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Abstract

During the past one or two decades, the biosynthesis of metal nanoparticles especially the silver nanoparticles, using plant ex-
tracts, and their diverse biomedical applications, including antioxidant and hepatoprotective, has gained the attention of re-
searchers. The present work includes the green synthesis and characterization of silver nanoparticles (AgNPs) from the aque-
ous leaf extract of Pedilanthus (Euphorbia) tithymaloides. The biosynthesis employed a bottom-up approach, in which the sec-
ondary metabolites of the leaf extract served as reducing, stabilizing and capping agents. The characterization was performed
using various techniques, including X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), field emission scan-
ning electron microscopy (FESEM) coupled with energy-dispersive spectroscopy (EDS), Dynamic light scattering (DLS), and
Zeta potential analysis. The biosynthesized silver nanoparticles were further evaluated for their in-vitro antioxidant and amylase
-inhibitory properties, as well as their in-vivo hepatoprotective efficacy in albino Wistar rats. The findings demonstrated that the
biosynthesized silver nanoparticles exhibit strong antioxidant and amylase-inhibitory properties, and significantly reduce the
oxidative stress-induced hepatotoxicity, reflected by improved liver function parameters, such as serum levels of bilirubin (from
2.86+0.38 mg/dL in hepatotoxic to 1.34+0.18 mg/dL in treated rats), total protein (from 7.44+0.96 to 12.63+2.14 g/dL), albumin
(from 2.22+0.57 g/dL to 3.14%0.46 g/dL), key enzymes like alanine aminotransferase [ALT] (from 172.38+14.97 IU/L to
85.19£11.63 IU/L), aspartate aminotransferase [AST] (from 144.29+£8.93 |U/L to 61.57£11.26 |U/L), serum alkaline phosphatase
[ALP] (from 154.78+16.92 IU/L to 114+£13.57 IU/L), and key antioxidant enzymes in hepatic tissues, such as reduced glutathi-
one (GSH), catalase (CAT), superoxide dismutase (SOD), and oxidative stress parameter like malondialdehyde (MDA).

Keywords: Amylase-inhibitory, Antioxidant, Hepatoprotective, Pedilanthus (Euphorbia) tithymaloides, Silver nanoparticle

INTRODUCTION

The liver carries out a variety of essential and vital func-
tions, such as the metabolism of food molecules, the
detoxification of toxicants, drugs, or metabolic waste
products like ammonia, the recycling of RBC break-
down products and bile synthesis, the synthesis of plas-

ma proteins, including clotting factors, the maintenance
of blood glucose levels through glycogenesis and gly-
cogenolysis, and numerous other biochemical and
physiological processes (Kumar et al., 2019). There-
fore, any agent that can adversely affect liver function
will lead to serious health consequences, which may
sometimes be fatal. The modern-day lifestyle, dietary

This work is licensed under Attribution-Non Commercial 4.0 International (CC BY-NC 4.0). © : Author (s). Publishing rights @ ANSF.


mailto:amarzoology3@gmai.com
https://doi.org/10.31018/jans.v17i4.7010
https://doi.org/10.31018/jans.v17i4.7010
https://doi.org/10.31018/jans.v17i4.7010
https://doi.org/10.31018/jans.v17i4.7010

Mahato, A. et al. / J. Appl. & Nat. Sci. 17(4), 1865 - 1876 (2025)

habits, alcoholic beverages, and irrational use of drugs
and medications are among the most common but po-
tent factors of liver damage, resulting in various health
issues and diseases, making it one of the most preva-
lent and widely distributed health issue worldwide. For
assessment of liver damage, many quantitative tests
and imaging techniques are used in practice; however,
some parameters, such as serum bilirubin, serum or
liver tissue levels of enzymes like alanine aminotrans-
ferase [ALT], aspartate aminotransferase [AST], serum
alkaline phosphatase [ALP], and serum albumin, are
used to evaluate liver functions primarily (Das and Sat-
tegiri, 2018; Sharma, 2022). One of the most significant
causes of liver dysfunction is oxidative stress, which
has been implicated in the molecular and cellular mech-
anisms leading to several pathophysiological states of
liver damage, such as alcoholic liver injury, exposure to
hepatotoxins, intrahepatic cholestasis, viral hepatitis,
liver ischaemia, biliary disease, and liver necrosis
(Stehbens, 2003; Adeyemi, 2014). In most cases of
liver dysfunction, where oxidative stress is involved, the
pathophysiological states are characterized by a pro-
gressive change from steatosis to chronic hepatitis,
fibrosis, cirrhosis and sometimes hepatocellular carci-
noma (Kodavanti et al., 1989).

One of the common pathophysiological conditions in-
volving high blood glucose levels, mostly in the case of
diabetes mellitus, is intricately related to the abnormal
metabolic or physiological functions of the liver. Diabe-
tes mellitus is a chronic metabolic disorder, extensively
distributed across the world that is mostly associated
with postprandial hyperglycemia (Ponnusamy et al.,
2011). Postprandial hyperglycemia is a state of abnor-
mally elevated blood glucose level after one to two
hours of eating (postprandial state), which may contrib-
ute to the development of type 2 Diabetes mellitus
(Khalafi et al., 2022). It has been reported that the activ-
ity of pancreatic a-amylase (a calcium metalloenzyme)
within the human intestine correlates with an increase
in postprandial glucose levels. Therefore, controlling a-
amylase activity may be a crucial aspect of treating hy-
perglycemic conditions in diabetes (Khadayat ef al.,
2020).

Nanotechnology is gaining substantial interest as an
emerging field of science focused on the advancement
of nanomaterials and nanoparticles for their application
in various areas, including catalysis, electrochemistry,
biomedicine, pharmaceuticals, sensors, food technolo-
gy, cosmetics, water treatment, and more (Velez, 2017;
Bera and Belhaj, 2016). Among all noble metal nano-
particles, silver nanoparticles (AgNPs) are one of the
Klaus physicochemical properties, and most important-
ly, their biomedical applications like antioxidant, anti-
bacterial, antiviral, antifungal, and anti-inflammatory
potentialities, among others, have generated endless
interest (Ahmad et al., 2003; Klaus-Joerger et al.,

2001). The versatility of silver nanoparticles in medical
applications has gained significant value when com-
bined with medical practices producing a fascinating
field referred to as Nanomedicines (Ghavanloo et al.,
2023).

The AgNPs can be synthesized using chemical, physi-
cal and biological methods, employing natural products,
microbes or plant extracts. The biogenic production of
AgNPs has proven to be among the most significant
applications of green chemistry methods, as these
methods are environment friendly, cost-effective and
less labor intensive. In plant-mediated methods differ-
ent parts of plants, such as leaves, fruits, seeds or
stem extracts, are used for the synthesis of AgNPs
(Rafique et al., 2017). Plants contain plethora of bioac-
tive metabolites, such as polyphenols, flavonoids, ter-
penoids, tannins, proteins, polysaccharides, alkaloids,
amines, ketones and aldehydes, among others, which
act as capping, stabilizing and reducing agents and has
a role in conversion of metallic ions to metallic nanopar-
ticles, leading to synthesis of desired nanoparticles with
defined features (Vanlalveni et al., 2021; Castillo-
Henriquez, 2020).

