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Abstract

Metal nanoparticles are potential agents that cause autophagy dysfunction. Silica nanoparticles
(SiNPs) can induce autophagy. Hence, the goal of this study is to provide evidence of the ability of
silica nanoparticles to induce autophagy-associated apoptosis. In this report, silica nanoparticles
exhibited dose-dependent cytotoxicity in lung adenocarcinoma A549 cells. Multiple assays verified
that the activity of silica nanoparticles to induce autophagy blocked the autophagic flux at 50pg/ml.
Furthermore, SiNPs impaired lysosomal function by damaging lysosomal ultrastructures. The
results revealed that silica nanoparticles activated apoptosis with 26.39% and arrested the cell cycle
at S phase due to an increase in the percentage of cells at S with 10 percent as compared with the
negative control. Furthermore, the caspase 3 assay indicated that the activity of silica nanoparticles
to induce apoptosis throughout the caspase cascades was evaluated by inducing oxidative stress
(MDA), which is considered a lipid peroxidation marker. The rt-Pcr results showed down-regulation
of LC3, while beclin 1 showed overexpression. Both LC3 and beclin 1 are autophagic genes that
regulate the autophagy process. The immunohistochemistry showed a weaker Beclin 1.
Transmission electron microscopy showed autophagosomes that are considered the benchmark for
autophagy studies; the number of double-membrane autophagosomes and single-membrane
autolysosomes was obviously observed in SiNP-treated A549. The current study provides a
potential mechanism for autophagy dysfunction induced by silica nanoparticles in A549 cells.

Keywords: Beclin-1, LC3, caspase 3, silica nanoparticles, autophagy, apoptosis, human lung
adenocarcinoma A549, ultra-structure analysis.

Introduction

Lung cancer is classified as the most aggressive cancer type among men and women in the world. It
includes two categories: non-small-cell lung carcinoma (NSCLC) and small-cell lung carcinoma
(SCLC) [1]. The percentage of NSCLC cases is approximately 85% of all cases. The difficulty of
lung cancer is its low survival rate (5%) [2]. Scientists are now interested in it as a new approach to
cancer therapy. Autophagy plays a central role in tumorigenesis, development, and sensitivity to
chemoradiotherapy [3-5]. Autophagy has two functions: firstly, prevention of cancer invasion and
inhibition of cancer growth; and secondly, it is a response to provide a difficult environment to
restrict and suppress cancer progression [6]. Also, autophagy can activate the self-degradation of
cancer cells, leading to their death [6]. Autophagy is a catabolic process that ages cellular
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organelles, lysosomes, and defective cytoplasmic components. It is divided into three classes:
macroautophagy, microautophagy, and chaperone-mediated autophagy [7-8]. But the major
autophagic process is macroautophagy [9]. Autophagy depends on proteins such as Beclin 1. It is a
60-kDa protein of 450 amino acids, and it includes three functional domains [10], which have
multiple roles in tumorigenesis and also enter development, endocytosis, response to stress, aging,
and cell death. But the basic function of beclin 1 is the regulation of the autophagy process via its
phosphorylation. It enters the initial phase of autophagolysosome formation [11]. The integration of
nanotechnology with biological fields in fabrication and/or application created a new era called the
nanobiotechnology stage. Last decade, the combination of nanotechnology tools in the biological
field reflected a huge advance and development in different applications, especially in medical
science [12]. Moreover, the use of nanomaterials is becoming more popular in cancer detection and
treatment. It is divided into different dimensions (1D and 2D) [13]. The benefits of using
nanomaterials have been to decrease adverse effects as well as minimize therapy resistance [14-
15].Currently, silica nanoparticles are more popular in biomedical applications because of their
benefits, such as biocompatibility and colloidal stability. These interesting properties encourage the
researchers to utilize them in different applications such as bio-sensing [16], bone repair [17], and
diagnostics and drug delivery [18-19]. In this study, silica nanoparticles were prepared using
Aspergillus niger as a novel approach to synthesising nanomaterials with green methods, then
prepared silica nanoparticles on the lung adenocarcinoma A549 by cell viability assay, apoptosis
assay, and studied the effect of the Si-NPs on autophagy genes LC3 and beclin-1 and apoptosis
genes caspase3 using RT-PCR, immunohistochemistry, and observed the morphemically changed in
the cell during treatment with silica nanoparticles using transmission electron microscopy.

