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Introduction  

Nanoscience studies the creation, composition, and 

control of small materials, ranging from 1 to 100 

nanometers.1 Nanotechnology is rapidly expanding, 

with applications in biotechnology,2 textiles,3 cosmetics, 

and medicine. Nanoparticles show promise in 

biosensors, drug transport, diagnostic tools, and cancer 

therapy.4 

Hepatocellular carcinoma, more commonly known 

as HCC, remains an important contributing factor to 

cancer-related fatalities on around the world, with a 

significant portion of cases being diagnosed at advanced 

stages, resulting in poor treatment outcomes.5,6 Only 

30-40% of HCC patients are eligible for potentially 

therapeutic treatments such as liver transplantation, 

tumor dissection, or radiofrequency ablation at the time 

of diagnosis. 

The majority of individuals often must endure non 

therapeutic interventions such as transcatheter arterial 

chemoembolization (TACE).6 Bioinspired nanoparticles 

have been engineered to mimic the properties of 

biological systems, such as cell membranes, to enhance 

their tumor-homing ability and biocompatibility. These 

nanoparticles have demonstrated synergistic anticancer 

effects through simultaneous chemotherapy, hyperthermia 

-therapy, and radiotherapy can be administered without 

any harmful side effects.7 

Glycine max, commonly known as soybeans, are a 

rich source of bioactive compounds with potential 

therapeutic applications. The pods of soybeans contain 

a variety of bioactive molecules, including flavonoids, 

phenolic acids, and saponins, which have been linked 

to antioxidant, anti-inflammatory, and antimicrobial 
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properties.8,9 

Silver nanoparticles (AgNPs) have demonstrated 

significant potential as both antimicrobial and anticancer 

agents, making them a promising candidate for cancer 

therapy. The bioinspired approach employed in this 

study, which utilizes the bioactive compounds present 

in Glycine max (soybean) pods to facilitate the 

synthesis of AgNPs, provides numerous benefits over 

conventional chemical-based techniques for synthesis 

i.e., reduced environmental impact, Enhanced therapeutic 

potential and improved efficacy.10-12 

Hepatocellular carcinoma is a challenging condition 

characterized by severe inflammation and significant 

pain, complicating the disease for patients. Among the 

primary risk aspects for HCC, the most usual 

histological type of primary liver cancer is infection 

with the hepatitis B virus or the hepatitis C virus 

(Rumgay et al., 2022).  

In addition to hepatitis B and hepatitis C virus 

infections, hepatocellular carcinoma (HCC) can also be 

triggered by other factors such as excessive alcohol 

consumption, obesity, diabetes, and exposure to aflatoxins. 

Hepatitis B and C collectively affect hundreds of 

millions of people worldwide, primarily leading to 

chronic diseases. They stand as the primary causes of 

liver cirrhosis, liver cancer, and fatalities associated 

with viral hepatitis. Hepatitis B and C infect around 

354 million individuals worldwide, yet accounting for 

the majority of these patients receives screened and 

treated (WHO). 

Hepatitis B virus infection is responsible for about 

60% of all liver cancers worldwide in developing 

countries, while hepatitis C virus infection is responsible 

for 33% of all liver cancer cases (Liu et al., 2015). 

There are several treatment choices for patients 

with hepatocellular carcinoma. The best plan would be 

based on the stage of cancer at diagnosis, the underlying 

liver function of the patient, and the patient’s overall 

health. This treatment often entails several specialists 

collaborating to provide the best comprehensive care 

for an HCC patient. The team may include a surgeon, 

oncologist, hepatologist, interventional radiologist, and 

palliative care provider. This multi-disciplinary 

strategy aims to offer the outstanding score care based 

on each particular patient (Mokdad et al., 2016).  

This study offers a novel approach to the treatment 

of liver cancer by using Glycine max nanoparticles 

over HepG2 cell line (in-vivo treatment) that may 

improve patient care by extending life expectancy, 

controlling symptoms, and improving quality of life in 

general. 

 

Materials and Methods 

Materials 

The materials were utilized for this study encompass 

Glycine max pods, which served as a primary source 

for the bioactive compounds. Double distilled water 

was utilized for all aqueous preparations to ensure 

purity. Silver nitrate (Sigma-Aldrich, ≥99.5%) was 

employed as a precursor for nanoparticle synthesis. A 

70% ethanol solution was used for sterilization 

purposes. 

