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Abstract 

The present study was undertaken to the in-vitro antioxidant properties of Vernonia cinerea and to 

synthesis, characterization and evaluate the biomedical application of iron nanoparticles from V. 

cinerea. For this V. cinerea was collected and the leaves were extracted using different solvents 

(ethanol, hexane, chloroform). Further the antioxidant potential of various concentrations (100 to 

300µg/ml) of the extracts was performed through different standard antioxidant assays. The 

antioxidant potential of the extracts was compared with standard ascorbic acid. Iron nanoparticles 

were synthesized using V. cinerea leaf extract. The formation of iron nanoparticles was confirmed by 

characterization such as UV–vis spectroscopy, Fourier transform infra-red spectroscopy (FTIR), X-

ray diffraction (XRD), Scanning electron microscope (SEM) and Energy dispersive X-ray analysis 

(EDAX) analysis. The anticancer activity of synthesized iron nanoparticles was evaluated against 

human lung cancer (A549) cells and human colon cancer (HCT-116) cell line.  

 

The highest antioxidant activity was observed for ethanol extract with 72.67% DPPH radical 

scavenging activity, hexane extract with 87.60% superoxide scavenging activity, and chloroform 

extract with 57.63% hydroxyl radical scavenging activity, all at a concentration of 300 μg/mL. These 

results indicate that V. cinerea possesses significant antioxidant potential, particularly at higher 

concentrations. The formation of iron nanoparticles was observed by a colour change to brown and 

confirmed by UV spectral analysis, which showed peak at 268 nm. FTIR analysis indicated the 

involvement of various functional groups, such as carboxylic acids, aromatics, and amines, in the 

nanoparticle formation. XRD analysis revealed the presence of iron nanoparticles with a peak at 53 

nm. SEM and EDAX images revealed that iron nanoparticles to be approximately 1-5 nm in size. 

Anticancer activity of iron nanoparticles showed better growth inhibition of A549 cells and HCT-116 

cell lines at the maximum concentration of 150µg/ml, when compared to that of the standard drug 

cisplatin and fluorouracil. Future research should further explore the potential applications of iron 

nanoparticles synthesized from V. cinerea extract and investigate their environmental and biomedical 

implications. 

 

Keywords: Vernonia cinerea, iron nanoparticles, anticancer activity. 
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1. Introduction 

Medicinal plants are generally used in curing specific diseases and are believed to be helpful in 

maintaining good health. More than 80% of people in the world depend largely on herbal medicines 

for their basic health care requirements (Okigbo et al., 2009). Iron nanoparticles (FeNPs) are the 

tiniest particle of iron metal with a large surface area and high reactivity. They are non-toxic. FeNPs 

have excellent dimensional stability and also possess high thermal and electrical conductivity, high 

surface area and are highly magnetic. FeNPs can oxidize immediately when exposed to water or air 

and produces free Fe ions. There are numerous applications of FeNPs such as magnetic and electrical 

applications and biomedical applications, which include the labeling and magnetic separation of 

biological materials, directed drug delivery, MRI contrast enhancement and hyperthermia treatment 

(Pankhurst et al., 2003). Biological biosynthesis of iron oxide nanoparticles is based upon the usage 

of living biota like plants, bacteria, algae, actinomycetes, viruses and fungi (Gahlawat and Choudhury, 

2019). FeNPs are reported to be toxic to cancer cells because of their ROS generating ability. Various 

studies have been conducted on their ability to kill cancer cell in vitro and in vivo, alone or in 

combination with other therapeutic modalities (Markides et al., 2012). FeNPs among other high-

atomic number materials, are also being studied currently for their potential to increase the therapeutic 

efficacy of ionizing radiation (Vallabani and Singh, 2018) They can be used in MRI, targeted drug 

delivery to diseased tissues, magnetic hyperthermia based killing of diseased tissues (Polyak and 

Friedman, 2009) and radio sensitization (Huang and Hainfeld, 2013). The most important aspect of 

using FeNPs in biological application is that they undergo degradation and are assimilated in body 

metabolism, without accumulating or causing toxicity to the body (Zhao et al., 2014). 

Plants are generally considered as freely available, easy to handle, harmless and cheap material for 

synthesis of various types of nanoparticles (Noruzi, 2015). The usage of medicinal plant or herbal 

extracts for the synthesis of NPs incorporates the medicinal properties in the synthesized NPs (Rokade 

et al., 2018). Plant mediated synthesis has been considered to be the most advantageous method for 

the synthesis of metal nanoparticles. Plant materials such as the stem, fruit, fruit peels, bark, root, and 

leaves can all be utilized to create NPs (Ramanathan and Aqra, 2019). India has one of the oldest, 

richest and most diverse cultural traditions associated with the consumer of medicinal plants. 

