
Saudi Journal of Biological Sciences 29 (2022) 3354–3365
Contents lists available at ScienceDirect

Saudi Journal of Biological Sciences

journal homepage: www.sciencedirect .com
Original article
Anticancer effect of selenium/chitosan/polyethylene glycol/allyl
isothiocyanate nanocomposites against diethylnitrosamine-induced
liver cancer in rats
https://doi.org/10.1016/j.sjbs.2022.02.012
1319-562X/� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author.
E-mail address: ksslkumar@gmail.com (S. Subramanian).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier
Cheng Li a, Saleh H. Salmen b, Tahani Awad Alahmadi c, Vishnu Priya Veeraraghavan d,
Krishna Mohan Surapaneni e, Nandakumar Natarajan f, Senthilkumar Subramanian g,⇑
aDepartment of Interventional Medicine, The First Affiliated Hospital of Wenzhou Medical University, South Bai Xiang Street, Ouhai District, Wenzhou, Zhejiang 325000, China
bDepartment of Botany and Microbiology, College of Science, King Saud University, PO Box-2455, Riyadh 11451, Saudi Arabia
cDepartment of Pediatrics, College of Medicine and King Khalid University Hospital, King Saud University, Medical City, PO Box-2925, Riyadh 11461, Saudi Arabia
dCentre of Molecular Medicine and Diagnostics (COMManD), Department of Biochemistry, Saveetha Dental College, Saveetha Institute of Medical and Technical Sciences,
Saveetha University, Chennai 600 077, India.
eDepartment of Biochemistry, Panimalar Medical College Hospital & Research Institute, Varadharajapuram, Poonamallee, Chennai 600 123, India.
fDepartment of Surgery, Immunogenetics and Transplantation Laboratory, University of California San Francisco, San Francisco, CA, USA
g School of Medicine, College of Medicine and Health Science, Jigjiga University, Jigjiga, Ethiopia

a r t i c l e i n f o a b s t r a c t
Article history:
Received 19 January 2022
Revised 8 February 2022
Accepted 9 February 2022
Available online 11 February 2022

Keywords:
8-Hydroxy-20-deoxyguanosine
Nano-drug delivery
Liver cancer
Allyl isothiocyanate
Diethylnitrosamine
Background: Nano-based drug delivery systems have shown several advantages in cancer treatment like
specific targeting of cancer cells, good pharmacokinetics, and lesser adverse effects. Liver cancer is a fifth
most common cancer and third leading cause of cancer-related mortalities worldwide.
Objective: The present study focusses to formulate the selenium (S)/chitosan (C)/polyethylene glycol
(Pg)/allyl isothiocyanate (AI) nanocomposites (SCPg-AI-NCs) and assess its therapeutic properties against
the diethylnitrosamine (DEN)-induced liver cancer in rats via inhibition of oxidative stress and tumor
markers.
Methodology: The SCPg-AI-NCs were synthesized by ionic gelation technique and characterized by vari-
ous characterization techniques. The liver cancer was induced to the rats by injecting a DEN (200 mg/kg)
on the 8th day of experiment. Then DEN-induced rats treated with 10 mg/kg of formulated SCPg-AI-NCs
an hour before DEN administration for 16 weeks. The 8-hydroxy-20 -deoxyguanosine (8-OHdG) content,
albumin, globulin, and total protein were examined by standard methods. The level of glutathione (GSH),
vitamin-C & -E, and superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), and glu-
tathione reductase (GR) activities were examined using assay kits. The liver marker enzymes i.e., alanine
transaminase (ALT), aspartate tansaminase (AST), c-glutamyl transaminase (GGT), lactate dehydrogenase
(LDH), and alkaline phosphatase (ALP) activities, alpha fetoprotein (AFP) and carcinoembryonic antigen
(CEA), Bax, and Bcl-2 levels, and caspase-3&9 activities was examined using assay kits and the liver
histopathology was assessed microscopically by hematoxylin and eosin staining method. The effect of
formulated SCPg-AI-NCs on the viability and apoptotic cell death on the HepG2 cells were examined
using MTT and dual staining assays, respectively.
Results: The results of different characterization studies demonstrated the formation of SCPg-AI-NCs with
tetragonal shape, narrowed distribution, and size ranging from 390 to 450 nm. The formulated SCPg-AI-
NCs treated liver cancer rats indicated the reduced levels of 8-OHdG, albumin, globulin, and total protein.
The SCPg-AI-NCs treatment appreciably improved the GSH, vitamin-C & -E contents, and SOD, CAT, GPx,
and GR activities in the serum of liver cancer rats. The SCPg-AI-NCs treatment remarkably reduced the
liver marker enzyme activities in the DEN-induced rats. The SCPg-AI-NCs treatment decreased the AFP
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and CEA contents and enhanced the Bax and caspase 3&9 activities in the DEN-induced rats. The SCPg-AI-
NCs effectively decreased the cell viability and induced apoptosis in the HepG2 cells.
Conclusion: The present findings suggested that the formulated SCPg-AI-NCs remarkably inhibited the
DEN-induced liver carcinogenesis in rats. These findings provide an evidence that SCPg-AI-NCs can be
a promising anticancer nano-drug in the future to treat the liver carcinogenesis.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The nanoscale drug designing and nano-based drug delivery
systems have shown several advantages in cancer treatment
because of its unique properties such as solubility, bioavailability,
and drug release profiles. This, can subsequently lead to the devel-
opment and advancement of suitable route of administration, les-
ser adverse effects, reduced toxicity, increased bio-diffusivity, and
increased drug-life period (Palazzolo et al., 2018). The bio-
engineered drug delivery systems are either targeted to the specific
site or intended to controlled drug release at a specific location (Lu
et al., 2016; Barahuie et al., 2013). In recent times, there has been
tremendous advancements in the field of targeted drug delivery
systems to deliver drugs to its targeted sites to treat the several
diseases (Mintz and Leblanc, 2021).

