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ABSTRACT

The green synthesis of silver nanoparticles (AgNPs) by the extract of Holigarna ferruginea, due to its potential 
widespread biomedical applications; nanoparticles were set the remarkable application in the medical field and 
show antibacterial and anti-cancerous properties. UV-visible spectrophotometer (UV), Fourier-transform infrared 
spectroscopy (FTIR), X-ray diffraction (XRD), and scanning electron microscopy (SEM) were used to characterize 
the nanoparticles, and cyclic voltammetry (CV) reveals the physicochemical properties of the nanoparticles. After 
the color-changing, the synthesis process was confirmed by UV-visible spectrophotometer, and the absorption peak 
was reported at 418 nm, the functional groups, and the crystallite nature of particles were confirmed by FTIR and 
XRD, respectively. While, the morphological study was done by SEM and reports the spherical-shaped particles, and 
the cyclic volta-gram disclosed the radical scavenging properties. The antibacterial agent enhanced the antibacterial 
activity of the nanomaterial and reported a concentration-dependent zone of inhibition. The AgNPs reported about 
15.33 ± 0.57 mm of a zone of inhibition in Staphylococcus aureus and about 14.66 ± 0.57 mm of a zone of inhibition 
in Klebsiella pneumoniae at the highest concentration of about 1000 μg/ml. The AgNPs reported dose-dependent 
anticancer activity in women’s breast cancer cell lines (MCF-7). The MTT study revealed a dose-dependent toxic 
nature, with approximately 44% cell viability at 50 µg/ml concentration, likewise, 13% of cell viability at 400 μg/ml.

1. INTRODUCTION

Nanotechnology is a new and emerging branch of science because it 
has some distinctive properties, such as physical, chemical, electronic, 
and bioactive properties [1]. In general, nanoparticles are crystalline 
grains of nature having 5–100  nm in size with a prominent surface 
area, the non-nanomaterials have less surface area than nanoparticles, 
because of their size and surface area, the nanoparticles show prominent 
applications in various field [2] in medicine [3], and antibacterial 
activity [4]. The plant-mediated nanoparticles are a more focused and 
emerging research objective in nanotechnology, especially the silver 
nanoparticle which have their special trademark in daily used consumer 
products [5]. There are some standard methods for the synthesis of 
nanoparticles, namely, top-down or bottom-up approaches (physical 
method, chemical method, and biological method) from each method 
they synthesize nanoparticles with different properties such as size, 
shape, surface, chemical properties magnetic properties, and medicinal 
properties [6]. In plant-mediated silver nanoparticles (AgNPs), 
biomolecules such as vitamins, amino acids, polysaccharides, proteins, 
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phenolics, saponins, and alkaloids play a major role as biological 
reducing, capping, and stabilizing agents [7,8]. Due to their distinctive 
features and distinctive mode of therapeutic action as antibacterial 
and anticancer agents, the environmentally safe and economically 
advantageous green synthesized AgNPs are extensively used [9]. Green 
synthesis of AgNPs is one of the best successful scientific methods. 
AgNPs are known as antibacterial agents in the field of nanomedicine 
because they inhibit microbial contact and contamination [10]. 
Moreover, the physical techniques need expensive equipment, high 
temperatures, and high pressures. Toxic substances that may seriously 
harm the environment and living things are used in the chemical 
creation of nanoparticles and are non-eco-friendly. These drawbacks 
restrict the utilization of physical and chemical techniques. Green 
synthesis, which is more cost-effective and ecologically beneficial 
than these technologies, has taken its place. The green production 
of nanoparticles often uses plants, bacteria, fungi, algae, etc. Many 
studies have documented the green production of AgNPs from plant 
extracts from various plant parts, including peel, leaves, roots, stems, 
and fruit [9]. Because plants are the natural source of reducing and 
capping agents such as phenols, glycosides, and polysaccharides, they 
are essential molecules that influence particle shape and size [11]. Plants 
are nature’s chemical factory, and nanotechnology or nanoparticles are 
good for drug delivery and action. These are the main reasons to study 
green synthesis. The species Holigarna ferruginea is one of the semi-
evergreen and evergreen medium-sized tree species and contains black 
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acrid juice, which causes skin dermatitis [12]. The other species of 
the genus Holigarna shows some bioactive properties and has been 
reported [13-17]. Recently Lokapur et al. [18] reported bioactive 
properties (antioxidant and anticancer) of Zinc oxide nanoparticles 
synthesized by Holigarna grahamii, based on these previous reports 
and articles, the genus Holigarna shows promising phytochemical 
properties, but the reports are less in number with respect to green 
synthesis, for this reason, we chose H. ferruginea as a working 
sample to assess their binding and stabilizing capacity during silver 
nanoparticle synthesis, as well as their bioactive properties such as 
antibacterial and anticancer properties.