Vernonia cinerea (L.) less is an important medicinal herb, belongs to the family Asteraceae and are 

considered among one of the most advanced family from the dicotyledons. Commonly called little 

iron weed or Sahdevi. V. cinerea is an annual herb, branched and slender-stemmed, the leaves are 

dark-green alternate spiral or elliptic. It is traditionally used as febrifuge, diaphoretic, diuretic, 

antispasmodic and anthelmintic (Khare, 2007). Various parts of the plant are reported to contain 

sterols such as stigmasterols, sitosterols and spinasterols; triterpenoids like amyrin and lupeol; 

sesquiterpenes, glycosides and flavonoids (Khare, 2007; Kuo et al., 2003). Different parts of V. 

cinerea have been used in folk medicine applications and have been reported to possess medicinal 

properties. The seeds are useful in treating leucoderma and dysiria. The plant has anticancerous 

properties and is beneficial for cancerous malformations. It is alternative and purifies blood, piles and 

semen (Pullaih, 2002; Prajapathi et al., 2003). The bioactive compounds of VC have been 

characterized and quantified using gas chromatography-mass spectrometry (GC/MS). Various 

phytochemical substances, including sterols, flavonoids, alkaloids, triterpenoids, sesquiterpenes and 

tannins, have been isolated from VC by GC/MS (Ansar et al., 2017). 

V. cinerea possesses significant antioxidant, antiradical and GABA enhancing effects against sunset 

yellow induced anxiogenic behaviour in mice (Krishnan et al., 2021). The plants possess 

antimicrobial, antibacterial (Gupta et al., 2003), antihelmentic, antiinflammatory, hepatoprotective), 

analgesic, antipyretic, antiflatulent, antispasmodic, antioxidant and anticholineesterase activities, 

antidiabetic, renoprotective, antiviral activities. V. cinerea extract play significant role in regulating 

inflammatory response and as an anticancer activity against various cell types such as colon 

adenocarcinoma, lung large carcinoma and hela tumour cell line (Pratheeshkumar and Kuttan, 2011). 

V. cinerea possesses potent antioxidant and anti-inflammatory properties, antimicrobial activity 

https://www.frontiersin.org/articles/10.3389/fnano.2021.655062/full#B35
https://www.frontiersin.org/articles/10.3389/fnano.2021.655062/full#B35
https://www.frontiersin.org/articles/10.3389/fnano.2021.655062/full#B90
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against various pathogens (Divya Theja and Nirmala, 2023). The green synthesized silver 

nanoparticles from V. cinerea plant extract showed promising anticancer, antioxidant and anti-

bacterial activities (Palei et al., 2023). 

Vernonia cinerea has not been explored much for synthesizing FeNPs. Therefore, considering the 

importance of the above, in present study, plant extract of Vernonia cinerea was used to synthesis the 

iron nanoparticles. The synthesised iron nanoparticles were characterised using UV-Vis spectrometer, 

FTIR spectrometer, XRD, EDX, and SEM. Moreover, medicinal applications will be supported from 

anticancer behaviour of the synthesized iron nanoparticles was studied. 

 

2. Methodology 

2.1. Preparation of leaf extract and biosynthesis of iron nanoparticles 

V. cinerea were collected from Saral, Kanyakumari district, Tamilnadu. The authentication of the 

plant was done by Dr. Nagendra Prasad, Botanist, Retd Professor, Sri Paramakalyani College, 

Alwarkurichi. The leaves were rinsed with tap water and extracts were prepared. Leaf extracts were 

prepared by taking around 25 grams of leaves. The samples were carefully cleansed with distilled 

water, then dried and pulverized using a mixer. Finally, the powder was finely homogenized using a 

mortar and pestle. 2gm of plant extract was dissolved in 50ml of ethanol, hexane, chloroform and 

deionized water and stirred with a magnetic stirrer for three hours to get V. cinerea plant extract. For 

the synthesis of iron nanoparticles (Vc-FeNPs), The aqueous V. cinerea extract was filtered after an 

hour of stabilization. 10ml of 0.01 M FeSO4 solution at 70∘C was mixed with the filtrate. The solution 

was cooled and centrifuged at 10,000 rpm for 2 minutes. The product was dried in an oven at 50∘C 

for 3 hours. 