The plant Pedilanthus tithymaloides, also known as
Euphorbia tithymaloides, is a succulent shrub belong-
ing to the family Euphorbiaceae. It is widely distributed
across tropical and subtropical regions worldwide. In
India, it is traditionally used as a source of medicinal
agents and a folk medicine for the treatment of several
diseases. Different parts of this plant, like root, stem,
leaf and latex, have already been reported to possess
various pharmacological activities, including antioxi-
dant, anti-inflammatory, antiviral, anti-diabetic, antibac-
terial, haemostatic, anticancer and anti-tuberculosis,
among others (Abreu et al., 2006; Srivastava and Soni,
2019). The leaves of this plant have been reported to
possess a plethora of pharmacologically active and
potent secondary metabolites, including flavonoids,
terpenoids, alkaloids, phenolic compounds and fatty
acids, among others (Rani and Sisodia, 2023; Prakash
and Tripathy, 2023). Furthermore, the majority of phyto-
chemicals present in the leaf extracts of P. fithy-
maloides have been reported to exhibit strong antioxi-
dant activity (Falode et al., 2019).

Silver nanoparticles synthesized from various plant
extracts have been reported to exhibit strong hepato-
protective efficacy against hepatotoxicity caused by
drugs or other hepatotoxic agents, primarily due to their
high antioxidant properties (Zhang et al., 2019). CCl, is
commonly used in animal experiments as a hepatotoxic
agent as it can induce hepatopathy by increasing oxi-
dative stress in liver tissues (Lu et al., 2017). The pre-
sent study aimed to synthesize silver nanoparticles
using the aqueous extract of P. tithymaloides leaves (Pt
-AgNPs), to in-vitro estimate the antioxidant and amyl-
ase-inhibitory activities, and to evaluate the hepatopro-
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tective activity of Pt-AgNPs against CCls-induced hepa-
totoxicity in albino Wistar rats (Rattus norvegicus), as
the leaf extract of P. tithymaloides contains bioactive
antioxidant compounds that act as capping and stabilis-
ing agents for Pt-AgNPs.

MATERIALS AND METHODS

Collection of samples and preparation of the
extract

Fresh leaves of the plant were handpicked and brought
to the Department of Botany, Cooperative College,
Jamshedpur, for identification based on available her-
baria and literature (Steinmann, 2003). The leaves
were washed properly and dried under shade. After
complete drying for five to six days, the leaves were
powdered and sieved. 10 g of dried leaf powder were
mixed with 500 mL of distilled water and subjected to
solvent extraction using a Soxhlet apparatus. Following
extraction, the extract is centrifuged at 3000 rpm for 5
minutes, filtered, and the supernatant is collected and
stored at 4°C for further use.

Synthesis of silver nanoparticles

A 1 mM solution of silver nitrate (AgNO3) was prepared
by dissolving 0.169 g of AgNO; crystals in 1000 mL of
distilled water while stirring continuously. The solution
was carefully protected from exposure to the sunlight.
Then, 10 ml of the extract was added to 100 ml of a 1
mM AgNO; solution and mixed thoroughly and gently
using a stirrer. The mixture was then incubated at 80°C
for 8 hrs in an incubator. The change in the colour of
the solution preliminarily indicates the formation of Pt-
AgNPs.

The Pt-AgNPs solution is then centrifuged at 10,000
rpm for 10 minutes, and the pellet was collected. The
pellet was dried, and the powder was collected as a
virgin Pt-AgNPs powder, which was stored for further
analysis. From the powdered Pt-AgNPs, solutions of
varied concentrations of Pt-AgNPs can be formed for
further experiments.

Characterization of silver nanoparticles synthe-
sized from Pedilanthus tithymaloides leaf extract
(Pt-AgNPs)

The Pt-AgNPs were characterized using various tech-
niques, including X-ray diffraction (XRD), Fourier trans-
form infrared spectroscopy (FTIR), field emission scan-
ning electron microscopy (FESEM) coupled with energy
dispersive spectroscopy (EDS), dynamic light scatter-
ing (DLS) and zeta potential analysis. The reduction of
silver ions by the secondary metabolites present in the
leaf extract was preliminarily indicated by the colour
change. The X-ray diffraction pattern was analyzed
using an X-ray diffractometer (Rigaku, Japan; Smart
Lab 9KW) for the structural analysis of biosynthesized

Pt-AgNPs. The wavelength employed was 0.154 nm
(the wavelength of the X-ray), covering a diffraction
angle (20) range from 10° to 80° to obtain the XRD
pattern. The FTIR spectrum was obtained using an
FTIR spectrometer (Shimadzu Co., Japan; IR Prestige
21) in a wavelength range of 400 to 4000 cm™ to con-
firm the presence of different functional groups in the
secondary metabolites, which act as reducing and cap-
ping agents. The FESEM-EDX (Carl Zeiss Microscope
Ltd., Germany; Sigma 300) was used to examine the
shape, size, topographic, and morphological character-
istics of Pt-AgNPs. DLS analysis was performed to
determine the hydrodynamic diameter and surface
charge of Pt-AgNPs (Malvern Instruments, UK; Zeta
Sizer Nano ZS).

Antioxidant analysis

The antioxidant activity of the Pt-AgNPs solution was
analyzed using the 1,1-Diphenyl-2-Picrylhydrazyl
(DPPH) Assay following the method of Luhata et al.,
(2022) with slight modifications. Different concentra-
tions of sample solution were prepared, and 1 ml of
DPPH (0.16 mM in MeOH) was added to each of them.
The solutions were kept in the dark for about half an
hour, and then the absorbance was read at a wave-
length of 517 nm. The DPPH solution without the sam-
ple served as a control, and Vitamin C (Ascorbic acid)
was taken as a reference standard. The calculation is
as follows:

% Inhibition =  (Absorbance of Control - Absorbance
of Sample)/Absorbance of Control X 100

Amylase-inhibitory activity

The chromogenic DNSA (3,5-dinitrosalicylic acid)
method was employed to measure the amylase-
inhibition activity of Pt-AgNPs solution (Sudha et al.,
2011; Kumar et al., 2018). The absorbance of test
samples was recorded at a wavelength of 540 nm, us-
ing Acarbose as a reference standard.

Animals and acute toxicity studies

Male albino rats weighing approximately 200-250 gm
have been used in the study. The rats were maintained
at a temperature of 255 °C, a 12-hour dark-light cycle,
and a relative humidity of 50+15%. They were acclima-
tized for 10 days. The test animals were housed in pol-
ypropylene cages on a sawdust bed, and fed a com-
mercial pellet diet using an oral feeding tube. The
CPCSEA guidelines were followed throughout the en-
tire experimental period (Committee for the Purpose of
Control and Supervision of Experiments on Animals,
India). The acute toxicity study has been carried out
following the OECD guidelines (2004). Different groups
of rats, each comprising 6 rats, were fed increasing
concentrations of Pt-AgNPs solution. No mortality was
observed at the maximum dose of 2 ml of 1000 ug/100
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Fig. 1. FESEM images (A) and (B) of silver nanopatrticles synthesized from Pedilanthus tithymaloides (Pt-AgNPs) show-

ing the particle size and shape

ml of Pt-AgNPs solution per kg body weight per day.
Ethical committee approval

The present work was approved by the Institutional
Ethical Committee (IEC) of Kolhan University, Jhar-
khand, India, vide approval number KU/IEC/01/2021.

Animal groups and research design

The animals were divided into four groups, each con-
taining six rats. The experiment was conducted for 14
days as follows:

Group 1: Control group, fed with a normal diet

Group 2: Hepatotoxic group: hepatotoxicity was in-
duced by administering 1 mil/kg body weight of a mix-
ture containing 30% CCls and liquid paraffin (1:2 v/v)
via intraperitoneal injection for the initial 3 days.