Nano-oncology is an application of nano-biotechnology in the
treatment of cancers (Sun et al., 2018; Wu et al., 2018). Especially,
it can decrease the adverse effects induced by chemotherapeutic
drugs, increase the life expectancy and quality of patients (Meng
et al., 2019). Numerous previous literatures highlighted that nano-
materials can penetrate into cells, tissues, and organs, releasing
drugs at specific spots that are highly challenging to reach with tra-
ditional chemotherapeutic drugs (Yang et al., 2020; Wu et al.,
2020). Recently, nano-drug formulations have frequently been
studied in amalgamation with natural products to minimize the
toxicity. Consequently, consuming green nano-formulations for
drug delivery systems can increase the therapeutic property and
minimize the adverse effects of the drugs (Milewska et al., 2021;
Tan et al., 2014).

The nanocarriers are considered as an effective vehicles to deli-
ver a drugs at specific location. The nanocarriers has the potential
to decrease the cytotoxicity and improve the therapeutic effects of
chemotherapeutic drugs (Zhang et al., 2018). The majority of the
chemotherapy drugs have high cytotoxicity, low molecular weight,
and less specificity with increased adverse effects (Lata et al.,
2017). Selenium is a natural essential micronutrient, which has
received substantial research interest in the fields of biology and
medicine due to its specific pharmacological properties, particu-
larly cancer prevention and improvement of immunity
(Skalickova et al., 2017; Tan et al., 2018). It has been reported that
the many cancer patients are selenium deficient (Zhang et al.,
2016). Chitosan is a natural polysaccharide and has unique proper-
ties, which makes it ideal for several targeted drug delivery sys-
tems (Shaban et al., 2020; Li et al., 2018).

Allyl isothiocyanate is a natural bioactive compound found lar-
gely in the plants from Cruciferae family and are highlighted to
show several pharmacological effects such as neuroprotective
(Subedi et al., 2017), anticancer (Bhattacharya et al., 2010), antidi-
abetic (Sahin et al., 2019), antifungal (Olivier et al., 1999), and anti-
ulcerative colitis (Kim et al., 2018) activities. Many previous liter-
atures highlighted that the allyl isothiocyanate effectively inhib-
ited the proliferation and triggered apoptosis in numerous tumor
cells, such as breast, bladder (Savio et al., 2015), lung (Tripathi
et al., 2015), colon (Lai et al., 2014), liver (Hwang and Kim,
2009), prostate (Xu et al., 2006), cervical (Qin et al., 2018), and oral
(Chang et al., 2021) cancer cells.
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Liver cancer is a fifth most common cancer and third leading
cause of cancer-associated deaths worldwide with above 800,000
mortalities each year (Ikeda, 2019; Bray et al., 2018). The normal
survival period of liver cancer patients without treatment is
reported to be a 1–3 months. Presently, the surgical resection,
chemo and radiotherapies are the most hopeful strategies for the
treatment of liver cancer. Though, only 15% of patients are reported
to be eligible for the surgical treatments. The remaining 85% of
patients were turn to other therapies due to their poor prognosis,
metastasis, and improper liver function (e.g., underlying cirrhosis)
(Liccioni et al., 2014). In order to overcome these issues, the effec-
tive therapeutic strategies are highly demanded in recent times
with increased therapeutic potentials. Hence, the present research
focusses to formulate the selenium/chitosan/polyethylene glycol/
allyl isothiocyanate nanocomposites (SCPg-AI-NCs) and examine
its therapeutic properties against the DEN-induced liver cancer in
rats via inhibition of oxidative stress and tumor markers.
2. Materials and methods

2.1. Chemicals

Allyl isothiocyanate, selenium, chitosan, polyethylene glycol,
and additional chemicals and reagents were procured from
Sigma-Aldrich, USA. The marker specific assay kits were acquired
from Thermofisher Scientific and Biocompare, USA.
2.2. Synthesis of SCPg-AI-NCs

The ionic gelation technique was adopted to formulate the NCs,
which comprises selenium, chitosan, polyethylene glycol, and allyl
isothiocyanate. In brief manner, 20 mg of allyl isothiocyanate was
prepared in 20 ml of water and added to the 200 ml of chitosan
solution (1% wt/volume in aqueous acetic acid) under the continu-
ous stirring until the development of suspension system. After that,
this suspension was ultrasonicated for the reduction of nano parti-
cle droplets in the suspension. Then, the suspension containing
chitosan and allyl isothiocyanate was added in drop-wise manner
into the enteric polymer solution for the purpose of coating of
developed particles. Here, the polyethylene glycol polymer suspen-
sion was used for the coating purpose.

