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Background: Chitosan nanoparticles (CSNP) are becoming a popular alternative for delivering nucleic acids to tissues
for gene transfer (gene therapy). The size and morphology of these biodegradable nano-carriers are adjustable, and their
positive charge allows them to interact strongly with negatively charged nucleic acids.

Objective: This study aimed to fabricate and characterize pcDNA3.1 (+) plasmid (pDNA) and CSNP complexes and
determine the plasmid location in these vehicles.

Materials and Methods: The characteristics of the pPDNA/CSNP complex after production were investigated by SEM,
XRD, DLS, TGA, and FTIR. The capacity of CSNP to form complexes with pDNA was investigated by labeling free
plasmids with the fluorescent intercalating dye OliGreen. The stability of pPDNA/CSNP in the presence of chitosanase was
evaluated. Surface-Enhanced Raman Spectroscopy (SERS) for pDNA localization was performed, and absorption rate in
BALB/c mice was assessed by real-time PCR.

Results: The optimum pDNA/CSNP ratio for plasmid complex formation was established to be 1:2 (w.w) by measuring
spectroscopy. At these optimum complex formation ratios, spectroscopy, and gel digest experiments, SERS indicated that
a part of the pPDNA was present on the complex outer surface. The findings of plasmid absorption in mouse thigh tissue by
real-time PCR revealed that the rate of gene uptake was significantly greater at a dose of 1:2 (w.w) of pDNA/CSNP than
in other groups (P< 0.001).

Conclusions: The findings of this study reveal exactly pDNA fits into polymer nanostructured delivery systems, allowing
the formulation to be adjusted for selective distribution. This understanding will aid future research into the system’s

functioning in vitro and in vivo.
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1. Background

Gene therapy has been promoted as a revolutionary
method of delivering and expressing genes in recent
decades. However, the scientific community’s mistrust
following the tragic events of viral vectors has
hindered medical adoption of this type of treatment (1).

Consequently, all gene therapy clinical trials, particularly
those utilizing viral vectors, were temporarily halted or
confined to ex vivo studies due to safety reasons (2). As
a result, current studies focus on improving nucleic acid
delivery models or enhancing viral and non-viral vectors
(3). Researchers’ interest in non-viral gene transport
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vehicles, direct injection of genetic material, and the
use of plasmids based on lipids, polysaccharides, and
polymeric materials have risen due to immunogenicity
issues and the risk of viral vectors (4). Direct insertion
of genetic material into tissues such as skin and muscle
has been proven to be invasive for most people over the
years (5). Due to their biocompatibility and ability to
penetrate the interior of most target tissues, non-viral
vectors, such as liposomes and polymer nanoparticles
(NPs), do not have the difficulties that direct injection
and viral vectors possess (6-7). Liposomes, polyethylene
glycol, and chitosan (CS) are the most common non-
viral cationic nanostructures that have been studied for
their simplicity of usage and high transfer efficiency,
amongst many other things (10).

On the other hand, polymeric NPs offer two benefits
over liposomes: simplicity of manipulation, control
of DNA diffusion patterns, and in vivo biological
stability (8-9). The potential of CS to transfer genes
as a biodegradable and biocompatible polymer was
introduced in the early 1990s while seeking novel non-
viral vehicles (11). CS has high cell uptake and transfers
efficiency under physiological conditions, owing to its
molecular mass, amount of acetylation, and quantity
of varied primary amine groups (12). In addition
to biocompatibility and biodegradation, CS/pDNA
interactions are simple to make and do not shrink the
extent of plasmids (14-13). CS may also be lyophilized,
and CS in CS/pDNA complexes can successfully
preserve pDNA from DNases (15). The primary issue
with non-viral transmission techniques right now is
their low transfection efficiency (16). Current research
has utilized low molecular weight CS in gene delivery
plasmids to increase transfection effectiveness (17).
The capacity of nanostructures to prevent encapsulated
pDNA from being degraded by nucleases has also
been extensively established (18). The influence of
nanostructures on the characteristics of encapsulated
pDNA, on the other hand, is little characterized (19).
The morphology of particle-ring interactions and the
validation of pDNA encapsulation by NPs have been
studied in current data. However, the position of pDNA
in nanoparticle structures has not been investigated. (17-
20). In advancing gene therapy, efficient manufacturing
techniques necessitate a thorough analysis of polymeric
materials before and after gene delivery. Because the
biochemical characteristics of nanostructures might
alter following nucleic acid interaction, a thorough
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knowledge of the therapeutic effectiveness of such
linkages is necessary (10-21).

