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Present state-of-the-art focusing on the formulates multifunctional hollow mesoporous silica
nanoparticles (HMSNs) represent a reservoir for encapsulating warhead of active entail Nimbin (NB) into
the hollow core and the surface modified by PEI-PLA by electrostatic interaction. The fabricated hollow
mesoporous silica (HMSN) nano drug framework is amended with polyethyleneimine (PEI)-poly lactic
acid (PLA) with carboxylic group terminus used to tag liver tumour-targeting agent galactosamine
(GAL). Thus, with surface modified HMSNs capable of internalization into cancer cells, the ability of NB
to discharge into cancerous cells influenced by environmental pH value. The emerging active ingredient
firmly suppresses the expression of the P13/Akt pathway to induce apoptosis by creating DNA fragmen-
tation, caspase activation and reactive oxygen species (ROS). The released NB drug significantly improves
cancer cell killing in vitro. As a result, the analysis revealed a drug delivery platform by NB to understand
the cancer cell targeting strategy.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Hepatocellular carcinoma (HCC) is the most prevalent fatality
disease with a grim prognosis worldwide. There are currently
several therapeutic options open to restore HCC, including liver
resection, liver transplantation, and chemotherapy. New nano drug
delivery systems are the most effective technique for optimizing
HCC care to achieve adequate HCC therapy. This nano drug device
has a small size (1–100 nm) and a wide surface area used to entrap
drug moieties either in their core, on the surface, or both regions
(Baig et al., 2019). Such nanodrug delivery mechanisms include
liposomes, metal oxide nanoparticles (NPs), polymeric and inor-
ganic NPs that can use substantially to distribute anti-cancer drugs
and improve the drug circulation time in the blood (Chenthamara
et al., 2019; Din et al., 2017). In treatment for cancer, HMSN are
some of the tremendous appealing drug carriers used in cancer
therapy; their supremacy has also been effectively formed, which
include high surface area, excellent biocompatibility, and high
mesoporous volume, allowing a large number of drugs to be encap-
sulated and encapsulated into their mesoporous channels and hol-
low interiors. In specific, HMSN has seen a more splendid recital for
drug delivery due to highly permeable intact porous shells, unique
large hollow cavities, well-defined, and controlled particle mor-
phology. Recent research has shown that HMSN could increase
the loading ability of doxorubicin by 100% relative to standard
mesoporous silica nanoparticles (MSNs) thus reducing the toxic
impact of drug carriers (Shen et al., 2011). Besides all the advan-
tages of MSNs, HMSNs must be especially remarkable in the drug
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delivery systems owing to their adequate amount of drug storage
in the central cavity structure. A lower amount of HMSNs can have
beneficial therapeutic results as compared with MSNs. As a result,
it deduces the potential accumulation of materials in a host body
regarding potential biosafety (Florek et al., 2017; Li et al., 2011).
Therefore, several studies have shown that the fabricate of HMSNs
is noteworthy in drug delivery systems.

A plant-based active molecule of Nimbin (NB) is isolated from
Azadirachta indica leaves, deducing the expression rates of various
signalling molecules such as RAF, Cyclin D1, p-Erk, RAS, and RAS in
both MDA MB-231 and MCF-7 breast cancer cells. Thus, the active
constituents as a potential cancer progression inhibitor isolated
from the leave extract of neem can target diverse signalling mole-
cules involved in complicating the disease. Distribution of anti-
cancer agents into cancer cells by nanoparticles guarantees the
deduction in the therapeutic dosage, strengthens the sustainable
drug release, reduces the undesirable toxicities, and prevents the
decomposition of drug molecules. Various liver-targeting ligands
have been applied to the surface of the nanosystem for successful
targeting to resolve the issue of poor target performance and
increased permeability and retention effect (EPR) (Rizvi and
Saleh, 2018; Navya et al., 2019). Galactose (GA) has the potential
to penetrate HCC cells with asialoglycoprotein (ASGP) receptor
expression. Notably, the ASGP receptor is skilled in identifying
galactose-glycoproteins and glycoconjugates; consequently, many
particles loaded with galactose were employed as nano-drug car-
rier systems for HCC target therapy. Galactosamine-conjugated
poly (-glutamic acid)-poly(lactide) nanosized particles can be
engaged as an active targeted drug for liver cancer treatment
because galactosamine (GAL) is capable of distinguishing and
interacts with the ASGP receptors on the exterior of HCC cells
(D’Souza and Devarajan, 2015; Li et al., 2016).