For cell culture, DMEM media (13.37 g/L, Sigma, 

USA, or Capricorn Scientific) was supplemented with 

0.0037 g/L sodium bicarbonate, 200-300 units/L of 

Penicillin/Streptomycin (Sigma, USA), and 200 units/L 

of Gentamicin to maintain sterility. Fetal Bovine Serum 

(FBS) at 10% concentration (27 ml) from Sigma, USA, 

was also incorporated into the cell culture media. 

HepG2 cancer cell lines were used to assess cytotoxicity 

and other biological activities.  

Trypan blue (Invitrogen Inc., USA) was employed 

for cell viability assays, and a 0.1% crystal violet dye 

blended with 2% ethanol was used for cell staining.  

To solubilize the stain, 1% SDS was used. Experiments 

were conducted in 96-well plates (Corning, USA). 

VEGF and Annexin V kits (Santa Cruz Biotechnology, 

USA) were used for ELISA assays. A 0.18 M sulfuric 

acid (H2SO4) solution was prepared for the TMB assay 

(Invitrogen Inc., USA), and an LDH assay kit (AMP 

Diagnostics, Austria) was used to measure cell injury. 

For cell subculturing, 0.05% trypsin and 0.53 mM 

EDTA were utilized. Additional solutions included 

PBS (Invitrogen Inc., USA) for washing, MTT solution 

(Invitrogen Inc., USA) for cell proliferation assays, and 

DMSO (Invitrogen Inc., USA) for dissolving formazan 

crystals in the MTT assay. 

 

Methodology 

Botanical Specimen Collection & Preparation of 

Extract 

Glycine max samples obtained from the Lahore local 

market were washed with water and cleaned followed 

by drying at 40 °C in muffle furnace and powdered in 

grinder, after that, 20 g of each dried material was 

extracted in 100 ml double-distilled water and boiled at 
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100 °C for 10 min. Later, filtered extracts were 

centrifuged for 15 at the speed of 4000 rpm and stored 

at 4 °C, Soxhlet apparatus was used for it. 

 

Synthesis of Bioinspired Glycine max AgNPs 

A flask containing 20 ml of 5mM silver nitrate was 

combined with 70 ml of a 20 percent Glycine max pods 

solution, and continuous stirring was conducted at 24 

°C for 4 h. A color shift signalizing the formation of 

Glycine max-Derived Nanoparticle resulted from this 

process. The product solution centered after spinning at 

4000 rpm for 20 minutes, and the pellet was cleansed 

twice, dried at 50 °C, and the Glycine max-Derived 

Nanoparticles were calcined for 2 h at 500 °C in a 

muffle furnace. 

 

Analytical Characterization of Bioinspired AgNPs 

The Ultraviolet-visible spectrophotometer UV-Vis 

was employed in the characterization of Glycine max-

Derived Nanoparticles. The UV-visible spectra collection 

was in 250-750 nm wavelength.  

The dynamic light scattering DLS technique to 

determine the zeta potential and particle size distribution 

of the synthesized sample were calculated using 

Litesizer DLS 500 instrument. FTIR spectrophotometer 

on wave number regions from 4000-600 cm-1 was 

utilized in conducting the functional group analysis of 

Glycine max-Derived Nanoparticles. 

Scanning Electron Microscopy-Energy Dispersive 

X-RAY SEM-EDX study conducted to investigate 

the surface morphology structural and elemental 

composition of the green synthesized Glycine max-

Derived Nanoparticles. 

The crystalline average size of Glycine max-

Derived Nanoparticles was determined using X-ray 

diffraction XRD analysed. 

 

Laboratory Setting Anticancer Efficacy Regarding 

Bioinspired AgNPs 

Managing the Cell Line through Sub-Culturing 

The HepG2 cells from CAMB, Lahore, were cultured 

in DMEM-HG and underwent subculturing when they 

reached 70-80% confluence. This required the use of 

trypsin-EDTA treatment, verifying detachment through 

microscopic observation, and centrifuging at 12000 

rpm about 10 minutes. The extracellular fluid proved 

carefully extracted, displacing the cell pellet that was 

mixed with 10% serum and DMEM. 