Materials and methods

Green synthesis of silica nanoparticles

In this work, silica nanoparticles (SiNPs) were synthesized using a green method throughout
microorganisms. In details, the fungal Aspergillus niger (RCMB 002F008) was inoculated in fungal
culture (MGYP broth media). Then, 500 ppm of Naz SiOs dissolved in the fungal culture and
adjusted the pH at 6.2+ 0.2. The culture was growing in aerobically agitated at 28°C at speed 200
rpm for 5 days. The sterile filtration and re-suspension in sterile deionized distilled water were
achieved. The supernatant was kept at + 4.0 °C.

Characterization of silica nanoparticle

Silica nanoparticles was characterized using physiochemical techniques such as Fourier transformed
infrared (FT-IR) spectrum via the Nicolet 6700 apparatus (Thermo Scientific Inc., USA), XRD (D8
Advance X-ray diffractometer, Bruker, Germany), the morphology of silica nanoparticles were
tested by Transmission Electron microscopy (TEM, JSM- 2100F, JEOL Inc., Tokyo, Japan),
Scanning Electron microscopy (SEM, JSM-690, JEOL Inc., Tokyo, Japan).Particle size,
polydispersity index (PDI) and zeta potential were determined by a Malvern Zetasizern 3000 HSA
(Malvern, Worcs, UK). The prepared silica nanoparticles were diluted to a suitable concentration
(10-fold dilution) with distiled DMEM medium, and the samples were tested immediately.
Experiments were conducted in triplicate.

Cell lines

Human lung adenocarcinoma (A549) has been obtained from American Type Culture Collection.
The preservation of cells was achieved in a ninety-five percent air and five percent carbon dioxide
humidified atmosphere at 37°C. Ten percent fetal bovine serum and one percent polystyrene were
added to Dulbecco's Modified Eagle medium in purpose of subculturing process and
experimentation.

Cell viability assays

A549 cell line ability of being viable has been evaluated utilizing MTT test as stated before by
Mossman [14] with a few adjustments. In brief, 1 x 10 cells/well have been seeded in 96-well plates
and treated with silica nanoparticles at the concentrations of 100 pg/ ml, 50 pg/ ml, 25 pg/ ml, 12.5

Vol.30 No.18 (2023): JPTCP (2193-2206) Page | 2194


https://jptcp.com/index.php/jptcp/issue/view/79

An Overview On Silica Nanoparticles Ability To Induce Autophagy In Human Lung Adenocarcinoma A549 Examined
With Ultra-Structure Analysis

pg/ ml, 6.25 pg/ ml and non-treated as negative control for 24 hour. At the end of exposure, culture
medium was discharged from each well to avoid interference of silica nanoparticles , then replaced
with fresh medium including (0.5 mg/mL) of MTT solution in an amount equal to 10% of the
culture volume and incubated for 4 hour at 37°C until a purple-colored formazan product developed.
The formazan product was dissolved in acidified isopropanol. In addition to that, a one hundered
milliliter of supernatant was putted into the other wells of a 96- well plate, and the determination of
absorbance has been done at 570 nm by a microplate reader.

Analysis of cellular DNA

A549 cells (1 x 10%) were planted into T520 flasks and then subjected to varying concentrations of
silica nanoparticles at 70-80% confluence. Media was aspirated after 24 hours and with aid of
0.25% trypsin cells have been harvested then fixed in ice cold ethanol that having a concentration of
70% at —20°C for 30 min. Pellets have been picked up and washed with phosphate buffered saline
then re-suspended in 500 pl phosphate buffered saline which includes 20 ul RNAse with a
concentration of 5 mg/ml and stained with 10 pl Propidium iodide with 1 mg/ml concentration for
30 min at 37°C. Viable cells were quantified using flowcytometry.