Present state-of-the-art focused on developing NB loaded
HMSNs for the intelligent delivery of model anti-cancer drugs to
liver cancer. The small siliceous pores and central cavity frame-
work of HMSNs were loaded with NB, and then the outer layer of
the drug-loaded HMSNs was decorated by PEI-PLA. Besides,
HMSN-PEI-PLA was subsequently capped with GAL on the surface
of nanoparticles. The GAL significantly improves the NB loaded
HMSN-PEI-PLA uptake by liver cancer cells through the interaction
between the GAL and ASGP receptors. The PEI-PLA gets detaches at
acidic pH, which allows the steady leakage of NB, and then the dis-
charged NB act as a growth suppression and DNA disruptor. The
biological properties such as intracellular drug delivery, active tar-
geting, subcellular localization, and in vivo treatment worth of
GAL-HMSN-PEI-PLA have been executed.
2. Materials and methods

2.1. Materials

Tetraethyl orthosilicate (TEOS), 3-Aminopropyltriethoxy silane
(APES), Polyethyleneimine (PEI, Mw ~ 2,000), Polylactic acid (PLA,
Mw ~ 60,000), phosphate-buffered solution (PBS, pH 7.4),
Cetyltrimethylammonium bromide (CTAB), Ammonia solution
(NH3, 25–28%), Hyclone trypsin and Fetal bovine serum (FBS) were
acquired from Sigma Aldrich.
2.2. Synthesis of hollow mesoporous silica nanoparticle

HMSN was fabricated by following a modified Stober method.
Typically, 2 mL of TEOS was quickly loaded into the reaction mix-
ture consisting of 24.66 mL of ethanol, 3.33 mL of deionized (DI)
water, 300 mL of APES, and 1.0 mL of aqueous solution ammonium
(25–28%). The reaction mixture was agitated for 1 h; it appears as a
2

white colloidal suspension. The colloidal suspension was then cen-
trifugally separated and washed with ethanol three times. Subse-
quently, the 50 mL of CTAB (12 mg/mL) solution was introduced
and further agitated for 30 min. After the reaction time, adding
1g of Na2CO3 and was stirred for 37 �C/24 h. Afterwards, the pro-
duct was acquired by centrifugation at 10,000 rpm for 20 min
and washed three times with ethanol. The CTAB was eliminated
from the sample was calcination at 550 �C/6 h. Lastly, the sample
was dispersed in 80 mL of acetone and refluxed at 80 �C/24 h.
Lastly, The extraction procedure was continued three times to
eliminate surfactant completely, and the final products were
obtained and washed with DI water (Rayappan et al., 2017).
2.3. Preparation of GAL-HMSN-PEI-PLA

The surface modification of HMSNs was divided into four steps.
Briefly, there are two kinds of PEI anchored on the surface of
HMSNs. The obtained PEI-PLA incorporated into the pore wall of
the HMSNs by the following procedure. For this, 0.50 g of HMSN-
NH2 was refluxed with 50 mL of anhydrous dimethylformamide
(DMF) comprising PEI-PLA at 1:1 M ratio for12 h. The products
were obtained through the centrifugation process and tumour tar-
geting agents GAL was anchored by agitated continuously for
20 min in a dynamic atmosphere of nitrogen. The received product
after the centrifugation describes as GAL-PEI-PLA-HMSN.
2.4. NB loading and release