Treatment of HepG2 Cell Line with Bioinspired 

AgNPs 

HepG2 cells that had been pre-conditioned with 

nanoparticles derived from Glycine max were divided 

into two groups. The initial group was comprised of 

normal cells grown in standard medium, while the 

second group consisted of treated cells grown in the 

Glycine max-derived nanoparticles. During a span of 

72 h, samples were gathered for ELISA, cell 

proliferation, lactate dehydrogenase assay (LDH), and 

viability assays. 

 

Enzyme-Linked Immunosorbent Assay (ELISA) 

A solid-phase sandwich ELISA was conducted in a 

96-well plate to detect the presence of VEGF and 

Annexin V markers. After incubating with antibodies 

and performing necessary steps such as washing and 

blocking, the culturing medium was added and then 

removed after 30 min. Throughout a 60-min incubation 

period, the sample underwent treatment with an HRP-

conjugated donkey anti-rabbit secondary antibody. 

This was followed by three thorough washes and the 

subsequent detection process involved the use of 

Tetramethylbenzidine (TMB). The reactivity was halted 

by incorporating 100 µl of 0.18 M sulphuric acid, and 

its absorbance was then evaluated at 450 nm via the 

microtiter plate. 

 

LDH Assay 

The LDH activity in the medium obtained from all 

study groups, as well as 5 µl of medium from each cell 

line group following treatment completion, was 

assessed using an LDH assay reagent. The assay was 

conducted following the instructions provided by the 

manufacturer.  

For a brief incubation period of 5 min, a tiny 

amount of medium for cultivating cells to every group 

was utilized with a larger volume of working reagent. 

The reaction was then halted by adding 90 µl of 1N 

HCl. After that, the mixture was divided into cuvettes 

while absorbance has been measured via a 

spectrophotometer that was calibrated at 490 nm. 

 

Cell Proliferation Assay 

An MTT assay was performed to evaluate the 

expansion capabilities of the HepG2 cell line groups. 

The cell monolayer was treated with PBS, then 

incubated in 500 µl of complete medium with 60 µl of 
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MTT solution for 2 h. The resulting purple formazan 

was dissolved using dimethylsulfoxide (DMSO), and 

the absorbance was measured at 570 nm. 

 

Cell Viability Assay 

The viability of the cells was evaluated via the use of 

trypan blue dye after rinsing them with PBS. After a 

15-min incubation and three more PBS washes, the 

cells were scrutinized under a microscope. Cells dyed 

via trypan blue were determined to be non-viable, and 

the percentage of viable cells was calculated using a 

hemocytometer. 

 

Crystal Violet Staining 

The assessment of cell viability was conducted 

through the utilization of crystal violet staining across 

a 6-well plate. A medium was added concerning 

altered groups for trails of HepG2 cell line-derived 

cells into separate wells. After incubation, the medium 

in each well of the plate was discarded and then rinsed 

with PBS. After that, wells were treated with a 

solution containing 2% ethanol and 0.1% crystal violet 

dye, making sure to cover the entire surface. Completely 

filled. 

 The plate was then left to incubate for 15 min at 

room temperature. Afterwards, the excess dye was 

carefully eliminated, while channels were gently 

cleansed to ensure the cells on the surface remained 

intact. Next, in order to dissolve the stain, 600 µl of 

1% SDS was added to each well, and then left to 

incubate for 5-10 min. The absorbance was measured 

using a microtiter plate reader at 540 nm. 

 

Data Analysis Using Statistical Approaches 

The statistical evaluation utilized one-way ANOVA, 

with Bonferroni’s test for group associations. Analysis 

was conducted by means of GraphPad v9.5 software, 

alongside the standard of significance set at P<0.05. 

 

Results 

Green synthesis of nanoparticles is gaining 

attention in the biomedical applications of 

nanoparticles for their eco-sensitive and possible 

biocompatible nature. The current green-synthesized 

nanoparticles; Glycine max-derived nanoparticles were 

used for the anti-proliferative and apoptotic activity in 

hepatocellular carcinoma. Various characterization 

techniques used in the current study can offer better 

understanding and explanation of how the synthesized 

nanoparticles might be working in cancer cells through 

their physicochemical nature. 