 

2.2. In vitro Antioxidant Activity of V. cinerea 

2.2.1. 2,2-Diphenyl-1-picrylhydrazyl assay (DPPH) 

The free radical scavenging activity of the fractions was measured in vitro by 2,2′- diphenyl-1-

picrylhydrazyl (DPPH) assay according to the standard method. The stock solution was prepared by 

dissolving 24 mg DPPH with 100 ml of ethanol stored at 20°C until required. A working solution was 

obtained by diluting DPPH solution with ethanol and 3 ml aliquot of this solution was mixed with 1 

ml of V. cinerea at different concentrations (100, 200, and 300 μg/mL) in various solvents (ethanol, 

hexane, chloroform). The reaction mixture was shaken well and incubated in the dark for 15 min at 

room temperature. Then the absorbance was taken at 517 nm. A control was prepared without any 

sample and scavenging activity was estimated based on the percentage of DPPH radical scavenging 

as the following equation. 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 = [
𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑂𝐷 − 𝑠𝑎𝑚𝑝𝑙𝑒 𝑂𝐷

𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑂𝐷
] × 100 

 

2.2.2. Superoxide anion scavenging activity  

The assay for superoxide anion radical scavenging activity was supported by riboflavin-light-NBT 

system. 1 ml of V. cinerea at different concentrations (100, 200, and 300 μg/mL) in various solvents 

(ethanol, hexane, chloroform) was mixed with 0.1 ml of riboflavin solution (20 μg/ml), 0.2 ml of 

EDTA solution (12 mM), 0.2 ml of methanol and 0. 1 ml of Nitro-blue tetrazoliumn (0.5 mM) were 

mixed in a test tube. The reaction mixture was diluted up to 3 ml with phosphate buffer (50 mM). 

After 20 minutes of incubation at room temperature, the absorbance was measured at 560 nm. 

Ascorbic acid was used as standard.  

 

The scavenging ability of the plant extract was determined by the following equation 

Scavenging activity (%) =  [
control OD − sample OD

control OD
] × 100 
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2.2.3. Hydroxyl radical scavenging activity  

The reaction mixture contained 0.8 ml of phosphate buffer solution (50 mmol L-1, pH 7.4), 0.2 ml of 

V. cinerea extract at different concentrations (100, 200, and 300 μg/mL) in various solvents (ethanol, 

hexane, chloroform), 0.2 ml of EDTA (1.04 mmol L-1), 0.2 ml of FeCl3(1 mmol L-1), and 0.2 ml of 2-

deoxyribose (60 mmol L-1). The mixtures were kept in a water bath at 37°C and the reaction was 

started by adding 0.2 mL of ascorbic acid (2 mmol L-1) and 0.2 ml of H2O2 (10 mmol L-1).  After 

incubation at 37 °C for 1 hour, 2 ml of cold thiobarbituric acid (10 g L-1) was added to the reaction 

mixture followed by 2 ml of HCl (25%). The mixture was heated at 100°C for 15 minutes and then 

cooled down with water. The absorbance of solution was measured at 532 nm with a 

spectrophotometer. The hydroxyl radical scavenging capacity was evaluated with the inhibition 

percentage of 2-deoxyribose oxidation on hydroxyl radicals. 

 

The scavenging percentage was calculated according to the following formula 

Scavenging activity (%) =  [
𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑂𝐷 − 𝑠𝑎𝑚𝑝𝑙𝑒 𝑂𝐷

𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑂𝐷
] × 100 

 

2.3. Characterization of iron nanoparticles 

The size, elemental composition and morphology of FeNPs in V. cineria are analyzed using analytical 

methods such as UV-visible spectrophotometry (UV-Vis), Fourier Transform Infrared Spectroscopy 

(FTIR), Xray Diffraction analysis (XRD) and SEM-EDAX (Scanning Electron Microscope equipped 

with Energy Dispersive Xray analysis). 

 

2.4. Anticancer activity  

Human lung cancer (A549) cell and human colon cancer (HCT-116) cell lines were obtained from the 

National Centre for Cell Sciences (NCCS), Pune, India and maintained in a humidified atmospheric 

condition with 5% CO 2 at 37°C. All cell lines were routinely cultured individually in Dulbecco’s 

modified Eagles medium (Gibco, Invitrogen), supplemented with 10% fetal bovine serum (FBS), 100 

U/ml penicillin, 100 µg/ml streptomycin, 2.5µg/ml Amphoteracin B and 2 mML-glutamine. The 

viability of all the cell lines was evaluated by direct observation via inverted phase contrast 

microscope followed by MTT assay method. The logarithmically growing selected cell lines were 

plated individually in flat-bottom 96-well microplate at a density of 1 × 10 4 cells and cultured for 24 

h. Then these cell lines were treated with Vc-FeNps separately at different concentrations (12.5, 25, 

50, 100, 200μg/ml). After 24h of incubation, 100μl of 5mg/ml MTT solution [5 mg/ml in phosphate 

buffer saline (PBS)] was added in to each well. This is incubated in dark for 4 hrs in CO2 incubator at 

37ºC. After the incubation period, the supernatant was removed and 100µl of MTT Solubilization 