The NB was packed into the internal cavity of HMSNs for an
estimate release profile of drug moiety. For this, 5 mg/ml of NB
was dissolved into 20 mL of DI water containing 50 mg of HMSNs.
Then, the blended mixture was agitated continuously for 24 h, and
NB loaded GAL-HMSN-PEI-PLA was attained by centrifugation
(10,000 rpm for 20 min) and thoroughly washed to eliminate the
unbound NB adsorbed on the NPs surface. The supernatant was
then filtered over a 0.22-lm filter by the purification process and
measuring the absorbance at 214 nm using UV–Vis spectroscopy.
Drug loading efficiency (wt %) = (mass of NB in the HMSN)/(mass
of HMSN loaded with NB) (Schwarzl et al., 2017). The EE% = (mass
of NB achieved in the HMSNs/mass of the feeding NB � 100).

Two milligrams of NB-loaded GAL-HMSN-PEG-PLA was dis-
persed in 1 mL of PBS at different pH (7.4, 6.8, and 5.5), and the
solution was poured into a dialysis bag (7000-MW cut-off) and
kept in 50 mL of PBS, at certain time intervals; a portion of dis-
charge medium (1 mL) was used to evaluate discharge rate of NB
by UV–vis spectroscopy at 214 nm (n = 3).
2.5. Characterization

The particle morphology and size of GAL-HMSN-PEI-PLA was
investigated using high-resolution transmission electron micro-
scopy (HR-TEM, JEOL JEM-2100). For Field-emission scanning elec-
tron microscope (FE-SEM) analysis, a small amount (4 mL) of the
diluted sample was poured on a silicon wafer and then dried at
37 �C to remove moisture. The sample was analyzed using an FE-
SEM (Quanta 200 FEG). Fourier transform infrared (FT-IR) spec-
trum was measured in transmission mode with a scanning range
of 4000–400 cm�1 (Nicolet 6700 FTIR spectrophotometer, Thermo
Fisher, USA.). The Brunauer-Emmett-Teller (BET) analysis was used
to measure the surface areas of formulated nanomaterials. Particle
size distribution and surface charge were evaluated on Nano-ZS
(Malvern).
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2.6. Cell culture and maintenance

The liver cancer cell line (Hep G2) Purchased from NCCB Pune,
India. Hep G2 cells (2X104 cells/cm2) were grown in high glucose
DMEM medium and the media was supplied with antibiotics such
as streptomycin and penicillin at a 100 U/mL concentration and
kept in a humidified atmosphere (5% CO2 at 37 �C). The fresh med-
ium was replaced every two days.

2.7. In vitro cytotoxicity assay

The cytotoxic impact of bare nanocarrier was studied using
HBL-100 normal breast cells at the concentration ranging from
0.5 to 64 mg/mL and the NB loaded GAL-HMSN-PEI-PLA on HepG2
cells was assessed using 3-(4,5- Dimethylthiazol-2-yl)-2,5-diphe
nyltertrazolium bromide (MTT) assay for 24 h at different concen-
trations (5–80 mg). Briefly, HepG2 (1 � 105/well) cells were grown
in 96-well plates; after reaching a confluence up to 90%, the Hep
G2 cells were treated with NB, HMSN-PEI-PLA, NB loaded HMSN-
PEI-PLA, and NB loaded GAL-HMSN-PEI-PLAand incubated at
37 �C for 24 h. Afterwards, 200 mL of MTT was poured into each
well contains Hep G2 cells with drugs. After the 30 min incubation,
the medium of each cell was discarded and washed with 300 mL of
DMSO. Then, the OD value of the MTT was measured at 540 nm by
a microplate reader to obtain the percentage of cell viability.