Apoptosis assay

A549 cells (1 x 108) have been placed in T75 flasks and at 70-80% confluence exposed to treatment
with variable concentrations of silica nanoparticles. Following 24 hours, the media was underwent
through aspiration process and using 0.25% trypsin the cells were harvested and fixed by 70% ice
cold ethanol at temperature of —20°C for nearly 30 min. After that, The Pellets were gathered and
underwent through washing using phosphate buffered saline with 0.5 ml binding buffer containing
FITC-Annexin V and Propidium iodide and left at 25°C temperature in the dark for 30 min.
Oxidative stress and Antioxidant biomarkers

Human lung adenocarcinoma A549 was obtained from ATCC , USA . In brief, 1 x 10* cells/well
were seeded in 96-well plates and exposed for 24 hours to 50 pg/ml of silica nanoparticles. Whole
cell lysate was prepared after 24 hours of cell culture for oxidative and anti-oxidative assays. A549
cells were tested for lipid peroxidation using thiobarbituric acid reactive substances as a marker
through utilization of procedure that presented by Ohkawa et al. (1979) [12] and the level of
nitrate/nitrite ratio has been measured by execution of the method outlined by Green et al. (1982)
[12].

Caspase-3 fluorometric assay

Caspase-3 enzyme activity was measured using standard fluorometric microplates [14]. In short,
cells were cultured in a 96-well plate and have an exposure to silica nanoparticles treatment with a
concentration of 50 ug/ ml for 24 hour. After completion of the duration of exposure, in order to
prepare cell lysate, the cells were underwent harvesting in ice-cold phosphate buffer saline. In
addition to that, for the sake of making a reaction mixture, 30 mL of cell lysate, 20 mL of Ac-
DEVD-pNA which is considered to be caspase-3 substrate and 150 mL of protease reaction buffer
were added together and incubated for 15 min. A 5 minutes intervals for a total of 15 minutes were
used to measure the fluorescence of the reaction mixture at excitation and emission wavelengths of
430/535 nm utilizing an ELISA reader apparatus. In order to calculate caspase-3 activity in terms of
pmol AFC released/minute/mg protein, 7- amido-4-tri-fluoromethyl coumarin standard ranging
from 5m to 15 mM was prepared, and its fluorescence has been recorded.

RNA isolation and gRT-PCR

The A549 cells were culturing has been done in six-well plates and treated with silica nanoparticles
those have a concentration of 100 mg/ml and kept for 24 hour. When end of exposure process is
achieved and regarding to the manufacturer’s directions, all of the RNA has been extracted through
utilization of RNeasy mini Kit (Qiagen, Valencia, CA, USA). The resulted RNA from extraction has
been measured utilizing Nanodrop 8000 spectrophotometer (Thermo-Scientific, Wilmington, DE),
QuantiTect SYBR Green PCR Kit was used to evaluate the mRNA expression of the genes
that were identified (Qiagen, USA). For normalization, Ct values for the housekeeping gene
GAPDH were used. To estimate fold changes in the expression of the identified genes, the
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following PCR conditions were used: 94°C for 5 min, 40 cycles (94°C for 30 sec, 60°C for
30 sec, and 72°C for 45 sec). To estimate the relative gene expression suggested by fold
variations in measured mRNA, delta-delta Ct equations have been applied.

Table 1. the list the primers used in the RT-PCR assay

Primer Sequence (5'-3")

F: TGCAGATTATGCGGATCAAACC
LC3 R: GCATTCACATTTGTTGTGCTGTAG

F: CTGGACACTCAGCTCAACGTCA
Beclin 1 R: CTCTAGTGCCAGCTCCTTTAGC

F: GTCTCCTCTGACTTCAACAGCG
GAPDH R: ACCACCCTGTTGCTGTAGCCAA

Immunohistochemistry

The sections that were embedded in paraffin were deparaffinized and then immunohistochemically
stained for Beclin 1 antibody (Cell Signal Technology). For a total of 20 minutes, the sections were
microwaved in a buffer of 10mM sodium citrate (pH 6.0) at 10 minute intervals. The sections were
incubated in a 3.0 % hydrogen peroxide solution for 20 minutes at room temperature to block
endogenous peroxidase activity. The sections were incubated overnight at 4 °C with the primary
Beclin 1 (1:200) antibody after washing in phosphate buffered saline. After washing the sections
with phosphate buffered saline, they were incubated with biotinylated secondary antibody for 30
minutes, then an incubation through utilization of streptavidin—biotin—peroxidase complex, a
solution of 3,3’-diaminobenzidine which includes hydrogen peroxide with 1.0 % and lightly
counterstained using Harris hematoxylin. All images have undergone analysis using Image Pro Plus
software. The Intensity of staining and the non-tissue area that covered by whitespace were recorded
for each image (2 to 3 images per slide).