The micro-volume flow titration technique was performed for
the coating process and after that the developed nanoparticles
powder was taken by desiccating the final solution using spray
pyrolysis at 80–100 �C and 5 L/min airflow (Wathoni et al., 2019).
2.3. Characterization of formulated SCPg-AI-NCs

The UV–visible spectral study was performed to confirm the
formation of SCPg-AI-NCs using UV–vis spectrophotometer
(Shimadzu-1700, Japan). The absorbance of the formulated SCPg-
AI-NCs were assessed at 400–1000 nm wavelengths.

The SCPg-AI-NCs were assessed by the photoluminescence
spectroscopic assay and the spectral analysis were done at 350–
550 nm wavelength.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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The XRD analysis of SCPg-AI-NCs were assessed using ARL
EQUINOX 3000 X-ray diffractometer with Cu k-a radiation (k = 1.
5412 Å) in the scanning range of 100–800.

The FT-IR analysis of SCPg-AI-NCs were done using FT-IR appa-
ratus (Cary 630, Agilent Technology, USA) to detect the functional
groups bound on the SCPg-AI-NCs. The spectral study was done at
4000–500 cm�1.

The SCPg-AI-NCs were assessed by SEM with DLS studies to
scrutinize the size, appearance, and components of the SCPg-AI-
NCs. The SCPg-AI-NCs were scrutinized by using Carl Zeiss Ultra-
55 FE-SEM apparatus. The SCPg-AI-NCs samples were prepared
and placed on a glass slide, dispersed uniformly, and vacuum des-
iccated to examine by using SEM machine equipped with EDX.

The distribution patterns and average size of formulated SCPg-
AI-NCs were examined by using Zeta sizer DLS apparatus (Malvern,
USA).
2.4. Experimental rats

The adult wistar albino rats weighing above 180–210 g body-
weight was designated in this work and rats were purchased from
the institutional animal facility. All rats were caged on the
infection-free polypropylene confines and maintained under labo-
ratory environments with 24 ± 5 �C temperature, 40–70% air
humidity, and 12-h light/dark sequence. Rats were permitted
freely to get the standard diet and clean drinking water. All rats
were adapted for a week in a laboratory before the commencement
of experiments.
2.5. Induction of DEN-induced liver cancer

A single carcinogenic dose of DEN (200 mg/kg b.wt in 0.9% sal-
ine, i.p.) was injected to the experimental rats on the 8th day of
experiment to provoke the liver cancer. Following the retrieval per-
iod of 3 weeks, the DEN-injected rats were managed with 0.05% of
phenobarbital in the diet as a promoter of liver carcinogenesis for
5 days per week until the completion of experiments (16 weeks)
(Chakraborty et al., 2007).
2.6. Experimental groups

Followed by the acclimatization period, all rats were allocated
arbitrarily into four groups with six rats in each. Group-I rats were
set as a control group. Group-II rats were injected with 200 mg/kg
of DEN (as described above) to induce the liver cancer. The group-
III rats were treated with 10 mg/kg of formulated SCPg-AI-NCs
through oral route an hour before the DEN-injection for 16 consec-
utive weeks. Group-IV rats were treated with 10 mg/kg of SCPg-AI-
NCs alone for 16 weeks without DEN injection. Throughout the
experiments, bodyweight of experimental rats were assessed on
alternative days. Followed by the completion of experimental per-
iod, experimental rats were anesthetized using ketamine/xylazine
and sacrificed by cervical dislocation. The serum was prepared
using collected blood samples and used for biochemical assays.
The liver tissues were excised from the experimental rats and used
for the additional assays.
2.7. Quantification of 8-hydroxy-20 -deoxyguanosine (8-OHdG), total
protein, albumin, and globulin contents

The contents of 8-OHdG, globulin, total protein, and albumin in
the serum of control and experimental rats were examined with
the aid of marker specific assay kits according to the instructions
suggested by the manufacturer (Mybiosource, USA).
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2.8. Measurement of oxidative stress and antioxidant biomarkers

The TBARS level in the control and experimental rats were stud-
ied by using previous method described by Ohkawa et al. (1979).
The activities of SOD, CAT, GPx, and GR were studied by using assay
kits. The contents of GSH, vitamin-E, and vitamin-C in the serum
samples were examined using marker specific kits. All the assays
were done in triplicates using the guidelines described by the man-
ufacturer (Thermofisher Scientific, USA).

2.9. Detection of liver marker enzyme activities and tumor marker
levels

The liver marker enzyme activities such as alkaline phosphatase
(ALP), alanine transaminase (ALT), aspartate transaminase (AST),
gamma-glutamyl transferase (GGT), and lactate dehydrogenase
(LDH) in the serum of control and experimental rats were exam-
ined using respective kits as per the instructions of the manufac-
turer (Biocompare, USA).

The levels of alpha fetoprotein (AFP) and carcinoembryonic
antigen (CEA) in the serum of experimental rats were detected
using the assay kits by the manufacturer’s guidelines (R&D Sys-
tems, Minneapolis, USA).

2.10. Assessment of apoptotic markers

The liver portions were removed from the experimental rats
and cleansed with the ice-cold saline. Then liver tissues were
homogenized in ice-cold sterile buffered saline and centrifuged
at 12,000 rpm for 15 min; the resultant supernatant was collected
and used for the assays. The level of Bax, Bcl-2 and activities of
caspase-3 & �9 enzymes in the liver tissue homogenates were
examined using respective kits by using manufacturer instructions
(Mybiosource, USA).

