Research Article

Tiirk Fen ve Saglik Dergisi Nomber 3
ases 236205

Turkish Journal of Science and Health

e-ISSN: 2717-7173 https://dergipark.org.tr/tr/pub/tfsd

Received: 20.08.2022 Accepted: 28.09.2022 https://doi.org/10.51972/tfsd. 1164517

In vitro Bioactivity and Gene Silencing Effect of shRNA-VEGF Loaded Chitosan Nanoparticles

Murat Dogan

1Sivas Cumhuriyet University, Faculty of Pharmacy, Sivas, Turkiye

ABSTRACT:

Purpose: In this study, it is aimed to prepare chitosan nanoparticles including shRNA-VEGF and evaluate their bioactivity by in vitro
cell culture studies and to perform mechanical characterization of nanoparticles.

Material and Methods: lonic chelation method was used to prepare nanoparticles. The XTT assay was used to assess the cytotoxic
activity of shRNA-VEGF and shRNA-VEGF loaded NP on the HelLa and NIH 3T3 cells.

Results: 1Csq values of shRNA-VEGF and NP including shRNA-VEGF were assessed. ICsq values of sShRNA-VEGF and NP including shRNA-
VEGF were 0.8940.010 and 0.52+0.004 pg/mL on Hela cells. Bax amounts of control, shRNA-VEGF, and shRNA-VEGF loaded NP was
calculated as 23.70£0.27, 34.64+0.36, and 39.46+0.54 ng/mg protein, respectively. The findings showed that cleaved caspase 3
amounts of control, shRNA-VEGF, and shRNA-VEGF containing NP was calculated as 711.70+4.40, 767.23+3.82, and 825.32+5.06
pg/mg protein.

Conclusion: While producing no cytotoxicity in NIH 3T3 cells, shRNA-VEGF and shRNA-VEGF loaded NP substantially inhibited Hela
cell reproduction depending on the concentration. By using shRNA-VEGF and shRNA-VEGF loaded NP, the expression of pro-apoptotic
Bax and cleaved caspase 3 proteins was considerably elevated.
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INTRODUCTION

Cancer is the second most common reason of
mortality and is a serious health issue. Every system
and organ in the body develops a unique collection
of maladies as a result of cancer, which is both a
sickness and a group of ilinesses (Docea et al., 2012;
Salehi et al., 2019). Smoking, living a healthy lifestyle,
and eating habits all contribute to about one-third of
cancer fatalities. In addition, changing bad lifestyle
practices can help prevent a number of malignancies
(Ghad et al.,, 2014; Sharifi-Rad et al., 2020). The
conventional therapeutic modalities and tools
utilized in the medication for cancer include surgery,
radiation and

chemotherapy, immunotherapy,

targeted treatment (Jovéevska and Muyldermans

2020; Park, Heo and Han 2018). These methods
typically have negative consequences and carry a
high chance of recurrence. Some of the most
common adverse effects include neuropathies, skin,
gastrointestinal. Because conventional cancer
treatment strategies entail the aforementioned
negative effects, new treatment strategies are being
(Wang, Billone and Mullett 2013;

Zitvogel et al., 2008). The treatment of cancer with

researched

nanotechnology-based drug delivery systems s
promising, and these studies are at the forefront of
the field (Adair, Parette and Altinoglu 2010; Altinoglu
Adair  2010). high
bioavailability, simple targeting, and

and Biocompatibility,
tumor

diminished or eliminated negative effects are only a
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few advantages of nanoparticular delivery systems.
(Mansoori et al., 2017; Wang, Zhang and Chen 2019).
The major ways that anti-cancer nanomedicine can
provide anti-cancer efficacy are by raising the
qguantity of cytotoxic medications in tumor areas,
which boosts anti-cancer activity (Longacre, Snyder
and Sarkar 2014; Xue and Liang 2012), reducing its
clearance, minimizing side effects in healthy organs,
minimizing undesired toxicity, and simultaneously
transporting a number of anti-cancer active
chemicals (Mittal et al., 2020; Robey et al., 2018;
Singh, Benjakul and Prodpran 2019a).