2. MATERIALS AND METHODS

2.1. Chemicals
Silver nitrate (AgNO3) and dimethyl sulfoxide (DMSO) were 
purchased from Merck, nutrient agar, and Mueller-Hinton agar (MHA) 
media, cetyltrimethylammonium bromide (CTAB) and agarose were 
purchased from Hi Media, ampicillin from Cipla, phosphate buffer 
saline was purchased from Hi Media, ethanol and methanol (analytic 
grade reagents) were purchased and used.

2.2. Plant Collection
The genus Holigarna is a large and lofty evergreen tree with acrid 
juice in the stem and leaves. About eight species have been reported 
from India and Indochina [19], and they are endemic to the Western 
Ghats, common from the South to the Central Sahyadri, and rare in the 
North Sahyadri. Low-elevation canopy trees in semi-evergreen to wet 
evergreen forests [13]. The plant samples were collated from the Bisle 
Ghat (12°42′42″ N: 75°41′17″E) one of the evergreen forest regions 
in Hassan District, Karnataka, India. The plant and collection site was 
shown in Figure 1.

2.3. Plant Identification by Morphomolecular Approach
The collected sample material was identified based on morphomolecular 
approaches. The plant was identified based on the morphological 
key characteristics such as acrid juice, phyllotaxy, lateral secondary 
venation, spurs, panicle color, and flower type [20] and the herbarium 

was submitted to the department of Botany Kuvempu University 
as shown in Figure  2, and the voucher number is KUAB479. The 
molecular approach is purely marker-based, here the modified CTAB 
method was used for DNA isolation [21]. A  0.8% agarose gel was 
used to examine the genomic DNA recovered. There were no errors in 
any of the polymer chain reaction amplification reaction components, 
and a standard polymer chain reaction mixture was modified as 25 ml 
of PCR reaction mixture was prepared using 1.5 ml primers, 2.5 ml 
of dNTP’s, 2.5  ml PCR buffer with 15 mM MgCl2, 2  ml template 
DNA, 0.3 units/25  ml reaction mixture of Taq polymerase (Stock 
3 u/ml), and volume made up to 25 ml with sterile water. Moreover, 
we employed the ITS1-TCCGTAGGTGAACCTCGG and ITS 
2-GCTGCGTTCTTCATCGATGC nuclear regions [22]. For PCR 
amplification an initial denaturation stage at 94°C for 2 min, followed 
by 25 cycles of 94°C for 30 s, 55°C for 30 s,72°C for 45 s followed by 
a final extension at 72°C for 10 min. Sequencing of amplified products 
took place by applied bioscience. Submissions for National Centre for 
Biotechnology Information GenBank were also made, the submitted 
(ingroup) and other outgroup archived accessions are listed in Table 1, 
and the distance matrix technique unweighted pair group method with 
arithmetic mean (UPGMA) was used to build the phylogenetic tree.