Solution (DMSO) was added and the wells were mixed gently by pipetting up and down in order to 

solubilize the formazan crystals. Absorbance was measured at 570 nm using a multi-well plate 

spectrophotometer. The results were calculated as the percentage of absorbance with respect to that 

of the control. Non-linear regression graph was plotted between percentage cell inhibition and log 

concentration and IC50 values were determined using GraphPad Prism 7 software. Control (untreated 

cells) was also maintained throughout the experiment. All experiments were performed in triplicate 

for each cell line. The results were compared with positive control (Cyclophosphamide treated cell 

lines). Images of all cancer cell lines treated groups were captured and quantified using a fluorescent 

microscope. The cell viability (%) was calculated according to the following formula 

 

Calculation 

The percentage cell viaility (%) =  [
Absorbance of test sample

Absorbance of control
] × 100 

The percentage cell inhibition (%) =  [
100 − Absorbance of test sample

Absorbance of control
] × 100 
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3. Result  

3.1. DPPH radical scavenging activity 

The DPPH radical scavenging activity of V. cinerea extracts differed significantly depending on the 

solvent used. Hexane, chloroform and ethanol extracts exhibited the highest activity (67.407, 33.796 

and 72.677%) at the highest (300μg/ml) concentration. Here, DPPH radical scavenging activity was 

increased with increasing concentrations of V. cinerea (Table.3.1). At the lowest concentration 

(100μg/ml), hexane (26.235 ± 0.513%), chloroform (9.75 ± 0.036%) and ethanol (37.033 ± 0.061%) 

displayed the minimum radical scavenging activity. At the same time, the DPPH radical scavenging 

activity of the standard drug ascorbic acid reached a maximum activity of 41.79% only at the highest 

concentration (300μg/ml). The IC50 values recorded were 214.932μg/ml, 418.51μg/ml and 

163.496μg/ml for hexane, chloroform and ethanol respectively. However, the IC50 value observed for 

standard drug ascorbic acid was 458.875μg/ml (Table 3.1). 

 

Table 3.1. In vitro DPPH radical scavenging activity of V. cinerea at different solvents and 

concentrations compared with standard ascorbic acid 

Samples 
Concentration of V. cinerea 

IC50 Value 
100 µg/ ml 200 µg/ ml 300 µg/ ml 

Hexane 26.235 ± 0.513 47.136 ± 0.043 67.407 ± 0.016 214.932 

Chloroform 9.75 ± 0.036 27.697 ± 0.109 33.796 ± 0.106 418.51 

Ethanol 37.033 ± 0.061 59.807 ± 0.026 72.677 ± 0.041 163.496 

Standard 

(Ascorbic acid) 

31.18 ± 0.003 35.83 ± 0.002 41.79 ± 0.004 458.875 

 

3.2. Superoxide radical scavenging activity 

The in vitro superoxide radical scavenging activity of V. cinerea extracts varied significantly 

depending on the solvent used. Interestingly Hexane, chloroform and ethanol extracts exhibited the 

lowest activity (87.601 ± 0.004, 81.266 ± 0.018 and 6.064 ± 0.421%, respectively) at the highest 

(300μg/ml) concentration. However, superoxide radical scavenging activity was increased with 

increasing concentrations of V. cinerea (Table 3.2). At the lowest concentration (100μg/ml), hexane 

99.679%), chloroform (99.445 ± 1.74%) and ethanol (65.137 ± 0.063%) displayed the maximum 

radical scavenging activity. At the same time, the superoxide radical scavenging activity of the 

standard drug ascorbic acid reached a maximum activity of 17.06% only at the highest concentration 

(300μg/ml). The IC50 values recorded were determined to be 916.962μg/ml, 670.697μg/ml and 

119.774μg/ml for hexane, chloroform and ethanol extracts respectively. However, the IC50 value 

observed for standard drug ascorbic acid was 146.061μg/ml. 

 

Table 3.2 In vitro superoxide radical scavenging activity of V. cinerea at different solvents and 

concentrations compared with standard ascorbic acid 

Samples 
Concentration of V. cinerea 

IC50 Value 
100 µg/ ml 200 µg/ ml 300 µg/ ml 

Hexane 99.679 ± 0 92.612 ± 0.04 87.601 ± 0.004 
916.962 

Chloroform 99.445 ± 1.74 97.641 ± 0.011 81.266 ± 0.018 
670.697 

Ethanol 65.137 ± 0.063 8.744 ± 0.011 6.064 ± 0.421 
119.774 



e-ISSN 2320 –7876 www.ijfans.org  

Vol.11, Iss.6, 2022  

Research Paper        © 2012 IJFANS. All Rights Reserved, UGC CARE Listed (Group -I) Journal  

  

2480 

Standard 

(Ascorbic acid) 

