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KEYWORDS Abstract An eco-friendly biosynthesized Ag NPs immobilized Hibiscus rosa-sinensis extract has
Silver: been introduced. The as-prepared nanoparticles were characterized using UV-Vis, SEM, and
Hibiscus rosa-sinensis; FT-IR analysis. In the FT-IR test, the presence of many antioxidant compounds with related bonds
Plant extract; caused the excellent condition for reducing of silver in the silver nanoparticles. In UV—Vis, the clear
Liver ccancer; peak in the wavelength of 428 nm indicated the formation of silver nanoparticles. The synthesized
Antioxidant nanoparticles had very low cell viability and high anti-liver cancer activities dose-dependently

against pleomorphic hepatocellular carcinoma (SNU-387), hepatic ductal carcinoma (LMH/2A),
morris hepatoma (McA-RH7777), and novikoff hepatoma (N1-S1 Fudr) cell lines without any
cytotoxicity on the normal cell line (HUVEC). The synthesized nanoparticles inhibited half of
the DPPH molecules in the concentration of 78 pg/mL. Perhaps notable anti-liver cancer activities
of the synthesized nanoparticles against common liver cancer cell lines are linked to their antioxi-
dant activities.
© 2021 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

Liver is an essential organ accountable for the metabolism, bile secre-
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chemotherapeutic agents, high doses of paracetamol, etc.) (Abdalla
et al., 2001; Abulkhir et al., 2008). Liver diseases have turn out to be
a global problem and are associated with substantial morbidity and
mortality (Abulkhir et al., 2008). Chronic liver cirrhosis and drug
induced liver injury are the ninth leading cause of death in western
and developing countries (Altekruse et al., 2009; Altekruse et al.,
2012; Bosetti et al., 2008). Among all liver diseases, the liver cancers
are the most agent of death. Liver cancer or hepatic cancer in first
occurs in the liver organ and after progressing the disease, it transfer
to all parts of body by the lymphatic system or bloodstream
(Breitenstein et al., 2009; Breous and Thimme, 2011; Bruix et al.,
2014). The main types of hepatica cancers are hepatobiliary cancers,
hepatocellular carcinoma, cholangiocarcinoma, liver Angiosarcoma,
and hepatoblastoma. Among all types of hepatic cancers, the role of
hepatobiliary cancers in death of human is significant. For the treat-
ment of hepatobiliary carcinoma, surgery, radiation therapy,
chemotherapy, targeted therapy, immunotherapy, and EGFR-
targeted therapy are used (Altekruse et al., 2009; Altekruse et al.,
2012; Bosetti et al., 2008). The main anti-hepatobiliary carcinoma
chemotherapeutic drugs are included cisplatin with lipiodol; sorafenib,
and doxorubicin (Abulkhir et al., 2008). According to the high side
effects of chemotherapeutic drugs such as mouth sores, weight loss,
diarrhea, vomiting, hair loss, fatigue, and nausea, the formulation of
modern chemotherapeutic drugs is necessary (Burroughs et al., 2004;
Butterfield et al., 2006). Recently, scientists have understood that
metallic nanoparticles especially iron nanoparticles have excellent anti-
cancer properties (Breous and Thimme, 2011).

There are three biological, chemical, and physical methods to syn-
thesize the nanoparticles. The synthesis of nanoparticles by similar bio-
logical methods results in greater catalytic activity and limits the use of
toxic and expensive chemicals (Sicrra—Avila et al., 2014; Kooti et al.,
2017; Sujayev et al., 2020). In biological methods, plant extracts,
enzymes or proteins carrying natural resources are used to produce
or stabilize nanoparticles. The nature of the materials used to make
nanoparticles influences the shape, structure and morphology of these
nanoparticles (Butterfield et al., 2006, Sierra-Avila et al., 2014; Kooti
et al., 2017; Sujayev et al., 2020; Abdoli et al., 2020). Biological systems
involved in the green synthesis of nanoparticles, plants and their
derivatives, as well as microorganisms such as algae, fungi, and bacte-
ria (Kooti et al., 2017; Sujayev et al., 2020; Abdoli et al., 2020). Chem-
ical and physical methods are time-consuming and costly. In addition,
these methods use some toxic additive chemicals that cause adverse
effects on medical applications by adsorption on the surface. Applying
the principles of green chemistry has decreased the use of toxic com-
pounds or hazardous solvents, provided optimal regeneration condi-
tions and ameliorated materials for the chemical processes, and
raised new sources for green synthesis (Kooti et al., 2017; Sujayev
et al., 2020; Abdoli et al., 2020). Therefore, one of the primary goals
of green nanotechnology is to produce nanomaterials without harm
to human health or environment, and to develop and design nanoma-
terials and products that are suitable solutions to environmental
problems.