According to these characteristics, RNA interference
(RNAi), a gene control
mechanism based on double-stranded RNA,
represents a novel class of potential therapeutics
(Demolin and Essaghir 2014; Urban-Klein, Werth and
Abuharbeid 2005). On the other hand, therapeutic
application of RNAi molecules is constrained and a

posttranscriptional

suitable delivery mechanism is required because of
fast breakdown of nucleases, biological lability,
ineffective cellular absorption, and off-target effects
(Howard et al., 2009). Even while viral vectors are
often employed as delivery systems, there are a
number of drawbacks, such as immunological
reaction and carcinogenic effect, and as a result,
nonviral vectors are becoming more and more
common. Publications on the impact of VEGF /VEGF
R on tumor angiogenesis have appeared in recent
years. The growth factor family that includes VEGFs
consists of various disulfide-linked dimers. Most cells
and their

expression rises in several cancerous conditions. In

use VEGF molecules as mitogens,
recent years, it has been discussed that the vascular
endotelial growth factor (VEGF) signaling pathway
differs in normal and cancer cells (Howard et al.,
2009). Due to its biodegradability, biocompatibility,
and low toxicity, chitosan, a deacetylated (DA) chitin
derivative, is frequently used in the pharmaceutical
and medical industries (Li, Cai and Ja 2018; Singh,
Benjakul and Prodpran 2019b). Additionally, it can be
utilized as a means of delivering medications, a
packaging material, an antibacterial agent, a tissue
engineering tool, an anti-aging agent, an antibody
response enhancer, and for the treatment of
diseases like cancer (Bhattarai, Gunn and Zhang
2010; Torabi et al.,2018; Jhaveri et al., 2021). It is

frequently employed in nano applications, including
as the delivery of pharmaceuticals. Specific types of
cancer cells have been demonstrated to be less
prone to proliferating, differentiating, and surviving
when exposed to shRNA-VEGF, which works by
concentrating on key substances that promote
tumor cell growth (Cheimonidi et al., 2018; Tavana et
al.,, 2020). This substance was chosen for the
investigation because shRNA-VEGF has antioxidant
and anti-proliferative properties.

In this test, sShARNA-VEGF was enclosed in cationic
polymer chitosan nanoparticles, which are a
biocompatible and biodegradable material. The
shRNA-VEGF shRNA-VEGF

nanoparticles (NPs) on NIH 3T3 and Hela cells were

impact  of and
examined in XTT and bioactivity tests. In this work,
the levels of BCL-2, cleaved caspase 3, and Bax in
shRNA-VEGF, shRNA-VEGF loaded NPs administered,
and non-administered Hela cells were measured
using human ELISA kits. In order to determine the
appropriateness and usability of ShRNA-VEGF NPs in
XTT and biological activity experiments, the requisite
characterization tests on nanoparticles were also
carried out.

MATERIAL and METHODS

Cell culture studies

Hela and NIH 3T3 cells were obtained ATCC for the
cytotoxic activity investigation. Merck Millipore
supplied the fetal bovine serum (FBS), shRNA-VEGF,
and DMEM. PBS, polyvinyl pyrrolidone (PVP), and
chitosan (400 kDa, DD 92) were purchased from
Sigma-Aldrich. Studies on cytotoxic effect used the
XTT reagent from Roche Diagnostic. Cells were
grown in well plates inside of an incubator at 37 °C
and 5% CO2. Cells have to be at least 80% confluent
for the cytotoxic activity assays to be completed
(Taskin et al., 2020). The following equation was then
used to calculate cell viability.

Absorbance of sample

Cell viability (%) = x100 (1)

Absorbance of control

Preparation of chitosan NPs

NPs carrying shRNA-VEGF were made using the ionic
gelation technique. Chitosan was dissolved in acetic
acid (0.5% v/v) in the appropriate amount while
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being magnetically agitated at 1000 rpm (Calvo et al.,
1997; Wikanta et al., 2012). PVP was dissolved in
sterile deionized water (0.25% w/v) at a preset
concentration. The PVP solution containing shRNA-
VEGF is added to the chitosan solution (0.5% w/v).
The NP suspension for 30 minutes while centrifuging
it at 10,000 rpm. The NPs' loading capacity (LC) and
encapsulation efficiency (EE) were assessed by
removing the supernatant and separating a 1 mL
sample from it. The pellet was afterward cleaned
with deionized water. The pellet was centrifuged 15
minutes at 10,000 rpm after being combined with 30
mL of deionized water. This procedure was carried
out twice. Lyophilized NPs maintained at +4 °C.