Group 3: Received 2 ml of 500 pg/100 ml of Pt-AgNPs
solution per kg body weight per day after intoxication
with CCly, i.e. from 4™ day

Group 4: Received the standard drug Silymarin 20mg/
kg BW/day after CCl, intoxication

Estimation of biochemical parameters:

The experiment was continued for a total of 14 days. At
the end of the 14th day, all rats were starved overnight,
and then blood is collected in triplicate by puncturing
the retro-orbital sinus under light anaesthesia. The
blood samples were centrifuged at 3000 rpm for 10
minutes, and clear serum was collected for further bio-
chemical analysis. The serum was analyzed for liver
function parameters, including Alanine transaminase
(ALT), Aspartate aminotransferase (AST), Alkaline
Phosphatase (ALP), serum bilirubin, total protein, and
albumin levels, using standard kits (Kumar et al., 2021).
After being dissected, the liver was cut into thin slices.
The tissue was homogenized in a homogenizer with

phosphate-buffered saline (PBS), and then the homog-
enate was centrifuged at 10,000 rpm for 5 minutes at 4°
C in a refrigerated centrifuge (Remi CPR-24 Plus). After
discarding the pellet, the supernatant was collected for
the estimation of reduced glutathione (GSH), catalase
(CAT), superoxide dismutase (SOD), and malondialde-
hyde (MDA) for the analysis of lipid peroxidation
(Chandrashekhar et al., 2010; Maity et al., 2012; Johra
et al., 2023).

RESULTS

Characterization of Pt-AgNPs

The reduction of silver ions by the secondary metabo-
lites present in the P. tithymaloides leaf extract was the
basic chemical reaction that resulted in the formation of
Pt-AgNPs, which was indicated by the colour change of
the solution.

Field emission scanning electron microscopy
(FESEM) and Energy dispersive spectroscopy
(EDS) analysis

The FESEM images reveal that the Pt-AgNPs are ovoid
or quasi-spherical in shape, with a size range of 14.08
nm to 56.60 nm, as shown in Fig. 1. Furthermore, some
large-sized particles can also be observed due to the
natural tendency of aggregation of Pt-AgNPs, which
may be a result of solvent evaporation (Hanachi et al.,
2022). The presence of silver nanocrystals is implied by
the EDS spectrum of the Pt-AgNPs, which displays a
peak at around 3 keV (Salar and Kumar, 2016). The
additional peaks in the EDS spectrum indicate the pres-
ence of other elements, such as oxygen, platinum, chlo-
rine and potassium, which may be due to the other bio-
molecules that have been adsorbed onto the surface of
Pt-AgNPs. The main peak for silver in an EDS spec-
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Fig. 2. EDS analysis of silver nanoparticles synthesized from Pedilanthus tithymaloides (Pt-AgNPs) showing characteris-

tic peaks of silver and other elements

trum is a strong characteristic peak at approximately 3
KeV, which is a key indicator for the presence of silver
in a sample (Fazil Khuda et al., 2023). In the present
EDS spectrum, a prominent peak was seen at 3 keV,
confirming that Ag was present in the sample under
analysis (Fig. 2).

Fourier transform
analysis

The FTIR spectrum (Fig. 3) reveals the various func-
tional groups of the secondary metabolites present in
the Pt-AgNPs, serving as both reducing and capping
agents. The wave numbers and the corresponding
functional groups are listed in Table 1 (Coates, 2000;
Nandiyanto et al., 2019).

infrared spectroscopy (FTIR)

X-ray Diffraction analysis (XRD) analysis

The XRD pattern reveals the crystalline nature of bio-
synthesised Pt-AgNPs. The diffraction peaks observed
at 20 values of 27.68°, 32.1°, 46.1°, 54.68°, 57.34°, and
76.6° corresponded to the Miller indices (110), (111),
(200), (220), (222), and (311) of Bragg'’s reflection, re-
spectively. These peaks corresponded to the JCPDS/

ICDD standard powder diffraction card (silver file), indi-
cating that the biosynthesized silver nanoparticles are
crystalline in nature (Fig. 4) (Elumalai et al., 2017; Anith
Jose et al., 2022).

Dynamic light scattering (DLS) analysis

The DLS analysis is used to examine the dynamic vari-
ations in light intensity caused by the Brownian motion
of the biosynthesised nanoparticles. Together with a
Pdl (polydispersity index) value of 0.531, the results
demonstrated that the Pt-AgNPs had a Z-average of
530.9 d.nm (Fig. 5), indicating the possibility of for-
mation of the aggregates in the solvent medium. The
results actually depict the hydrodynamic diameter of
the biosynthesized nanoparticles, which might be more
than the size implied by the XRD and FESEM results,
as hydrodynamic diameter could be affected by the
interaction between the electric dipole of the solvent
and the phytochemical constituent compounds present
as capping agents (Ahluwalia et al., 2018). Such inter-
actions might result in the formation of a hydration shell
in the solvent medium over the surface of the nanopar-
ticles (Mohammad and Hasan, 2024). According to

Table 1. Wave numbers in Fourier Transform Infrared Spectroscopy (FTIR) spectrum and their corresponding functional

groups

S. no. Wave no. (cm™) Corresponding functional group

1. 3876.56 -OH, -NH; (Hydroxy, Amino groups)

2. 3218.72 -C=C stretching, Aromatic compounds, -OH stretch

3. 2813.08 Linear hydrocarbons

2. 2314.3 Nitriles, thiocyanate, diazo compounds

3. 2118.9 Alkyne

4, 1558.01 -C-N, -C-C (aromatic ring, presence of proteins), secondary amines, NH bends
5. 1379.72 -C-O stretching/ O-H deformation, phenol or tertiary alcohol
6. 1275.59 Organic nitrates, Primary or secondary alcohols

7. 1013.56 -C-O stretching/ O-H deformation

8. 914.47 Aromatic —C-H

9. 532.56 -C-S stretch, aliphatic lodo compounds -C-I stretch
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Fourier transform infrared spectroscopy (FTIR) spectrum of silver nanoparticles synthesized from Pedilanthus
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Fig.4: X-ray Diffraction analysis (XRD) pattern of silver nanoparticles synthesized from Pedilanthus tithymaloides (Pt-

AgNPs)

previous scientific works (Khan et al., 2019) the parti-
cles having Pdl values around or less than 0.50, are
considered of good quality.

The Zeta potential of the biosynthesised Pt-AgNPs was
found to be -19.6 mV (Fig. 6), which depicts that the
biosynthesised nanoparticles have good stability since
the negative charge results in the repulsion of the parti-
cles, which subsequently leads to the formation of col-
loids with good stability and marked dispersion
(Hanachi et al., 2022).

Antioxidant activity

The result of the determination of antioxidant activity of
Pt-AgNPs using the DPPH assay is shown in Table 2,
which clearly depicts the strong free radical scavenging
activity of Pt-AgNPs in comparison to the standard anti-
oxidant agent Ascorbic acid, used in the experiment

Amylase-inhibitory activity

The results of the assessment of % amylase-inhibitory
activity are shown in Table 3, which clearly indicate the
marked amylase-inhibitory efficacy of Pt-AgNPs, com-
pared to the standard i.e. Acarbose used in the test.