Plant parts such as roots, leaves, stems, fruits, and tiny parts such
as the kernel and skin of the fruit are suitable to synthesize the
nanoparticles because their extracts are rich in phytochemicals that
act as stabilizing and reducing substances (Butterfield et al., 2006;
Sierra-Avila et al., 2014; Kooti et al., 2017; Sujayev et al., 2020). The
use of natural plant extracts is a cheap and environmentally friendly
process and does not require intermediate groups. Short time, no need
for expensive equipment, precursors, high purity product and excellent
quality without impurities are the features of this method. This is pos-
sible very quickly, at room temperature and pressure as well as easily
on a large scale. Bio-reduction in the conversion of base metal ions is
carried out by various plant metabolites such as alkaloids, phenolic
compounds, terpenoids and coenzymes (Abdoli et al., 2020; Shaneza,
2018). Nanoparticles centered on inorganic materials such as magnetic
metals, their oxides and alloys, and semiconductors have the most
studies and potential in biomedicine from diagnosis to treatment of

diseases (Sierra—AWla et al., 2014; Kooti et al., 2017; Sujayev et al.,
2020). Nanoparticles are generally effective in a wide variety of sectors
that if their production is based on green chemistry, they have great
applications in the fields of food, medicine, cosmetics and health.
The effects of nanoparticles should be predictable, controllable and
get the desired results with minimal toxicity. Metallic nanoparticles
used in treatment and diagnosis, in addition to being non-toxic, must
be biocompatible and stable in vivo. Also, by making appropriate
changes in the surface of metallic nanoparticles, they will have a wide
range of applications by binding to biomolecules and various carriers
to cross the cell membrane and target the desired part in the body. One
of the important points in the production of nanoparticles is the use of
cost-effective and efficient precursors (Kooti et al., 2017; Sujayev et al.,
2020; Abdoli et al., 2020; Shaneza, 2018).

For many years, herbal medicines have been used and are still used
in developing countries as the primary source of medical treatment.
Plants have been used in medicine for their natural antiseptic proper-
ties. Thus, research has developed into investigating the potential
properties and uses of terrestrial plants extracts for the preparation
of potential nanomaterial based drugs for diseases including cancer
(Ahmad et al., 2015; Olas et al., 2015; Akbar, 2020; Al-Saleem et al.,
2019). Many plant species are already being used to treat or prevent
development of cancer. Multiple researchers have identified species
of plants that have demonstrated anticancer properties with a lot of
focus on those that have been used in herbal medicine in developing
countries (Hamed et al., 2012; Al-Snai et al., 2019; Laghari et al.,
2011; Awaad Amani et al., 2006; Laghari et al., 2012). Recently, the
anticancer effects of Tinospora cordifolia, Sophora subprostrata, Eupho-
ria hirta, Barleria prionitis, Lubinus perennis, Maytenus boaria, Cephae-
lis acuminate, Phyllanthus niruri, Solanum seaforthianum, Boswellia
serrate, Lavendula officinalis, and Cephalotaxus harringtonia drupacea
have been proved (Soni and Krishnamurthy, 2013).

In the current research, the properties of silver nanoparticles for-
mulated by Hibiscus rosa-sinensis leaf aqueous extract against common
liver cancer cell lines i.e. pleomorphic hepatocellular carcinoma (SNU-
387), hepatic ductal carcinoma (LMH/2A), morris hepatoma (McA-
RH7777), and novikoff hepatoma (N1-S1 Fudr) were evaluated.

2. Material and methods

2.1. Green synthesis and chemical characterization of Ag
nanoparticles

First, the dried leaves of Hibiscus rosa-sinensis were grounded.
Then, 75 g of the sample was macerated in 800 mL of boiling
water for 5 h. After that, the extract was filtrated and evapo-
rated to concentrate. Finally, the extract was placed in a freeze
drier for 72 h. The obtained extract as brown powder was kept
in cold place. The green synthesis of Ag nanoparticles was car-
ried out according to a previous study. A 20 mL of Hibiscus
rosa-sinensis extract (1 g in 10 mL of deionized water) was
added to 50 mL of 15 mM NiSO,4-6H,0 in a flask. Then, to
adjust of the pH, 2 mL of NaOH (1%) was added dropwise
and shake for 25 min. Next the flask was put in an ultrasonic
bath (75 W) for 30 min. The AgNPs was formed as green par-
ticipates during the reaction time. The AgNPs was washed
with water for three times and then centrifuged at
10,000 rpm for 15 min. Finally, the precipitate was dried in
an oven at 45 °C.