2.8. Western blotting

HepG2 cells were treated with NB loaded GAL-HMSN-PEI-PLA,
then the treated cells were homogenized and collect the super-
natant to assess the protein expression by SDS-PAGE. The sepa-
rated protein onto the gel was then moved to a polyvinylidene
difluoride membrane. Each blot was blocked and incubated with
specific primary antibodies, include PI3-K, AKT, Ras, caspase-9,
Bcl-2, Bax, cytochrome c, caspase-3 and b-Actin. The primary anti-
body incubated membrane was rinsed with buffer and incubation
with secondary antibody at room temperature.

2.9. Detection of reactive oxygen species

ROS generation was evaluated in NB loaded GAL-HMSN-PEI-PLA
treated HepG2 cells at IC50 concentration for 24 h. Then, 200 mL of
5-(and-6)-chloromethyl-20,70-dichlorodihydrofluorescein diacetate
(DCF-DA, 1 mg/mL) was used to stain the treated Hep G2 cells and
Fig. 1. Schematic illustrates describing the drug loading ability in Gal-NB-HMSN-PEI-PLA
region for enhanced cancer therapy.
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incubated for 30 min. A Nikon Eclipse fluorescence microscope
used to evaluated subcellular ROS generation. The fluorescent
intensity was evaluated at 540 nm using a fluorescence plate
reader (Kwon et al., 2019).

2.10. Statistical analysis

The value of every experiment was individually carried out
three times (n = 3), and the data were estimated by a
mean ± standard error and Student’s t-test. Also, the impact was
statistically measured if P-value � 0.05.
3. Result

Due to their excellent surface area, good biocompatibility, and
substantial drug retention capacity, HMSNs are considered a tal-
ented cancer treatment drug delivery system. Herein, the co-
condensation process used to formulate HMSNs using TEOS as a
source of silica, and a small quantity of NH3 was used as a catalyst.
The large internal cavity and pore shell of HMSN is encapsulated
with NB used as an antineoplastic agent. The surface of the
HMSN-loaded NB was then filled with the PEI-PLA organic polymer
moieties by electrostatic interaction. Drug loaded HMSN has been
functionalized with PLA consisting of carboxyl groups used to label
GAL as a targeting agent for liver cancer cells, resulting in GAL-
HMSNs capable of targeting only active cancer cells (Fig. 1), which
has been interacting with over-expression ASGP receptors on the
surface of liver cancer cells.

The electron microscopic study was investigated to determine
the structure, morphology, and size of the HMSN formulated. FE-
SEM and TEM exhibited well-defined single-dispersed spherical
shaped HMSNs with a typical diameter of 55 ± 10 nm (Fig. S1)
and Gal-NB-HMSN-PEI-PLA comprising of a thin outer layer of
the shell, suggesting the existence of organic fractions that fully
cover the core area of HMSN. It is recommended that the Gal-
NB-HMSN-PEI-PLA nanoparticles can modify their microstructure
since the conjugations of functional molecules. The massively
higher intensity within the nanoparticle intensity variance
between the core and the surface area of the HMSNs confirmed
the existence of hollow structure. As shown in Fig. S1, the size dis-
tribution and mean hydrodynamic diameter HMSNs in DI water
was evaluated by dynamic light scattering (DLS) at 37 �C. The bare
HMSN was to be 70.5 nm with 0.61 polydispersity index, which
allows a high dispersion of HMSNs in DI water. FTIR results con-
materials that display the release of drug molecules activity in the tumor subcellular
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firmed the spectra of HMSN and HMSN-PEI-PLA. The sample has
large bands located at around 3300–3500 cm�1 (tSi–OH), 1100
(tasym. Si–O–Si), and 460 (dO–Si–O), occurring because of the
organo alkoxysilane in the particles (Mishra et al., 2021; Mishra
et al., 2014). The FT-IR spectra of PEI-HMSN revealed the adsorp-
tion peak of PEI at 1380 cm�1. Also, the peak at 945 cm�1confirms
the stretching vibration of Si-OH has been diminished, proposing
that Si-OH groups can interfere with the positively charged group
[–CH2–CH2–NH2+–]n and deduce the Si-OH groups during the
adsorption process. The –OH stretching pulse at 3431 cm�1displays
the PEI adsorption on HMSN and the presence of C=O vibration of
COOH confirmed by a peak at 1730 cm�1 identifies the existence of
PLA in HMSN-PEI (Liu et al., 2019; Kong et al., 2017; Amani et al.,
2019).