Hepatoprotective activity

The results of assessment of Hepatoprotective activity
of biosynthesized Pt-AgNPs in CCl4-induced hepatotox-
icity in albino rats is shown in Table 4.

Impact of Pt-AgNPs on hepatic oxidative stress pa-
rameters

The results of assessing the of impact of Pt-AgNPs on
oxidative stress parameters and enzymes in the CCly-
induced hepatotoxic livers tissue are shown in Table 5.

DISCUSSION

Several previous reports have established that the syn-
thesis of metal nanoparticles using plant extracts is an
energy-efficient, cost-effective and eco-friendly ap-
proach (Kumar et al., 2024). In the present work, an
aqueous leaf extract was used for the synthesis of sil-
ver nanoparticles, with the secondary metabolites pre-
sent in the extract serving as both reducing and cap-
ping agents for the synthesized silver nanoparticles.
The present study employed various techniques, in-
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Fig. 6. Showing Zeta potential distribution of silver nanoparticles synthesized from Pedilanthus tithymaloides (Pt-
AgNPs)

Table 2: Showing % free radical scavenging activity of silver nanoparticles synthesized from Pedilanthus tithymaloides
(Pt-AgNPs) and the standard reference ascorbic acid

Concentration (ug/ml) % Free radical scavenging activity = % Free radical scavenging activity
of Pt-AgNPs of ascorbic acid

25 14.26 23.67

50 22.39 40.18

100 39.68 52.24

Table 3. Showing % amylase inhibitory activity of the silver nanoparticles synthesized from Pedilanthus tithymaloides (Pt
-AgNPs) and the standard reference acarbose

Concentration(ug/ml) % Amylase inhibitory activity of Pt- % Amylase inhibitory activity of
AgNPs Acarbose

100 22.87 28.32

200 41.58 50.96

500 57.64 62.52

Table 4. Showing improvement in liver function parameters in control, intoxicated and treated rats with reference to the
standard drug Silymarin-treated rats (n=6, MeanSE)

Animal AST ALT ALP Total pro- Albumin Total bilirubin
groups (U/L) (IU/L) (IU/L) tein (g/dL) (g/dL) (mg/dL)
Group 1 56.34+3.76 63.19+8.47 102.47+12.73 14.82+1.36 4.16+0.68 0.94+0.13

Group 2 144.29+8.932 172.38+14.97° 154.78+16.92°  7.44+0.96° 2.22+0.572 2.86+0.38°
Group 3 61.57+11.26° 85.19+11.63% 114+13.57* 12.63+2.14°  3.14+0.46%  1.34+0.182
Group 4 76.24+9.73% 79.53+9.37% 120.39+17.18%®  13.06+1.92°  3.37+0.53%*  1.18+0.22%

*a (significantly different from Group 1); b (significantly different from Group 2) at p<0.05
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Table 5: Showing antioxidant enzymes activity in control, hepatotoxic and treated rats with reference to the standard

drug silymarin treated rats (n=6, meanzS.E.)

Animal groups  GSH CAT SOD LPO
(nM/mg of tissue pro- (U/mg of tissue (U/mg of tissue (nM of Malonaldehyde/
tein) protein) protein) mg of tissue protein
Group 1 2.96+0.08 42.68+0.34 106.39+12.58 3.18+0.36
Group 2 0.77+0.09° 16.95+2.13% 54.27+8.69° 18.43+1.67°
Group 3 2.2240.14%® 38.44+3.57% 97.48116.43% 4.6410.63%°
Group 4 2.08+0.16" 41.16+3.48° 96.79+13.53% 3.96+0.47%

*a (significantly different from Group 1); b (significantly different from Group 2) at p<0.05

cluding FESEM, EDS, XRD, DLS, zeta potential, and
FTIR, to characterize the biosynthesized silver nano-
particles. These techniques confirmed that the various
biochemical constituents of the leaf extract served as
stabilizing and capping agents (confirmed with FTIR
spectral peaks) and that the silver nanoparticles had a
size range of 14 to 56 nm (as shown in FESEM imag-
es, further confirmed by Scherrer's equation). The EDS
peaks indicate the presence of silver, along with other
elements, and the DLS and zeta potential measure-
ments reveal the size of hydration shells formed by the
biosynthesized silver nanoparticles in the solution. The
present results are comparable and are in accordance
with several previous findings of the synthesis of metal
nanoparticles using plant extracts or other natural prod-
ucts (Akhter et al., 2024; Kirubakaran et al., 2025). The
biosynthesized silver nanoparticles have been reported
to have marked hepatoprotective efficacy due to their
strong antioxidant properties, which might be attributed
to the bioactive phytochemicals present as their cap-
ping and stabilizing agents (Bhubaneshwari et al.,
2014; Zhang et al., 2019; Kumar et al., 2021). These
phytochemicals are actually the secondary metabolites
present in the plant extract, which mainly include sever-
al groups of biochemical compounds with marked anti-
oxidant properties, such as alkaloids, flavonoids, phe-
nolics, and terpenoids, among others.

In the present study, the biosynthesized Pt-AgNPs ex-
hibited a free radical scavenging activity of 39.68% at a
concentration of 100 ug/ml. This result is comparable to
that of the reference standard, ascorbic acid, which
demonstrated a free radical scavenging activity of
52.24% at the same concentration. The determination
of DPPH radical scavenging activity is a widely used
method for the assessing the antioxidant potential of a
test sample, and it involves a combined assay of hydro-
gen transfer (HAT) and electron transfer (ET) (Apak et
al., 2016). Keshari et al. (2020) have reported that the
AgNPs synthesized from leaf extract of Cestrum noc-
turnum showed 29.55% free radical scavenging activi-
ty, in comparison to 24.28% free radical scavenging
activity of ascorbic acid. Several previous works have

reported that biosynthesized silver nanoparticles exhibit
marked antioxidant potency, which might be attributed
to their natural product components acting as both re-
ducing and capping agents (Flieger et al., 2021).

The pathophysiological conditions of the liver are intri-
cately related to abnormalities in the body’s vital physi-
ological mechanisms, including postprandial hypergly-
cemia, or abnormally increased blood glucose levels
(Ling et al., 2007; Gonzalez et al., 2023). Previous find-
ings have elucidated that biosynthesized silver nano-
particles exhibit marked amylase-inhibitory properties,
suggesting they may play a significant role in counter-
acting the conditions of post-prandial hyperglycemia
and potentially mitigating hyperglycemia-induced oxida-
tive stress in the body (Perumalsamy et al., 2022). Ac-
cording to Dey and Lakshmanan (2013), factors or
agents with antioxidant properties can play a significant
role in ameliorating hyperglycemia-mediated oxidative
damage in hepatic tissues by reducing oxidative protein
and nucleic acid damage, inflammation, and improving
the insulin signaling, as well as restoring mitochondrial
structure and functions. El-Baz et al. (2024) have re-
ported that the silver nanoparticles synthesized using
aqueous extract of Cinnamon exhibited a protective
role in hyperglycemia and oxidative stress in the liver in
diabetic rats. The results of the present work showed
that the biosynthesized Pt-AgNPs have a strong amyl-
ase-inhibitory capacity compared to the standard Acar-
bose, which suggests that Pt-AgNPs may play a signifi-
cant role in reducing post-prandial hyperglycemia and
thereby counteracting the abnormally increased blood
glucose levels in the body and the subsequent oxida-
tive stress in the hepatic tissues.