2. Objectives

Recently, many advances have been made in modifying
polymer nanostructures as systems for improving drug
delivery and gene therapy. However, the position of
pDNA in pDNA-nanoparticle complexes is unknown.
ThisanalysisaimedtoconstructpDNA/CSNPcomplexes
and explore the physicochemical characteristics of these
complexes, including determining the relative location
of pDNA in the complex.

3. Materials and Methods

3.1. Construction and Purification of Recombinant
Plasmids: pDNA/gene

Recombinant plasmids of pDNA carrying the virulence
gene (516bp) were extracted by using a plasmid ex-
traction mini kit (FAVORGEN® recommended, Tai-
wan).

3.2. Preparation of pDNA/CSNP

3.2.1. Preparation of CS Solutions and Plasmid DNA
Solutions

CS (100pg) was dissolved overnight in 1 mL of 0.5
% hydrochloric acid (w.v) using a rotary mixer. The
diluted CS solutions were sterile filtered using a 0.2 mm
syringe filter. The plasmid DNA solutions were diluted
to a final concentration of 100 pg.mL with Na2SO4
solution (0.5 mmol.L).

3.2.2. Preparation of pDNA/CSNP

The diluted CS solutions were sterile filtered using a
0.2 mm syringe filter before being mixed with pDNA.
At room temperature, 250 pL of sterile diluted CS
solution was added to 250 pL of pDNA, pipetting up
and down, and gently tapping the tubes to make pDNA/
CSNP (1:1). In order to produce pDNA/CSNP (1:2),
500 pL of sterile diluted CS solution was pipetted into
250 uL of pDNA and gently tapped the tubes.

3.3. Characterization of the pDNA/CSNP

3.3.1. Particle Size, Zeta Potential, and Surface
Morphology of the pDNA/CSNP

Dynamic light scattering (DLS) on Zetasizer was used
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to measure the particle size of the NPs (Brookhaven
Instruments Corp., USA). The surface morphology
of NPs was observed by field scanning electron
microscopy (FESEM) model MIRA3 (TESCAN, Czech
Republic) and XRD model X’ Pert Pro (Panalytical,
Netherlands).

3.3.2. TGA and FTIR Assay

A thermal-gravimetric analyzer was used to evaluate
the CS content of surface-modified NPs (BXT-DSC-
TGA-1250, BAXIT, China). Purified pDNA/CSNP was
deposited in an alumina crucible and scanned in TGA
at a rate of 10 C.min"' under nitrogen flow starting at
40°C. The pDNA/CSNP were detected using Fourier
transform infrared spectroscopy (FTIR, TENSOR II,
BRUKER, Germany).

3.4. DNA Entrapment and Electrophoretic Mobility

1X OliGreen (OG) fluorescent nucleic acid stain (1X
concentration in water, 25 uL) was introduced to
compounds containing 4ng of pDNA and incubated at
room temperature in a dark area for 5 minutes. Following
incubation, distilled water was used to increase the
total volume in the cuvette (1.5 mL) to 500pL. A BMG
LABTECH’s ultra-fast (UV.Visible) Luminescence
Spectrophotometer (Ortenberg, Germany) was used
to measure the relative fluorescence using 490 nm
excitation and 520 nm emission wavelengths. Finally,
1:1 and 1:2 (w/w) pDNA and CSNP ratios were used to
examine complexes.

Gel celectrophoresis was used to measure the
electrophoretic mobility of pDNA/CSNP complexes.
100 ng of pDNA (10 ng.uL) incomparable pPDNA/CSNP
ratios were combined with 4uL of loading buffer, loaded
into agarose gels (0.8 % w.v), and run in TBE buffer
at 6 V.cm! for 40 minutes, followed by 15 minutes of
SYBR Safe (Invitrogen) staining and visualization on a
transilluminator.

3.5. Stability of the pPDNA/CSNP

At 37 °C for 30 minutes, 1.35 pg of naked plasmid
DNA and the pDNA/CSNP solution, including 1.35
pg of plasmid DNA, were treated using DNase I (1.0
U.mL). At 65 °C for 10 minutes, the process was halted
by mixing 100 pL of termination supplies (400 mmol.L
NaCl, 100 mmol.L EDTA, pH 8.0). Also, 16uL of
chitosanase (0.2 U.mL) and 4.0 uL of lysozyme (0.2
U.mL) were introduced and incubated for 1 hour in a 37
°C heating block. 0.8% agarose gel electrophoresis was
used to evaluate the stability of plasmid DNA.

