on the hFOB cell line, report-
ing that cell viability remained above 80% for both p-TCP
and BCP (biphasic tricalcium phosphate) nanoparticles at
concentrations up to 80 ppm. However, significant cyto-
toxic effects were observed at concentrations of 160 ppm

(b)

Transfection images of CCD1072-SK cells at 24 hours: (a) Phase Contrast 20, (b) GFP 20x.
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Image 5. Transfection images of CCD1072-SK cells at 48 hours (a) Phase Contrast 10x (b) GFP 10x.

and higher for BCP, and at 640 ppm for B-TCP, as evi-
denced by both reduced cell viability and increased LDH
(lactate dehydrogenase) release (P < .05). The findings
showed that the cytotoxicity of the particles was strongly
concentration dependent. It was found that there are
threshold values for the toxicity of each particle, and the
safety of the particles is related to these specific concen-
tration ranges.”

When the results of the cytotoxicity analysis were ana-
lyzed, the highest concentration of O-CaP nanoparticles
was obtained with 10 uL O-CaP nanoparticles, and this
concentration was preferred in transfection studies. Cells
seeded in 24-well plates were exposed to plasmid DNA
and O-CaP conjugate for 24 hours. After 4 hours of inter-
action, the conjugates were removed from the wells and
the plate was left to incubate for 24 hours. At 24 and 48
hours after transfection, the cells were examined under
a fluorescent microscope and images were taken. Image
4 shows the images obtained at 24 hours and Image 5
shows the images obtained at 48 hours.

To calculate transfection efficiency, 3 independent regions
were selected from the transfection images taken under
a fluorescence microscope and the cells within the region
were counted. alculate transfection efficiency, 3 indepen-
dent regions were selected on transfection images and
cells within the region were counted. Transfection experi-
ments conducted on CCD1072-SK human fibroblast cells
resulted in an observed transfection efficiency of 78 +
5.18%.

Chernousova et al® compared Lipofectamine, a commer-
cial transfection agent, with calcium phosphate nanopar-
ticles and reported that cells proliferated much more easily
in the presence of nanoparticles. Although the nanopar-
ticles showed a lower efficiency than Lipofectamine when
gene silencing efficiency was considered, the nanoparti-
cles showed a steady increase in gene silencing starting
-5 hours after incubation with the cells. After 72 hours of
incubation with the nanoparticles, eGFP was silenced in
~-240% of the original cell number, accompanied by ~460%
of non-silenced cells.”®

DISCUSSION

The aim of this study is to create a new core nanopar-
ticle with O-CaP and CaP nanoparticles and to evaluate
the gene transfer efficiency of these particles to cells after
the completion of characterization studies. The core parti-
cle O-CaP formed with the synthesized nanoparticles was
subjected to an electrical field and size determination with
the Zetasizer device. The results showed that all formed
particles had sufficient electrical field and appropriate
size for gene transfer. The O-CaP-2 structure, with a PDI
value closest to 0.1, size as small as possible, and positively
charged formulations,” was found to be suitable for char-
acterization and gene transfer studies to be used in further
studies with a positive zeta potential of 24.3 mV, a size of
184 nm, and a PDI value of 0.2.

The characterization of O-CaP-2 nanoparticles was carried
out by SEM and FTIR analysis. Scanning electron micros-
copy analysis showed that the particles were dense and
spherical under the microscope. The chemical bonds of the
particles were evaluated by FTIR analysis, and it was deter-
mined that the core nanoparticle carries the structures of
octadecylamine and calcium phosphate nanoparticles.

O-Cap-2 nanoparticles were examined by MTT cytotoxic-
ity assay to evaluate the effect on cells before the trans-
fection study and to determine the optimum nanoparticle
ratio that can be used. The results showed that all O-CaP-2
concentrations examined did not have any toxic effect on
the cells. Since the viability obtained with the lowest con-
centration of 10 uL was the highest at 98.6% (£3.8%), 10
uL O-CaP-2 was preferred for transfection studies. As a
result of transfection studies performed with CCD1072-SK
human fibroblast cells, a transfection efficiency of 78% =+
518% was obtained.

With the results obtained within the scope of the study, it
was revealed that O-CaP-2 core nanoparticle is an effec-
tive tool for gene transfer to CCD1072-SK cells.

In conclusion, the newly synthesized O-CaP-2 core
nanoparticle, composed of octadecylamine and calcium
phosphate, demonstrates excellent potential for gene
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delivery applications. The nanoparticle exhibited favorable
size, charge, morphology, and chemical composition for
efficient cellular uptake and gene transfer. It also showed
no cytotoxic effects on CCD1072-SK human fibroblast
cells and achieved a high transfection efficiency of 78%.
These findings highlight O-CaP-2 as a promising, safe, and
effective non-viral vector for gene therapy and warrant
further investigation in more complex biological systems.
Despite the promising in vitro results, the current study is
limited by the lack of in vivo evaluation, which is essen-
tial to fully assess the biocompatibility, biodistribution, and
gene transfection efficiency of O-CaP nanoparticles in a
physiological environment. Future studies should focus on
optimizing targeting strategies to enhance cellular uptake
specificity and explore the therapeutic potential of these
nanoparticles in relevant animal models.

Data Availability Statement: The data that support the findings of
this study are available on request from the corresponding author.

Ethics Committee Approval: This study used a commercially
available cell line and no human tissue or cells were harvested,
therefore no ethical approval was required.

Informed Consent: N/A.
Peer-review: Externally peer-reviewed.

Author Contributions: Concept - H.SV.; Design - H.SV.; Supervision
- H.S\V.: Resource - H.SV.: Materials - H.S\V.: Data Collection and/or

Processing - H.SV. Analysis and/or Interpretation - H.SV;
Literature Search - H.SV., Writing - H.SV. Critical Reviews
- HSV.