 

Ultraviolet-Visible (UV-Vis) Analysis 

The UV-Vis Spectrophotometer U-2900 HITACHI 

was utilized to analyze silver nanoparticles, employing 

the principle of surface Plasmon resonance. The 

analysis covered a wavelength range of 250-750 nm. 

Notably, a wavelength of 410 nm indicated the 

presence of nanoparticles, with the instrument 

generating absorption spectra (Figure 1). 

 
Figure 1. UV-Visible spectra of Glycine max-Derived Nanoparticles. 

 

Size Distribution and Zeta Potential 

The size distributions of silver nanoparticles (AgNPs) 

synthesized through biosynthesis were notably larger 

(Figure 2A). In particular, the zeta sizer of AgNPs in 

the aqueous extract measured 351.8 ± 146.54 nm, with 

a polydispersity index of 37.6%. 

The zeta potential of silver nanoparticles (AgNPs) 

synthesized through biosynthesis was found to be 
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significantly high (Figure 2B). Specifically, the zeta 

potential of AgNPs in the aqueous extract was 

measured to be -7.6 ± 0.6 mV. The negative charge of 

AgNPs allows them to disperse in the medium, 

preventing aggregation. A negative charge for zeta 

potential specifies that the particles stay highly stable 

and repel each other, reducing the likelihood of 

clumping together.13 

 

Figure 2. A) Size distributions of Glycine max-Derived Nanoparticles; B) Zeta potential of Glycine max-Derived Nanoparticles. 

 

FT-IR Analysis 

FT-IR Analysis was accompanied to identify the 

chemical compounds and functional compounds present 

in the nanoparticles derived from Glycine max. The IR 

spectrum of these nanoparticles, (Figure 3), were 

utilized for this purpose.  

Glycine max-derived NPs have 4 strong FTIR spectral 

transmittance troughs at 0927 cm-1, 1637 cm-1, 2175 

cm-1 and 3345 cm-1 regions, respectively. 

The FTIR analysis revealed distinct peaks indicative 

of molecular functionalities present in the sample. The 

prominent peak observed at 3345 cm-1 indicating the 

presence of an aliphatic primary amine, evident from 

the -NH stretching vibration in the range of 3300-3500 

cm-1, with a dominant peak centered around 3345 cm-1. 

Additionally, the spectrum exhibits feature associated 

with an aromatic secondary amine, manifested by an 

intense >N-H stretching vibration, typically within the 

same spectral region as the primary amine stretch. 

Moreover, the presence of normal “polymeric” -OH 

groups is noted, characterized by a distinct peak at 

3345 cm-1 in the single bond region, indicative of -OH 

stretching vibrations commonly found in polymeric 

structures. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3. FT-IR Spectra of Glycine max-Derived Nanoparticles. 
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Table 1. FT-IR Absorption band of Glycine max-Derived Nanoparticles. 

Sr.# Absorption band of Glycine max-derived nanoparticles (cm
-1

) Absorption band from Literature (cm
-1

) Ref 

01 3345 3448 

14-17 
02 2175 2175 

03 1637 1645 

04 0927 1034 

 

Another notable peak detected at 2175 cm-1 

specifies the existence of the Thiocyanate (-SCN) 

functional group, representing the stretching vibration 

caused carbon-nitrogen triple bond (C≡N) within 

thiocyanate. An evident peak around 1637 cm-1 indicates 

double bonds or aromatic compounds, typical of 

conjugated systems, while supporting the presence of 

organic nitrates through associated vibrational modes, 

aiding in compound characterization. Additionally, the 

peak at 0927 cm-1 indicates cyclohexane ring vibrations, 

corresponding to bending or deformation within the 

ring structure, suggesting the presence of cyclohexane 

moieties in the sample, potentially indicating compounds 

or materials containing cyclohexane (Table 1). 

 

SEM-EDX Analysis 

An advanced imaging technique referred to Scanning 

electron microscopy in conjunction via energy dispersive 

X-ray spectroscopy was employed to assess both the 

surface characteristics and elemental conformation of 

the synthesized Glycine max-Derived Nanoparticles. The 

photomicrograph of GM-NPs exhibited a broad size 

distribution within the sample; the observed GM-NPs 

displayed a cubo-rhombic dodecahedral morphology 

(Figure 4).  

