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Abstract: Silver nanoparticles (AgNPs) have been used as a potential nanomaterial-based drug delivery vehicle for liver
cancer treatment, as it induces cell death and produces cytotoxicity against cancerous cells at a low concentration. The
biosynthesis of green metallic nanoparticles uses secondary metabolites in plant extracts instead of toxic chemicals for a
reduction-oxidation (redox) reaction. The biosynthesis of AgNPs with the aqueous extract of Clerodendron phlomoides was
performed in this study. The phytochemical analysis of C. phlomoides extract using gas chromatography-mass spectrometry
(GC-MS) confirmed the presence of redox metabolites. The peak at 489 nm in UV-visible spectra confirmed the formation of
bioactive AgNPs reduced from silver nitrate solution, whereas the Fourier-transform infrared (FTIR) spectra indicated the
bioactive molecules of plant extracts that are responsible for the formation. Scanning electron microscope (SEM) micrograph
revealed the formation of spherical and ovoid structures of AgNPs, whereas transmission electron microscope (TEM)
micrograph confirmed the size of AgNPs, which varies from 25 nm to 100 nm. X-ray diffraction (XRD) spectra showed the
crystalline nature of AgNPs, and the size of crystallite was 4 nm, while dynamic light scattering (DLS) analysis confirmed
the average particle size of AgNPs to be around 125 nm. In vivo studies showed that bioactive AgNPs have a significant
anticancer potential against liver cancer, whereas biochemical studies of rats’ liver tissue samples confirmed that bioactive

AgNPs produced a potential hepatoprotective effect against diethylnitrosamine-induced liver cancer.
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1. Introduction

One of the most important organs is the liver and it functions mainly for various metabolism involved in
the body. It predominantly works for glucose homeostasis, storage of vitamins and minerals, lipid synthesis
and metabolism, maintenance of excess amino acids, ammonia, and bile production 1. Apart from these
functions, the liver plays a major role in the detoxification and metabolism of toxic and xenobiotics and
produces enzymes such as cytochrome P450 (CYP 450). This enzyme converts toxic chemicals into
hydrophilic substances for easy excretion in the urine via metabolism 21, Hepatocellular carcinoma (HCC)
is a form of liver cancer that is caused by genetic alterations, albeit the progression of HCC remains obscure
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in the pathophysiology. The predicted genetic alterations for HCC included mutations, amplifications, and
deletions in genomic aspects, as well as epigenetic alterations such as abnormal changes in methylation
patterns 1. HCC has a high metastatic potential and confrontation with contemporary therapeutic
approaches that is the most challenging in the field of clinical oncology ™. Therefore, there is a critical
requirement for developing new therapeutic drugs and more efficient site/target-specific drug delivery
vehicles M1,

In past decades, metallic nanoparticles have played an important role in medicine for the treatment of
various ailments, such as cancer ). Precious metal nanoparticles have notable properties, such as excellent
biocompatibility, stability, and photostability. In addition to that, metallic nanostructures have favorable
physical, chemical, and biological properties as well as functionality in view of their nanoscale size ©71,
Silver and its oxide nanoparticles (AgNPs) are the predominant metallic nanomaterials used for various
functional applications . It has considerable properties such as catalytic, optical, and antimicrobial
properties. AgNPs play a predominant role as potential antimicrobial bionanomaterials against various
microorganisms and pathogens. Through various mechanisms such as cell membrane breakage and
penetration, silver ion in AgNPs eradicates and combats pathogens effectively 1.

AgNPs have not only a bacteriostatic and chemotherapeutic effect but also the capacity for inducing
apoptosis in cancerous cells 2%, The reported mechanism of AgNPs-induced cell apoptosis is the cleavage
of double-strand DNA, follow by oxidative stress production via the formation of free radicals, leading to
the instability of chromosomes 2. The size of AgNPs is one of the biggest advantages in producing
anticancer potential against cancerous cells. Smaller nanoparticles penetrate the cancerous cells much more
efficiently as compared to larger particles and interact with the nucleus by delivering either the anticancer
agents or the biotherapeutic agents and producing more cytotoxic against the cancerous cells. Hence AgNPs
can be used as a base biomaterial for the fabrication of drug targeting and delivery into the cells 3. AgNPs
also contribute as diagnostic agents, image contrast agents, and also biosensors to achieve the specific
imaging process in biomedical applications. A recent study also showed that AgNPs can be used as
chemotherapeutic material for the treatment of diethylnitrosamine (DEN)-induced liver cancer and gives
hepatoprotective activity to the liver cells against DEN toxicity [*4],

Numerous investigations on silver nanoparticle synthesis were reported. However, the chemical and
physical methods for the synthesis of AgNPs have several limitations in the formation of nanoparticles, as
there was consumption of toxic and expensive chemicals. To eliminate these limitations, green synthesis of
silver nanoparticles via plant extract promotes the reduction and oxidation (redox) of silver nitrate solution
into silver nanoparticles. The plant extract consists of various secondary metabolites functioning as agents
for redox reactions leading to the formation of nanoparticles. Furthermore, these secondary metabolites
make nanoparticles bioactive via coating nanoparticles [*°1,