In Fig. 2, the zeta potential of HMSN, HMSN-PEI, HMSN-PEI-PLA,
and Gal-HMSN-PEI-PLA was diluted in double-distilled water. The
zeta potential of HMSN was �22.6 mV. After the outer surface of
HMSN alteration with PEI, it was noted to be +26.4 mV caused
by the existence of amine groups in the backbone of PEI. The sur-
face charge of HMSN-PEI-PLA was to be calculated �20.3 mV,
and this alteration was mostly owed to the existence of COO-
groups in the PLA of HMSN-PEI-PLA. The zeta potential of Gal-
HMSN-PEI-PLA, which is seen to be 20.3 mV showing the presence
of positively charged amino groups on Gal-HMSN-PEI-PLA. It is
Fig. 2. Zeta potential of fabricated materials such as HMSN, HMSN-PEI, HMSN-PEI-
PLA, and Gal-HMSN-PEI-PLA was evaluated at pH 6.8 in DI water.

Fig. 3. (A) N2-sorption isotherms authenticates the porous feature of fabricated HM
physiological pH (7.4) and endo/lysosomal pH (4.0) at 37 �C. Error bars provide based o
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generally recognized that cationic nanoparticles get a strong bind-
ing to the anionic cell surface, which leads to elevated endocytosis.

As seen in Fig. 3, the surface area of HMSN was assessed to be
889.4 cm2/g by BET analysis. The porosity of HMSN was measured
to be 2.6 nm by the BJH method. The mesoporous structure and
pore volume was decided by the alkyl chain length of the CTAB.
The pore volume was calculated to be 0.77 cm2 g�1. HMSN with
type IV isotherm curves reveals the sufficient indication of the
mesoporous formation (Rayappan et al., 2017; Murugan et al.,
2017).

The entrapment of the NB was conducted similarly and
explored by UV–Vis, which stated to be a sensitive approach for
the analysis of entrapment mechanisms. The NB entrapment was
achieved by incubation of the HMSN-PEI-PLA in the NB solution
for 5 h, which was placed into polymer layers and within the
HMSNs. The EE% was calculated to be 83.3% of the NB in the
HMSN-PEI-PLA. In other words, the entrapment of NB ~ 0.26 mg
per mg of the powder sample of HMSNs. Owing to its hydrophobic
aspect, NB often physically tethered in the porous wall of HMSN
and functionalized polymeric network (PEI-PLA) of the HMSN shell.
The release of NB from the Gal-HMSN-PEI-PLA was studied at pH
7.4 and pH 4.0 of PBS solution. The experimental product was kept
in an incubator shaker at 37 �C, and then the absorbance value of
the supernatant was evaluated at certain time intervals. The dis-
charged was noted for 24 h, as seen in the drug release. Initially,
rapid release (~45% of NB) was observed up to 3 h because of the
immediate discharge of surface-bound NB through the concentra-
tion gradient mediated diffusion cycle. A maximum discharge of
NB was noted to be 78% at pH 4.0 at 24 h. It shows that HMSNs
had a high loading power, which may be credited to the electro-
static interaction between the hydrophobic NB and the negatively
charged core of HMSN with a hydroxyl group (-OH). Premature
release of NB from Gal-HMSN-PEI-PLA at pH 7.4 was observed to
be very low, which deduce the undesired side effects on healthy
tissues during the nanocarriers in blood circulation. In addition,
the NB-loaded Gal-HMSN-PEI-PLA arrived at the tumour region,
the targeting properties of Gal could be engaging with ASGP recep-
tors on the exterior of Hep G2 cells, which facilitated the absorp-
tion of nanoparticles by cancer cells and stimulated the
hydrolysis of PEI-PLA polymers triggered by intracellular NB
(Choudhury et al., 2016; Mattos et al., 2017; Murugan et al., 2019).