62.762 ± 0.019 33.201 ± 0.02 17.06 ± 0.029 146.061 

 

3.3. Hydroxyl radical scavenging activity 

The result on hydroxyl radical scavenging activity of V. cinerea extracts varied depends on the solvent 

used. Hexane, chloroform and ethanol extracts possessed better activity (35.099, 33.561 and 57.637% 

respectively) at the highest (300μg/ml) concentration. Here, hydroxyl radical scavenging activity was 

decreased with increasing concentrations of V. cinerea (Table 3.3). At the lowest concentration 

(100μg/ml), hexane (63.98 ± 0.032%), Chloroform (49.268 ± 0.109%) and ethanol (95.412 ± 0.029%) 

showed the highest radical scavenging activity. At the same time, the hydroxyl radical scavenging 

activity of the standard drug ascorbic acid displayed 38.85% at the highest concentration of 300μg/ml. 

The IC50 values recorded were 319.023μg/ml, 326.64μg/ml and 328.634μg/ml for hexane, chloroform 

and ethanol respectively. However, the IC50 value observed for standard drug ascorbic acid was 

237.444μg/ml. 

 

Table 3.3. In vitro hydroxyl radical scavenging activity of V. cinerea at different solvents and 

concentrations compared with standard ascorbic acid 

Samples 
Concentration of V. cinerea 

IC50 Value 
100 µg/ ml 200 µg/ ml 300 µg/ ml 

Hexane 63.98 ± 0.032 57.719 ± 0.059 35.099 ± 0.181 319.023 

Chloroform 49.268 ± 0.109 37.334 ± 0.332 33.561 ± 0.43 326.64 

Ethanol 95.412 ± 0.029 69.838 ± 0.009 57.637 ± 0.018 328.634 

Standard 

(Ascorbic acid) 

64.882 ± 0.25 60.889 ± 0.32 38.85 ± 0.035 237.444 

 

3.4. Synthesis of FeNPs using V. cinerea 

When 10 ml of aqueous extract of V. cinerea were added to 10 ml of FeSO4. The colour changes of 

the solutions from green to dark brown indicated the reduction of Fe+3 ions in aqueous solution due 

to the excitation of surface plasmon vibrations in iron nanoparticles (Fig 3.1). 

 

 
Fig. 3.1: Colour change of the reaction mixture from green to reddish brown indicates the 

formation of NPs (A) Aqueous V. cinerea extract; (B) Biosynthesized FeNPs suspension (dark 

reddish brown) 

A B 
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3.5. Characterizations of synthesis of nanoparticles using V. cinerea 

3.5.1. UV-Vis Spectrophotometer 

The UV-Vis spectrum analysis of the FeNPs show characteristic absorbance peaks due to the 

excitation mode of their surface plasmons resonance (SPR) of this nanoparticle. As a result, absorption 

peak at the wavelength of 268nm showed the presence of iron nanoparticles (Fig 3.2). Absorption at 

268nm indicates the likely presence of smaller iron nanoparticles or iron oxide nanoparticles. Such 

nanoparticles typically display UV absorption due to electronic transitions occurring within their 

structures. 

 
 

Fig. 3.2: UV of Iron nanoparticles synthesised from Vernonia cineria 

 

3.5.2. FTIR 

Result of FTIR of Vc- FeNPs (Fig 3.3) study showed sharp absorption peaks located at about 542.92, 

1017.38, 1177.46, 1360.65, 1422.40, 2360.71, 2907.49, 3035.75, and 3525.63 cm−1. These 

absorbance bands were known to be allied with the stretching vibrations for range of functional groups 

like R-Br (Alkyl halides), RCO-OH (Carboxylic acids), R-F (Alkyl halides), Ar2NH (Amines), C-C 

in ring (Aromatics), P-H phosphine (Misc), C=C-CO-OH (Carboxylic acids), Ar-H (Aromatics), 

RCH2OH (Alcohols) respectively (Table 3.4). 

 

 
Fig 3.3 FTIR spectrum of iron nanoparticles extract of V. cinerea 

Table 3.4. FTIR peak values and functional groups of FeNPs from V. cinerea 

 

Wave length 

 

Functional groups 

 

Structure 
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444.56 Misc. S-S disulfide 

542.92 Alkyl halides R-Br 

1017.38 Carboxylic acids RCO-OH 

1177.46 Alkyl halides R-F 

1360.65 Amines Ar2NH 

1422.40 Aromatics C-C in ring 

1511.12 Misc. N=O nitroso 

2360.71 Misc. P-H phosphine 

2907.49 Carboxylic acids C=C-CO-OH 

3035.75 Aromatics Ar-H 

3525.63 Alcohols RCH2OH 

3737.79 Alcohols R2CHOH 

 

3.5.3. XRD 

The XRD technique was used to determine and confirm the crystalline structure of synthesized iron 

nanoparticles. The XRD pattern of FeNPs synthesized using leaf extract of V. cinerea in Fig. 3.4. A 

number of strong braggs reflection with peaks were observed at specific angles at room temperature: 

2θ value of 24.23°, 33.22°, 35.72°, 40.92°, 49.53°, 54.11°, 57.66°, 62.51°, and 64.04° respectively. 