2.11. Histopathological analysis

The liver tissues from the control and treated rats were
removed, cleansed with buffer, and processed with 10% of neutral
formalin. Then tissues were dehydrated with the addition of
graded ethanol and then embedded in a paraffin wax. The paraf-
finized tissues were sliced into pieces at 5 mm size, deparaffinised,
and then stained by using hematoxylin and eosin. The histological
changes in the liver tissues were inspected beneath the optical
microscope.

2.12. In vitro assays

2.12.1. Cytotoxicity assay
The influence of formulated SCPg-AI-NCs on the viability of liver

cancer (HepG2) and normal liver (HL7702) cells were scrutinized
using MTT assay. For this, cells were loaded separately onto the
96-wellplate and incubated at 37 �C for 24 h. Then cells were
administered with different concentrations of SCPg-AI-NCs (0.5,
1, 2.5, 5, 7.5, & 10 lg) and incubated for 24 h at 37 �C. After that,
the MTT reagent was mixed to each wells and further incubated
for additional 4 h at 37 �C. After that, 100 ll of DMSO was mixed
to all wells to liquefy the formed formazan crystals. Finally, absor-
bance was taken at 570 nm using microplate reader to identify the
viability of cells using formula: treated cells (O.D.)/control (O.
D.) � 100 (%).

2.13. Dual staining

The level of apoptotic cell death incidences on the control and
SCPg-AI-NCs treated HepG2 cells were studied using dual staining.
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For this, HepG2 cells were cultured on the 24-wellplate and treated
with 5 mg of SCPg-AI-NCs and 2 lg of doxorubicin (DOX: standard
drug) for 24 h at 37 �C. Afterward, 100 lg/ml of AO/EB was used to
stain the cells for 5 min. Lastly, the fluorescent intensity of the cells
were scrutinized under fluorescent microscope.

2.14. Statistical analysis

Data were statistically examined using GraphPad Prism soft-
ware and results were represented as mean ± SD of three individ-
ual assays. All values were scrutinized by the one-way ANOVA and
Tukey’s post doc assay to determine the differences between
groups and significant was fixed at p < 0.05 significant.

3. Results

3.1. Uv–visible spectroscopic analysis

The development of SCPg-AI-NCs in the reaction medium was
confirmed by using UV–visible spectral study and data were
showed in the Fig. 1(A). The various wavelengths ranging from
400 to 1000 nm were used to measure the absorbance of SCPg-
AI-NCs. The highest peak was found at the 282 nm that confirms
the presence of SCPg-AI-NCs.

3.2. Photoluminescence analysis

The formulated SCPg-AI-NCs were examined by photolumines-
cence analysis and finding was presented in the Fig. 1(B). The exci-
tation wavelengths of SCPg-AI-NCs were noted by several peaks at
367 nm, 403 nm, 435 nm, and 476 nm, 505 nm, and 538 nm,
respectively, which confirms the presence of SCPg-AI-NCs. The
367 nm and 403 nm peaks demonstrates the free exciton of
SCPg-AI-NCs. The peaks at 435 nm and 476 nm exhibits the blue-
green emissions and interstitial oxygen vacancies of SCPg-AI-NCs
showed by peaks at 505 nm and 538 nm.

3.3. SEM and EDX analysis

The morphology and appearance of formulated SCPg-AI-NCs
were studied by the SEM analysis and EDX were performed to
assess the elemental compositions of SCPg-AI-NCs. As depicted in
the Fig. 2(A&B), the SEM images of SCPg-AI-NCs demonstrated
Fig. 1. UV–visible spectroscopy and photoluminescence analysis of SCPg-AI-NCs [A
absorption peak at 282 nm. [B]. Photoluminescence spectral study of formulated SCPg-AI
538 nm, respectively.
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the clear morphology with agglomerated surface and tetragonal
shapes. The distinctive peaks of EDX study demonstrated the pres-
ence of several elements like presence carbon, nitrogen, potassium,
oxygen, and selenium, which is demonstrated by the SCPg-AI-NCs.

3.4. XRD analysis

The crystalline nature and purity of the formulated SCPg-AI-NCs
were assessed by using XRD study and finding was showed in the
Fig. 3(A). The different clear peaks of the SCPg-AI-NCs were noted
at (110), (200), (101), (211), (220), (002), (310), (112), (301),
(202), and (321), which proves the purity and crystalline nature
of SCPg-AI-NCs with face-centered tetragonal arrangements
(Fig. 3A).

3.5. Ft-IR analysis

The formulated SCPg-AI-NCs were investigated by FT-IR analy-
sis to detect the functional groups bound on the SCPg-AI-NCs and
data was presented in the Fig. 3(B). The FT-IR spectrum of the
SCPg-AI-NCs exhibited the different peaks at various frequencies.
The peak at 3413 cm-1 shows the band due to the O-H stretching.
The presence of the H stretching was indicated by 2948 cm-1 peak.
The bending vibrations of C-O and C-H bonds were revealed by dif-
ferent peaks at 1628 cm-1 and 1115 cm-1. The different peaks at
946 cm-1, 841 cm-1, and 637 cm-1 represents the O-H bonds.

3.6. DLS analysis

The distribution patterns and size of the SCPg-AI-NCs were
investigated by the DLS analysis and finding was depicted in the
Fig. 3(C). The finding from DLS analysis exhibited the clear peak
that indicates the size of SCPg-AI-NCs may 390–450 nm.