UV-Vis. and FT-IR spectroscopy and SEM techniques
were used to characterize the biosynthesized AgNPs. Different
parameters of the nanoparticles, such as shape, particle size,
fractal dimensions, crystallinity, and surface area are obtained
by these techniques. The UV-Vis. spectra were obtained by a
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PhotonixAr 2015 UV—Vis. Spectrophotometer (200-800 nm);
The FT-IR spectra were recorded using a Shimadzu FT-IR
8400 in the range of 400-4000 cm” '(KBr disc);
MIRA3TESCAN-XMU was used to report the FE-SEM
images.

2.2. Antioxidant activities of Ag nanoparticles

DPPH radical can directly react to antioxidants. When this
radical is trapped by antioxidants, DPPH is revitalized from
an antioxidant by receiving a hydrogen atom. The free radicals
of this compound produce a purple color and can absorb at the
wavelength of 517 nm. Its absorption intensity decreases by
revitalization and it changes to yellow. The antioxidant
strength depends on the reduction percentage of initial dark
purple color to the yellow color. The greater is the number
of hydroxyl groups of antioxidant phenyl loop; the higher is
the number of hydrogen atoms for reaction with DPPH and
its stabilization (Shaneza, 2018). In our study, to determine
the trapping potential of DPPH, different concentrations of
the AgNPs were mixed with 2 mL 0.004% DPPH solution.
The control solution contained 2 mL DPPH and 2 mL ethanol.
The solutions were kept in darkness at room temperature for
30 min. Then, the absorption rate of the samples was measured
at 517 nm by the following formula compared to the control
sample (Shaneza, 2018):

o Sample A.
Inhibition(%) = Control A~ 100

IC50 factor was used to evaluate better the antioxidant
activity, which indicates the concentration of the Ag nanopar-
ticles that can reduce the concentration of free radical DPPH.
The initial is 50% of the initial value, and the lower the
amount, the greater the antioxidant activity (Shaneza, 2018).

2.3. Anti-human liver cancer potentials of Ag nanoparticles

In this research, we used the following Cell lines to evaluating
anti-human liver cancer and cytotoxicity effects of Ag
nanoparticles using an MTT method.

a) Human liver cancer cell lines: pleomorphic hepatocellu-
lar carcinoma (SNU-387), hepatic ductal carcinoma
(LMH/2A), morris hepatoma (McA-RH7777), and
novikoff hepatoma (N1-S1 Fudr).

b) Normal cell line: HUVEC.

The cytotoxic assay was performed using MTT reagent (3-
(4, 5-dimetylthiazol-2-yl)-2, 5- diphenyltetrazolium bromide)
(Sigma, Germany) according to the manufacturer’s protocol.
Viable cells (1.5 x 10%) were seeded in 96-well flat bottom
plates. When cells reached more than 80% confluence, the
medium was replaced and cells were incubated with AgNPs
at several concentrations, at a maximum concentration of
dimethyl sulphoxide (DMSO) 0.05% (v/v). After 24 h, the
supernatants were removed and cell layers were washed with
phosphate buffer saline (PBS, Invitrogen Gibco) and incu-
bated with MTT (50 pL, 2 mg/mL) in RPMI 1640 for 4 h in
a humidified atmosphere at 37 °C. The cell cultures were cen-
trifuged at 1000 g for 5 min and the supernatants were dis-
carded. Subsequently, 200 pL of dimethyl sulfoxide (DMSO,

Sigma, USA) and 25 pL Sorenson buffer were added to dis-
solve the formazan crystals formed. The optical density col-
ored solution was quantified at 570 nm wavelengths by an
enzyme linked immunoabsorbent assay reader (ELISA
Reader, Bio-Rad). The absorbance of untreated cells was con-
sidered as 100%. All treatments were assayed in triplicate in
three independent experiments. Fifty percent of inhibition con-
centration (IC50) was calculated by Graph Pad Prim 4 soft-
ware. Percent growth inhibition of cells exposed to
treatments was calculated as follows (Arunachalam, 2003):
L Sample A.