Clerodendrum phlomidis Linn is a well-known medicinal plant used in Traditional practice and culture,
and its leaves have been used in Ayurvedic and Siddha Medicine. This plant medicine was used for the
treatment of inflammation, diabetes, nervous disorder, asthma, rheumatism, digestive disorders, urinary
infection and disorders, and bitter tonic. The alcoholic and aqueous extract of the leaves has properties such
as analgesic, anti-diarrheal, anti-plasmodial, hypoglycemic, minor tranquilizers, anti-asthmatic, anti-fungal,
nematicidal, anti-amnestic, and anti-arthritic. Therefore, it was considered a material used for the green
synthesis of nanoparticles considering its wide therapeutic potential (261,

This paper investigated the anticancer potential of silver nanoparticles against liver cancer induced in
albino rats and biochemical studies of tissue taken from the liver treated by silver nanoparticles. The silver
nanoparticles will be synthesized via a green synthetic approach with the extract from the leaves of
Clerodendrum phlomidis Linn, hereby known as C. phlomidis.
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2. Materials and methods

Analytical grade chemicals were supplied by Merck Sigma-Aldrich (USA), HiMedia Laboratories (India),
and S.D. Fine Chem Ltd. (India), and were used throughout this scientific work. Silver nitrate (AR Grade)
was the major precursor used in the synthesis of silver nanoparticles (AgNPs).

2.1. Plant extract preparation:

Five grams of C. phlomidis dried leaves were well grounded and soaked in 100 ml of the double-distilled
water for 3 hours and then boiled for 30 min at a temperature of 100 + 5°C until the solution turned
completely brownish and turbid with crude plant extract. The given solution was cooled down to room
temperature of nearly 15°C to 20°C, followed by filtered with Whatman 1 filter paper for the collection of
the resultant filtrate, which contained the potential secondary metabolites and various bioactive molecules.
This filtrate was then stored in a cold room at a temperature of 4°C for further use in the biosynthesis of
silver nanoparticles.

2.2. Biosynthesis of silver nanoparticles

One millimolar of silver nitrate (Sigma AR Grade) was dissolved in 100 mL of double-distilled water and
then added to 10 mL of an aqueous plant extract. The whole mixture was mixed under continuous stirring
at 70 rpm. This experiment was carried out at a temperature of 50°C and a pH of 7 was maintained.
Synthesized silver nanoparticles were centrifugated at 12,000 rpm. The freeze-dried silver nanoparticles
were performed by a lyophilizer and the dried AgNPs were used for particle size analysis, morphological
and topographical analyses, X-ray diffraction (XRD) studies, and zeta potential studies. The dried silver
nanoparticles were used for anticancer activity studies against DEN-induced liver toxicity in albino rats.

2.3. Analysis of plant extract using gas chromatography-mass spectrometry

The given plant extracts were subjected to phytochemical analysis via gas chromatography-mass
spectrometer (GC-MS), which evaluates the identification of the types of secondary metabolites. Perkin
Elmer Auto System XL GC-MS analyzer was used, where 70 eV has been used for electron ionization
energy for GC-MS analysis, and helium gas was used as a mobile gas phase and carrier. Helium was used
at a flow rate of 1.51 mL/min with a plant extract sample load of 2 uL. Total GC-MS running time was 22
min. TurboMass software was used to analyze the chromatogram of the plant extracts. Identification of the
compounds was carried out with the support of a database in the National Institute of Standards and
Technology (NIST).

2.4. UV-visible spectroscopy studies of silver nanoparticles

Ten milliliters of plant extract were mixed with 1 mM AgNOs solution to synthesize bioactive nanoparticles.
The formation of AgNPs was confirmed as the solution changed to brown color within 30 minutes. The
plant extract contains plant flavonoids that can reduce AgNOs into silver nanoparticles. The size, shape,
concentration, and agglomeration of AgNPs were investigated using UV-visible (UV-vis)
spectrophotometer. The comparison between the free nanoparticles and agglomerated nanoparticles was
investigated by studying the surface plasmon resonance (SPR) absorption band. For the agglomerated silver
nanoparticles, the absorption band shifts to red (longer wavelength) as compared to the absorption band of
free silver nanoparticles.

2.5. Scanning electron microscopy of silver nanoparticles
The morphology and shape of the AgNPs were evaluated using scanning electron microscopy (SEM) JEOL
JSM IT1800. Dried AgNPs were subjected to SEM evaluation for analysis of the surface topography of the
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nanoparticle. The carbon tape was stuck on the metallic stub and then a small quantity of AgNPs was added
to the carbon tape and spread well on the area 5 x 5 mm. Nitrogen was then sprayed on the sample on the
stub to remove any free nanoparticles. The images are taken in secondary electron mode in an SEM
instrument and the SEM micrographs are captured at 5 microns.