3.6. Surface-Enhanced Raman Spectroscopy (SERS)
for pDNA Localization

Silver NPs (SNP) with a diameter of 10 to 20 nm were
obtained from Invitrogen for the SERS investigations
(Invitrogen, USA). Under stirring for 2 hours over ice,
the pDNA/CSNP complex suspension was combined
in equal parts with the SNP colloidal solution. For
Raman analysis, a few drops of the finished mixture
were placed on a glass slide. At ambient temperature,
Raman scattering experiments were conducted using a
Horiba Jobin Yvon LabRam HR800 spectrometer with
a charge-coupled detector and two grating systems:
600 and 1800 (lines.mm) and a 633 nm (1.96 eV) laser
excitation.

3.7. Gene Delivery Analysis

In this investigation, 30 female BALB/c mice aged 6 to 8
weeks weighing 15-20g were employed. The mice were
separated into three groups of 10. Animals have been
injected, according to Table 1, through IM injections
in both hind legs (100 pL of total volume per leg). The
mice were boosted twice after the initial IM injection,
using identical injection techniques on days 7 and 14.
Seven days after the last dosage, the quadriceps muscle
was collected from mice. The number of genes delivered
in each group was then evaluated using real-time PCR.

Table 1. Grouping of mice in this study

Group Injection composition dosage Number Average weight Type of injection
number of mice of mice
1 pcDNA3.1(+)/gene 200 pL 10 18.7 M
2 pcDNA3.1(+)/CSNP 200 pL (1:1) 10 18.2 M
3 pcDNA3.1(+)/ CSNP 200 pL (1:2) 10 18.9 M
90 Iran. J. Biotechnol. July 2022;20(3): e3110
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3.8. Statistical Analysis

The mean difference between groups was the analysis
of variance (ANOVA) statistical techniques in the
Statistical Package for Social Sciences (SPSS, Inc.,
Chicago, IL, USA) version 16. The results were
statistically significant at a level of P<0.05.

4. Results

4.1. Construction of Eukaryotic Expression Plasmids
A very safe plasmid (pDNA) was used to construct an
optimal NPs structure. The constructed plasmid was
then amplified in E. coli and analyzed on an agarose
gel electrophoresis following extraction. The pDNA is
represented band in Figure 1A.

4.2. Particle Size, Zeta Potential,
Morphology of the pDNA/CSNP

CSNP and pDNA/CSNP, having spherical structures,
have mean sizes of 25.93 + 0.98 and 50.12 + 0.48 nm,
respectively (Fig. 1B). The size of the complexes was
examined as a function of pPDNA/CSNP ratios ranging
from 0 (no DNA) to 1 (w.w), as illustrated in Figure
1C. The impact of complexing NPs with pDNA binding
at various ratios resulted in particle sizes rising as the
pDNA/CSNP ratio rose. For 1:1 and 1:2 (w.w) pDNA/
CSNP complexes, all pPDNA/CSNP complexes remained
smaller than 150 nm in size. Figure 1C shows that the
identical pDNA/ CSNP complexes were positively
charged, with a zeta potential greater than 20 mV at all
ratios investigated. The polydispersity index (PDI) is
another important parameter that describes the width
or spread of the particle size distribution. In general, If
the polydispersity index is> 0.1, the cumulative fit error
is> 0.001, or the resulting quality is poor, then data is
considered suspicious, and further analysis is needed.
Actually, the PDI value may vary from 0 to 1, where
the colloidal particles with PDIs less than 0.1 implies
monodisperse particles, and the values more than 0.1
may imply polydisperse particle size distributions
(34). PDI of the CSNP and pDNA/CSNP were 0.095
+ 0.005 and 0.107 & 0.024, respectively. The quality of
the produced NPs is suitable and acceptable since the
dispersion index is less than 0.1. Also, the PDIs less
than 0.1 in the CSNP imply monodisperse particles,
and the values of pDNA/CSNP that was more than
0.1 may imply polydisperse particle size distributions
(34). Therefore, the type of single-phase or multi-