Cell viability(%) = Control 4. = 100

Finally, linear regression was done to gain IC50, which
indicates the nanoparticles concentration, which causes 50%
cancer cell growth inhibition. Using the curve, the line equa-
tion for cancer cells was obtained, respectively, then by replac-
ing 50% inhibition in the equation, the IC50 value for cancer
cells was obtained (Olas et al., 2015).

2.4. Statistical analysis

SPSS statistical software version 22 was used for data analysis
and the findings were determined as the mean standard devia-
tion of 5 replications. Data were analyzed using one-way anal-
ysis of variance and Duncan post hoc test and the significance
level in the test was considered 0.05.

3. Results and discussion
3.1. Chemical characterization of Ag nanoparticles

3.1.1. UV=Vis. analysis

UV-Vis spectroscopy is an analytical technique that measures
the amount of discrete wavelengths of UV or visible light that
are absorbed by or transmitted through a sample in compar-
ison to a reference or blank sample. This property is influenced
by the sample composition, potentially providing information
on what is in the sample and at what concentration. Since this
spectroscopy technique relies on the use of light, let’s first con-
sider the properties of light (Katata-Seru et al., 2018; Harshiny
et al., 2015).

The UV-Vis. spectra of the green-synthetic nanoparticles of
Ag nanoparticles is presented in Fig. 1. The surface plasmon
resonance (SPR) of Ag nanoparticles was completed using
UV-Vis. spectroscopy. The produce of the biosynthetic Ag
nanoparticles was observed. The advanced SPR bands at the
wavelength of 428 nm approved the formation of the Ag
nanoparticles. The bands are very close to a previously
reported on the green synthesized of Ag nanoparticles
(Katata-Seru et al., 2018; Harshiny et al., 2015).

3.1.2. FT-IR analysis

Fourier Transform Infrared Spectroscopy, also known as
FTIR Analysis or FTIR Spectroscopy, is an analytical tech-
nique used to identify organic, polymeric, and, in some cases,
inorganic materials. The FTIR analysis method uses infrared
light to scan test samples and observe chemical properties
(Mahdavi et al., 2020; Igbal et al., 2019; Zhang et al., 2021).

The FT-IR spectrum of Ag nanoparticles is shown in Fig. 2.
The formation of Ag nanoparticles is approved by the presence
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Fig. 1 UV-Vis. the spectrum of biosynthesized Ag nanoparticles.
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Fig. 2 FT-IR spectra of biosynthesized Ag nanoparticles.

of the peak at wavenumber of 552 cm™'. These peaks attribute
to bending vibration of Ag-O. Similar peaks with some differ-
ences in the wavenumber have been reported for green-
synthetic Ag nanoparticles by other research groups
(Mahdavi et al., 2020; Iqgbal et al., 2019; Zhang et al., 2021).
The other peaks in the spectrum are attributed to the func-
tional groups of different organic compounds in Hibiscus
rosa-sinensis extract, which are linked to the surface of Ag
nanoparticles. The presence of secondary metabolites such as
phenolic, flavonoid, triterpenes in  Hibiscus  rosa-
sinensisextract has been reported previously (Breous and
Thimme, 2011; Bruix et al., 2014; Burroughs et al., 2004).
The peaks in 3432 and 2916 cm ™! are related to O—H and ali-
phatic C—H stretching; the peaks from 1418 to 1612 cm ™' are
corresponded to C—C and C=O0 stretching, and the peak at
1102 cm ™! could be ascribed to C—O—C stretching.

3.1.3. SEM analysis

Scanning Electron Microscopy (SEM) is a test process that
scans a sample with an electron beam to produce a magnified
image for analysis. The method is also known as SEM analysis
and SEM microscopy, and is used very effectively in micro-
analysis and failure analysis of solid inorganic materials. Elec-
tron microscopy is performed at high magnifications, generates
high-resolution images and precisely measures very small fea-
tures and objects (Mahdavi et al., 2019; Baghayeri et al.,
2018; Nwanya et al.,, 2020; Baranwal et al., 2018;
Rameshthangam and Chitra, 2018; Ibraheem et al., 2019;
Chen et al., 2013).