2.6. Transmission electron microscopy of silver nanoparticles

The shape and topography of the silver nanoparticles were evaluated using transmission electron
microscopy (TEM), which can be interpreted for anticancer activity. A drop of AgNPs suspension was
taken on the copper grid and dried before image capture. The TEM micrographs were captured for the
analysis of the size and shape of AgNPs.

2.7. Fourier-transform infrared spectroscopy studies of silver nanoparticles and secondary
metabolites:

The silver nanoparticles coated by the secondary metabolites were analyzed using Fourier-transform
infrared (FTIR) spectroscopy. In this analysis, the functional groups of secondary metabolites in the plant
extract and then coated on the silver nanoparticles are investigated with FTIR spectra. The functional groups
in the plant extract responsible for the reduction of silver nitrate into silver nanoparticles were also analyzed
using FTIR RX1-Perkin Elmer in the wavelength range 4000-400 cm™.

2.8. X-ray diffraction analysis

The crystalline nature of biosynthesized silver nanoparticles was evaluated using X-ray diffraction (XRD)
analysis with XPERT-PRO using monochromatic Cu ka radiation (1 = 1.5406 A) operated at 40 kV and
30 mA at a 26 angle pattern, and the scanning was performed in the region from 20° to 80°. The collected
data were analyzed with the support of the Joint Committee on Powder Diffraction Standards (JCPDS)
library to account for the crystalline structure of silver nanoparticles.

2.9. Dynamic light scattering analysis

The size distribution and stability of biosynthesized nanoparticles were investigated using a dynamic light
scattering (DLS) instrument from Malvern Panalytical. The zeta potential of AgNPs was also determined
by this measurement.

2.10. In vivo studies for evaluation of the anticancer potential of metallic nanoparticles

The biochemical studies of the anticancer potential of AgNPs were investigated via animal studies using
Wister albino rats. Group 1 is considered the control group where the rats were fed with standard rat chow
and pure drinking water ad libitum. For Groups 2-6, the rats were induced with liver carcinogenesis via
intra-peritoneal injection of DEN (25 mg/kg body weight) in a single administration. DEN was dissolved
in 0.5 mL of sterile water. In Group 3, the DEN-induced rats were treated with AgNPs to evaluate the
anticancer potential of nanoparticles. The oral administration of AgNPs with a concentration of 10 mg/kg
body weight was fed into the rats daily for 30 days. Group 4 DEN-induced rats were treated with selenium
nanoparticles (SeNPs), group 5 DEN-induced rats were treated with palladium nanoparticles (PdNPs), and
group 6 DEN-induced rats were treated with plant extracts.

3. Results and discussion

The phytochemical analysis of the plant extract was evaluated via GC-MS and chemical methods to
evaluate the type of secondary metabolites in the extract. These secondary metabolites play a major role in
the synthesis of silver nanoparticles and also coat the nanoparticles to achieve biological activity and
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produce therapeutic effects such as anticancer potential against cancerous cells in the DEN-induced liver.
In addition to that, these secondary metabolites act as redox agents in the biosynthesis of silver nanoparticles
in an eco-friendly approach without any harmful products. These secondary metabolites increase the
synergistic mechanism of AgNPs via coating the nanoparticles. As a result, the therapeutic effect of the
biosynthesized nanoparticles was enhanced 17,

3.1. Phytochemical analysis

Agqueous extract of C. phlomoides was tested for their phytochemical constituents using various qualitative
assays. In this study, alkaloids, flavonoids, phenols, glycosides, carbohydrates, and terpenoids were found
in the aqueous extract of C. phlomoides. The results obtained were tabulated in Table 1 stating that
glycosides were present in leaves extract of C. phlomoides; flavonoids and alkaloids were present in all
parts of the plant. The aqueous leaves extract showed positive for several phytoconstituents and the active
constituents act as redox agents for the synthesis of silver nanoparticles.

Table 1. GC-MS data of C. phlomoides plant aqueous leaves extract

Chemical compounds RT Area Molecular Molecular Compounds
formulae Weight
2-Hexadecen-1-0l,3,7,11,15- 33.790 1.40 C,0H400 296 Acyclic diterpene
tetramethyl-,[R-[R*,R*-(E)]]-(CAS)Phytol alcohol
9,12,15-Octadecatrienoic acid, methyl 37.058 12.39 Ci9H3,0, 292 -
ester,(Z,Z,2)-(CAS)Methyl linolenate
Naringenin 24.032 19.50 Ci5H120s 272.068 Polyphenolic
compounds

6-Methoxy apigenin (Hispidulin) 19.50 Ci6H1206
a-terpinene C 0.03 CioHsO3 136 Terpenoid
1,2,3-Propanetriol (CAS) Glycerol 10.332 2.29 C3Hs03 92 Polyol
Geranyl Linalool isomer 38.757 4.68 CyoH340 290 Terpenoids
4H-Pyran-4-one, 2,3-dihydro-3,5- 33.142 0.59 CeHsO4 144 Flavonoid
dihydroxy-6-methyl Fraction
Quercetin 17.17 19.50 CHO 270 Flavonoids
1,2,3-Propanetriol (CAS) Glycerol 10.332 2.29 C3H;z03 92 Polyol
Ethyl iso-allocholate 35.367 0.06 C26H1405 436 Steroid

Table 2 summarizes the presence of the various secondary metabolites in an aqueous plant extract and
these metabolites coated on the silver nanoparticles. Carbohydrates, alkaloids, flavonoids, and terpenoids
are present on the AgNPs via coating while synthesizing the nanoparticle. These secondary metabolites
present on the silver nanoparticles produce anticancer activity against liver cancer that not only targets
directly the cancerous cell in the liver but also synergistically produces a therapeutic effect against the
cancer cell.