The treatment of HBL-100 by free HMSN-PEI-PLA at different
concentrations in the range of 0.5–64 lg/mL showed no significant
deduction in HBL-100 cell viability in 24 h incubation. The results
displayed that the bare nanocarriers revealed minimal toxic effects
SNs and (B) release profile of NB loaded Gal-HMSN-PEI-PLA was observed the
n mean ± SD of n = 3.
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on normal cells, indicating the biocompatible nature of nanofor-
mulations (Fig. 4).

The cytotoxic effects of free NB, NB-HMSN-PEI-PLA, and Gal-
NB-HMSN-PEI-PLA on human liver cancer cell lines (HepG2) were
tested by MTT assay. Treatment of cancerous liver cells by free NB,
NB-HMSN-PEI-PLA, and Gal-NB-HMSN-PEI-PLA at various concen-
trations (5–80 mg/mL) for 24 h, which reveals the cytotoxicity
Fig. 4. Cell viability of HMSN-PEI-PLA using normal breast cells (HBL-100) by MTT
assay.

Fig. 5. Cell viability was evaluated by MTT assay. HepG2 cells treated with free NB,
NB-HMSN-PEI-PLA, and Gal-NB-HMSN-PEI-PLA for 24 h at numerous concentra-
tions. The viability of HepG2 cells treated with Gal-NB-HMSN-PEI-PLA was assessed
to be considerably decreased in association to cells treated with free drugs and NB-
HMSN-PEI-PLA.

Fig. 6. Fluorescence images (400x magnifications) of DAPI stained HepG2 cells treated w
HMSN-PEI-PLA for 24 h. The treated cancer cells displayed abnormalities in the nucleus
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occurred in a dose-dependent manner (Fig. 5). The finding suggests
that NB free drug has been shown to decrease significantly the via-
bility of HepG2 cells. Furthermore, treatment with NB-HMSN-PEI-
PLA displayed a surprising deduction in the proliferation of the
HepG2 cell line. The findings show that the loading of the drug into
HMSNs raised its cytotoxic activity relative to the free NB. On the
other hand, treatment with Gal-NB-HMSN-PEI-PLA found that the
cytotoxic activity was more potent in HepG2 cells (88.06%), imply-
ing increased expression of the ASGP receptor in HepG2 cells. The
disparity in cytotoxicity was primarily attributed to the capacity of
Gal-NB-HMSN-PEI-PLA to kill cancer cells that express ASGP recep-
tors. Gal-NB-HMSN-PEI-PLA strongly binds to highly expressed
ASGP receptors in HepG2 liver cancer cells, resulting in an
increased rate of receptor-mediated endocytosis cellular uptake.
Furthermore, the findings suggest that Gal-NB-HMSN-PEI-PLA
was more easily internalized across an endocytosis system than
other HMSNs owing to the possession of the positively charged
PEI and Gal as a liver cancer cell-targeted moiety. Upon internaliza-
tion, Gal-NB-HMSN-PEI-PLA releases NB in the cytoplasm and
enhances the therapeutic benefit on the HepG2 cell at IC50 concen-
tration of 20 lg/mL (Puri et al., 2018; Nguyen et al., 2015).