Transmission electron microscope to reveal Ultrastructure of A549

The cells have undergone through treatment by two concentrations of silica nanoparticles which are
25 and 50 pg/ml for a period of 24 hours. Following the treatment, cells were assembled and fixed
in ice-cold glutaraldehyde (2.5%) for one hour after being washed using phosphate buffered saline.
For three times, the cells have been washed with phosphate buffered saline for nearly 15 min. In
addition to that, the cells were fixed in Osmium tetroxide (1%) for one hour, after that they were
stained with uranyl acetate (2%) for 30 min at 25 ‘C. Serial dilutions using ethanol with different
concentraions for 15 minutes each (50, 70, and 90%) have been made and the cells were dehydrated,
subsequent steps were included putting the cells for 20 minutes in ethanol (100%) then 20 minutes
in acetone (100%). Furthermore, the cells were embedded in Epoxy Embedding Medium. Ultrathin
sections which have the thickness of 120 nm were acquired and underwent statining using uranyl
acetate (2%) for a duration of 20 min and staining using lead citrate for 5 min, then examination has
been done utilizing Transmission Electron Microscope (TEM) with accelerating voltages of 15 kV
and 200 kV.

Statistical analysis through measuring standard deviation

The mean standard deviation of triplicate experiments was used to express the statistical analysis.
Student’s t-test analysis has been executed to obtain the results of two sample comparisons of
means. All the processes have been done utilizing SPSS 17.0 software and P <0.05 was assessed as
a statistically significant difference [13].

Results

Characterization of silica nanoparticle

This work’s aim was to examine the anticancer effect of synthesized silica nanoparticles. As being
noticed in figure 1, Fourier transformed infrared spectra of the Si-NPs; there is an existence of a
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band at 3,429 cm-1 that resulted from the hydroxyl group of a water molecule on the nanoparticles
surface. Another band existed at 1,033 cm-1 associated to the OH bend in Si-NPs. Furthermore, a
strong band at 553 cm-1 is related to Si. The synthesized silver nanoparticles used in this study
were characterized by X-ray diffraction (XRD), (TEM), The XRD patterns for synthesized silica
nanoparticles demonstrated showed that main characteristic diffraction peaks for si were observed at
2 © =35.634°, which are assigned to 111. It was matched with the standard silver diffraction pattern
according to the Joint Committee on Powder Diffraction standards (JCPDS-16-1157 Diff. card), as
Figure 2 showed. As figure 3 displayed, the hydrodynamic size and zeta potential were measured at
24 h in serum-free DMEM as the following: the hydrodynamic size was 102 nm with the zeta
potential equal 37 mV with PDI 0.10. These data indicated that the prepared Si-NPs possessed
favorable stability and monodispersity in both stock solution and culture medium. As figures 4 The
SEM images depicted the spherical shapes of silica nanoparticles with smooth surface. The TEM
image displayed the silica nanoparticle with particle sizes of 35 nm, as shown in Figure 5,
emphasizing the fabrication of silica nanoparticles in a regular shape.
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Figure 1: FT-IR of silica nanoparticles synthesized using green methods
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Figure 2: XRD of silica nanoparticles synthesized using green methods
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Figure 3: The hydrodynamic size and zeta potential of SiNPs synthesized using green methods in
DMEM at 24 h.(A). DLS (nm) (B). Zeta potential (mV).

Figure 4:

Figure 5: TEM image of silica nanopartlcles synthesized usmg green methods

Cell viability assessment

MTT test is considered to be one of the most effective techniques to measure the cytotoxicity of the
silica nanoparticles. As its being displayed in Figure 5, after determination of cell viability of A549
cells, the cells were reduced from 100% at concentration of 0.5 pg/ml to less than 10% Si-NPs after
being treated with 100 ug/ml of Si-NPs for 24 hour.
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Figure 6: cell viability of A549 cell after treatment with different concentrations silica nanoparticles
synthesized using green methods for 24 hours.