The Scherrer relation was used in order to determine the crystallite size of the nanoparticles. This was 

accomplished by measuring the broadening of the XRD peaks of the preferred orientation. The 

average crystallite size was found to be 53nm.  

 

 
Fig. 3.4. XRD pattern of synthesized FeNPs from V. cinerea 

 

3.5.4. Scanning Electron Microscopy and Energy-dispersive X-ray spectroscopy (EDX) 

The surface morphology and size of the iron nanoparticles were analyzed by SEM. Based on the 

analysis of the SEM image, it can be observed that the nanoparticles exhibited a size distribution 

ranging from 1-5nm. Fig 3.5. showed that the particles are an agglomerated, irregular shape rough 

texture and smaller nanoparticles clustering. An EDAX examination is conducted to ascertain the 
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composition of iron oxide nanoparticles. EDAX analysis has shown the formation of pure iron oxide 

nanoparticles. The presence of elemental iron, potassium, chlorin, oxygen, sodium, aluminium and 

silicon in the extract of V. cinerea was confirmed by EDAX analysis (Fig 3.6). 

 

 
Fig. 3.5. SEM of iron nanoparticles from V. cinerea 

 
Fig. 3.6. EDAX of iron nanoparticles from V. cinerea 

 

 

3.6. Anticancer activity  

3.6.1. Anticancer activity against human lung cancer (A549) cell line 

The anticancer activity of FeNPs derived from V. cinerea against human lung cancer (A549) cells 

observed to be concentration-dependent, as shown in Table 3.5 and Fig 3.7. Compared to the standard 

drug cisplatin, the results clearly demonstrated that increasing the concentration of nanoparticles led 

to a significant decrease in cell viability. At the lowest concentration of 12.5 µg/mL, V. cinerea iron 

nanoparticles reduced cell viability to 88.51%. As the nanoparticle concentration increased to 200 

µg/mL, cell viability decreased significantly to 19.37%. Cytotoxicity gradually increased with 

increasing concentrations of FeNPs from 12.5µg/mL to 200µg/mL. Interestingly, the standard drug 

cisplatin treated A549 cell line exhibited a viability of 38.20% at a concentration of 20 µM. The IC50 

values for V. cinerea FeNPs were determined to be 61.25µg/mL.  
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Table 3.5. Anti-cancer activity of V. cinerea FeNPs in comparison with the standard drug 

cisplatin against Human lung cancer (A549) cell line. 

Concentrations 

µg/ml 

Anticancer activity of human lung cancer (A549) cell 

line 

VC-FeNPs 

12.5 88.51±0.0075 

25 72.49±0.0095 

50 55.09±0.018 

100 39.67±0.006 

200 19.37±0.017 

Cisplatin(20µM) 38.20 

IC50 61.25 

 

 
Fig 3.7. Cell viability of human lung cancer (A549) cell line treated with different 

concentrations of FeNPs derived from V. cinerea 

 

3.6.2. Anticancer activity against human colon cancer (HCT-116) cell line 

The anticancer activity of FeNPs derived from V. cinerea against human colon cancer (HCT-116) 

cells was observed to be concentration-dependent, as shown in Table 3.6 and Figure 3.7. Compared 

to the standard drug fluorouracil, the results clearly demonstrated that increasing the concentration of 

nanoparticles led to a significant decrease in cell viability. At the lowest concentration of 12.5 µg/mL, 

V. cinerea iron nanoparticles reduced cell viability to 63.43%. As the nanoparticle concentration 

increased to 200 µg/mL, cell viability decreased significantly to 18.20%. Interestingly, the standard 

drug fluorouracil treated HCT-116 cell line exhibited a viability of 48.49% at a concentration of 20 

µM. The IC50 values for V. cinerea FeNPs were determined to be 28.49 µg/mL. 

 

Table 3.6. Anti-cancer activity of V. cinerea FeNPs in comparison with the standard drug 

cisplatin against Human colon cancer (HCT-116) cell line. 