EE and LC studies of NPs

shRNA-VEGF in NPs was measured using an UV vis
spectrophotometer to determine its EE % and LC %
(Tavana et al., 2020). By measuring the absorbance
of shRNA-VEGF at different concentration at 380 nm
a spectral line equation was created. The line
equation was used to determine how much shRNA-
VEGF was present in the supernatant. The LC and EE
of the NPs were calculated using the following
equations (2, 3).

0/ — (mo—-ms)

EE (%) E— x100 (2)
_ (mo-ms)

LC (%) = oy x100 (3)

wnp = total weight of shRNA-VEGF in NPs, mo is
starting mass of shRNA-VEGF, ms is the amount of
ShRNA-VEGF in the supernatant, and mo is the first
mass of shRNA-VEGF (Taskin et al.,2020). Every
measurement was made in tri times, and the results
shown as mean SEM.

Assessment of particle size and zeta () potential

A device called the Zetasizer Nano ZS was utilized to
assess the size and { potential measurements of NPs
(Taskin et al., 2021). NPs assessed while suspended
in PBS (pH 7.4).

In vitro release study of NPs
shRNA-VEGF was released in vitro from chitosan NPs
in PBS (pH 7.4) using the same procedures as

described in the release experiment (Calvo et al.,
1997; Wikanta et al., 2012). The shRNA-VEGF -loaded
NPs were initially diluted buffer solution (2 mL) and
kept in an agitated water bath at 25 2C. Samples
were centrifuged at 10000 rpm for 10 min at 25 °C at
preset intervals. In order to keep the total volume
constant and for analysis, 800 pl of the supernatant
were taken out, and an equivalent volume of the
fresh buffer put in their place. Using a UV-vis
spectrophotometer, the quantity of released shRNA-
VEGF at a certain moment was calculated.

Cell viability assay

The XTT study was performed to assess the cytotoxic
activity of shARNA-VEGF and shRNA-VEGF loaded NP
on the Hela and NIH 3T3 cells. DMEM (100 L, 10%
FBS) was first used to seed cells in 96-well plates, and
the cells were then left to incubate overnight (Han et
al., 2015; Gomecg et al.,, 2022; Keawchaoon and
Yoksan 2011; Mohammadi, Hashemi and Hosseini
2015; Purbowatiningrum and Ismiyarto 2017). After
that, cells were exposed to shRNA-VEGF and shRNA-
VEGF loaded NP at a range of doses (0.25, 0.5, 1, 2,
and 5 pg/mL) for 24 hours. The samples were added
to each well after being pipetted and vortexed in
DMEM to homogenize them. Plates with cells and
samples were then incubated for 24 hours. After this
time, wells were cleaned PBS (200 pL). Each well
received 100 mL of colorless DMEM and 50 mL of
XTT, and the cells were then incubated for 4 hours.
The absorbance of XTT-formazan at 450 nm was
measured by a ELISA reader. On the Hela and NIH
3T3 cells, the cell viability and ICso values of shRNA-
VEGF and shRNA-VEGF loaded NP were calculated.

The assessment of BCL-2, cleaved caspase 3, and
Bax amounts

The levels of BCL-2, cleaved caspase 3, and Bax in
shRNA-VEGF, shRNA-VEGF loaded NPs treated, and
untreated Hela cells were determined using the
human ELISA kits of cleaved caspase 3, BCL-2, and
Bax. Hela cells were first placed in a 6-well plate with
DMEM and treated for 24 hours with 1 g/mL shRNA-
VEGF and shRNA-VEGF loaded NP. shRNA-VEGF and
NP, including shRNA-VEGF, were applied to Hela
cells, and those that were not were collected and
diluted in PBS. They were then duplicated, frozen,
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and thawed. In accordance with the manufacturer's
instructions, the amounts of cleaved caspase 3, BCL-
2, and Bax in cell lysates were then measured. The
total protein amounts in sShRNA-VEGF and shRNA-
VEGF loaded NP untreated and treated Hela cells
were calculated using the Bradford protein assay kit
(Merck Millipore, Darmstadt, Germany).