The impacts of NB-HMSN-PEI-PLA and Gal-NB-HMSN-PEI-PLA
on nuclear condensation, nucleic acid disruption, and HepG2 cell
morphology were examined by fluorescence microscopy (Fig. 6).
The DAPI fluorescent dye is readily formed dual-stranded DNA
adducts, and the DAPI dye revealed the nuclear condensation of
apoptotic cells. The NB-loaded HMSN-PEI-PLA and Gal-NB-
HMSN-PEI-PLA treated cells retain unusual features such as seg-
mented nucleus morphology nucleus chromatin and entirely frac-
tured nuclear bodies, and these characteristics signify the
likelihood of induction of apoptosis. The cancer cells treated with
NB-HMSN-PEI-PLA and Gal-NB-HMSN-PEI-PLA (IC50 20 lg/ml)
impaired cell growth was noted. Then, the Gal-NB-HMSN-PEI-PLA
has an increased rate of anti-proliferative effects than NB-HMSN-
PEI-PLA. These findings indicate that Gal-NB-HMSN-PEI-PLA could
effectually prevent the spread of cancer cells, as stated in the pre-
vious research (Murugan et al., 2020a, 2020b). The above results
revealed that Gal-NB-HMSN-PEI-PLA effectively interacts with
ASGP receptors on HepG2 cells, resulting in the release of NB in
the cytoplasm and nucleus, and successively increases the apop-
totic effect by DNA damage and mitochondrial dysfunction (Li
et al., 2019; Murugan et al., 2020a, 2020b).

Fluorescent markers such as AO and EtBr are used to analyze
the categories of living and dead cells. AO is a cationic dye that is
able to penetrate the cell membrane and responds by binding or
electrostatic contact with DNA and RNA (Fig. S2). The AO can pen-
etrate into both live and dead HepG2 cells because of its lower
molecular weight. Although EtBr is an intercalating fluorescent
product that can bind with nucleic acid (DNA), only impermeable
into the dead cell membrane because of its more considerable
molecular weight. The presence of EtBr thus determines the popu-
ith different nanoformulations (A) Control, (B) NB-HMSN-PEI-PLA, and (C) Gal-NB-
, representative of the induction of apoptosis.
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lation of apoptotic cells whose membrane was disrupted and
showed purple. Following treated with Gal-NB-HMSN-PEI-PLA,
only 5% of the AO positive cells can be observed in green colour.
Interestingly, after treatment with Gal-NB-HMSN-PEI-PLA, nearly
95% of the HepG2 cells stain for EtBr appeared in red or orange col-
our, suggesting increased anti-cancer activity due to nanoparticle-
mediated directed chemotherapy effect. The orange colour in the
overlaid images attributed to the AO (green) and EtBr (red) mixture
fluorescence strength, suggesting apoptosis of the HepG2 cells
Fig. 7. Fluorescence photographs of HepG2 cells stained with DCFH-DA. (A) Control
fluorescence intensity of DCF, which is relative rate of ROS generated in the HepG2 cells
was considered statistically significant. Scale bar 400X magnifications.

Fig. 8. (A & B) Western blot analysis of the expression level of anti-apoptotic proteins
expression of anti-apoptotic proteins was down-regulated after treated with Gal-NB-HM
actin served as an internal standard.

6

Ansari et al. (2020), Cai et al. (2020), Chen et al. (2020), Dong
et al. (2019), Hai et al. (2018), Jafari et al. (2019), Liu et al. (2020).

As seen in Fig. 7, control, NB-HMSN-PEI-PLA, and Gal-NB-
HMSN-PEI-PLA were used to testify for measuring ROS generation.
The fluorescence intensity of DCFH-DA stain was observed in
HepG2 cells treated. Of note, 20 lg/ml NB-HMSN-PEI-PLA and
Gal-NB-HMSN-PEI-PLA caused ROS generation within 24 h of treat-
ment. The NB-HMSN-PEI-PLA raises ROS levels, while the quantity
of ROS generation in control. Through the use of targeting agents,
, (B) NB-HMSN-PEI-PLA, and (C) Gal-NB-HMSN-PEI-PLA on ROS generation and
after treated with different nano-formulation. The data signify mean ± SD *p � 0.05