DNA content analysis

The cells can be arrest at different phase during the cell cycle because of the generation of reactive
oxygen species as well as DNA damage. After 24 h treatment A549 with silica nanoparticles, the
cell cycle phase was evaluated by using flow cytometry with propidium iodide (PI) staining. As
shown in figure 6, Si-NPs Treatment enhanced the accumulation of the A549 cells at the S phase
significantly (P<0.05) compared with the control. The percentages of the cells at S increase
significantly (P<0.05) with increasing silica nanoparticles concentration. The growth of the A549
treated with 100 pg/ml silica nanoparticles was about 54.82, 8.13, and 37.28.16% at GO/1, G2/M,
and S, respectively, in comparing to the negative control cells, in which the growth values were
about 62.03, 10.39, and 27.58 % at GO/1, G2/M, and S, respectively, which means that the cell cycle
arrest at S phase .
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Figure 7: DNA content analysis A549 cell line treated with of silica nanoparticles.
a) Non-treated cell line
b) Cell line treated with 50 pug/ml of silica nanoparticles
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Ab549 cells are induced to apoptosis by silica nanoparticles

silica nanoparticles induced apoptosis in cells has been analyzed by the flow cytometry through
using Annexin V-FITC/PI staining as figures 7 (A,B) showed. The percentage of the apoptotic cells
which include both early and late apoptotic cells have augmented by increasing silica nanoparticles
concentration from 1.78 to 26.39 %, respectively.

- A g4 B
+ o - o
=13 — =3
1 1 5.73%
H {1 H 3
o e 0.19% 2y : 6.29%
e M=
=™ -3
E REEVI ;
iR b
£ 3 oy -
o ¢ :g@' S 3
I i 032% = 3 18.37%
Jezes TR j B TRt
— - TrW Ty T TeT Ty T TTT oy T Tomwn|
] 2 3 1 5 0 2 3 4 5
10 10 10 10 10 10 10 10
Annexin Y-FITC dnnexin Y-FITC

Figure 8: Apoptosis detection using Annexin V-FITC/PI staining protocol.
a) Non-treated cell line
b) Cell line treated with 50 pg/ml of silica nanoparticles

Quantitative RT-PCR

The levels of apoptotic genes (LC3, Beclin 1) those found in A549 cell were evaluated through
silica nanoparticles treatment to the cell at a concentration 100 pug/ml for 24 h. The result disclosed
that Si-NPs altered the expression of apoptotic genes in the cells. The assessment of mMRNA
expression levels of autophagic genes LC3 (Figure 8A), beclin-1 (Figures 8B,) were significantly
unregulated.
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Figure 9: The figures are displaying the measurement of mRNA levels using Quantitative real-time
PCR after exposure to concentration of 50 ug/ml of Si-NPs for 24 hour. *Statistically significant
difference as in comparing to the controls (P, 0.05 for each). (A) LC3 (B) Beclinl.
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Oxidative stress and antioxidant biomarkers

The MDA assay is consider as lipid peroxidation biomarker, which refers to oxidative stress. Figure
10 a shows a significant increase in oxidative stress mediators. MDA concentrations were reduced
two-fold when compared to the negative control. The concentration of MDA was increases from 3.4
nmol/ml at a concentration of 50 pg/ml silica nanoparticles, as compared with the negative control.
Also, silica nanoparticles increase the concentration of nitric oxide as antioxidant marker with three
fold as compared with negative control. The concentration of NO was increases to 37 pumol/ml at a
concentration of 50 pg/ml silica nanoparticles.
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Figure 10: Oxidative and ant oxidative stress markers of human lung adenocarcinoma A549 cells
after treated with 50 ng/mL Si-NPs. * Statistically significant difference when compared to the
controls (P > 0.05 for each). (A) MDA (B) NO.