2.4. Preparation of Sample
The fresh H. ferruginea sample was collected, washed twice with tap 
water and sterile distilled water, and kept for shady dry for about 3 
days in an aseptic condition. The sample was chopped and grinned 
in mechanical machines and got clean and fine powder, about 10 g of 
powder was added to the beaker containing 200 ml of sterile double-
distilled water. The mixture was kept and allowed for boiling in a 
water bath for about 20  min at 60°C to separate the phytochemical 
constituents from the powder, the solution was filtered through a 0.2 
μm membrane, and the filtered solution was centrifuged at 5000 rpm 
for about 5 min then the solution was filtered by Whatman filter paper. 
The filtrate was kept at 4°C for the future studies.

2.5. Synthesis of Nanoparticles
A standard and exact 1000  ml of 1 mM AgNO3 was prepared. The 
previously prepared plant extract or filtrate was added to a clean 

Figure 1: Plant specimen and collecting site of Holigarna ferruginea.

230Holigarna ferruginea 2023;11(3):229-237



conical flask containing the known standard precursor (AgNO3) in the 
ratio of 1:9 (100 ml plant extract + 900 ml of AgNo3), this whole setup 
was done on a magnetic stirrer and incubated at the dark condition to 
avoid photoactivation of AgNO3 with a pH of 9.5. After the incubation 
period, the color developed from light yellowish to thick dark brown, 
and the synthesis of nanoparticles was observed as shown in Figure 3. 
After the color developed, the final reaction mixture was transferred 
to centrifuge tubes, the mixture was centrifuged at 10,000  rpm for 
30 min, the supernatant was discarded and the pellet was centrifuged 
with 20 ml of sterile double-distilled water at 8000 rpm for 20 min, 
the supernatant was discarded and the pellet was centrifuged and 
washed with 90% of 10 ml ethanol at 5000 rpm for 5 min, finally, the 
supernatant was discarded and the dried pellet was collected [1,23].

2.6. Characterization of Synthesized AgNPs
Before they may be employed for their intended purpose, the synthesis 
of AgNPs must be first confirmed by certain techniques. The simplest 
way for monitoring AgNPs production is to visually observe the color 
changes in the solution from simple yellow to dark brown. UV-visible 
spectroscopic analysis of the sample was done using Perkin Elmer 
Lambda 750 instrument and measurements were conducted at the 
wavelength of 250–600 nm. Fourier-transform infrared spectroscopy 
(FTIR) spectroscopy may aid in the identification of biomolecules 
that impact nanoparticle production and stability, measurements were 
analyzed in the range of 400–4000 cm−1, with Parkin Elmer Spectrum 
1000. X-ray diffraction (XRD) of AgNPs was analyzed using Rigaku 
Smart lab with an operating current at 30  mA and a voltage of 
40 kV, and scanning was done at 2θ from 20° to 80°. Furthermore, 
the scanning electron microscopy (SEM) of the TESCAN Bruker 
instrument was used to analyze the morphological characters of 
AgNPs [24].

2.7. Radical Scavenger Analysis by Cyclic Voltammetry (CV)
The radical scavenging property of green synthesized AgNPs was 
carried out by the cyclic voltameter. The electrochemical analysis of 
the selected AgNPs was analyzed by an Electrochemical workstation 
CHI 600 c, the measurements were generated using a conventional 
three-electrode system, namely, the saturated calomel (reference 
electrode), platinum wire (counter electrode), and glossy corban paste 
electrode (working electrode). The 0.5 g of the synthesized AgNPs was 
dissolved in 100 ml of methanol for analysis, and 0.2 M phosphate 
buffer with pH 7.0 was used as the electrolyte. The cyclic voltammetric 
behavior of quiring simple was recorded at a different scan rate of 
electric potential from 50 to 300 mV/s [25,26].