and Surface
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phase produced NPs was determined using an XRD
diagram. As a result of the XRD diagram, the maximum
reflection at 30125, 32410, 39563, and 48357 degrees
(Fig. 2A) was attributed to pDNA/CSNP, whereas
angles of 29720 degrees (Fig. 2B) were attributed to
CSNP. The XRD patterns reveal that all the CSNP
samples with reflection at 29720 degrees are single
phase in nature. pPDNA/CSNP (1:1) and pDNA/CSNP
(1:2) NPs showed multiphasic nature with multiple
reflections. All the peaks of the pDNA/CSNP shift to
the high angle side with increasing concentration (35).
Due to the negative charge of pDNA, the CSNP (with a
positive charge) is compressed toward the center when
the concentration of pDNA in the solution approaches
1:1 (pDNA/ CSNP). In the TGA diagram, the start
temperature of the thermal deterioration of CSNP was
at 315 °C, and it entirely disintegrated at 400 °C, leaving
just 4.5%. CSNP»s weight reduction was separated into
two stages, the first of which was the water loss stage.
CSNP lost a little weight (5%) at the onset of thermal
deterioration, indicating that it contained around 5%
free water. Thermal deterioration was the next stage.
At 295 °C, CSNP began to disintegrate, and 34.7% of it
remained at 800 °C. At 800 °C, the pDNA/CSNP (1:1)
and pDNA/CSNP (1:2) remained 9.4% and 17.8%,
respectively. In the initial, the mass ratios of CSNP to
pDNA/CSNP (1:1) and pDNA/CSNP (1:2) were 50%,
and 66.6 %, respectively. The mass ratios of CSNP
to pDNA/CSNP (1:1) and pDNA/CSNP (1:2) were
calculated to be 39.2% and 58.7%, respectively, based
on the findings of thermal analysis, which are extremely
near to the initial ratios.

FT-IR spectroscopy found a non-sharp characteristic
peak (36), and a very strong broad peak has been
detected at 2079 cm™ and 3329 cm’. Because the
CSNP used in this study was not entirely deacetylated,
the peak at 2857 cm™' shows the presence of an amide
I band, whereas the peak at 1378 cm™ suggests PO
bending (Fig. 3A). In the pDNA/CSNP, absorption
bands have been identified at 3329 cm!, 2928 cm!,
2858 cm™!, 2079 cm™!, and 1739 cm™ (Fig. 3B). The
waves’ NH and OH stretching phases are responsible
for the peaks seen at about 2928 —3329 cm™' of pDNA/
CSNP (37, 38). The asymmetrical CH bending in the
mixtures is indicated by a peak produced at 2857 cm™..
At 1742 cm™!, the spectrum shows the development of
imine interaction in pDNA and CSNP.

91



Piri-Gharaghie T et al.

A)
4500
3000

2000
5002 bp
(EcoRYV)
1200

800
840 bp
(BamHI)

516 bp
(hcp gene)

500

200

Marerlll

AT = e
20.0 KX 1 um KYKY-EM3200 SN:0000

26 KV 20.0 KX 1um KYKY-EM3200 éNIOdOé 26 KV 20.0 KX 1um KYKY-EM3200 SN:0000
C)
150
Em CSNP
*
* % Z3 pDNA/CSNP (1:1)
100 ; BEm pDNA/CSNP (1:2)
E * k e 3
Py X /
7 * ¥ Al B
— L ’
01— / 1V / d [/
; / 1l / d v
[ / 5 [ ¢ % /
/ / 1/ A1H B
o 1BK AH BV AH HU
0 24 48 72 96
Time (hr)

Figure 1. A) PCR reaction to validate pcDNA3.1(+) vector purity. Lane 1, DNA Markerlll; Lane 2, Negative
control; Lane3, Positive control (Free pDNA vector with 5482 bp band); Lane 4, pPDNA-gene vector; Lane 5,
Expected Size of Restriction enzymes and virulence gene. B1) CSNP, B2) pDNA/CSNP (1:1) and B3) pDNA/
CSNP (1:2) having spherical structures. C) pPDNA/CSNP complex size as a function of pDNA/CSNP ratios
(n=3; mean standard error). The size of the pPDNA/CSNP complexes was reduced as predicted when additional
negatively charged pDNA was added. The presence of a negatively charged pDNA appears to prevent the
aggregation of CSNPs. Also, the 1:1 ratio of pDNA/CSNP had the greatest effect on preventing size increase
during the 96-hour period. *P<0.05; **P<0.01
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Figure 2. XRD pattern of the A) CSNP, B) pDNA/CSNP (1:1) and C) pDNA/CSNP (1:2) structures. The

presence of pPDNA/CSNP is shown by multiple prominent peaks in Figures B and C.
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Figure 3. FTIR spectra of A) pDNA/CSNP (1:1), B) pDNA/CSNP (1:2), C) CSNP. The 3329 cm’!
and 3362 cm! peaks in Figures A and B belong to the O-H group. The appearance of this peak in
pDNA/CSNP demonstrates proper pDNA loading in the CSNP (36, 39).
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The carbonyl group (C=0) has a large dipole moment
and thus an intense stretching vibration whose peak
generally appears from 1900 to 1600. Also, the carbonyl
carbon in the C=0 bond has a large positive partial
charge (39). Therefore, due to the negative charge in
pDNA, a large tension is created between the positive
charge of the carbonyl group (C=0) and the negative
charge of pDNA and forms a strong bond in this region.