Total oxidant status (TAS) and Total antioxidant
status (TOS) measurements in shRNA-VEGF and NP
including shRNA-VEGF treated and untreated Hela
cells

The amounts of TAS and TOS in shRNA-VEGF and NP
including shRNA-VEGF treated and untreated Hela
cells, were assessed using the total antioxidant and
oxidant status assay kit (Rel Assay Diagnostics,
Turkey) (Dogan ve Karademir 2020). 1 ug/mL shRNA-
VEGF and shRNA-VEGF NP were applied to Hela cells
for 24 hours. Data were presented for TAS and TOS
as mol H, O, Equiv./L and mmol Trolox Equiv./L,
respectively.

Participant and sampling

MD carried out research and data analysis. MD
oversaw the entire undertaking and created the
experiments. MD drafted the article, read it, and
gave his approval to the final manuscript.

Statistical Analysis

One-way ANOVA and repeated measures ANOVA
were used to analyze the results, and a Tukey post
hoc test was used for multiple comparisons between

Table 1 EE and LC of shRNA-VEGF loaded NPs

groups. A mean and SEM are used to present all
results. The threshold for significance was set at
**p< 0.05.

Ethical Approval
Not applicable.

RESULTS

EE and LC of NP including shRNA-VEGF
shRNA-VEGF content in chitosan NPs is shown by the
EE rate. EE and LC values are very important in cell
culture studies in terms of transfection efficiency.
The findings of the calculation used to determine the
rate of shRNA-VEGF encapsulated into chitosan NP
are displayed in Table 1. The findings showed that
the computed EE value of NPs containing shRNA-
VEGF was 79.52+0.03 %. Additionally, LC of NPs was
found to be 7.93+0.03 %. The findings support the
conclusion that shRNA-VEGF 's EE and LC values of
NPs were appropriate for cell culture and bioactivity
research.

Characterization of NPs

The findings of the evaluation of NPs particle size,
potential, and polydispersity index (PDI) are shown
in Table 2. The NP's dimensions were 178.34+2.10
nm. The NP's { potential was detected at as
1.52+0.03 mV. Additionally, the PDI ratio of NP was
0.204+0.03. Three repeats of each measurement
were carried out. The findings suggest that NP was
composed of homogeneous features with no
aggregation.

Parameter ShRNA-VEGF
Linear equation y=0.2704 x+0.0197
Slope+SD 0.2704+0.021
Intercept 0.0197+0.0010

R 0.9864

EE % 79.52+0.03

LC % 7.93+0.03

Table 2. T potential, particle size, and PDI values of shRNA-VEGF -loaded NP

Samples { potential (mV) £ SD

Size (hm) £ SD PDI £ SD

*NP 1.52+0.03

178.34+2.10 0.204+0.03

* NP contains chitosan, shRNA-VEGF and, PVP
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In vitro release kinetics study result of NP with
shRNA-VEGF loaded

At 37 °C for 288 hours, the release profile of shRNA-
VEGF from NP was examined (Fig. 1). 0.1 M PBS was
utilized in this study to mimic physiological
The shRNA-VEGF

demonstrated a regulated release with a quick first

circumstances. release data

release (50%) in 24 hours, afterward a constant and
gradual release (75%) until 144 hours. In just 288

100
80
60

40

Released shRNA VEGF (%)

20

hours, nearly all of the shRNA-VEGF (99,65%) in the
NP was released. In research of acetylsalicylic acid,
this kind of constant and gradual release was noted.
The shRNA-VEGF is released from the NP mostly as a
result of diffusion and molecular matrix erosion.
shRNA-VEGF can readily diffuse from the NP's pores
or surface since its size is less than the particle
(Purbowatiningrum and Ismiyarto 2017; Tang et al.,
2018).