Table 2. Phytochemical analysis of C. phlomoides plant agueous leaves extract and AgNPs

Phytochemical Plant extract AgNPs

Carbohydrates + +

(Continued on next page)
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(Continued from previous page)

Phytochemical

Plant extract

AgNPs

Glycosides
Alkaloids

+

+++

++

Flavonoids
Steroids
Tannins
Saponins
Terpenoids
Polyphenols

+ + + 4+ + +

Figures 1 and 2 show the GC-MS of C. phlomoides plant aqueous leaves extract. The spectra
confirmed the presence of various secondary metabolites with the elucidated structure of the compounds in
the extract. These compounds can produce various pharmacological effects with silver nanoparticles. As
discussed earlier, these compounds also act as redox agents for the synthesis of silver nanoparticles.
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Figure 1. GC-MS data of C. phlomoides plant aqueous leaves extract
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Figure 2. GC-MS data of C. phlomoides plant aqueous leaves extract

3.2. UV-visible analysis of AgNPs
Figure 3 reveals the UV-visible spectra of silver nanoparticles confirming that the silver nanoparticles
formed at 489 nm. The synthesis of silver nanoparticles using Peltophorum pterocarphum plant extract was
observed at the same absorption range from 390 to 490 nm. After the addition of plant extract, the colorless
silver nitrate solution changed to brown color due to the biological reduction of silver nitrate into silver
nanoparticles. The silver nanoparticle has free electrons giving the SPR band. The synthesized nanoparticle
absorbs the SPR exactly at 489 nm and the range starts from 360-550 nm.
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Figure 3. UV-visible spectroscopy analysis of silver nanoparticles

3.3. Fourier-transform infrared analysis of AgNPs
Figure 4 revealed the FTIR spectra of plant extract and silver nanoparticles. FTIR reported the bioactive
macromolecules from the plant extract responsible for capping and stabilizing the silver nanoparticle
improving their bioactive anticancer potential. Figure 4A shows the notable peaks at 3922, 3479, 2097,
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and 1639 cm™. The peaks at 3479 and 1639 cm™ represent the N-H stretching and bending vibration through
amines from the proteins and other bioactive compounds of the plant extracts. The peak at 1639 cm™ was
observed in plant extract for the presence of NH2 groups in amino acid. The presence of O-H stretching
was noted at the peak of 3922 cm™. When comparing both FTIR spectra of plant extract and silver
nanoparticles, the shift at higher ranges was seen. The polyphenols compounds of the plant are the source
of OH groups and are responsible for the reduction of silver ions. This type of shift leads to the bind silver
ion with free—-NH groups in plant extract resulting in the stabilization of silver nanoparticles 8. The
predominant peaks in FTIR spectra were 1639-1642 cm™ (protein groups), 2097-2103 cm™, and 3479-3516
cm* (amide 1 group). The peak at 2071 cm™ shows the C-H stretching in the aldehyde group.

100

(a—P.E , 12103
80 |(b)——AgNps T642 2097
1639

60
%T

40 |

20

T T T T T T T
500 1000 1500 2000 2500 3000 3500 4000

-1
Wavenumber cm

Figure 4. FTIR spectra of (a) Plant leaf extract and (b) Silver Nanoparticles

3.4. Scanning electron microscopy analysis

Figure 5 represents the structure and morphology of the green-synthesized AgNPs in SEM with energy
dispersive X-ray (EDX) analysis. The spherical and ovoid structure of AgNPs was observed in the SEM
micrograph. The elemental composition of green-synthesized AgNPs was observed from the EDX analysis.
The yield of AgNPs was found to be 28.7%. When compared to Ag and O, the presence of other elements
such as C and N were found to be present in a negligible amount. The composition of C and N present in
the EDX analysis was low as compared to Ag and O, hence it could not be shown. Table 3 shows the
elemental composition of silver nanoparticles. The presence of oxygen in nanoparticles confirmed that a
portion of silver was oxidized into silver oxide.