2.8. Antibacterial Activity
The antibacterial efficacy of AgNPs was analyzed against laboratory 
control strains of the microbial type cultures (MTCC) obtained from 
IMTECH Chandigarh. The antibacterial activity was investigated 
against the Gram-positive bacteria Staphylococcus aureus MTCC 
(3160) and Klebsiella pneumoniae MTCC (7407), the Gram-negative 
bacteria. The bacterial suspension of 18 h grown strains was swabbed 
on the MHA plates using a cotton swab and allowed to solidify. The 
wells were made by the sterile borer and filled with 50 μL of AgNPs 
at three different concentrations (1000, 500, and 250 μg/mL), here 
we used DMSO as a blank, and ampicillin as a standard antibacterial 
drug. The plates were kept and allowed to incubate at 37°C for about 
18  h, then the zone of inhibition of each well was analyzed and 
measured [27].

Figure 2: Herbarium specimen of Holigarna ferruginea.

Table 1: Archived data for phylogenetic tree construction.

S. No Plant taxon GenBank 
accession 
number 

Submitted by

1 Holigarna ferruginea OK284371 K Manjunath and 
Y.L Krishnamurthy

2 Holigarna arnottiana OK235482 K Manjunath and 
Y.L Krishnamurthy

3 Holigarna beddomei OK284370 K Manjunath and 
Y.L Krishnamurthy

4 Holigarna grahamii OM010328 K Manjunath and 
Y.L Krishnamurthy

5 Holigarna nigra OK284373 K Manjunath and 
Y.L Krishnamurthy

6 Schinus terebinthifolius KF420944 Bolson, M

7 Searsia lucida EF682851 Pell, S.K.

8 Searsia lancea EF682850 Pell, S. K

9 Searsia tenuinervis KX360048 Yang, Y. Y

10 Toxicodendron succedaneum KP093195 Liu, J

11 Toxicodendron succedaneum KP093196 Liu, J

12 Pistacia chinensis DQ390466 Miller, A. J

13 Pistacia chinensis MH711767 Zeng, C

14 Rhus michauxii AY641488 Miller, A. J

15 Rhus lanceolata AY641487 Miller, A. J
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2.9. Cytotoxicity by MTT Assay
2.9.1. Culture
The Women’s breast cancer cell lines were washed twice with 
phosphate buffer saline (PBS) and centrifuged at 1500 rpm (Revolution 
per minute) for 3  min, resuspended the pellet in a suitable medium 
(medium with 10% fetal bovine serum), and plated the cell lines in 96 
well plates. The culture cells were incubated at 37°C for 24 h.

2.9.2. Cytotoxicity
The anticancer efficacy of AgNPs against MCF-7 (Women’s breast 
cancer cell lines) was carried out by MTT assay, and the previously 
cultured cells (3000–10000  cells for each well cultured in 96 well 
plates) were tested with two compounds (AgNPs and one standard 
cancer medicine cisplatin) in different concentrations for about 48 h. 
Subsequently, 20 μL of MTT reagent (5 mg/mL in PBS) was added 
to each reaction and reactions were incubated in a CO2 incubator for 
about 4 h at 37°C. Add 100 μl of solubilization solution (DMSO with 
formazan) to all the wells after the incubation. Allow the plates for 
overnight incubation and check for complete purple formazan crystals 
solubilization, then measured and record the absorbance at 570nm by 
using a multi-well plate reader [28].

3. RESULTS AND DISCUSSION

The systematics investigation that used UPGMA revealed that each 
taxonomic group possessed a single and monophyletic presence. 
The term “monophyletic” refers to groups of species in which each 

taxonomic category derives from a specific single common ancestor 
and also includes all of the descendants of the common ancestor [29]. 
Here, the UPGMA tree indicates separate groups of taxa based on a 
distance matrix, H. ferruginea showing a close relation to Holigarna 
arnottiana, Holigarna beddomei, and the entire genus, while the 
rest of the taxonomic groups are grouped and separated with their 
respective taxa and depicted in Figure 4. Moreover, here, the query 
taxon was confirmed by systematic grouping or placement or position 
of H.  ferruginea with their respective ingroup species such as H. 
arnottiana, H. grahamii, Holigarna nigra, and H. beddomei.