3.7. Effect of SCPg-AI-NCs on the albumin, total protein, globulin, and
8-OHdG in the control and experimental rats

The albumin, total protein, globulin, and 8-OHdG levels were
assessed and findings were represented in the Fig. 4. The DEN-
induced rats exhibited the increased 8-OHdG level and decreased
the albumin, total protein, and globulin levels when compared
with control. The 10 mg/kg of SCPg-AI-NCs treatment substantially
decreased 8-OHdG content in the DEN-induced rats. The SCPg-AI-
]. UV–Visible spectroscopy study of formulated SCPg-AI-NCs revealed the highest
-NCs revealed the excitations at 367 nm, 403 nm, 435 nm, and 476 nm, 505 nm, and



Fig. 2. SEM and DLS analysis of synthesized SCPg-AI-NCs [A]. SEM analysis of formulated SCPg-AI-NCs demonstrates the uneven and dispersed morphological appearance.
[B]. EDX spectral analysis of formulated SCPg-AI-NCs exhibited several peaks that indicates the existence of elements like C, O, N, and Sn.
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NCs treatment also improved the contents of albumin, total pro-
tein, and globulin in the DEN-induced rats (Fig. 4).

3.8. Effect of SCPg-AI-NCs on the oxidative and antioxidant biomarkers
in the control and experimental rats

Fig. 5 exhibits the effect of SCPg-AI-NCs on the oxidative stress
and antioxidant biomarkers in both control and experimental rats.
The DEN-induced rats exhibited the increased level of TBARS, while
decreased GSH, vitamin-E & -C contents. The DEN-induced rats
showed the decreased activities of enzymatic antioxidants like
CAT, SOD, GPx, and GR. The SCPg-AI-NCs treatment effectively
decreased the TBARS and improved the GSH, vitamin-C & -E con-
tents in the DEN-induced rats (Fig. 5). The activities of SOD, GPx,
and GR were also improved by the SCPg-AI-NCs treatment in the
DEN-induced rats.

3.9. Effect of SCPg-AI-NCs on the liver function marker enzyme
activities and tumor marker levels in the control and experimental rats

The effect of SCPg-AI-NCs on the liver function marker enzyme
activities and levels of tumor biomarkers were assessed and data
were presented in the Fig. 6. The DEN-induced rats exhibited the
increased activities of ALT, AST, ALP, LDH, and GGT in the serum
when compared with control. The DEN-induction also exhibits
the increased contents of AFP and CEA than the control. Interest-
ingly, the SCPg-AI-NCs treatment substantially inhibited those
changes in the DEN-challenged liver cancer rats. The activities of
ALT, ALP, AST, LDH, and GGT was remarkably decreased by the
SCPg-AI-NCs treatment in the DEN-provoked liver cancer rats.
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The SCPg-AI-NCs treatment also depleted the contents of CEA
and AFP in the serum of liver cancer rats (Fig. 6).
3.10. Effect of SCPg-AI-NCs on the apoptotic markers in the control and
experimental rats

Fig. 7 demonstrates the effect of SCPg-AI-NCs treatment on the
Bax, Bcl-2, and caspases activities. The decreased Bax content and
caspase-3 and �9 activities were noted on the DEN-provoked liver
cancer rats when compared with control. The DEN-induced rats
also exhibited the increased Bcl-2 content. However, the treatment
with 10 mg/kg of formulated SCPg-AI-NCs were remarkably
increased the Bax content and activities of caspase-3 and �9 in
the DEN-challenged liver cancer rats. The SCPg-AI-NCs treatment
also diminished the Bcl-2 level in the DEN-induced rats (Fig. 7).
3.11. Effect of SCPg-AI-NCs on the liver histopathology in the control
and experimental rats

Fig. 8 exhibits the liver histology of both control and experi-
mental rats. The control rats exhibited the normal tissues struc-
tures; while, the liver tissues of DEN-induced cancer rats
exhibited the incidences of cirrhosis and tumor nodules. It also
demonstrated the dysplastic and the neoplastic nodules. Interest-
ingly, the treatment with the 10 mg/kg of fabricated SCPg-AI-NCs
remarkably reduced the DEN-induced dysplasia, neoplasia, and
tumor nodules in the DEN-induced rats (Fig. 8).



Fig. 3. XRD, FT-IR, and EDX analysis of synthesized SCPg-AI-NCs [A]. XRD analysis revealed the crystallinity of the formulated SCPg-AI-NCs. [B]. The FT-IR analysis revealed
the different peaks at 3413 cm-1, 2948 cm-1, 1628 cm-1, 1115 cm-1, 946 cm-1, 841 cm-1, and 637 cm-1, which proves the existence of several bonding such as hydroxyl (O-
H), H, C-O, and C-H bonds on the SCPg-AI-NCs. [C]. The DLS analysis of formulated CSP-AI-NCs demonstrated the clear peak, which shows a size of SCPg-AI-NCs ranging from
390 to 450 nm with narrowed distribution.
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3.12. Effect of SCPg-AI-NCs on the cell viability of Hep-G2 and HL7702
cells

The effects of SCPg-AI-NCs on the cell viability of HepG2 and
HL7702 cells were inspected by MTT assay and data were illus-
trated in the Fig. 9. The SCPg-AI-NCs treatment at various concen-
trations (0.5–10 mg) were substantially inhibited the viability of
HepG2 cells. The treatment with same doses of SCPg-AI-NCs did
not showed the cytotoxicity to the normal liver HL7702 cells
(Fig. 9). The IC50 of SCPg-AI-NCs for HepG2 cells were found at
5 mg, hence the same dose of SCPg-AI-NCs were selected for addi-
tional assays as a IC50 dosage.
3.13. Effect of SCPg-AI-NCs on the apoptotic cell death of Hep-G2 and
HL7702 cells