Furthermore, the aberrant liver function is reflected in
abnormal blood levels of specific liver function parame-
ters, such as aspartate aminotransferase (AST), alka-
line phosphatase (ALP), alanine transaminase (ALT),
total protein, serum albumin and bilirubin (Das and Sat-
tegiri, 2018). In several toxicological studies, the CCl, is
used as a hepatotoxic agent to induce hepatotoxicity
(Zhao et al., 2018). The CCls can induce oxidative
stress in the hepatic tissues through the excessive gen-
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eration of free radicals, leading to an abnormal rise in
lipid peroxidation, a major contributor to hepatotoxicity
(Kumar et al., 2019). It can transform into highly reac-
tive free radicals like the trichloromethylperoxy radical
(CCI30;) and the trichloromethyl radical (CCl,), which
are involved in the activation of the cytochrome 450
enzyme, increased lipid peroxidation, and rise in the
expression of pro-inflammatory mediators such as TNF
-a, TGF-B, IL-1B, and IL-6, which may lead to oxidative
damage and subsequent necrosis in hepatic tissues
(Huo et al., 2011; Johra et al., 2023). Due to the break-
down of the hepatic cell membrane and obstructions in
the biliary system of the liver, the blood levels of liver
function markers such as AST, ALT, ALP, and bilirubin
rise abnormally (Huo et al., 2011). However, damage to
intracellular components, such as mitochondria and the
endoplasmic reticulum, as well as DNA, leads to a de-
crease in the quantity of albumin and protein in the
blood (Uru et al., 2013). Accordingly, results of the pre-
sent work (Table 4) clearly reveal that the CCl, intoxica-
tion resulted in a significant (p<0.05) increase in the
blood levels of ALT, AST, ALP and serum bilirubin, as-
sociated with a significant (p<0.05) decrease in the
blood levels of total protein and serum albumin, which
may be attributed to CCl;-mediated abnormal rise in
oxidative stress in hepatic tissues. The administration
of Pt-AgNPs resulted into significant (p<0.05) improve-
ment in the serum levels of liver function biomarkers
towards their normal values, indicating the marked po-
tentiality of Pt-AgNPs as hepatoprotective agents.

Antioxidants, both exogenous and endogenous, can
absorb free radicals and prevent hepatocellular dam-
age. Oxidative stress in hepatic tissues results in ab-
normal levels of activity of specific antioxidant enzymes
like CAT, SOD, and GSH, among others (Gheita and
Kenawi, 2014; Chukwuebuka et al., 2021). The MDA
levels are used to assess the extent of oxidative dam-
age in the hepatic tissues caused by lipid peroxidation
(El-Baz et al., 2024). In the present work, Table 5
shows that CCl, intoxication resulted in significantly (p
< 0.05) decreased activities of antioxidant enzymes in
hepatic tissue homogenate, like SOD, CAT, and GSH,
associated with an abnormal rise in levels of MDA. The
administration of Pt-AgNPs resulted in a significant
(p<0.05) increase in the activities of antioxidant en-
zymes towards their normal values along with a signifi-
cant (p<0.05) lowering of the MDA levels in the hepatic
tissues, indicating that the Pt-AgNPs are involved in
reducing the oxidative stress-mediated damage in the
hepatic tissues. A number of earlier studies have re-
ported the significant efficacy of plant extract-based
silver nanoparticles, in conjunction with their plant-
derived stabilizing and capping agents, in improving
liver functions and repairing oxidative stress-induced
hepatic injury brought on by hepatotoxic agents such
as CCl, (Rakesh et al., 2020; Kumar et al., 2021; Uhuo

et al., 2025).

In the present work, the administration of Pt-AgNPs
resulted in a significant (p<0.05) improvement in the
liver function parameters and the oxidative stress bi-
omarker enzymes back towards their normal values,
showing marked hepatoprotective efficacy in compari-
son to the administration of the standard drug silymarin,
by reducing the oxidative stress and repair of hepatic
cells (Hussain et al., 2017; Kumar et al., 2019). Several
previous studies have reported that the plant extract-
based silver nanoparticles can play a significant role in
amelioration of oxidative stress-mediated hepatocellu-
lar damages by improving the antioxidant enzyme lev-
els within the hepatic cells or tissues, thereby proving
to be a valuable hepatoprotective agent (Laib et al.,
2024). Das et al. (2024) have reported that the silver
nanoparticles synthesized from aqueous leaf extract of
Premna esculenta have a promising role as a hepato-
protective agent in CCly-induced hepatotoxicity in Swiss
albino mice. Zhang et al. (2020) have reported the
hepatoprotective potency of silver nanoparticles syn-
thesized from the aqueous leaf extract of the Rhizopho-
ra apiculata through antioxidant defence mechanisms.
The silver nanoparticles synthesized from aqueous leaf
extract of Punica granatum (Kumar et al., 2021) and
from Cuscuta reflexa (Rakesh et al., 2020) have also
been reported to exhibit the hepatoprotective role in
CCl4-induced hepatotoxicity in albino rats.

Conclusion

The silver nanoparticles synthesized from the leaf ex-
tract of the plant P. tithymaloides are stable and have
the pharmacologically potent biochemical constituent
compounds of the leaf extract of the plant as their cap-
ping and stabilizing agents. These biosynthesized Pt-
AgNPs have marked amylase-inhibitory and antioxidant
potentialities, and therefore these Pt-AgNPs were
found to significantly improve the liver function parame-
ters, and the antioxidant enzymes activities in hepatic
tissues in CCls-mediated hepatotoxicity in albino wistar
rats. Further studies at cellular and molecular levels will
pave the way for development of new drugs or the
more efficient mechanisms of drug delivery or the de-
velopment of specifically designed nanomedicines,
which can have more prompt biopotentiality in the treat-
ment or improvement of impaired liver functions.

ACKNOWLEDGEMENTS

The authors acknowledge the facilities provided by the
Post Graduate department of Zoology, Cooperative
College, and the University Department of Zoology,
Kolhan University, Jharkhand, India.

1873



Mahato, A. et al. / J. Appl. & Nat. Sci. 17(4), 1865 - 1876 (2025)

Conflict of interest
The authors declare that they have no conflict of
interest.

REFERENCES

10.

Abreu, P., Matthew, S., Gonzalez, T., Costa, D., Segunda,
M.A. & Fernandes, E. (2006). Anti-inflammatory and anti-
oxidant activity of a medicinal tincture from Pedilanthus
tithymaloides. Life Sciences, 78(14),1578-1585. https://
doi.org/10.1016/j.Ifs.2005.07.037

Adeyemi, D.O., Ukwenya, V. O., Obuotor, E.M. & Ade-
wole, S.0O. (2014). Anti-hepatotoxic activities of Hibiscus
sabdariffa L. in animal model streptozotocin diabetes-
induced liver damage. BMC complement. Alt. Med., 14,
277-287. 30;14:277. doi: 10.1186/1472-6882-14-277.
PMID: 25077880; PMCID: PMC4131030.

Ahluwalia, V.; Elumalai, S.; Kumar, V.; Kumar, S. &
Sangwan, R. S. (2018). Nano silver particle synthesis
using swertia paniculata herbal extract and its antimicrobi-
al activity. Microb. Pathog. 2018, 114, 402- 408. doi:
10.1016/j.micpath.2017.11.052. Epub 2017 Dec 2. PMID:
29196171.