3.1. UV-visible Spectrophotometer
As part of the first validation, a UV-visible spectral scan (250–
600 nm) was used to further validate the color shift that was seen in 
the AgNPs samples after the green synthesis. The produced AgNPs 
strong distinctive absorption peak at 418 nm while the aqueous plant 
extracts do not show any spectral peaks as shown in Figure  5. The 
conversion of AgNO3 to the silver oxide by the extract of H. ferruginea 
is confirmed by the UV data’s broad peak absorption. The color was 
generated by the surface plasmon excitation of metal nanoparticles, 
and this is the indication of the synthesis of AgNPs [9]. The peaks 
around 400–450  nm are specific for AgNPs because due to surface 
plasmon resonance of AgNPs. The conduction electrons undergo 
oscillation due to the strong interaction of light with the AgNPs [30]. 
Some results reported in the previous studies showed a resemblance at 
450 nm [31], and 440 nm [32].

3.2. FTIR Analysis of Synthesized AgNPs
After carrying out the FTIR, we were able to identify the functional 
groups and are accountable for the capping and effective stability of 
the plant-mediated AgNPs. Here, 12 major absorbance stretching band 
peaks were observed as shown in Figure 6. From the single band region, 
the absorption peak at 3197.4 cm-1 was assigned to O-H alcohol, 
2907.6 cm-1 represented the C-H alkene, 2664.2 cm-1 was assigned to 
O-H, and vibration which may be indicated the presence of carboxylic 
acid, 2331.1 cm-1 represents the O=C=O carbon dioxide stretch, 
2116.3 cm-1 represents the C≡C alkene, 1926.1 cm-1 correspond to 
the C–H bending vibration of alkanes, 1735.6 cm-1 represents the C=O 
conjugated acids, 1539 cm-1 assigned to N-O stretch it corresponds 
to the nitro compound and 881.6 cm-1, 783.3 cm-1 represents the 

Figure 4: The phylogenetic systematics tree of Holigarna ferruginea by distance matrix-based (UPGMA).

Figure 3: Visual observation of non-synthesized and synthesized AgNPs 
based on color development.
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The different peaks indicate the reduction mechanism of AgNO3 
into silver oxide. The XRD peaks and their corresponded planes are 
tabulated in Table 2, and a total of nine different peaks were plotted. 
A number of Bragg reflections is observed at 2θ values 27.77°, 32.19°, 
38.09°, 44.25°, 46.20°, 54.80°, 57.46°, 64.47°, and 77.11° which 
corresponds to (210), (122), (111), (200), (231), (142), (241), (220), and 
(311) planes of pure silver based on the face-centered cubic structure. 
The following peaks could be assigned to the extract containing the 
organic compounds which are responsible for reducing and stabilizing 
the AgNPs and revealed that the structure corresponds to the face-
centered cubic crystal of AgNPs [38]. Because the H.  ferruginea 
contains certain proteins, and bioorganic chemicals and crystallizes on 
the surface of the silver, a few unassigned peaks were seen in the XRD 
pattern [39]. The crystallite nature of particles was calculated by the 
Brags equation (D=0.9 λ/B cos θ) and the average crystallite size is 
17.28 nm. The JCPDS file No. 04-0783 [40].

3.4. SEM Imaging of AgNPs
Among other electron microscopy methods, SEM can analyze particle 
shape, size, and size distribution [41]. SEM images of AgNPs have 
been depicted in Figure 8, the surface morphology of purified AgNPs 
was analyzed in different magnifications of 100000x, 60000x, 40000x, 
and 20000x. These photos suggest that the morphological structure 
of the AgNPs is that of spherical shapes ranging in size from 2.23 
to 26.00 nm, with an average size of 8.77 nm. The scanning electron 
micrograph reveals the clustering and agglomerated spherical structure 
of AgNPs. Previously, the same kind of spherical-shaped AgNPs with 
their antibacterial activity was reported [42].