Fig. 10 demonstrates the effect of SCPg-AI-NCs treatment on the
apoptotic cell death in the HepG2 cells. The 5 mg of SCPg-AI-NCs
treated HepG2 cells exhibited the increased yellow and orange flu-
orescence than the control cells. These increased fluorescence indi-
cates the presence of early and late apoptotic events in the SCPg-
AI-NCs treated HepG2 cells. The 2 lg of DOX treatment also
enhanced the apoptosis in the HepG2 cells, which is confirmed
by the augmented yellow and orange fluorescence (Fig. 10).
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4. Discussion

In recent times, nanotechnology has made several contributions
in the field of oncology due to its peculiar properties of diagnosis
and drug delivery (Pucci et al., 2019; Krishnan et al., 2017). The
developments in the nanotechnology in past decades is remarkably
impacting the field of medicine (Chi et al., 2012). Nanomedicine is
an rapidly growing field of nanotechnology, which achieves nanos-
tructured or nanoscale materials in medicine to attain ideal medi-
cal purposes (Wagner et al., 2006). A nanomedicine usually
consists of two compartments namely, the delivery system and a
therapeutic agents. A several therapeutic candidates can be loaded
in nanomedicines, such as small DNAs/RNAs for gene therapy and
drug molecules for chemotherapy, which indicates the multipur-
pose applications of nanomedicines in several therapies (Haute
and Berlin, 2017). At present, the abundant nanomedicines for liver
cancer treatment are being developed that would positively offer
an alternative strategies to fully accomplish the liver cancer prob-
lems in the future (Jiang et al., 2019).

The lack of selective cytotoxicity to the tumor cells is a well-
known disadvantage of cancer chemotherapy, which leads to con-
siderable damage to the normal cells. Additionally, these strategies
often experienced with several deleterious adverse effects, which
substantially decrease the life quality of survived individuals
(Amiri et al., 2019). The utilization of nanocomposites as drug
delivery systems has a efficacy to solve the several side effects trig-



Fig. 4. Effect of SCPg-AI-NCs on the albumin, total protein, globulin, and 8-OHdG in the control and experimental rats Results are given as a mean ± SD of three separate
assays. The data were scrutinized by one-way ANOVA and Tukey’s post hoc assay. ‘#’ p < 0.05 compared with control ‘*’ p < 0.01 compared with DEN-induced rats.

Fig. 5. Effect of SCPg-AI-NCs on the oxidative and antioxidant biomarkers in the control and experimental rats Results are given as a mean ± SD of three separate assays.
The data were scrutinized by one-way ANOVA and Tukey’s post hoc assay. ‘#’ p < 0.05 compared with control ‘*’ p < 0.01 compared with DEN-induced rats.
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gered by chemotherapeutic drugs to normal cells (Shende and
Shah, 2021). It is possible to control the architectures of nano-
carriers in that way, it could enhance the targeted local delivery
and controlled drug release (Martinelli et al., 2019). Additionally,
nanocarriers also has the ability to protect and package of the drug
candidates, which was insoluble, unstable, fragile, and toxic for
3360
conventional delivery (Saw and Song, 2020). The several nanocar-
riers are being used as nanocarriers in delivery of nanomedicines
for liver cancer therapy comprises polymers, micelles, liposomes,
hydrogels, biological, hybrid, and inorganic nanomaterials (Baig
et al., 2019). Several efforts have been paid in order to manipulat-
ing them as a nanocarriers for nanomedicines to enhance the anti-



Fig. 6. Effect of SCPg-AI-NCs on the liver function marker enzyme activities and tumor marker levels in the control and experimental rats Results are given as a
mean ± SD of three separate assays. The data were scrutinized by one-way ANOVA and Tukey’s post hoc assay. ‘#’ p < 0.05 compared with control ‘*’ p < 0.01 compared with
DEN-induced rats.

Fig. 7. Effect of SCPg-AI-NCs on the apoptotic markers in the control and experimental rats Results are given as a mean ± SD of three separate assays. The data were
scrutinized by one-way ANOVA and Tukey’s post hoc assay. ‘#’ p < 0.05 compared with control ‘*’ p < 0.01 compared with DEN-induced rats.
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cancer property and decrease deleterious effects in the liver cancer
management (van der Meel et al., 2019). Here, we formulated the
SCPg-AI-NCs and assessed its therapeutic potential against the
DEN-induced liver cancer in rats. The findings of various character-
ization techniques confirmed the formation and presence of SCPg-
AI-NCs with tetragonal shape, narrowed distribution, and size
ranging from 390 to 450 nm. Our results of characterization studies
were supported by the previous reports done by Govindan et al.
(2012), Jan et al. (2020), and Nair Nandana et al. (2022).