The morphology of Ag nanoparticles was assessed by the
SEM technique. Fig. 3 presents the SEM of Ag nanoparticles.
The images show the spherical shape for the nanoparticles with
average particle size of 48.52 nm. Furthermore, the nanoparti-
cles are aggregated. In our literature review, 10-100 nm was
reported for biosynthesized of Ag using plant extracts as the
capping agent (Mahdavi et al., 2019; Baghayeri et al., 2018;
Nwanya et al., 2020; Baranwal et al., 2018; Rameshthangam
and Chitra, 2018; Ibraheem et al., 2019; Chen et al., 2013).

3.2. Cytotoxicity, anti-human liver cancer, and antioxidant
activities of Ag nanoparticles

Free radicals are destructive compounds that are produced as
a by-product by the body’s chemical reactions and are
destroyed by the body’s defense system and enzyme system
and antioxidants. However, in cases where the body’s meta-
bolic disorders and the production of free radicals are high
and they are not destroyed by the neutralizing system, due to
their instability, these compounds have a strong tendency to
react with a variety of molecules in the body (Kuang et al.,
2013; Mao, 2016; You et al., 2012; Katata-Seru et al., 2018).
It is estimated that each cell in the human body is exposed
to free radicals 10,000 times a day and DNA strands 5000
times a day. Damage to cell components includes proteins (ge-
netic disorder), fats (lipid oxidation), and cell membranes (per-
meability disorder) that if the damage is not repaired, it leads
to disruption of the chemical reaction and normal proteiniza-
tion of the cell and the formation of harmful compounds and
sometimes cancer cells in the body (Sangami and Manu, 2017,
Namvar et al., 2014; Radini et al., 2018; Sankar et al., 2014). It
is reported that thousands of cancer cells are produced daily in

Fig. 3 SEM Images of FeSNPs.
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Table 1 The IC50 of silver nanoparticles in the anti-liver
cancer test.

Silver nanoparticles

(ng/mL)
IC50 against HUVEC —
IC50 against pleomorphic hepatocellular 223
carcinoma (SNU-387)
IC50 against hepatic ductal carcinoma 185
(LMH/2A)
IC50 against morris hepatoma (McA- 265
RH7777)
IC50 against novikoff hepatoma (N1-S1 188
Fudr)

the human body that are killed by the body’s defense system.
In some cases, due to dysfunction of the above systems, cancer
cells proliferate and conditions for cancer development in dif-
ferent tissues (Igbal et al., 2019; Zhang et al., 2021; Mahdavi
et al., 2019; Baghayeri et al., 2018; Nwanya et al., 2020).
According to the above, antioxidants play a vital role in pre-
venting disorders caused by the effects of free radicals and thus
the prevention and treatment of cancer. Antioxidants are a
wide range of molecular compounds with complex properties
that combine with and neutralize free radicals. The results
show that more than 60,000 types of molecular antioxidants
have been identified so far. Antioxidants can be effective in
three known ways to prevent and treat cancer; 1. Destruction
of free radicals 2. Strengthen the immune system to destroy
cancer cells. Prevent the adhesion of cancer cells to other cells
and prevent their proliferation (Mao, 2016; You et al., 2012;
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Fig. 4 The anti-liver cancer properties of silver nanoparticles against pleomorphic hepatocellular carcinoma (SNU-387 (I)), hepatic
ductal carcinoma (LMH/2A (II)), morris hepatoma (McA-RH7777 (111)), and novikoff hepatoma (N1-S1 Fudr (IV))) cell lines.
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Katata-Seru et al., 2018; Sangami and Manu, 2017; Namvar
et al., 2014).

The treated cells with different concentrations of the pre-
sent Ag salt, Hibiscus rosa-sinensis leaf aqueous extract, and
Ag nanoparticles were assessed by MTT assay for 48 h about
the cytotoxicity properties on normal (HUVEC) and liver
malignancy cell lines i.e. pleomorphic hepatocellular carci-
noma (SNU-387), hepatic ductal carcinoma (LMH/2A), mor-
ris hepatoma (McA-RH7777), and novikoff hepatoma (N1-S1
Fudr). The absorbance rate was evaluated at 570 nm, which
represented viability on normal cell line (HUVEC) even up
to 1000 pg/mL for Ag salt, Hibiscus rosa-sinensisleaf aqueous
extract, and Ag nanoparticles (Tables 1 and Fig. 4). The viabil-
ity of malignant liver cell lines reduced dose-dependently in the
presence of Ag salt, Hibiscus rosa-sinensis leaf aqueous extract,
and Ag nanoparticles. The IC50 of Ag nanoparticles were 223,
185, 265, and 188 pg/mL against pleomorphic hepatocellular
carcinoma (SNU-387), hepatic ductal carcinoma (LMH/2A),
morris hepatoma (McA-RH7777), and novikoff hepatoma
(N1-S1 Fudr) cell lines, respectively (Tables 1 and Fig. 4).