View field: 26.7 ym
SEM MAG:4.77 kx  Dategm'dly): 08/1413 NANOTECH, ANNA UNIVERSITY

Figure 5. SEM image of green synthesized silver nanoparticles
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Table 3. Quantitative analysis of AgNPs

Element Net count Weight % Atom %
0] 4462 29.06 73.42
Ag 29051 70.94 26.58
Total 100.00 100.00

3.5. Transmission electron studies:

Figure 6 shows the particle size varying from 25 to 100 nm. The aggregated nanoparticles cause size
variation and wide size distribution. TEM reveals nanoparticles are well separated and aggregated. The
shape of AgNPs was a sphere and predicted good interaction with cancerous cells due to larger surface
volume area as compared to other shapes. As a result, the secondary metabolites on the surface of the
AgNPs can penetrate the cancer cells of the liver and produce anticancer activity against the cancerous cell.
The smaller particles (< 100 nm) produce more cytotoxic in cancerous cells than larger particles (> 100 nm)
and penetrate the cell nucleus more effectively.

Figure 6. TEM images of silver nanoparticles

3.6. X-ray diffraction analysis

Figure 7 shows the XRD spectra of silver nanoparticles confirming that the nanoparticles were crystalline.
The 26 values were found to be 27.9°, 32.8°, 38.14°, and 46.2°, which corresponds to (220), (311), (111),
and (100) planes of pure silver and coincides with ICDD (International Center for Diffraction Data) file
No0.01-1167. Fewer intensity peaks were observed in the area other than AgNPs, which may be due to the
presence of biomacromolecules in an aqueous extract of C. phlomoides. Similar XRD results were
previously reported for green synthesized silver nanoparticles with face-centered cubic (FCC) structure 181,
From the XRD value, it could be confirmed that the crystalline silver nanoparticles were effectively bio-
reduced by C. phlomoides plant extract.
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Figure 7. XRD spectra of silver nanoparticles
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3.7. Dynamic light scattering and zeta potential analysis

Figure 8 shows the zeta potential for biologically reduced AgNPs. The zeta potential values range between
+25 mV and -25 mV confirming highly stable nanoparticles that are highly pH and electrolyte concentration
dependent. In the present investigation, AgQNPs showed a negative zeta potential value and were found to
be -6.02 mV and stable. The maximum particle size distribution falls in the range of 1200 nm and next the
aggregated particle distribution shows high in the figure of size distribution by density.
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Figure 8. Size distribution of silver nanoparticles

3.8. Biochemical in vivo studies

In the biochemical studies, the therapeutic performance of the silver nanoparticle was evaluated and also
compared with other metallic nanoparticles such as palladium and selenium nanoparticles. The anticancer
potential of these nanoparticles including silver nanoparticles was investigated through the enzymatic
analysis via biochemical studies and antioxidant expression in the tissue after the DEN-induced rats were
treated with the nanoparticles.

3.8.1. Liver pathological enzyme analysis

As shown in Figure 9, the serum pathophysiological enzymes like aspartate aminotransferase (AST),
alkaline transferase (ALT), alkaline phosphatase (ALP), and lactate dehydrogenase (LDH) in the control
and experimental rats showed no significant difference in their activity. The DEN-induced rats that were
administered with AgNPs exhibited about 1.5 times higher AST enzymic activity compared to the control
group 1. Similarly, other enzymes like ALT, ALP, LDH, and gamma-glutamyl transferase (yGT) were also
found to be increased. It is interesting to note that the treatment of DEN-induced rats with SeNPs decreased
the serum pathophysiological enzyme level: AST from 143 to 91.05 U/L, ALT from 134.02 to 90.5 U/L,
ALP from 221 to 170.34 U/L, LDH from 241 to 211.5 U/L and yGT 11.05 to 7.2 U/L. In AgNPs treated

10 Volume 7; Issue 4



group 3 rats, comparatively decreased enzyme activity was seen: AST from 143.21 to 106.34 U/L, ALT
from 134.02 to 124.58 U/L, ALP from 221 to 158 U/L, LDH from 241 to 208.43 U/L, and yGT from 11.05
to 9.23 U/L. However, in the case of PANPs treated group 5 rats, no satisfactory results were obtained.
When compared to SeNPs and AgNPs treated groups, the results were shown: AST decreased from 143 to
128 U/L, ALT from 134.02 to 128.01 U/L, ALP from 221 to 142.81 U/L, LDH from 241 to 180.32 U/L,
and yGT from 11.05 to 10.42 U/L. Meanwhile, there was not much difference between the DEN-induced
group 2 rats and PdNPs-treated group 5 rats. Plant extract-treated group 6 rats, did not show significant
changes in their values, which as shown in Figure 9.
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Figure 9. Effect of nanoparticles on serum liver pathological enzymes (a) ALT, (b) ALP, (¢) LDH, (d) AST, and (¢) yGT. Results
were expressed as mean = standard deviation (SD; n = 6). The significance when compared with the DEN-induced group of rats
was shown as ns (not significant), * (P < 0.05),** (P < 0.01), and *** (P < 0.005).
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The activities of liver pathophysiological enzymes AST, ALT, ALP, LDH, and yGT in control and
experimental rats are presented in Figure 9. In the DEN-induced group, there was a significant increase in
the activities of all of these enzymes, when compared to the control group. Among all the enzymes, the
activity of ALT was found to be drastically increased (221 U/L). Since the liver is the major site for the
metabolic enzymatic transformation of DEN molecule, it has been established that the unbearable
production of free radicals and toxic reactive oxygen species (ROS) in hepatic cells could be the reason for
oxidative stress, which ultimately leads to liver damage [*°l. The disease condition pathological changes
during the progression of tumors and its inhibition by chemopreventive agents are supposed to be revealed
in the biochemical analysis and histopathological studies of the host tumor residing system. Even though
there are so many macromolecules, most of the enzymes would leak from the damaged organ tissues, and
enzymes are discharged into the body fluids depending on their tissue specificity and catalytic activity.
Thus, the study of marker enzymes in serum and tissues is more important in the evaluation of respective
tissue damage. Usually, the serum enzymes including transaminases (AST and ALT), LDH, ALP, and GGT
denote the phase and function of the liver. Among other enzymes, transaminase elevation is considered to
be the most susceptible marker in the examination of hepatocellular damage and loss of membrane
functional integrity 21, Since ALT is considered a promising serum marker, the level of ALT in serum is
directly related to the high risk of HCC progression in hosts with chronic hepatitis 241,