In spectrum 01, the quantity of Ag was 11.84% 

correspondingly, whereas in spectrum 02, the percentages 

were 14.87%, measured in atomic % respectively. 

Details of the two EDX spectra of AgNPs values 

accessed in atomic weight % were (Table 2). 

Composition, purity, besides average crystallite 

size of Glycine max-Derived Nanoparticles (Figure 5). 

The analysis was performed over a 2θ range of 30 to 

80 degrees. The resulting pattern exhibited multiple 

peaks at 2θ values of 38.01°, 44.11°, 64.31°, and 77.32°. 

Notably, the reflection at (111), (200), (220), and 

(311) indicated the absence of impurities, signifying a 

pure anatase phase and a high crystalline nature of 

silver metal within the sample with the standard 

powder diffraction card of JCPDS Silver: 04-0783. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 4. EDX Pattern of Glycine max-Derived Nanoparticles. 

 

Table 2. EDX Weight Ration of Glycine max-Derived Nanoparticles. 

Glycine max-Derived Nanoparticles 
Element (Ag) 

Weight % Atomic % 

Spectrum 1 38.89 11.84 

Spectrum 2 45.65 14.87 

Spectrum-01 Spectrum-02
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Figure 5. XRD pattern of Glycine max-Derived Nanoparticles. 

 

Utilizing the Scherrer equation D = Kλ/(βcos(θ)), 

the average crystallite size of the Glycine max-Derived 

Nanoparticles was determined. The analysis revealed 

an average crystallite size falling within the range of 

20-35 nm. However, it’s worth noting that due to the 

synthesis method employed, there exists a slight 

variance between the crystallite size and the strength 

of the observed peaks. 

 

Treatment of Cell Line with Glycine max-Derived 

Nanoparticles 

Morphology of Hepatocellular Carcinoma Cells 

(HepG2) 

HepG2 cell line was used for in-vitro analysis of 

Hepatocellular Carcinoma treatment with Glycine 

max-derived Nanoparticles, phase contrast microscopy 

was utilized for the images captured of treatments and 

untreated HepG2. Untreated HepG2 showed well 

matured, fibroblastic colonies and smooth morphology. 

Whereas, the treated HepG2 with Glycine max-derived 

Nanoparticles cells displayed unclear and rough 

morphological appearance, which confirms the anti-

proliferative effect. In contrast with the control, treated 

group conveyed that the apoptosis was occurred in 

many due to the ROS production in the process, this 

result may occurred due to the ROS production that 

ultimately damaged the internal membranes (Figure 6). 

 

MTT Assessment 

Cultured HepG2 cells (500 cells per well of a 96-

well plate) underwent preconditioning. Upon treatment 

with Glycine max-derived nanoparticles, cell proliferation 

was observed across all experimental groups. 

Proliferation rates were assessed using MTT reagent, 

revealing a significantly lower proliferation in the 

treated groups: GM-NPs 10 µg/ml (1.003 ± 0.0594), 

GM-NPs 20 µg/ml (0.529 ± 0.0092), GM-NPs 30 

µg/ml (0.605 ± 0.0040), compared to the untreated cell 

group (1.291 ± 0.0029) (Figure S2). 

 

Assessment of Dead Cells with Trypan Blue Dye 

Trypan Blue staining highlights dead cells as black 

under a microscope. Preconditioning of cultured HepG2 

cells (500 cells per 96-well plate) with GM-NPs 10 

µg/ml and GM-NPs 20 µg/ml, followed by treatment 

with GM-NPs 30 µg/ml, resulted in cell death across 

all experimental groups. Compared to the untreated 

group (17.00 ± 0.5774), the treatment groups (GM-

NPs 10 µg/ml (32.33 ± 1.453), GM-NPs 20 µg/ml 

(46.67 ± 1.202), and GM-NPs 30 µg/ml (61.00 ± 

0.5774) exhibited significantly elevated numbers of 

dead cells (Figure 7). 