Ahmad, A., Mukherjee, P., Senapati, S., Mandal, D.,
Khan, M. I, Kumar, R. & Sastry, M. (2003). Extracellular
biosynthesis of silver nanoparticles using the fungus
Fusarium oxysporum. Colloids and surfaces B: Biointer-
faces, 28(4), 313-318. DOI: https://doi.org/10.1016/S0927 -
7765(02)00174-1

Akhter, M. S., Rahman, M. A., Ripon, R. K., Mubarak, M.,
Akter, M., Mahbub, S. & Sikder, M. T. (2024). A systemat-
ic review on green synthesis of silver nanoparticles using
plants extract and their bio-medical applica-
tions. Heliyon, 10(11). doi: 10.1016/j.heliyon.2024.e29766.
PMID: 38828360; PMCID: PMC11140609.

Anith Jose, R., Devina Merin, D., Arulananth, T. S. &
Shaik, N. (2022). Characterization analysis of silver nano-
particles synthesized from Chaetoceros calcitrans. Journal
of Nanomaterials, 2022(1), 4056551. Doi: https://
doi.org/10.1155/2022/4056551.

Apak, R.; Ozyiirek, M.; Giigli, K. & Capanoglu, E. (2016).
Antioxidant activity/capacity measurement. 1. Classifica-
tion, Physicochemical principles, Mechanisms, and Elec-
tron transfer (ET)-based assays.J. Agric. Food
Chem., 2016, 64, 10;64(5):997-1027, 997-1027. doi:
10.1021/acs.jafc.5b04739. Epub 2016 Jan 27. PMID:
26728425.

Bhuvaneswari, R., Chidambaranathan, N. & Jegatheesan,
K. (2014). Hepatoprotective effect of Embilica officinalis
and its silver nanoparticles against ccl4 induced hepato-
toxicity in wistar albino rats. Digest Journal of Nanomateri-
als & Biostructures (DJNB), 9(1).

Castillo-Henriquez, L., Alfaro-Aguilar, K., UgaIde-AIvarez,
J., Vega-Fernandez, L., Montes de Oca-Vasquez, G. &
Vega-Baudrit, J. R. (2020). Green synthesis of gold and
silver nanoparticles from plant extracts and their possible
applications as antimicrobial agents in the agricultural
area. Nanomaterials, 10(9), 1763. https://doi.org/10.3390/
nano10091763

Chandrashekhar, V.M., Ashok A. Muchandi, Sarasvathi.
V. Sudi & Seru. Ganapty (2010). Hepatoprotective activity

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

of Stereospermum suaveolens against CCl4-induced liver
damage in albino rats, Pharmaceutical Biology, 48:5, 524-
528, DOI: 10.3109/13880200903173601.

Chukwuebuka N. B, Elias D. T. M, ljego A. E, Peggy O. E,
Ejime A. C, Omeru O, Yabrade T. P, Nwanneamaka E. C
& lkemefune E. E. (2021). Changes in antioxidant en-
zymes activities and lipid peroxidase level in tissues of
stress-induced rats. Biomed Pharmacol., J 2021;14(2).
DOI : https://dx.doi.org/10.13005/bpj/2161

Coates, J. (2000). Interpretation of infrared spectra, a
practical approach. In Encyclopedia of Analytical Chemis-
try. RA Meyers editor. Chichester: John Wiley & Sons
Ltd;. p. 10815-10837. https://
doi.org/10.1002/9780470027318.a5606

Das, B. K., Ghosh, S., Gomes, A. & De, U. C. (2024).
Synthesis of silver nanoparticles using aqueous leaf ex-
tract of Premna esculenta and in vivo evaluation of its
hepatoprotective  activity in Swiss albino male
mice. Inorganic and Nano-Metal Chemistry, 54(12), 1229-
1237. DOI: 10.1080/24701556.2023.2181821

Dass, E., & Sattigeri, B.M. (2018). Hepatoprotective effect
of DL-Methionine on diclofenac induced hepatotoxicity in
albino rats. Int. J. Res. Med. Sci., 6(3), 802-807. https://
doi.org/10.18203/2320-6012.ijrms20180403

Dey, A. & Lakshmanan, J. (2013). The role of antioxidants
and other agents in alleviating hyperglycemia mediated
oxidative stress and injury in liver. Food & Function, 4(8),
1148-1184. doi: 10.1039/c3fo30317a.

El-Baz, Y.G., Moustafa, A., Ali. M.A., El-Desoky. G.E.,
Wabaidur. S.M. & Igbal A. (2024). Green synthesized
silver nanoparticles for the treatment of diabetes and the
related complications of hyperlipidemia and oxidative
stress in diabetic rats. Experimental Biology and Medicine,
2024;248(23):2237-2248.
doi:10.1177/15353702231214258

Elumalai, D., Hemavathi, M., Deepaa, C. V. & Kaleena, P.
K. (2017). Evaluation of phytosynthesised silver nanoparti-
cles from leaf extracts of Leucas aspera and Hyptis
suaveolens and their larvicidal activity against malaria,
dengue and filariasis vectors. Parasite Epidemiology and
Control, 2(4), 15-26. doi: 10.1016/j.parepi.2017.09.001
Falode, J. A., Obafemi, T. O., Akinmoladun, A. C.,
Olaleye, M. T., Boligon, A. A. & Athayde, M. L. (2019).
Antioxidant potentials and high-performance liquid chro-
matography (HPLC) fingerprinting of leaf extract of
pedilanthus tithymaloide. Pharmacology Online, 3, 114-
134.

Flieger, J., Franus, W., Panek, R., Szymanska-Chargot,
M., Flieger, W., Flieger, M. & Kotodziej, P. (2021). Green
synthesis of silver nanoparticles using natural extracts
with proven antioxidant activity. Molecules, 26(16), 4986.
https://doi.org/10.3390/molecules26164986.

Ghavanloo, E., Rafii-Tabar, H., Kausar, A., Giannopoulos,
G. |. & Fazelzadeh, S. A. (2023). Experimental and com-
putational physics of fullerenes and their nanocomposites:
Synthesis, thermo-mechanical characteristics and nano-
medicine applications. Physics Reports, 996, 1-116.
DOI: 10.1016/j.physrep.2022.10.0030

Gheita, T. A. & Kenawy, S. A. (2014). Measurement of
malondialdehyde, glutathione, and glutathione peroxidase
in SLE patients. In Systemic lupus erythematosus: Meth-
ods and protocols (pp. 193-199). New York, NY: Springer

1874


https://doi.org/10.1016/j.lfs.2005.07.037
https://doi.org/10.1016/j.lfs.2005.07.037
https://doi.org/10.1016/S0927-7765(02)00174-1
https://doi.org/10.1016/S0927-7765(02)00174-1
https://doi.org/10.1155/2022/4056551
https://doi.org/10.1155/2022/4056551
https://doi.org/10.3390/nano10091763
https://doi.org/10.3390/nano10091763
https://dx.doi.org/10.13005/bpj/2161
https://doi.org/10.1080/24701556.2023.2181821
https://doi.org/10.1177/15353702231214258
https://doi.org/10.1016/j.parepi.2017.09.001
https://doi.org/10.3390/molecules26164986
https://doi.org/10.1016/j.physrep.2022.10.0030

Mahato, A. et al. / J. Appl. & Nat. Sci. 17(4), 1865 - 1876 (2025)

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

New York. doi: 10.1007/978-1-4939-0326-9_14.
Gonzalez, P., Lozano, P., Ros, G. & Solano, F. (2023).
Hyperglycemia and oxidative stress: An integral, updated
and critical overview of their metabolic interconnec-
tions. International Journal of Molecular Sciences, 24(11),
9352. https://doi.org/10.3390/ijms24119352

Hanachi, P., Gharari, Z., Sadeghinia, H. & Walker, T. R.
(2022). Synthesis of bioactive silver nanoparticles with
eco-friendly processes using Heracleum persicum stem
extract and evaluation of their antioxidant, antibacterial,
anticancer and apoptotic potential. J. Mol. Struct. 1265,
133325. https://doi.org/10.1016/j.molstruc.2022.133325.
Huo, H.Z., Wang, B., Liang, Y.K,, Bao, Y.Y. & Gu, Y.
(2011). Hepatoprotective and antioxidant effects of lico-
rice extract against CCl4-induced oxidative damage in
rats. Int. J. Mol. Sci., 12: 6529-6543. doi: 10.3390/
ijms12106529.