LDH is one of the cytosolic enzymes that boost up the reversible oxidation of L-lactate substrate into
pyruvate product. Increased LDH activity in serum shows the impairment of hepatic tissues and cellular
leakage. The amount of LDH strongly corresponds to the size of the tumor, as the rate of glycolysis takes
place in cancerous conditions, which is the only energy source pathway for the tumor cells 2. ALP is
another important liver marker enzyme whose elevated levels in serum indicate diseased conditions and
alterations in bile flow. It is established from many studies, that the fast-dividing cells discarded a high
amount of ALP as they resided in the bile canalicular plasma membrane 23],

GGT is also considered to be an important marker of liver cancer. It is present on the exterior
membrane of the liver cells. An increase in its level leads to cholestasis and bile duct necrosis 4. Generally,
the cellular glutathione homeostasis maintained by GGT and its concentration is often raised in malignancy
251 If necrosis takes place within the tumor organ or from a nearby invaded non-tumor tissue or leakage
from tumor cells, it may lead to such drastic raise of enzymes in the serum 26,

In the present study, the serum pathological enzymes were found to have increased significantly in the
SeNPs-treated group which showed the effective anticancer properties of selenium nanoparticles. The
proper mechanism behind the anticancer properties of nanoparticles is not well established even though the
observed results revealed the anticancer properties of SeNPs against DEN-induced HCC in Swiss Wistar
rats.

3.8.2. Enzymic antioxidants
From the results, it was observed that the DEN-induced rats treated with SeNPs showed an increase in the
serum enzymic antioxidant level: catalase (CAT) from 18.89 to 50.02 U/L, superoxide dismutase (SOD)
from 1.4 to 6.9 U/L, glutathione S-transferase (GST) from 1.77 to 15.6 U/L, glutathione peroxidase (GPx)
from 5.79 to 24.79 U/L, and glutathione reductase (GR) from 3.89 to 16.58 U/L. Whereas in AgNPs treated
group 3 rats, comparatively increased enzyme activity has shown: CAT from 18.89 to 45.27 U/L, SOD
from 1.4 to 6.55 U/L, GST from 1.77 to 13.16 U/L, GPx from 5.79 to 20.05 U/L, and GR from 3.89 to
15.28 U/L.

PdNPs treated group 5 rats doesn’t show good results as compared to SeNPs and AgNPs treated groups.
While there was an increase in the enzymic antioxidant level: CAT from 18.89 to 23.35 U/L, SOD from
1.4 to 5.45U/L, GST from 1.77 to 10.05 U/L, GPx from 5.79 to 19.1 U/L, and GR from 3.89 to 12.5 U/L,
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there was no considerable difference between the DEN-induced group 2 and PdNPs treated group 5 rats.

The antioxidant enzyme activities of the experimental rat groups did not exhibit any significant
variation between the control and plant extract-treated rats. DEN-induced group 2 rats showed a reduction
in antioxidant activities of all the enzymes as compared to the group 1 control.

Serums from the experimental animal were analyzed for their antioxidant levels in the blood. Serum
enzymic antioxidants which exist in biological systems, chiefly include SOD, a type of enzymic antioxidant
that breaks down the toxic superoxide anion into oxygen and hydrogen peroxide by catalyzing the reaction
[27.28]: CAT, a type of antioxidant enzyme that switches hydrogen peroxide to water and oxygen using either
an iron or manganese as a co-factor ?%%%: and GPx, an enzyme containing four selenium-cofactors that
facilitates the conversion of hydrogen peroxide and organic hydroperoxides.
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Figure 10. Effect of green synthesized metallic nanoparticles on enzymic antioxidants (a) catalase, (b) superoxide dismutase, (c)
glutathione S-transferase, (d) glutathione peroxidase, and (e) glutathione reductase. Results were expressed as mean + standard
deviation (SD, n = 5). The significance when compared with the DEN-induced group of rats was shown as ns (not significant),
* (P <0.05),** (P <0.01), and *** (P < 0.005).
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Figure 10 reveals the effect of green synthesized metallic nanoparticles on enzymic antioxidants such
as CAT, SOD, GST, GPx, and GR. Biochemical assay of SOD, CAT, and GPx is a usual step in determining
the oxidative stress in a cell and the antioxidative properties of plant extracts Y. These enzymes are
estimated quantitatively to find out the progression of the tumor, the antitumor properties of herbal extracts
and their derivatives, cytotoxic effect of toxic chemicals, plant extracts, and nanoparticles 2,