Liver cancer is a most aggressive solid tumor with increased
mortality rates worldwide. Many liver cancer patients are become
treatment resistance followed by an long-term therapy (Mohamed
et al., 2017). The poor prognosis after the surgery in patients still
remains as a major problem (Cai et al., 2017). DEN is a well-
established hepatocarcinogen, and it triggers liver damage and is
frequently utilized to trigger liver carcinogenesis in animal models
(Sklavos et al., 2018). It was reported that pathological process of
3361
DEN-induced liver carcinogenesis in found more similar to the pat-
terns of human liver cancer (Kurma et al., 2021). Hence, the DEN-
induced animal models of liver cancer is extensively utilized in
liver cancer research (Schneider et al., 2012). The current research
focused to evaluate the anticancer activity of formulated SCPg-AI-
NCs against the DEN-initiated liver carcinogenesis in rats.

During the development of liver cancer, there are many factors
play a major roles such as oxidative stress and inflammation,
which provokes cirrhosis and liver dysfunction in liver cancer
patients (Balaha et al., 2016; Wen et al., 2016). It is well-
established that the oxidative stress participates in several phases
of tumorigenesis (Patterson et al., 2018). Oxidative stress is
described as a condition of disproportion between accumulation
of free radicals and endogenous antioxidant protection systems.
Such imbalance is tightly connected with the initiation and pro-
gression of several chronic ailments, such as cancer (Wang et al.,
2016). The endogenous antioxidant protective mechanisms like



Fig. 8. Effect of SCPg-AI-NCs on the liver histopathology in the control and experimental rats The normal histological structures and hepatocytes arrangements without
lesions and changes were observed in the control and 10 mg/kg of formulated SCPg-AI-NCs alone treated rats (Group I and IV). The liver tissues of DEN-challenged rats
exhibited dysplastic and neoplastic nodules and tumor incidences (Group II). The 10 mg/kg of formulated SCPg-AI-NCs remarkably attenuated the DEN-provoked histological
alterations (Group III).

Fig. 9. Effect of SCPg-AI-NCs on the cell viability of Hep-G2 and HL7702 cells The formulated SCPg-AI-NCs treated HepG2 cells at various doses 0.5–10 mg remarkably
inhibited the viability of HepG2 cells and the same doses of SCPg-AI-NCs did not affected the normal liver HL7702 cells. Results are given as a mean ± SD of three separate
assays. The data were scrutinized by one-way ANOVA and Tukey’s post hoc assay. *values does not share common superscript and significantly varied from control.
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SOD, CAT, GPx, and GR guards the liver tissues from the oxidative
damage (Kumar et al., 2012). SOD is a most vital antioxidant
enzyme that counteracts adverse effects of free radicals (Anwar
and Younus, 2017). GR is a critical player of cellular defense against
oxidative stress by inhibiting the accretion of oxidized glutathione
and hence regulating the redox balance (Al-Seeni et al., 2016). GSH
performs an imperative function against lipid peroxidation and
acts as a co-factor for GPx. GPx is a selenium-consisting antioxi-
dant enzyme, which is a second line defense against hydroperox-
ides by catalyzing the reduction of lipid peroxides and H2O2 to
lipid alcohols and water (Shaban et al., 2014). The other antioxi-
dants such as SOD, GSH, and CAT protect the cells/tissues from
the adverse effects of free radicals (Kurutas, 2015). Here, we found
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that the DEN-induced rats demonstrated the increased TBARS level
and decreased GSH, vitamin-C & -E levels in the serum. DEN-
induced rats also showed the decreased SOD, CAT, GPx, and GR
activities. Interestingly, the treatment with the 10 mg/kg of formu-
lated SCPg-AI-NCs substantially improved the GSH, vitamin-C & -E
contents. SCPg-AI-NCs also increased the activities of SOD, CAT,
GPx, and GR in the DEN-provoked rats. The current findings were
supported by the previous study, which reported that the DEN-
induced animals showed the decreased antioxidants such as GSH,
GST, and SOD concentrations (Alsahli et al., 2021).

A previous literature highlighted that the DEN administration
alters the activities of liver function marker enzymes and possesses
hepatotoxicity (Khan et al., 2017). It is well-established that the



Fig. 10. Effect of SCPg-AI-NCs on the cell viability of Hep-G2 and HL7702 cells The 5 lg of synthesized SCPg-AI-NCs treated HepG2 cells demonstrated the elevated yellow
and orange fluorescence than control, which confirms the early and late phases of apoptosis.
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metabolism of several drugs and chemicals are takes place in the
liver, which makes it highly vulnerable to the chemicals and
drugs-induced toxicity. Therefore, these chemicals and drugs
induce liver injury and change the hepatocyte arrangements. The
augmented activities of liver marker enzymes in the serum are
connected with liver injury due to the damages in the hepatic cells,
which leads to the release of these enzymes into blood flow
(Breikaa et al., 2014). AST and ALT are primarily found in the liver
cells, and its release is connected with cell damages (Wang et al.,
2015). The considerable elevation in AST, ALT, and ALP can be uti-
lized as a biomarkers to diagnose the chemicals and drugs-
triggered alterations in the liver function (Mansouri et al., 2018).
The present findings revealed that DEN-provoked rats demon-
strated the improved activities of ALP, AST, ALT, LDH, and GGT.
Whereas, the treatment with 10 mg/kg of formulated SCPg-AI-
NCs considerably decreased the ALP, AST, ALT, LDH, and GGT activ-
ities in a serum of DEN-challenged rats. A previous report by
Saleem et al. (2020) found that the serum activities of ALT, AST,
and GGT enzymes were amplified in the DEN-induced rats, which
supported our current findings.