Hussain, F., Malik, A., Ayyaz, U., Shafique, H., Rana, Z.
& Hussain, Z. (2017). Efficient hepatoprotective activity of
Cranberry extract against CCl4-induced hepatotoxicity in
wistar albino rat model: Down regulation of liver enzymes
and strong antioxidant activity. Asian Pacific J. of Trop.
Med., 10(11): 1054-1058. doi: 10.1016/
j-apjtm.2017.10.008.

Johra, F.T., Hossain, S. & Jain, P. et al. (2023). Ameliora-
tion of CCls-induced oxidative stress and hepatotoxicity
by Ganoderma lucidum in long evans rats. Sci Rep., 13,
9909 (2023). https://doi.org/10.1038/s41598-023-35228-
y.

Keshari, A. K., Srivastava, R., Singh, P., Yadav, V. B. &
Nath, G. (2020). Antioxidant and antibacterial activity of
silver nanoparticles synthesized by Cestrum noctur-
num. Journal of Ayurveda and Integrative Medicine, 11
(1), 37-44. doi: 10.1016/j.jaim.2017.11.003.

Khadayat, K., Marasini, B.P. & Gautam, H. et al. (2020).
Evaluation of the alpha-amylase inhibitory activity of nep-
alese medicinal plants used in the treatment of diabetes
mellitus. Clin Phytosci., 6, 34 https://doi.org/10.1186/
s40816-020-00179-8.

Khalafi, M., Ravasi, A. A., Malandish, A. & Rosenkranz,
S. K. (2022). The impact of high-intensity interval training
on postprandial glucose and insulin: A systematic review
and meta-analysis. Diabetes Research and Clinical Prac-
tice, 186, 109815. doi: 10.1016/j.diabres.2022.109815.
Khan, M. J.; Shameli, K.; Sazili, A. Q.; Selamat, J. & Ku-
mari, S. J. (2019). Rapid green synthesis and characteri-
zation of silver nanoparticles arbitrated by curcumin in an
alkaline medium. Molecules 2019, 24(4), 719. https://
doi.org/10.3390/molecules24040719

Kirubakaran, D., Wahid, J.B.A. & Karmegam, N. et
al. (2025). A comprehensive review on the green synthe-
sis of nanoparticles: Advancements in biomedical and
environmental applications. Biomedical Materials & De-
vices.,https://doi.org/10.1007/s44174-025-00295-4
Klaus-Joerger, T., Joerger, R., Olsson, E. & Granqvist, C.
G. (2001). Bacteria as workers in the living factory: metal-
accumulating bacteria and their potential for materials
science. Trends in Biotechnology, 19(1), 15-
20. DOI: 10.1016/s0167-7799(00)01514-6

Kodavanti, P.R., Joshi, U.M., Young, Y.A., Meydrech,
E.F. & Mehendale, H.M. (1989). Protection of hepatotoxic
and lethal effects of CCl4 by partial hepatectomy. Toxicol.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Pathol., 17, 494-505. DOI: 10.1177/019262338901700304
Kumar, A., Dandapat, S., Kumar, M. & Sinha, M.P. (2018).
Anti-inflammatory and Amylase-inhibitory properties of
Indian edible macrofungi Dacryopinax spathularia
(Schwein) and Schizophyllum commune (Fries). The Bios-
can, 13:2 (715-18),.

Kumar, A., Kumar, M. & Sinha, M. P. (2019). Hepatopro-
tective efficacy of edible macrofungi Dacryopinax spathu-
laria (Schwein) and Schizophyllum commune (Fries)
against carbon tetrachloride induced hepatotoxicity in
albino Wistar rats. Journal of Applied and Natural Sci-
ence, 11(1), 62-65. DOI: 10.31018/jans.v11i1.1959.
Kumar, M., Ranjan, R., Kumar, A., Sinha, M. P., Srivasta-
va, R., Subarna, S. & Mandal, S. K. (2021). Hepatoprotec-
tive activity of silver nanoparticles synthesized using
aqueous leaf extract of punica granatum against induced
hepatotoxicity in rats. Nova Biol. Reper., 7, 381-389.
DOI: 10.52547/nbr.7.4.381

Kumar, A., Mahto, M., Priya, S., Thakur, S., Paramanik,
P., Verma, R., Mahato, P. & Bera, A. (2024). A compre-
hensive review of green synthesis, characterization and
biomedical applications of silver nanoparticle synthesized
using plant extracts. World Journal of Advanced Research
and  Reviews, 22(3), 1950-1977. DOI: 10.30574/
wjarr.2024.22.3.1899

Laib I, Ali BD, Alsalme A, Croun D, Bechelany M, & Bar-
houm A (2024), Therapeutic potential of silver nanoparti-
cles from Helianthemum lippii extract for mitigating cadmi-
um-induced hepatotoxicity: liver function parameters, oxi-
dative stress, and histopathology in wistar rats. Front.
Bioeng.  Biotechnol., 12:1400542. doi:  10.3389/
fbioe.2024.1400542

Ling, P. R., Smith, R. J. & Bistrian, B. R. (2007). Acute
effects of hyperglycemia and hyperinsulinemia on hepatic
oxidative stress and the systemic inflammatory response
in rats. Critical care Medicine, 35(2), 555-560. doi:
10.1097/01.CCM.0000253310.02180.C2.

Lu Y, Chen J, Ren D, Yang X & Zhao Y. (2017). Hepato-
protective effects of phloretin against CCl4-induced liver
injury in mice. Food Agric. Immunol., 2017;28(2):211-222.
doi:10.1080/09540105.2016.1258546.

Luhata, L. P., Chick, C. N., Mori, N., Tanaka, K., Uchida,
H., Hayashita, T. & Usuki, T. (2022). Synthesis and anti-
oxidant activity of silver nanoparticles using the odontone-
ma strictum leaf extract. Molecules, 27(10), 3210. doi:
10.3390/molecules27103210

Maity, T., Ahmad, A., Pahari, N. & Ganguli, S. (2012).
Hepatoprotective activity of mikania scandens (L.) willd.
against diclofenac sodium-induced liver toxicity in
rats. Asian journal of Pharmaceutical and Clinical Re-
search, 5(2), 185-189.

Mohammad Amin Taleb Safa & Hassan Koohestani.
(2024). Green synthesis of silver nanoparticles with green
tea extract from silver recycling of radiographic films. Re-
sults in Engineering, 21, 2024, 101808, ISSN 2590-1230,
https://doi.org/10.1016/j.rineng.2024.101808.