Caspase-3 activity assay

Caspase-3 is considered to be the executioner caspase and is activated by other caspases as 8, 9 and
10 as a result to the apoptotic events. Figure 11 showed that any increase in the silica nanoparticles
concentraion will cause increasing in the caspase 3 enzyme activitiy to be 1.2 at a concentration of
50 pg/ml as compared to negative control. The data validate that silica nanoparticles activates the
caspase 3 activity in a concentration-dependent manner.
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Figure 11: Determination of caspase-3 activity of silica nanoparticles. Statistically, we can notice a
significant difference when compared to the controls (P> 0.05 for each).
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Immunohistochemistry
Weaker Beclin 1 was immunohistochemically observed in A549 as silica nanoparticle interact with
lung as showed in figure 12 b as compared with negative control (Figure 12 a).
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Figure 12: The effect of Becnl expression immunoreactivity by silica nanoparticles on A549 cell
line according to immunohistochemistry
a) Non-treated cell line
b) Cell line treated with 50 pug/ml of silica nanoparticles

Ultrastructure analysis

Visualization via transmission electron microscope of Ab49 cells those treated with silica
nanoparticles at variety of concentrations revealed the typical characteristics of autophagosome
accumulation associated with apoptotic cell stages: In the normal control cell (non-treated cell),
there observed a cell with a normal subcellular organelles morphology with a few autophagic
vacuoles (Figure.13A).While a number of autophagosomes and single-membrane autolysosomes
was present as Si-NPs treated at concentration 25 pg/ml, as figurel3 B showed. Furthermore,
autophagosomes engulfed particle aggregates, damaged mitochondria, and misfolded proteins were
also observed as figure 13 B displayed. Consequently, the morphological state revealed that the cells
were rounded up with vanished cytoplasm. Furthermore, when the concentration ramped up to 50
ug/ml; there were several alterations in appearance as a result of chromatin condensation at the
nuclear periphery and mitochondria tend to be conserved till secondary necrosis is being processed
throughout treatment as it has been shown in figure 13 C.

Figure 13: Images those created through transmission electron microscope which revealed A549
cells upon exposure to two concentrations of Si-NPs which are 25 and 50 mg/ml for nearly 24 hour.
(A) Control. (B) Cell treated with 25 pug/ml of Si-NPs for 24 hour. (C) Treated cell with to 50 ug/ml

of Si-NPs for 24 hour.

Vol.30 No.18 (2023): JPTCP (2193-2206) Page | 2202


https://jptcp.com/index.php/jptcp/issue/view/79

An Overview On Silica Nanoparticles Ability To Induce Autophagy In Human Lung Adenocarcinoma A549 Examined
With Ultra-Structure Analysis

Discussion:

Globally, lung adenocarcinoma cancer is the main cause of death for men and women, especially
non-small cell lung carcinoma that is considered responsible for nearly more than eighty-five
percent of deaths. Many reports focus on the importance of autophagy as well as apoptosis
mechanisms to the improvement of the novel therapy activity. Previous articles report that the
activity of the metal nanoparticles induces autophagy [20]. Autophagy activation has occurred
depending on the type of stress and the cellular microenvironment [21]. Also, autophagy may
destroy or protect the cell [22-23]. It depends on the concentration of the metal nanoparticles; at
high concentrations, metal nanoparticles can induce autophagy-dependent differentiation or
autophagy-associated apoptosis [24]. Autophagy can induce apoptosis through activation of
caspases, interaction with mediators of apoptotic pathways like the BCL2 family, or autophagy-
dependent degradation of cytotoxic and aggregated proteins [25]. Furthermore, autophagy is related
to associate self-digestive processes that can alter the morphological changes linked to
differentiation (disappearance of mitochondria and/or nuclei) and cell survival during differentiation
[26]. Beclin 1 has multiple roles in autophagy and apoptosis. Also, it is associated with vacuolar
sorting protein 34 (PIK3C3/VPS34). This minimal unit is recruiting Multiple BECN1-interacting
proteins, involving ATG14/Barkor (a BECN1-associated autophagy-related key regulator) [27]. The
main mechanism by which BECNL1 is associated with apoptosis and autophagy is by targeting post-
translational modifications (PTMs), JNK1 or ERK1/2 mediated phosphorylation of BCL2 as a
response to starvation, which result in dissemblance of the BECN1-BCL2 from each other [28].
Silica nanoparticles are one of the popular nanometals, which are listed as the top five materials in
production due to their physicochemical properties. They are used in many biotechnological and
biomedical fields [29]. Previous studies confirmed that silica nanoparticles successfully generate
excess ROS, which may cause the following effects: DNA damage, cell cycle arrest, apoptosis,
autophagy, and cell death [30-33]. Moreover, oxidative stress is considered a central regulator of
autophagy; in other words, autophagy dysfunction was recently proposed as a potential toxic
mechanism of nanomaterials [34]. In this work, silica nanoparticles were synthesized using a
biological approach by the fungal Aspergillus niger as a reducing agent under aerobic conditions at
pH 6.2 (weak acid medium). Consequently, silica nanoparticles were characterized using different
tools such as FTIR, XRD, DLS, SEM, and TEM. The physicochemical data confirmed the
formation of silica nanoparticles with a diameter of 35 nm. Also, in this work, the silica
nanoparticles investigated the autophagy related to the apoptosis mechanism against lung
adenocarcinoma Ab49 through different tools such as apoptosis, DNA content, caspase 3 assays,
oxidative and ant-oxidative stress markers, RT-PCR, immunohistochemistry, and transmission
electron microscopy. The results revealed that silica nanoparticles activated apoptosis with 26.39%
and arrested the cell cycle at S phase due to an increase in the percentage of cells at S with 10
percent as compared with the negative control. Furthermore, the caspase 3 assay indicated that the
activity of silica nanoparticles to induce apoptosis throughout the caspase cascades was evaluated by
inducing oxidative stress (MDA), which is considered a lipid peroxidation marker. The rt-Pcr results
showed down-regulation of LC3, while beclin 1 showed overexpression. Both LC3 and beclin 1 are
autophagic genes that regulate the autophagy process. The immunohistochemistry showed showed
weaker Beclin 1. Transmission electron microscopy showed autophagosomes that are considered the
benchmark for autophagy studies; the number of double-membrane autophagosomes and single-
membrane autolysosomes was obviously observed in SiNP-treated A549. The lysosome
ultrastructures, as shown in Figure 13, accumulate in lysosomes, which causes the swelling of
lysosomes. Moreover, some silica nanoparticles were scattered in the cytoplasm of nanoparticle-
treated cells. Previous studies have shown the effect of metal nanoparticles to induce autophagy,
such as zinc oxide nanoparticles. Bai et al. (2017) demonstrated the ability of nanoparticles those
fabricated in the zinc oxide form to stimulate autophagy in ovarian cells of human through creating
reactive oxygen species (ROS), leading to oxidative stress [35]. Also, Moosavi and colleagues
(2016) emphasized that the photodynamic therapy (PDT) of nitrogen-doped titanium nanoparticles
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induced autophagy through the generation of reactive oxygen species (ROS) [24]. Finally, these
results indicate that the cytotoxicity of SINPs may involve the autophagic pathway in A549 cells.

Conclusion:

In this work, silica nanoparticles were synthesized using a biological approach by the fungal
Aspergillus niger as a reducing agent under aerobic conditions at pH 6.2 (weak acid medium).
Consequently, silica nanoparticles were characterized using different tools such as FTIR,XRD,
DLS, SEM, and TEM. The physicochemical data confirmed the formation of silica nanoparticles
with a diameter of 35 nm. Also, in this work, the silica nanoparticles investigated the autophagy
related to the apoptosis mechanism against lung adenocarcinoma A549 through different tools such
as apoptosis, DNA content, caspase 3 assays, oxidative and ant-oxidative stress markers, RT-PCR,
immunohistochemistry, and transmission electron microscopy. The results revealed that silica
nanoparticles activated apoptosis with 26.39% and arrested the cell cycle at S phase due to an
increase in the percentage of cells at S with 10 percent as compared with the negative control.
Furthermore, the caspase 3 assay indicated that the activity of silica nanoparticles to induce
apoptosis throughout the caspase cascades was evaluated by inducing oxidative stress (MDA),
which is considered a lipid peroxidation marker. The rt-Pcr results showed down-regulation of LC3,
while beclin 1 showed overexpression. Both LC3 and beclin 1 are autophagic genes that regulate the
autophagy process. The immunohistochemistry showed a weaker Beclin 1. Transmission electron
microscopy showed autophagosomes that are considered the benchmark for autophagy studies; the
number of double-membrane autophagosomes and single-membrane autolysosomes was obviously
observed in SiNP-treated A549. Finally, these results indicate that the cytotoxicity of SINPs may
involve the autophagic pathway in A549 cells.
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