4.3. DNA Entrapment and Electrophoretic Mobility Studies

The OliGreen nucleic acid stain’s comparative
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fluorescence indicates whether the DNA in the
experiment is free or partially encapsulated. The sample
containing solely free plasmid in water has the highest
fluorescence. The reduction in fluorescence shows
that pDNA has become complex to the extent where
DNA dye interaction and fluorescence are no longer
possible. Compared to free pDNA, a pDNA/CSNP
ratio of 1:2 results in a 79.73% reduction in absorption
spectra. The optimal ratio for protecting and delivering
the whole DNA load is when all pDNA is completely
absorbed (Fig. 4A). In lane 2 of the electrophoresis,

B) L1 L2

L3

Figure 4. Gel analysis of complex formation and degradation. A) The number of NPs in each interaction determines
the relative fluorescence of pDNA in each sample. Free pDNA has the most fluorescence. Fluorescence intensities
decrease when the pPDNA/CSNP ratio decreases (1:2) (n = 5; mean =+ standard error; *P>0.05, **P>0.01).

B) Complexes formed at various ratios: lane 1= pDNA; lane 2= 1:1 ratio of pPDNA/CSNP; lane 3= 1:2 ratio of pDNA/
CSNP lane 4: 1kb ladder. C) after nuclease digestion using DNase I and D) Enzymic mixture (treated with chitosanase

and lysozyme)
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plasmid bands are observed in complexes, suggesting
the existence of free pDNA in the investigated sample
at a 1:1 pDNA/CSNP ratio, comparable to the bands
observed in lane 1, which contain exclusively free
pDNA. Following lane 3 of pPDNA/CSNP combinations
of ratio 1:2, no free pDNA band is observed, suggesting
the full complex formation of all free pDNA (Fig. 4B).

4.4. CS Enhanced Stability of the pDNA

Gel electrophoresis shows the destruction of free
pDNA after treatment with DNase [, with no bands
evident save a weak band of high mobility close to the
bottom of the concept (Fig. 4C, lane 4). The smearing
pattern in lane 5 indicates that part of the pDNA in the
combination was accessible for digest since pieces of
varied sizes and mobility are evident compared to the
undigested plasmids. Gel electrophoresis of digestion
of free pDNA with this enzyme mixture in this system
reveals no visible pDNA bands, indicating plasmid
degradation (Fig. 4D, lane 2). When comparing lanes
4 and 5, it is clear that a 1:2 ratio of pDNA/CSNP is
released from compounds after treatment with the
enzyme combination, suggesting that the complex
can shield pDNA from enzymatic destruction. In a 1:2
ratio of pPDNA/CSNP, the encapsulation was protected
against pDNA degradation by DNase I and chitosanase,
but only slightly in a 1:1 ratio of pDNA/CSNP. The

results showed that encapsulating 1:2 pDNA in CS
protected the DNA from DNase I degradation.

4.5. Raman Spectroscopy Analysis

The lower peaks of Figure 5 depict the typical
Raman spectra of the pDNA/CSNP, which is typical
of polymeric materials (with the highest peak
characteristics correlating to the CH stretching modes
of 734.19 cm™). For the concentration measurement
of the polymeric CSNP related to pDNA, the 493 cm!
peaks (rCH2) were used as a standard band. pDNA
could be detected by very faint peaks superimposed on
the polymeric spectra (40). As illustrated in Figure S,
silver NPs (SNPs) were coated onto the interfaces of
the pPDNA/CSNPs interactions, resulting in a significant
increase in the pDNA output (Upper peak). The typical
721 em! peaks ascribed to adenine are apparent, as in
Raman and silver-based SERS investigations into DNA
(41). The significant SERS impact produced via SNPs
located on the surface of the pDNA/CSNP compounds
was also exploited to get relative pDNA concentration
information relative to the polymeric CSNPs as their
concentration of a substance was changed in the
following pDNA/CSNP ratios: 1:1 and 1:2. It is evident
that when the pDNA/CSNP ratio drops, the percentages
between the 721 cm (pDNA) and 493 c¢cm™ (CSNP)
peaks employ a standard declining pattern. As a result,