Nandiyanto, A.B.D., Oktiani, R., Ragadhita, R. (2019).
How to read and interpret FTIR spectroscope of organic
material. Indon. Jr. of Sc. And Tech., 4(1), 97-118.
DOI: https://doi.org/10.17509/ijost.v4i1.15806

OECD (2004). OECD guidelines for the testing of chemi-
cals /section 4: Health effects test no. 423; Acute oral

1875


https://doi.org/10.1016/j.molstruc.2022.133325
https://doi.org/10.1038/s41598-023-35228-y
https://doi.org/10.1038/s41598-023-35228-y
https://doi.org/10.1186/s40816-020-00179-8
https://doi.org/10.1186/s40816-020-00179-8
https://doi.org/10.3390/molecules24040719
https://doi.org/10.3390/molecules24040719
https://doi.org/10.1007/s44174-025-00295-4
https://doi.org/10.1016/s0167-7799(00)01514-6
https://doi.org/10.1177/019262338901700304
https://doi.org/10.52547/nbr.7.4.381
https://doi.org/10.1016/j.rineng.2024.101808
https://doi.org/10.17509/ijost.v4i1.15806

Mahato, A. et al. / J. Appl. & Nat. Sci.

17(4), 1865 - 1876 (2025)

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

toxicity-acutettoxic class method. Organisation for eco-
nomic cooperation and development.

Perumalsamy, R. & Krishnadhas, L. (2022). Anti-diabetic
activity of silver nanoparticles synthesized from the hy-
droethanolic extract of Myristica fragrans seeds. Applied
Biochemistry and Biotechnology, 194(3), 1136-1148. doi:
10.1007/s12010-022-03825-8

Ponnusamy, S., Ravindran, R., Zinjarde, S., Bhargava, S.
& Ravi Kumar, A. (2011). Evaluation of traditional Indian
antidiabetic medicinal plants for human pancreatic amyl-
ase inhibitory effect in vitro. Evidence(1Based Comple-
mentary and Alternative Medicine, 2011(1), 515647. doi:
10.1155/2011/515647.

Prakash, S. & Tripathy L. (2023). Phytochemical investi-
gation and antimicrobial Screening of Euphorbia Tithy-
maloides leaves. Aegaeum Journal, 11, Issue 06, 2023,
48-57.

Rafique, M., Sadaf, |., Rafique, M. S. & Tahir, M. B.
(2017). A review on green synthesis of silver nanoparti-
cles and their applications. Artificial cells, nanomedicine,
and Biotechnology, 45(7), 1272-1291. Doi:
10.1080/21691401.2016.1241792

Rakesh, R., Amar, K., Manoj, K. & Prasad, S. M. (2020).
Hepatoprotective activity of silver nanoparticles synthe-
sized using aqueous extract of cuscuta reflexa against
CClH4 ilnduced toxicity in rats. Eur. J. Pharm. Med. Res., 7
(10), 585-589.

Rani, G & Sisodia, S.S. (2023). Antioxidant activity of eth-
anolic extract of Stereospermum Colais and Pedilanthus
Tithymaloides. Bull. Env. Pharmacol. Life Sci., Vol [8] July
2023 : 237-245.

Salar, R.K. & Kumar, N. (2016). Synthesis and characteri-
zation of vincristine loaded folic acid—chitosan conjugated
nanoparticles. Resour. Technol., Dec. 2016. 2(4):199—
214. https://doi.org/10.1016/j.reffit.2016.10.006.

Sharma, P. (2022). Value of liver function tests in cirrho-
sis. Journal of Clinical and Experimental Hepatology, 12
(3), 948-964. https://doi.org/10.1016/j.jceh.2021.11.004.
Srivastava, R. & Soni, N. (2019). An updated review on
phytopharmacological profile of Euphorbia tithymaloides
(L.) Poit. The Pharma Innovation Journal, 8(5), 109-115.
Stehbens, W.E. (2003). Oxidative stress, toxic hepatitis,
and antioxidants with particular emphasis on zinc. Exp.
Mol. Path., 75(3):265-76. doi: 10.1016/s0014-4800(03)

56.

57.

58.

59.

60.

61.

62.

63.

00097-2.

Steinmann. (2003). The Submersion of Pedilanthusinto
Euphorbia (Euphorbiaceae)," Acta Botanica Mexicana, p.
45. DOI:10.21829/abm65.2003.961

Sudha, P., Smita, S., Zinjarde, Shobha, Y. Bhargava &
Ameeta, R. Kumar. (2011). Potent a-amylase inhibitory
activity of Indian ayurvedic medicinal plants. BMC Com-
plementary and Alternative Medicine. 11: 5. doi:
10.1186/1472-6882-11-5.

Uhuo, E. N., Obike, C. A,, Joshua, P. E., Alaebo, P. O. &
Anyanwu, R. C. (2025). Mitigation of cadmium-induced
hepatotoxicity by orally administered xylopia aethiopica
synthesized silver nanoparticles in rats. Journal of Molec-
ular Histology, 56(3), 1-13. doi: 10.1007/s10735-025-
10454-y.

Uru, O.M.Q., Emeka, I.E., Lotanna, A.D. & Ogechukwu,
U.B. (2013). Hepatoprotective and antihepatotoxic activi-
ties of aqueous leaf extract of Tacazzea barteria against
carbon tetrachloride induced hepatotoxicity in albino rat.
Int. Res. J. Pharm., 4: 60-65. DOI: 10.7897/2230-
8407.04913

Vanlalveni , C., Lallianrawna, S., Biswas, A., Selvaraj, M.,
Changmai, B. & Rokhum, S. L. (2021). Green synthesis of
silver nanoparticles using plant extracts and their antimi-
crobial activities: A review of recent literature. RSC Ad-
vances, 11(5), 2804-2837. doi: 10.1039/d0ra09941d
Velez, M. A., Perotti, M. C., Santiago, L., Gennaro, A. M.
& Hynes, E. (2017). Bioactive compounds delivery using
nanotechnology: design and applications in dairy food.
In Nutrient Delivery (pp. 221-250). Academic Press.
DOI: 10.1016/B978-0-12-804304-2.00006-8

Zhang, H., Jacob, J. A., Jiang, Z., Xu, S., Sun, K., Zhong,
Z. & Shanmugam, A. (2019). Hepatoprotective effect of
silver nanoparticles synthesized using aqueous leaf ex-
tract of Rhizophora apiculata. International Journal of Na-
nomedicine, 14,  3517-3524.  https://doi.org/10.2147/
IJN.S198895.

Zhao, Z W., Chang, J C,, Lin, L W., Tsai, F H., Chang, H
C. & Wu, C R. (2018). “Comparison of the hepatoprotec-
tive effects of four endemic Cirsium species extracts from
Taiwan on CCl4- induced acute liver damage in C57BL/6
mice,” International Journal of Molecular Sciences, . 19,
no. 5, p. 1329. doi: 10.3390/ijms19051329

1876


https://doi.org/10.1016/j.reffit.2016.10.006
https://doi.org/10.1016/j.jceh.2021.11.004
http://dx.doi.org/10.21829/abm65.2003.961
https://doi.org/10.7897/2230-8407.04913
https://doi.org/10.7897/2230-8407.04913
https://doi.org/10.1039/d0ra09941d
https://doi.org/10.1016/B978-0-12-804304-2.00006-8
https://doi.org/10.2147/IJN.S198895
https://doi.org/10.2147/IJN.S198895
https://doi.org/10.3390/ijms19051329