Apoptosis is a crucial player of cell death regulation, and eva-
sion from apoptosis is a vital cause of tumor cell survival
(Fabregat et al., 2007). The equilibrium between cell growth and
apoptosis is important for the structural and functional mainte-
nance of normal cells/tissues. The initiation of cancer development
may because of the suppression of normal apoptotic event, which
causes the disproportion between cell growth and death. Indeed,
apoptosis provides a tissue defense against carcinogens via inhibit-
ing the survival of genetically altered cells. Consequently, apopto-
sis inhibition was explicated as a dominant factor of promotion of
liver cancer in several animal models (Li et al., 2013). The evasion
of apoptosis is a critical factor of tumorigenesis, which facilitates to
the uncontrolled cell growth. The ability of tumor cells to inhibit
the apoptosis may increase the cell growth and makes them as
immortal cell colonies, which are usually known as tumors. The
flaws in apoptosis is a vital factor of treatment resistance and
increasing the tumor life threshold. Hence, the stimulation of
apoptosis in cancer cells is believed to be a promising strategy to
eradicate the tumors (Fandy et al., 2014). The current findings sug-
gested that the SCPg-AI-NCs treatment substantially repressed the
cell growth and triggered apoptotic cell death in the HepG2 cells.

The cancer cells usually undergo numerous molecular events to
evade apoptosis and gain resistance to apoptotic factors via
enhancement of anti-apoptotic gene expressions e.g., Bcl-2 or inhi-
bition of pro-apoptotic gene expression e.g., Bax (Hassan et al.,
2014). The anti-apoptotic genes such as Bcl-2 defend the cells from
apoptosis and maintains normal functions, while pro-apoptotic
genes like Bad, Bax, and Bid are triggered by DNA injury and cellu-
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lar stress (Wong, 2011; Danial, 2007). Bcl-2 and Bax have received
more attention because of their participation in the cell apoptosis
regulation (Cory and Adams, 2002). Bcl-2 and Bax are a set of
negative-positive apoptosis controlling proteins. Hence, it was
clear that the cell apoptosis incidence is connected with the dispro-
portion of Bax and Bcl 2 levels. It was already highlighted that the
apoptosis inhibition plays a major roles in the cancer progression
(Sia et al., 2017). The findings of this investigation exhibited that
the level of Bcl-2 was found elevated and Bax level was reduced
in the DEN-challenged liver cancer rats. Interestingly, the SCPg-
AI-NCs treatment substantially decreased the Bcl-2 level and
improved the Bax level in the DEN-induced rats. Caspases are a
family of protease enzymes, which plays a major roles in the com-
mencement and regulation of cell apoptosis. Generally, caspases
are participates in a cellular apoptosis in two categories namely
effectors (caspase-3, �6, and �7) and initiators (caspase-8, �9,
and �10) (McComb et al., 2019). Caspases alter the expressions
of pro- and anti-apoptotic proteins, when they activated, thus lead-
ing to apoptosis (Poreba et al., 2019). Here, our findings exhibited
that the activities of caspase-3 and �9 were decreased in the DEN-
induced rats. However, the treatment with SCPg-AI-NCs remark-
ably improved the activities of caspase-3 and �9 in the DEN-
challenged rats. Our present findings were supported by the previ-
ous research report done by Punvittayagul et al. (2021).

The assessment of CEA content in serum is clinically reliable
and beneficial marker for the diagnosis of tumorigenesis. A consid-
erable augmentation in the CEA content is a prognostic marker of
the state of tumorigenesis (Thomas et al., 2015). The over-
expression of CEA is tightly connected with the tumor metastasis
(Pakdel et al., 2016). It was already reported that the CEA has been
over-expressed in several types of human cancers (Sauzay et al.,
2016). The tight connection between CEA expression and cancers
has encouraged the utilization of CEA as a cancer biomarker
(Tiernan et al., 2013). AFP is a valuable diagnostic tumor maker
of liver cancer that has been utilized extensively for diagnosis,
monitoring, tumor staging, and even predicting the liver cancer
reappearance (Gani et al., 2019). Additionally, the increased levels
of AFP in the serum has been well reported in the liver cancer
(Galle et al., 2019). A previous report found that the AFP plays a
major roles during the tumor growth and can trigger the cancer
cell proliferation (Chen et al., 2020). In similar manner, here our
findings demonstrated that the DEN-induced liver cancer rats
exhibited the increased CEA and AFP contents. Whereas, the con-
tents of CEA and AFP was appreciably decreased by the SCPg-AI-
NCs treatment. A previous report by Anwar et al. (2021) reported
that the DEN-induced animals showed that the level of AFP and
CEA was found increased than control, which supported the find-
ings of this study.
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5. Conclusion

The findings of this research work suggests that formulated
SCPg-AI-NCs treatment attenuates the liver cancer by inhibiting
oxidative stress response in the DEN-induced rat liver cancer
model. The treatment with SCPg-AI-NCs substantially improved
the apoptotic markers such as Bax, caspase-3, and capsase-9 and
reduced the Bcl-2 in the DEN-induced rats. The in vitro findings
also proved that the SCPg-AI-NCs treatment inhibited cell viability
and stimulated apoptosis in the HepG2 cells. These results pro-
posed that SCPg-AI-NCs can be a promising anticancer nano-drug
in the future to treat the liver carcinogenesis. However, the further
investigations still required in the future for the clear understand-
ing of the underlying molecular mechanisms of the SCPg-AI-NCs
against liver cancer.
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