129
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Figure 5. Typical Raman spectrum of the pDNA/CSNP complexes. Bottom line: SERS spectrum of the 1:2
ratio of pPDNA/CSNP complexes coated with silver nanoparticles (SNPs). The high scattering peaks matching to
pDNA can be seen, and as the signal was primarily gathered owing to the SERS effect caused by the SNPs, it can
be assumed that the DNA is mostly present in the structure of the CSNP.
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the CSNP covers of the pDNA compounds interface
alter according to their respective concentrations.

4.6. CSNP Enhanced Gene Delivery

A real-time PCR study of the virulance gene was
conducted to confirm gene delivery in animal tissue.
We found that the expression of pPDNA was increased
successfully in group 3 (pDNA/CSNP 1:2). In contrast,
such effects were not observed in group 1 with free
pDNA and group 2 (pDNA/CSNP 1:1) (Fig. 6).
Furthermore, plasmid vector activity in group 2 was
much greater than in group 1 (free vector). These
findings show that CSNP might play a role in increasing
gene delivery to tissues.

5. Discussion

In this study, by comparing the relative fluorescence
of products treated pDNA/CSNP interactions (1:2
ratio) to a purity water sample, the conjugation of
all pDNA was demonstrated, indicating that no free
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pDNA is available. Because no free vector bands were
evident in interactions with pDNA ratios lesser than
1:1, the absence of electrophoretic mobility of the
pDNA in the complicated form significantly indicates
total encapsulation. These results suggest that the
fluorescence marking method and the electrophoresis
mobility approach, both straightforwardly perform,
have areasonable correlation (22, 23). Following DNase
and enzyme cocktails treatment, Gel electrophoresis
indicated that CSNP interactions protect pDNA against
enzymatic breakdown (24, 25). The nanoparticle
component of the complexes is degraded by chitosanase/
lysozyme digesting, which frees the pPDNA. According
to gel digestion assays, free pDNA cannot tolerate
frequent interactions with the chitosanase/lysozyme
mix and is destroyed. The existence of undamaged
pDNA in the 1:2 complex sample indicates that the
CSNPs can protect pDNA from enzyme degradation,
which is critical for effective gene delivery in vivo.
To determine the degree of free pPDNA degradation,
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DNase | was introduced to free pDNA as a baseline
(28, 29, 42).

The nuclease-treated structures had low electrophoretic
mobility, suggesting that part of the pDNA must be
accessible to the inserted enzyme inside the combination.
Because the interaction protects the pDNA within it
against enzymatic degradation, this implies that the
broken DNA resides on the complex’s periphery. These
results are consistent with Fielden et al. (26) and Zhang
et al. (27). Although traditional Raman analysis of the
compounds failed to reveal DNA patterns within the NP
complex (28), silver-based SERS showed substantially
increased DNA peaks and confirmed the presence of
pDNA strands in the complexes’ insides. This dual
approach to interface research of polymeric CSNPs
complex with distinct biological processes might
be beneficial for investigating their morphological
characteristics and tracking either in vitro or in vivo as
they communicate with local tissues and cells (29, 30,
42, 43-46). The transport of biological agents into cells
via nanoparticle platforms and the releasing of bioactive
medicines from polymeric nano surfaces might both
benefit from such methods (31, 47). Encapsulating
pDNA into CSNP is a potential method for gene
delivery (32, 33). The injection of CSNP to pDNA
improves structural integrity, making them a good
candidate for gene delivery systems that may be utilized
to encapsulate other plasmids. When combined with a
CSNP polymer-based gene delivery vector, this method
guarantees that the positive charge of the CSNP NPs is
decreased, making them more biodegradable with better
safety and efficacy. Furthermore, this improves the
delivery system’s effectiveness, as seen by the real-time
PCR assay. The position of pDNA within polymeric
nanostructured delivery systems will be clarified,
allowing formulations to be optimized for selective
distribution with little breakdown. Novel factors will
be essential to the implementation, approval, and
medical delivery of these medicines. More research is
necessary to confirm if the in vitro and in vivo transport
and expression of pDNA in this variant of the pDNA/
CSNP complex correlates with the various biochemical
characteristics performed in this work.
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