 

Assessment of Live Cell Count with Crystal Violet 

Stain 

For the assessment of live cell count, crystal violet 

stain was employed, which permeates live cells, and 

the absorbance of the resulting color was measured 

using a spectrophotometer. Preconditioning of cultured 

HepG2 cells (500 cells per well of a 96-well plate) 

was carried out. It was noted that there was a 

noticeable decrease in live cell count in the treated 

groups: GM-NPs 10 µg/ml (2.898 ± 0.0618), GM-NPs 

20 µg/ml (2.243 ± 0.0474), GM-NPs 30 µg/ml (1.84 ± 

0.0146), compared to the untreated cell group (3.834 ± 

0.0709) (Figure S3). 
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Figure 6. Morphological Appearance of HepG2 Cells. a) At 80% confluency, untreated HepG2 Cells shown clean, smooth 

morphology under a 20X phase contrast microscope; b) At 60% confluency, treated HepG2 Cells with GM-NPs 10 µg/ml after 24 

hrs shown decreased viability and morphology changes under a 20X phase contrast microscope; c) At 40% confluency, treated 

HepG2 Cells with GM-NPs 20 µg/ml after 24 hrs shown decreased viability and morphology changes under a 20X phase contrast 

microscope; d) At 20% confluency, treated HepG2 Cells with GM-NPs 30 µg/ml after 24 hrs shown decreased viability and great 

change in morphology result in cancerous cells death under a 40X phase contrast microscope. 

 

Figure 7. Cell Viability Assay: Number of dead cells (HepG2) were counted by incubating cells with trypan blue dye. Bar graph 

shows that HepG2 cells treated with GM-NPs 20 μg/ml and GM-NPs 30 μg/ml had significantly more dead cells than the control 

group. Values are mean ± SEM (P<0.05, with ** and *** indicate significant variations between control and treatment groups). 
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Effect on Angiogenesis of Cancer and Normal Cells 

HepG2 cell line culture media were utilized for 

ELISA assays, employing two distinct antibodies: 

VEGF and Annexin V. Cells were subjected to varying 

concentrations of GM-NPs (10 µg/ml, 20 µg/ml, and 

30 µg/ml). Notably, in the HepG2 cell line, the VEGF 

level significantly decreased with GM-NPs at 30 µg/ml 

(0.4345 ± 0.1110) (Figure 8A). Conversely, the Annexin 

V levels in cells treated with GM-NPs at 30 µg/ml 

exhibited marked significance (1.746 ± 0.0557), (Figure 

8B). ELISA assay targeting proliferation and apoptotic 

markers proved that the nanoparticle could induce 

HCC cells, apoptotic cell death. 

 

Interpretation of Cellular Injury through Lactate 

Dehydrogenase (LDH) 

After exposing HepG2 cells to GM-NPs at concentrations 

of 10 µg/ml, 20 µg/ml, and 30 µg/ml, the extent of 

injury to the hepatocellular carcinoma cells was assessed 

through LDH, an enzyme that is released in response 

to cell injury or damage. Our findings revealed that 

LDH release was notably higher in cancer cells treated 

with GM-NPs at 10 µg/ml (0.9300 ± 0.0300) and GM-

NPs 20 µg/ml (2.705 ± 0.0050) compared to untreated 

cells (0.4050 ± 0.0050) (Figure S4). After GM-NPs 

treatment that showed cell injury also corroborated the 

cytotoxic effect of the nanoparticles on cancer cells. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. A) Level of VEGF in different treatment groups. Bar graph shows levels of VEGF in intra-group. Values were articulated as 

mean ± SEM (treated groups with *, ** and ***P<0.05). B) Level of Annexin-V in different treatment groups. Bar graph shows levels 

of Annexin V in intra-group. The values are expressed as the mean ± SEM (P<0.05, where *, ** and *** indicates a statistically 

significant distinction between the control and therapeutic groups). 

 

Discussion 

Hepatocellular carcinoma (HCC) is a major global 

health concern, with limited treatment options and a 

poor prognosis.18 In recent years, bioinspired nano- 

particles have materialised a promising approach for 

cancer therapy thanks to their distinct physicochemical 

attributes and potential for targeted drug delivery.19 In 

current the study, an innovative green synthesis method 

for silver nanoparticles (AgNPs) utilizing Glycine max 

(soybean) pods as a reducing and stabilizing agent, 

and evaluate their anti-proliferative and apoptotic 

effects on HCC cells. Therefore, Glycine max-derived 

nanoparticles effectively treat liver cancer cells by 

promoting apoptosis and decreasing proliferation, while 

still being safe for non-cancerous cells. 