Declaration of Interests: The author have no conflicts of interest
to declare.

Funding: The author declare that this study received no financial
support.

References

1. Emeihe EV, Nwankwo El, Ajegbile MD, et al. Revolutionizing
drug delivery systems: nanotechnology-based approaches
for targeted therapy. Int J Life Sci Res Arch. 20247
040-058.

2. Neves, A. R, et al. "Calcium phosphate nanoparticles in thera-
peutics. /norganic nanosystems.” (2023): 407-35.

3. Kim HS, Brown NA, Zauscher S, Yingling YG. Effect of octa-
decylamine surfactant on DNA interactions with graphene
surfaces. Langmuir. 2020;36(4):931-938. [CrossRef]

4. Xul, XuM, Wang R, YinY, Lynch I, Liu S. The crucial role of
environmental coronas in determining the biological effects
of engineered nanomaterials. Small. 2020;16(36):e2003691.
[CrossRef]

5. Yildirim MA, Varli HS, Turkoglu N. The transfection efficiency
of newly developed calcium phosphate nanoparticles in

IO~

reprogramming of fibroblast cells. J Nanopart Res. 2024;
26(7)170. [CrossRef]

Varli HS, Akkurt Yildirrm MA, Kizilbey K, Turkoglu N. Gene
delivery via octadecylamine-based nanoparticles for iPSC
generation from CCD1072-SK fibroblast cells. Curr Issues Mol
Biol. 2024;46(11):12588-12607. [CrossRef]

Freimoser FM, Jakob CA, Aebi M, Tuor U, The MTT. The MTT
[3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bro-
mide] assay is a fast and reliable method for colorimetric
determination of fungal cell densities. App/ Environ Microbiol.
1999;65(8):3727-3729. [CrossRef]

Hebling J, Bianchi L, Basso FG, et al. Cytotoxicity of dimethyl
sulfoxide (DMSO) in direct contact with odontoblast-like
cells. Dent Mater. 2015;31(4):399-405. [CrossRef]

Varli HS, Alkan F, Demirbilek M, Turkoglu N. A virus-free vec-
tor for the transfection of somatic cells to obtain IPSC. J
Nanopart Res. 2019;21:1-11.

Takahashi K, Kato H, Saito T, Matsuyama S, Kinugasa S. Pre-
cise measurement of the size of nanoparticles by dynamic
light scattering with uncertainty analysis. Part Part Syst Char.
2008;25(1):31-38. [CrossRef]

Zheng Y, Cosgrove DJ, Ning G. High-resolution field emission
scanning electron microscopy (FESEM) imaging of cellulose
microfibril organization in plant primary cell walls. Microsc
Microanal. 2017;23(5):1048-1054. [CrossRef]

Slavov D, Tomaszewska E, Grobelny J, et al. FTIR spectros-
copy revealed nonplanar conformers, chain order, and pack-
aging density in diOctadecylamine-and octadecylamine-
passivated gold nanoparticles. J Mol Struct. 2024;1314:138827.
[CrossRef]

Mousavi, Seyedeh Rozhan, Siamak Javanbakht, and Ahmad
Shaabani. "Fabrication of Magnesium-Gallic Acid Metal-
Organic Framework on Magnetic Hydroxyapatite as a Bio-
compatible Antibacterial Agent for Biomedical and Thera-
peutic Applications.” Journal of Inorganic and Organometal-
lic Polymers and Materials (2025): 1-16.

Jastrzebski W, Sitarz M, Rokita M, Butat K. Infrared spectros-
copy of different phosphates structures. Spectrochim Acta A
Mol Biomol Spectrosc. 2011,79(4):722-727. [CrossRef]
Podgodrski R, Wojasinski M, Ciach T. Nanofibrous materials
affect the reaction of cytotoxicity assays. Sc/ Rep. 2022;
12(1):9047. [CrossRef]

Uskokovi¢ V, Wu VM. Calcium phosphate as a key material
for socially responsible tissue engineering. Materials (Basel).
2016;9(6):434. [CrossRef]

Basak T, Hasan T, Feray B, et al. Synthesis and in vitro
toxicity assessment of different nano-calcium phosphate
nanoparticles. Braz Arch Biol Technol. 2022;65:e22200784.
[CrossRef]

Chernousova S, Epple M. Live-cell imaging to compare the
transfection and gene silencing efficiency of calcium phos-
phate nanoparticles and a liposomal transfection agent. Gene
Ther. 2017;24(5):282-289. [CrossRef]

Valente JFA, Pereira P, Sousa A, Queiroz JA, Sousa F.
Effect of plasmid DNA size on chitosan or polyethyle-
neimine polyplexes formulation. Polymers. 2021,13(5):793.
[CrossRef]


https://dx.doi.org/10.1021/acs.langmuir.9b02926
https://dx.doi.org/10.1002/smll.202003691
https://dx.doi.org/10.1007/s11051-024-06069-1
https://dx.doi.org/10.3390/cimb46110747
https://dx.doi.org/10.1128/AEM.65.8.3727-3729.1999
https://dx.doi.org/10.1016/j.dental.2015.01.007
https://dx.doi.org/10.1002/ppsc.200700015
https://dx.doi.org/10.1017/S143192761701251X
https://dx.doi.org/10.1016/j.molstruc.2024.138827
https://dx.doi.org/10.1016/j.saa.2010.08.044
https://dx.doi.org/10.1038/s41598-022-13002-w
https://dx.doi.org/10.3390/ma9060434
https://dx.doi.org/10.1590/1678-4324-2022200784
https://dx.doi.org/10.1038/gt.2017.13
https://dx.doi.org/10.3390/polym13050793