12.5µg/ml 25µg/ml 50µg/ml 100µg/ml 

Control Cisplatin 200µg/ml 
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Concentrations 

µg/ml 

Anticancer activity of human colon cancer (HCT-116) 

cell line VC-FeNPs 

12.5 63.43±0.012 

25 52.29±0.019 

50 40.61±0.004 

100 29.66±0.115 

200 18.20±0.012 

Fluorouracil(20µM) 48.49 

IC50 28.49 

    
Fig 3.7. Cell viability of human colon cancer (HCT-116) cell line treated with different 

concentrations of FeNPs derived from V. cinerea 

 

4. Discussion 

The biological and environmentally friendly synthesis nano particles process is more efficient than 

the different physico-chemical procedures that are currently being used. It is possible to influence 

biological entities such as algae, fungi, bacteria, plants and so on. Using the biological/green 

technique, which is successful since it does not need the use of costly harmful chemicals or a 

significant amount of energy (Hussain et al., 2016). This work exhibits the usage of leaf extract from 

V. cinerea. The antioxidant properties of plants are primarily due to their content of compounds that 

can serve as a helpful external antioxidant supply for living systems (Parveen et al., 2016). In the 

present study DPPH free radical scavenging activity of V. cinerea demonstrated significantly higher 

scavenging activities of 67.40%, 33.79%, and 72.67% for hexane, chloroform, and ethanol extracts, 

respectively. There is a correlation between the bioactive elements that have been found and the 

antioxidant activity (Goggi and Nutan, 2017). Goggi and Malpathak, (2017) reported that 54% DPPH 

radical scavenging activity for V. cinerea ethanolic leaf extract at a concentration of 100 μL. Sonibare 

et al. (2016) reported that V. cinerea hexane and chloroform extracts exhibiting the highest radical 

scavenging activities with IC50 values of 8.00 μg/mL and 8.63 μg/mL, respectively. Etim et al. (2015) 

25µg/ml 50µg/ml 100µg/ml 

200µg/m

l 

Control Fluorouracil 

12.5µg/

ml 
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observed that V. cinerea exhibiting 17.30 μg/mL. 13.84% DPPH radical scavenging activity for V. 

cinerea methanolic extract at a concentration of 150 μg/mL. Goyal et al. (2017) observed that V. 

cinerea methanolic extracts exhibiting the highest radical scavenging activities with IC50 values of 

429.94 μg/mL. Wannasetdecho et al (2022) reported that %RSA of 15.47% for V. cinerea hexane leaf 

extract. Alara et al (2018) reported that V. cinerea exhibiting the highest radical scavenging activities 

with IC50 values of 301.86 μg/mL. DPPH radical scavenging, V. cinerea ethanol extract demonstrated 

the strongest DPPH scavenging, followed by hexane and chloroform. 

In the present study hydroxyl radical scavenging activity of V. cinerea leaf extracts was evaluated 

using hexane, chloroform and ethanol. At the highest concentration tested (300 μg/mL), exhibited 

scavenging activities of 35.09%, 33.56%, and 57.63%. Daffodil et al. (2014) observed that the IC50 

values of 23.16μg/ml for V. cinerea against hydroxyl free radical scavenging activity.  Rajamurugan 

et al. (2011) reported that the V. cinerea exhibiting the highest hydroxyl radical scavenging activities 

with IC50 values of 220 μg/ml. Hydroxyl radical scavenging was most potent V. cinerea hexane extract 

exhibited the strongest hydroxyl radical scavenging ability followed by chloroform, and then ethanol. 

Superoxide anions are key players in the generation of reactive oxygen species (ROS) like 

hydrogen peroxide, hydroxyl radicals, and singlet oxygen. These ROS can cause significant oxidative 

damage to lipids, proteins, and DNA, leading to various cellular and tissue dysfunction (Pietta 2000). 

In the present study superoxide free radical scavenging activity of V. cinerea leaf extracts was 

evaluated using hexane, chloroform and ethanol. At the highest concentration tested (300 μg/mL), 

exhibited scavenging activities of 87.60%, 81.26%, and 6.06% Koksal et al. (2008) reported that 57.5 

and 43.9 % superoxide free radical scavenging activity for V. cinerea water and ethanolic extracts. 

Goyal et al. (2017) reported that the IC50 values of 451.72 μg/ml for V. cinerea against superoxide 

free radical scavenging activity. Daffodil et al. (2014) observed that the IC50 values of 28.31μg/ml for 

V. cinerea against superoxide free radical scavenging activity. Sharma et al. (2017) reported that V. 

cinerea exhibiting the highest superoxide free radical scavenging activities with IC50 values of 451.72 

μmol/g, respectively.  

The green synthesis of iron nanoparticles using extracts of V. cinerea were successfully carried out. 