The UV-Vis spectra at 410 nm confirmed the 

formation of bioinspired nanoparticles.14 The bio-reduction 

of Ag+ ions in Glycine max pods extract occurs through 

electrostatic interactions with phytochemicals, forming 

silver nuclei and synthesizing AgNPs through further 

reduction and accumulation.20 The zeta size of the extract 

measured 351.8 ± 146.54 nm, with a polydispersity 

index of 37.6%.21 

While the Zeta potential measured -7.6 mV ± 0.6 

mV.13 The 4 strong IR spectral transmittance troughs at 

0927 cm-1, 1637 cm-1, 2175 cm-1 and 3345 cm-1 regions, 

respectively.14-17 SEM-EDX analysis reveals surface 

morphology and elemental composition, with spectrum 

01 containing 11.84% Ag and spectrum 02 having 

14.87% Ag in atomic percentage.22 XRD analysis 

revealed a pure anatase phase and high crystalline 

nature of silver metal in Glycine max-derived 

nanoparticles, indicating no impurities at the reflection 

at (111), (200), (220), and (311) indicated the absence 

of impurities.23-25 

In-vitro analysis of Hepatocellular Carcinoma 
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treatment with Glycine max-derived nanoparticles 

revealed anti-proliferative effect, with apoptosis observed 

in many treated cells due to ROS production.26,27 Cell 

proliferation was observed in HepG2 cells treated with 

Glycine max-derived nanoparticles, with significantly 

lower rates in the treated groups associated to the 

untreated group.28,29 Cell death was observed in HepG2 

cells preconditioned with GM-NPs, with treatment 

groups showing significantly higher numbers of dead 

cells compared to untreated groups.30,31  

Crystal violet stain was used to assess live cell 

count in preconditioning HepG2 cells. Treatment 

groups showed a significant decrease in live cell count 

compared to untreated cells.32,33 The VEGF level 

significantly decreased with GM-NPs at a concentration 

of 30 µg/ml in the HepG2 cell line. The study found 

that cells treated with GM-NPs at a concentration of 30 

µg/ml showed ominously higher Annexin V levels.34,35 

The nanoparticle was found to induce apoptosis in 

HCC cells through an ELISA assay targeting 

proliferation and apoptotic markers.36 

The study found that GM-NPs treatment significantly 

increased LDH release in HepG2 cancer cells, indicating 

a potential therapeutic approach for hepatocellular 

carcinoma.37,38 The treatment of GM-NPs with cancer 

cells demonstrated cell injury, confirming the cytotoxic 

effect of these nanoparticles on cancer cells.39 

Glycine max-derived nanoparticles pave a cost-

effective and innovative approach for hepatocellular 

carcinoma, aligning with SDGs 3 for good health and 

well-being. Glycine max-derived nanoparticles may 

work synergistically to trigger apoptosis within liver 

cancer cells. The potential regarding Glycine max-

derived nanoparticles to induce apoptosis is enhanced 

by their ability to modify gene expression and sensitize 

cancer cells to apoptosis. Furthermore, the anti-

inflammatory and antioxidant properties of Glycine 

max-derived nanoparticles may maximize therapeutic 

benefits while reducing side effects. 

 

Conclusion 

In conclusion, this study successfully synthesized 

and characterized green-synthesized nanoparticles. The 

nanoparticles in Glycine max that were synthesized and 

confirmed by UV-vis spectrophotometry and associated 

groups of particles, morphologies, and composition 

structures were analysed by FTIR and SEM-EDX. 

Furthermore, XRD examination determined the phase 

composition, purity, and average crystallite of specimens 

and particle size distribution and Zeta potential 

examination were also performed. The anticancer 

ability of the green synthesized NPs against the HepG2 

cancer cell line was reported to be promising and was 

proven to be treated with nanoparticles synthesized 

from Glycine max. 
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