SOD transforms O% into oxygen and H.O, but with the presence of GPx and CAT, H20: is
transformed into water. In this manner, the enzymic antioxidants help to convert the cytotoxic substance in
the body into harmless products 31, These enzymic antioxidants naturally exist in the healthy body, which,
however, turn downs in the case of cancer. The current results showed a significant decline in antioxidant
enzyme activity (SOD, CAT, and GPx) in DEN-induced rats as compared to the control rats. However, the
SeNPs treated rats showed appreciably increased levels of enzymic antioxidants to near normal. Significant
reduction in the development of liver cancer progression in SeNPs oral-administered rats is proved by the
reduced tumor markers and antioxidant enzyme levels. Most of the studies showed that patients who
underwent chemotherapy and mastectomy for liver cancer had a drastic decrease in antioxidant levels.
Hence, it is concluded that the chemotherapeutic agents generate superoxide and hydroxyl radicals during
treatment which causes side effects 4%, The present study shows that AgNPs could be a good antioxidant
supplement, chemopreventive agent, and anticancer agent which could be either due to the triggering of
GPx or its highly enhanced permeability and retention (EPR) effect in the liver cancer tissue.

3.8.3. Non-enzymic antioxidant analysis

Figure 11 shows the effect of metallic nanoparticles on non-enzymic antioxidants such as vitamins A, E,
and C. Non-enzymic antioxidants assay of vitamins A, E, and C provides protection mechanisms through
GSH by GPx, along with vitamin A acting as a co-substrate to detoxify H,O2 and to make the free radicals
harmless. The non-enzymic antioxidant activity changes of control and experimental rat groups have shown
in Figure 11. GSH and vitamin A, the potent intracellular antioxidants, defend the cells from ROS damage
[38] vitamin A is a type of fat-soluble vitamin, which is very important for the growth, maintenance, and
duplication of epithelial cells. Vitamin A splits the lipid peroxide (LPQO) chain in the cell membrane and
prevents its formation. Vitamin A is a great toxic free radical scavenger (O°) and a chain-breaking
antioxidant. Among all the other functions, the most important function of Vitamin A is free radical
scavenging, which protects the cells from oxidative damage [°. Raghavan & Kumari studied that
Terminalia arjuna EtOH extract on alloxan-induced diabetic rats showed a significant increase in SOD,
CAT, GPx, GST, GR, GSH, vitamin A, vitamin C, and vitamin E %, Gurunagarajan & Pemaiah also
established a gradual elevation in vitamin A level, when mice were treated with Leonotis nepetifolia EtOH
crude extract against EAC cells 11, When berberine type of an isoquinoline alkaloid is administered against
7,12-dimethylbenz(a)anthracene-induced skin carcinogenesis, it significantly boosted the activities of
enzymatic antioxidants as well as nonenzymatic antioxidants including SOD, CAT, GPx, GSH, and vitamin
A by which free radicals and lipid peroxidation were reduced M. Ammannia baccifera significantly
reduced the rate of LPO and increased the behavior of enzymic (SOD, CAT, GSH), non-enzymic (vitamins
A and D) antioxidants in Dalton’s lymphoma ascites (DLA) bearing Swiss albino mice ¥, A significant
decrease in vitamins C and E and GSH in DLA-bearing mice could be due to the generation of scavenged
free radicals and the products of lipid peroxidation caused by the tumor effect.
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Figure 11. Effect of green synthesized metallic nanoparticles on non-enzymic antioxidants (a) vitamin A, (b) vitamin E, and (c)
vitamin C. Results were expressed as mean + standard deviation SD (n=6). The significance when compared with the DEN-
induced group of rats was shown as * (P < 0.05),** (P < 0.01), and *** (P < 0.005).

Vitamin E protects the body from toxic free radicals, which otherwise leads to aging, a process in
which oxygen and other free radicals break down the normal body’s tissues. It helps to neutralize or
scavenge the free radicals, which naturally exist as unstable molecules, hence saving our body from free
radical damage by accepting/donating electrons from free radicals to balance themselves. When a saturated
amount of vitamin E is present in the living body, unbalanced free toxic radicals accept their electrons from
vitamin E molecules and leave the healthy molecules alone, causing comparatively less damage to the
tissues 3. Lower levels of vitamins E and C have been indicated in the DEN-induced rat serum when
compared with the control rat, which is due to the high oxidative stress. Tumor growth might also have
contributed to the low levels of vitamins E and C.