The colour changes of the solutions from green to dark brown indicated the reduction of Fe+3 ions in 

aqueous solution due to the excitation of surface plasmon vibrations in iron nanoparticles. The 

synthesis of nanoparticles has garnered the interest in the scientific community due to their numerous 

applications in optronic, sensing, catalysis and pharmaceuticals. Colour change in the synthesis of 

iron oxide nanoparticles using plant materials as reductant agents has been reported (Mirza et 

al., 2018). Metal nanoparticles exhibit a surface plasmon resonance phenomenon, leading to a 

distinctive absorption peak in the UV-Vis spectrum. This peak can be used to identify and analyze the 

properties of various metal nanoparticles. The UV spectra analysis of iron nanoparticles synthesized 

from V. cinerea extract revealed absorption peaks at 268nm. Fayyaz et al. (2022) observed that the 

peak at 264nm for FeNPs from S. oleracea. The broadness of the peak is a good indicator of the 

nanoparticle size.  

FTIR spectral were used to identify the existence of functional groups associated with biologically 

synthesized nanoparticles. Vc- FeNPs absorption peaks located at about 542.92, 1017.38, 1177.46, 

1360.65, 1422.40, 2360.71, 2907.49, 3035.75, 3270.08, and 3525.63 cm−1 suggested the presence of 

alkyl halides, carboxylic acids, amines, aromatics, misc, and alcohols. Ketones, aldehydes and 

carboxylic acids for zinc nanoparticles synthesized from V. cinerea, Azim et al. (2022) identified 

peaks aromatic, amines, and amino acid. According to the findings of the earlier investigations, which 

demonstrated the bands for O-H bonds and C=O bonds, the bands that were detected are consistent 

with those findings. The results of the FTIR analysis indicate that the organic functional groups that 

are present in the plant extract are likely responsible for stabilizing the iron nanoparticles that were 

generated from V. cinerea extract. FT-IR analysis confirmed that the bio reduction of ferric chloride 

into iron oxide nanoparticles are due to the reduction by capping material of V. cinerea leaf extract. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8126528/#CR49
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XRD is an essential technique for determining the characteristics of nanoparticles (NPs). Koteeswaran 

et al. (2019) reported that the XRD diffraction of V. cinerea silver nanoparticle had Bragg’s reflections 

of 111, 200, 220 and 311 planes. Jara et al. (2024) reported that the iron nanoparticles synthesized 

with Vernonia amygdalina exhibit an irregular morphology and lack a uniform distribution in shape 

and size. Elemental composition of FeNPs synthesized using V. cinerea leaves extract was determined 

by using EDX analysis. It was observed that the percentage of iron is 30.88%, potassium is 26.56% 

and chlorine is 25.91% are high in FeNPs synthesized V. cinerea.  Palei et al. (2023) also reported 

that EDAX of synthesized silver nanoparticle using the V. cinerea extracts. Scanning electron 

microscopy (SEM) was used to characterize the morphology of the nanoparticles. Sahayaraj et al. 

(2014) reported that the silver nanoparticle produced by V. cinerea were spherical in shape and 

particle size ranging from 5 to 50 nm as observed by SEM. Zani et al. (2016) reported that the silver 

nanoparticle produced by V. cinerea were spherical in shape and particle size ranging from 5.83nm-

53.50nm. Sadek et al. (2022) reported that the Botrytis cinerea were spherical in shape. The synthesis 

of nanoparticles of V. cinerea leaf extracts was tested for its anticancer activity against A549 cells 

and HCT-116 cell lines. Similarly, Zani et al. (2016) reported that V. cinerea-AgNPs at a 

concentration of 31.25 mg/mL produced the highest cytotoxicity effects on Kasumi-1 cells after 72 

hours. Palei et al. (2023) observed in vitro cytotoxicity activity of V. cinerea silver nanoparticles 

against neuroblastoma SHSY-5Y cell lines. Aboulthana et al. (2022) reported that green-synthesized 

silver nanoparticle using Portulaca oleracea exhibited maximum effect at 1000 μg/mL with an IC50 

of 310.7 μg/mL in human colon cancer. 

 

5. Conclusion 

This study successfully demonstrated the potential of V. cinerea leaf extract as a green reducing and 

stabilizing agent for the synthesis of iron nanoparticles (FeNPs).  The antioxidant properties of the 

leaf extract, comparable to standard ascorbic acid, were confirmed through various analyses. The 

formation of FeNPs was confirmed from UV visible spectroscopy, FTIR, XRD, SEM and EDAX 

analysis. The synthesized FeNPs exhibited promising anticancer activity against A549 and HCT-116 

cell lines, indicating their potential as a novel therapeutic agent. The eco-friendly nature of the 

synthesis process, coupled with the multifunctional properties of the FeNPs, highlights their potential 

for diverse applications in biomedicine, environmental remediation, and catalysis. Further research is 

needed to optimize the synthesis process and characterize the FeNPs in detail., and evaluate their in 

vivo efficacy and toxicity profiles to fully realize their potential for sustainable nanotechnology. 
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