150 200 250 300

Time (h)

Figure 1. Release kinetics of sShRNA-VEGF loaded NP in 0.1 M PBS (pH 7.4). By accumulating cumulative over time, the

release rate of shRNA-VEGF was estimated.

Assessment of cytotoxic activity results

Hela and NIH 3T3 cells were treated to evaluate the
ICso values of shRNA-VEGF and NP containing shRNA-
VEGF at predetermined doses. Both shRNA-VEGF
and the shRNA-VEGF
reduced Hela cell viability, according to the findings

loaded NP considerably

of the XTT investigation, depending on the dose and
ICso.values were indicated Table 3. Cell viability were
estimated as 63.06£0.51% and 59.01+0.42%,
respectively, when the sole shRNA-VEGF and NP
were treated with Hela cells at 0.25 g/mL
concentration. Hela cells were exposed to the
greatest dose of shRNA-VEGF (5 g/mL), and cell
viability were assessed to be 29.67+0.18% and
22.7410.21%, respectively. The shRNA-VEGF loaded
NP demonstrated more potent (**p<0.05, Table 3)
cytotoxic activity at all concentrations of shRNA-
VEGF and shRNA-VEGF loaded NP treated with the
cells, in accordance with the findings of the cytotoxic
activity investigation conducted on Hela cells. These

results were used to calculate the ICso values for
shRNA-VEGF and NP containing shRNA-VEGF. On the
Hela cell line, the ICso values for shRNA-VEGF and NP
shRNA-VEGF were 0.89+0.010 and
0.52+0.004 pg/mlL, respectively. According to the
findings, the shRNA-VEGF loaded NP exhibits greater
cytotoxic effect in Hela cells and a lower ICso value
than the shRNA-VEGF alone.

A percentage of viable cells compared to the control
group The
information is displayed as a mean and SEM. In

containing

is used to represent the results.
comparison to the control group, both quantities of
shRNA-VEGF shRNA-VEGF loaded NP
significantly inhibited the proliferation of Hela cells.
The shRNA-VEGF and the NP incorporating shRNA-
VEGF were administered NIH 3T3 cells at 0.25 pg/mL

concentration, and the results of the NIH 3T3 cell

and

viability were indicated (Table 3) and the cell viability
was determined as 87.06+0.51% and 90.38+0.42%.
The cell viability of NIH 3T3 cells after administration
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of shRNA-VEGF and the shRNA-VEGF loaded NP was
determined to be 81.30£0.11% and 84.86+0.08%,
respectively. When NIH 3T3 cells were treated with
shRNA-VEGF and the NP with shRNA-VEGF, the cell
viability was estimated to be 74.68t+0.18% and

77.4010.23%, respectively, at 5 pg/mL

concentration. The findings show that it was difficult
to estimate the ICso values of the shRNA-VEGF and
NP containing the shRNA-VEGF at the indicated
doses. On NIH 3T3 cells, shRNA-VEGF and shRNA-
VEGF loaded NP were both biocompatible and non-
cytotoxic.

Table 3. The cytotoxic activity of shRNA-VEGF and shRNA-VEGF loaded NP on Hela cell line.

Hela cell viability (% of control)

Samples/Concentrations 0.25 pg/mL 0.5 ug/mL 1 pg/mL 2 ug/mL 5 ug/mL
shRNA-VEGF 63.06+0.51 55.03+0.18 46.69+0.36 37.78+0.42 29.67+0.29
shRNA-VEGF NP 59.08+0.42 51.03+0.32 40.03+0.40 31.89+0.28 22.74+0.27

Table 4. The anti-proliferative activity of shRNA-VEGF and the NP including shRNA-VEGF on NIH 3T3 cell line. In
comparison to the control group, the results are shown as a percentage of viable cells.