When oxidative stress is present, it has been found that ascorbic acid is in oxidized form in the body.
The change in ascorbic acid level is directly proportional to the level of vitamin E, as a sufficient amount
of ascorbic acid is required for the regeneration of vitamin E, an aqueous antioxidant that requires GSH 141,
Since vitamins C and E are synergistic antioxidants, the administration of plant extract and SeNPs
significantly improved the vitamin E level in the liver of DEN-induced group 4 rats. The results obtained
were found to be similar to a previous study 11, where the levels of non-enzymic antioxidants (vitamins A
and E) were significantly enhanced in Swiss albino rats when treated with a protein fraction of Cynodon
dactylon leaf. The GPx level was found to be decreased from 1 to 6.42 U/mg of protein in DEN-induced
rats as compared to the other groups. Nami-A [Imidazoliumtrans-
tetrachloro(dimethylsulfoxide)imidazoleruthenium(l11)]-loaded NPs demonstrated the greater antitumor
effect by inhibiting metastatic tumor growth in T739 mice, both in-vitro and in-vivo €1,

Vitamin C retains natural antioxidant defense, helping out to inhibit LPO production. Since vitamin C
is an electron donor, otherwise called a reducing agent and antioxidant, it prevents other substances from
getting oxidized [*?1, Vitamin C is an exceptional hydrophilic antioxidant, and it voluntarily scavenges ROS
and peroxyl radicals 71, It also acts as a co-antioxidant, by regenerating vitamins A and E, and GSH from
free radicals. It was observed that a decreased level of vitamin C is present in the liver of DEN-bearing rats.
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This decreased level could be caused by the increased utilization of vitamin C in deactivating the increased
level of ROS or to decrease the GSH level 81, The administration of AgNPs improved the level of vitamin
C in the liver of DEN-induced rats, which is expected to increase the GSH level or trigger the system to
recycle the dehydro-ascorbic acid back to ascorbic acid. The level of non-enzymic antioxidant status
declined in liver cancer-bearing animals 191, and the present study also correlates with the existing results.
It might be due to the overutilization of these antioxidants to scavenge toxic free radicals. The simultaneous
administration of SeNPs reversed the changes induced by DEN carcinogen exposure to near normal, and
these data support the hypothesis that SeNPs are effective chemopreventive agents.
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Figure 12. Effect of metallic nanoparticles on body weight of experimental rats. Results of all the groups were expressed as
mean + standard error of the mean (SEM; n = 6), where the P < 0.005.

Figure 12 reveals the effect of metallic nanoparticles on the body weight of experimental rats. The
anticancer efficacy of green synthesized metal nanoparticles against DEN-induced HCC was studied in
male Wistar albino rats. Figure 12 showed the changes in body weight, before and after treatment, for
controlled and experimental rats. The initial rats’ body weight of 190 g increased gradually up to 230 g in
all the experimental groups. During treatment, the body weight of the experimental groups decreased step
by step with visible hair loss on the skin which might be due to the impairment of hepatic cells accordingly
with chemical induction of DEN, whereas the control group rats remained the same weight. At the final
stage of the experiment, the body weight of control group 1 rats (250 g) did not show any weight loss, but
the weight of DEN-induced group 2 rats drastically decreased to 180 g. As compared to the group 2 rats,
the AgNPs-treated group 3 rats showed relatively improved body weight (200 g). However, no significant
changes in body weight were observed in the palladium nanoparticles treated group 5 rats, which showed
almost the same weight as group 2 rats, and decreased when compared to group 3 rats. HCC is a highly
malignant cancer that has high morbidity and mortality rate and a poor prognosis. It is highly resistant to
chemotherapeutic agents % and is associated with distinct symptoms of weight loss and tissue wasting 51,
A quick loss in body weight can be observed in HCC-bearing animals.

4. Conclusion

The present investigation reveals that the biosynthesis of silver nanoparticles was achieved with an aqueous
extract of leaves from the Clerodendron phlomoides plant. The size and shape of the biosynthesized silver
nanoparticle range from 25 to 100 nm, and are spherical for the potential to interact with the cancerous cell
in the liver of Wister rats. During the biosynthesis process, the secondary metabolites reduce the silver
nitrate solution to silver nanoparticles and coat the nanoparticles with secondary metabolites of the plant
extract into a potential drug delivery vehicle to cancer cells. The XRD investigation of the AgNPs
confirmed the nanoparticles are crystalline and the DLS studies revealed that the size of the AgNPs varies
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from 50 to 100 nm. Due to the aggregation of nanoparticles, the size of the aggregates shows higher and
particles are stable in negative potential. The anticancer potential of AgNPs was evaluated in DEN-induced
liver cancer in Wister Rats, where the biochemical studies of the anticancer potential via enzymatic analysis
and anti-oxidants were carried out. Additionally, AgNPs have a considerable chemoprevention potential
when compared with other metallic nanoparticles. In summary, the biosynthetic process of AgNPs is an
eco-friendly process for metallic nanoparticle synthesis and a good drug delivery vehicle for the treatment
of liver cancer.
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