before and after Gal-NB-HMSN-PEI-PLA treatment in HepG2 liver cancer cells. The
SN-PEI-PLA, representative the induction of mitochondrial-dependent apoptosis. b-
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the intensity of ROS is greatly modified. Therefore, the ROS level
was rose in liver cancer cells within 24 h. These findings suggest
that the dual agents such as drug and targeted agent in Gal-NB-
HMSN-PEI-PLA synergistically increase ROS generation. These find-
ings indicate that Gal-NB-HMSN-PEI-PLA mediated NB dispersed
into HepG2 cells produce the increased rate of ROS and DNA dam-
age that attributes to apoptosis. As a result, Gal-NB-HMSN-PEI-PLA
was considered to be the most useful therapeutic agent to capably
induce the ROS to trigger intrinsic apoptotic proteins in HepG2
cells. Then, ROS intensity was measured by fluorescence plate
reader (Fig. 7D) in Gal-NB-HMSN-PEI-PLA treated HepG2 liver can-
cer cells. The development of an elevated rate of ROS, therefore,
plays a prominent role in the apoptotic regulation (Kobayashi
et al., 2014; Seah et al., 2018; Cho et al., 2019).

Western blot investigation reveals the impact of Gal-NB-HMSN-
PEI-PLA on Hep G2 cells on the molecular activation of the apop-
totic pathway. The expression profile of the significant anti-
apoptotic proteins includes angiogenesis protein (VEGF) and
hypoxia protein (HIF-15-007) PI3-K, ERK, AKT, Raf and Ras were
assessed. The findings indicated the formulated Gal-NB-HMSN-
PEI-PLA is responsible for the downregulation of the above-stated
proteins in HepG2 cells (Fig. 8A&B).

On the other hand, the Gal-NB-HMSN-PEI-PLA induces the
depolarization in the membrane potential of mitochondria triggers
ROS-dependent mitochondrial apoptosis via pro-apoptotic factors
activation. The research findings have shown that the down-
regulation of anti-apoptotic proteins (AKT, Ras, PI3-K, Raf, VEGF,
ERK and HIF-15-007, leads to cell death. Thus, Gal-NB-HMSN-
PEI-PLA acts as an essential nanomaterial for activating
apoptosis-based molecular activation in hypoxia-conditioned
HepG2 cancer cells (Qian et al., 2016; Murugan et al., 2020a,
2020b).
4. Conclusion

The present state of the art clearly proven approach to summa-
rize and discharge a naturally derived product into cancer cells.
Hydrophobic drug (NB) as a hydrophobic anti-cancer treatment
agent for improved chemotherapy. The Gal-NB-HMSN-PEI-PLA
surface was altered with the PEI-PLA polymers, which was loaded
with free NB porous, inner, and polymeric layer elements via elec-
trostatic interaction. NB-HMSN-PEI-PLA effectively binds to over-
expressed ASGP receptors on HepG2 cancer cells as results of
accelerated cellular internalization of nanocarriers via receptor-
mediated endocytosis. NB-HMSN-PEI-PLA actively attaches to ele-
vated ASGP receptors on HePG2 liver cancer cells. Upon internal-
ization, Gal-HMSN-PEI-PLA releases NB in the cytoplasm and
enhances the therapeutic effect on the HepG2 cells at an IC50 con-
centration of 20 lg/mL. The release was noticed to be 78% for NB at
pH 4.0 in 24 h.

In comparison, the release of Gal-NB-HMSN-PEI-PLA drugs used
to have preponderant cytotoxicity of liver cancer cells. The formu-
lated Gal-NB-HMSN-PEI-PLA at greater tiers suppress the genomic/
proteomic expression of PI3-K, AKT, and Ras, Raf, and ERK, thereby
hindering the binding of HIF-15-007 to HIF-1b. In conclusion, the
results revealed the functionalized Gal-NB-HMSN-PEI-PLA as a
popular flexible drug carrier that could serve as an option in the
delivery of drugs for efficacy.
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