NIH 3T3 cell viability (% of control)

Samples/Concentrations 0.25 pg/mL 0.5 ug/mL 1 pg/mL 2 pg/mL 5 ug/mL
shRNA-VEGF 87.06+0.51 81.30+0.11 80.69+0.33 77.78+0.42 74.68+0.18
shRNA-VEGF NP 90.38+0.42 84.86+0.08 82.03+0.35 79.89+0.28 77.40+0.23

The effect of ShARNA-VEGF and shRNA-VEGF NPs on
BCL-2, cleaved caspase 3, and Bax quantities in HelLa
cells

Bax, cleaved caspase 3, and BCL-2 were among the
proteins whose expression was evaluated by ELISA in
Hela cells. Bax amount was considerably enhanced
after 24 hours of treatment with shRNA-VEGF and
shRNA-VEGF-loaded NP (1 pg/mL) (**p<0.05, Table
4). In accordance with the findings, the amounts of
Bax in the control, shRNA-VEGF, and shRNA-VEGF
loaded NP were 23.70+0.27, 34.6410.36, and
39.46+0.54 The
measurements showed that cleaved caspase 3

ng/mg protein, respectively.

guantity amounts in the control, shRNA-VEGF, and
shRNA-VEGF-loaded NP were 711.70+4.40,
767.23+3.82, and 825.32+5.06 pg/mg protein,
respectively. The BCL-2
concentrations in the control, shRNA-VEGF, and
shRNA-VEGF NP were 43.22+0.38, 42.22+0.28, and
40.15+0.60 ng/mg protein, respectively (Tablo 5).
indicated shRNA-VEGF and shRNA-VEGF
loaded NP significantly increased the quantity of

measurements  of

Results

cleaved caspase 3 on Hela cells. However, shRNA-
VEGF and shRNA-VEGF loaded NP had no activity
against BCL-2 amount (p>0.05).

Tablo 5. shRNA-VEGF and shRNA-VEGF loaded NP enhanced apoptosis in Hela cells at a dose of 1 g/mL.

Samples Bax (ng/mg) cleaved caspase 3 (pg/mg) BCL-2 (ng/mg)
Control 23.70+0.27 711.70£4.40 43.22+0.38
shRNA-VEGF 34.64+0.36 767.231£3.82 42.22+0.28
shRNA-VEGF NP 39.4610.54 825.3215.06 40.15+0.60

The quantities of BAX, BCL-2, and cleaved Caspase 3
were determined using ELISA kits. Each result is
shown as a mean and SEM. ShRNA-VEGF and shRNA-

VEGF-loaded NP show no possible impact on BCL-2
expression, which is anti-apoptotic.
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The effect of shRNA-VEGF and shRNA-VEGF loaded
NPs on TAS and TOS amounts in Hela cells

Using a TAS and TOS assay kit, the impact of shRNA-
VEGF and shRNA-VEGF loaded NP on the levels of
TAS and TOS in Hela cells was examined. TAS
amount was unaffected by either shRNA-VEGF or
shRNA-VEGF loaded NP (p>0.05). Additionally, Hela
cells' TOS production was boosted by the shRNA-

A

© o o =
L A

TAS (mmol Trolox Equiv./L)
o
()
1

e
o
I

Control

sRV (1ug/ml)
sRV NP (1pg/ml)

VEGF and shRNA-VEGF loaded NP (p<0.05). TAS
values for the control, shRNA-VEGF, and shRNA-
VEGF loaded NP were 0.584+ 0.018 pg/mL,
0.563%0.016, and 0.572+0.011 pg/mL, respectively.
Furthermore, the TOS values for control, shRNA-
VEGF, and shRNA-VEGF loaded NP
34.946+0.281  ug/mlL,  42.336+0.550,
50.276%0.589 pg/mL, respectively (Fig. 2).

were
and

60

40-

20+

TOS (umol H,0, Equiv./L)

Control
sVR (1pg/ml)
sVR NP (1pg/ml)

Figure 2. The TAS level (A) of Hela cells was not significantly altered by the addition of ShRNA-VEGF or shRNA-VEGF
loaded NP at a concentration of 1 ug/mL, however the TOS level (B) was significantly raised.