Many nanoparticles have pharmacological and biochemical
properties, including antioxidant and anti-inflammatory prop-
erties, which appear to be involved in anticarcinogenic and
antimutagenic activities (Radini et al., 2018; Sankar et al.,
2014; Beheshtkhoo et al., 2018). It seems that the anti-
human liver cancer effect of recent nanoparticles is due to their
antioxidant effects. Because tumor progression is so closely
linked to inflammation and oxidative stress, a compound with
anti-inflammatory or antioxidant properties can be an anticar-
cinogenic agent (Radini et al., 2018; Sankar et al., 2014).

In this study, we assessed the antioxidant properties of
Hibiscus rosa-sinensis leaf aqueous extract green-synthesized
Ag nanoparticles by using the DPPH test as a common free
radical. Antioxidants produced in the body fight free radicals
with two systems: enzymatic defense and non-enzymatic
defense. Superoxide dismutase, catalase, and glutathione per-
oxidase metabolize lipid peroxide, hydrogen peroxide, and
superoxide and prevent the production of toxic hydroxyl rad-
icals (Kooti et al., 2017; Shaneza, 2018). In non-enzymatic
defense, there are two classes of fat-soluble antioxidants (such
as carotenoids and vitamin E) and water-soluble (glutathione
and vitamin C) that trap free radicals. These two systems help
neutralize oxidants. However, oxidants can escape from
antioxidants and damage tissues. In this case, the activated
antioxidant repair system (which is the enzymes lipase, pro-
tease, transferase and DNA repair enzymes), counteract the
oxidant effects. However, due to deficiencies in the production
of antioxidants in the body or due to physiopathological fac-
tors and situations (such as smoking, air pollution, UV radia-
tion, diets containing high unsaturated fatty acids,
inflammation, ischemia, bleeding, etc) that ROS are yielded
in large quantities at the wrong place and time, oral antioxi-
dants are needed to counteract the oxidative damage cumula-

Table 2 The IC50 of silver nanoparticles and butylated
hydroxytoluene (BHT) in antioxidant test.

Silver nanoparticles (pg/ BHT (ng/
mL) mL)
IC50 against DPPH 106 70

tive effects (Al-Snai et al., 2019; Laghari et al., 2011; Soni and
Krishnamurthy, 2013).

The scavenging capacity of Hibiscus rosa-sinensis leaf aque-
ous extract green-synthesized Ag nanoparticles and BHT at
different concentrations expressed as percentage inhibition
has been indicated in Table 2 and Fig. 5.

In the antioxidant test, the IC50 of Ag nanoparticles and
BHT against DPPH free radicals were 106 and 70 pg/mL,
respectively (Fig. 5) (see Fig. 6).
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Fig. 5 The cytotoxicity effects of silver nanoparticles against
normal cell line.
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Fig. 6 The antioxidant properties of silver nanoparticles and
butylated hydroxytoluene (BHT) against DPPH.
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4. Conclusion

After clinical study, Ag nanoparticles containing Hibiscus rosa-sinensis
leaf aqueous extract can be utilized as an efficient drug in the treatment
of liver cancer in humans. In summary, the nanoparticles were charac-
terized using common chemical techniques such as UV-Visible, FT-
IR, and SEM. The IC50 of Ag nanoparticles and BHT against DPPH
free radicals were 316 and 231 pg/mL, respectively. The SEM images
indicated a spherical morphology for Ag nanoparticles with average
size of lesser than 50 nm, which is well known as a sufficient size for
the synthetic nanoparticles. The viability of malignant liver cell lines
reduced dose-dependently in the presence of Ag nanoparticles. The
1C50 of Ag nanoparticles were 477, 548, and 605 pg/mL against pleo-
morphic hepatocellular carcinoma (SNU-387), hepatic ductal carci-
noma (LMH/2A), morris hepatoma (McA-RH7777), and novikoff
hepatoma (N1-S1 Fudr) cell lines, respectively.
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