DISCUSSION

While the using contemporary chemotherapy and
radiotherapy during the cancer treatment, drug
resistance, relapse, and metastasis have hindered
the treatment of cervical cancer in several countries
both developing and developed worldwide. Among
shRNA-VEGF
antioxidant and anti-cancer properties. sShARNA-VEGF
and shRNA-VEGF NP showed cytotoxic effect on
Hela cells depending on concentration. With 1Cso
values of shRNA-VEGF and NP of 0.89+0.010 and
0.52+0.004 pg/mL on Hela cells, it significantly
inhibited Hela cell reproduction after 24 hours

its bioactive  properties, has

depending on concentration. Compared to control
and shRNA-VEGF, NP containing shRNA-VEGF, in
particular, had a substantially more antiproliferative
activity against Hela cells. The cytotoxic effects of

ShRNA-VEGF and NP loaded with shRNA-VEGF
against NIH 3T3 cells were examined in this situation,
and the findings indicated that shRNA-VEGF and NP
had no cytotoxic impact on NIH 3T3 cells. It is well
known that apoptosis affects the effectiveness of
pharmacological treatments and plays a role in the
(Chen, 2013). By
measuring the amounts of BCL-2 and Bax by ELISA, it
was possible to verify that shRNA-VEGF had an
apoptotic effect on Hela cells. As one of the defenses

cellular growth of tumors

against the creation and proliferation of tumors is
the beginning of cell apoptosis, which is a primary
goal of cancer treatment (Sachdev et al., 2019). Both
apoptotic proteins are found in the BCL-2 protein
family, and the proportion of pro- to anti-apoptotic
proteins is frequently used to predict the destiny of
cells. When Bax tears apart the mitochondrial
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the
apoptosome complex is created. This combination

membrane and cytochrome c releasing,

stimulates caspases and causes apoptosis.

Moreover, BCL2 maintains membrane integrity,
inhibits the release of cytochrome c, and inhibits
apoptosis (Sima, Richter and Vetvicka 2019). The
activation of caspases is a crucial aspect of the
process (Chen, Zhang and Gao 2018; Guo et al., 2016;
Lee et al., 2019). In this work, 1 pg/mL shRNA-VEGF
and shRNA-VEGF loaded NP dramatically boosted
the expression of the proteins Bax and cleaved
caspase 3, but had no apparent influence on the
expression of the anti-apoptotic BCL-2. The amount
of Bax and caspase 3 was significantly increased in
ShRNA-VEGF loaded NP samples when compared to
shRNA-VEGF alone and the control group. Bax and
cleaved caspase 3 levels dramatically increased in
Hela cells after treatment with 2 pg/mL
concentrations of shRNA-VEGF and shRNA-VEGF
loaded NP, indicating that these substances had
cytotoxic and apoptotic effects. Most anti-cancer
study the
macromolecular changes in cells are assumed to be

medications inducing majority of
caused by oxidative stress in tumor cells. TOS, one of
the many metrics used to gauge oxidative stress, is
widely employed to assess the general level of
oxidative stress in cells. The TAS is also used to
evaluate the antioxidant capacity of cells. By
elevating TOS levels, we aimed to determine
whether shRNA-VEGF and shRNA-VEGF loaded NP
may produce cytotoxicity. shRNA-VEGF and shRNA-
VEGF

increased TOS levels in comparison to untreated

loaded NP administration over 24 hours

cells, but TOS levels were not significantly different.
Treatment with shRNA-VEGF and shRNA-VEGF
loaded NP raised TOS while having no impact on TOS,
showing that oxidative stress was induced in the
ShRNA-VEGF and shRNA-VEGF loaded NP treated
Hela cells. The mitochondrial membrane can be
damaged, and an excessive spike in reactive oxygen
species can also cause the intrinsic apoptotic
pathway to be activated. (Filiz, Joha and Yulak 2021;
Lee et al., 2019).

CONCLUSION
NIH 3T3 cells were not harmed by the presence of
ShRNA-VEGF or shRNA-VEGF loaded NP, while Hela

cell proliferation was drastically inhibited in a
concentration-dependent manner. By using shRNA-
VEGF and shRNA-VEGF loaded NP, it was possible to
greatly boost the expression of pro-apoptotic Bax
and cleaved caspase 3 proteins. An increase in TOS
supported the cytotoxic effects of shARNA-VEGF and
shRNA-VEGF loaded NP. ShRNA-VEGF and shRNA-
VEGF loaded NP have the potential to be a novel and
their
encouraging results in the suppression of cancer cells

efficient anticancer strategy due to

and lack of damage in healthy cells.
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