3.5. CV Analysis of AgNPs
The scavenger analysis is a good fit for the electrochemical method. 
The CV graph indicates the presence of oxidative and reductive active 
components in the solution mixture. The oxidation and reduction peaks 
were formed at different scan rates due to the electric scanning in the 
anodic and cathodic fields [43]. From the present study, in the anodic 
field, the two different oxidative peaks were developed at different 
scan rates, initially, the first peak was at 0.272 V, while another peak 
was at 0.418 V. From the reverse scanning, the reduction peak was 
formed in the cathodic current field at 0.03 V scan rate, as depicted 
in Figure  9. AgNPs of various sizes display various voltammetric 

C-H bending [33,34]. Furthermore, the study identified probable 
biomolecules involved in silver bioreduction and AgNPs stability. The 
formation of stretching and bending vibrations in the 4000–400 cm-1 
range is the result of the interaction of non-destructive infrared light 
with the bonding of synthesized molecules. Because the carbonyl 
(-CO) and hydroxyl (-OH) functional groups revealed the existence 
of flavanones or terpenoids adsorbed on the surface of nanoparticles 
through interactions through π-electrons in the carbonyl groups, they 
are implicated in the reduction, capping, and stability of AgNPs. It was 
also established that the carbonyl groups in proteins and amino acids 
have a greater potential to connect with AgNPs or act as reduction, 
capping, and stabilizing agents [35,36].

3.3. XRD Analysis of AgNPs
For both qualitative and quantitative investigations of nanoparticles, 
XRD is a potent characterization tool. XRD measurements are used 
to confirm nanoparticle synthesis and evaluate their crystal structure. 
Furthermore, this approach has been utilized to compute the size of 
crystalline nanoparticles and to assess the degree of crystallinity [37]. 
The XRD pattern of green synthesized AgNPs is depicted in Figure 7. 

Figure 5: UV–visible spectrum of AgNPs green synthesized by the extract of 
Holigarna ferruginea.

Figure 6: FTIR spectrum shows the various peaks of silver nanoparticles 
synthesized by extract of Holigarna ferruginea. Figure 7: The XRD peaks pattern of green synthesized AgNPs.
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different concentrations. Likewise, the standard drug Ampicillin 
reported 18.33 ± 1.15 mm in S. aureus and about 21.33 ± 0.57 mm 
in K. pneumoniae. The AgNPs at 1000 μg/ml report 15.33 ± 0.57 mm 
in S. aureus and about 14.66 ± 0.57 mm of a zone of inhibition in K. 
pneumoniae. Because smaller AgNPs are directly linked to the bacterial 
cell wall and rapidly penetrate it, perhaps affecting cellular functions 
and leading to cellular death. Similar to this, AgNPs interact more 
competitively and effectively with their target pathogen because of 
their tiny size. According to several studies, Gram-positive bacteria’s 
cell wall structure makes them more sensitive to the antibacterial 
capabilities of AgNPs than Gram-negative bacteria, additionally, AgNPs 
have shown enhanced antibacterial efficacy against many different 
types of bacteria, and fungi in a shape-dependent manner versus AgNPs 
with lower diameters (1–20 nm) and size [45]. The AgNPs implied the 
dimorphic transition in bacteria, the DNA lost its ability to replicate 
itself, and membranes were damaged, which stopped bacterial growth 
and development [46]. The zone of inhibition was varied and reported 
based on the concentrations and bacterial strains as shown in Table 3.

3.7. Cytotoxic Effect of AgNPs
The biogenic and green synthesized AgNPs show promising results 
in cancer cell apoptosis because the AgNPs might produce hazardous 
oxygen radicals, leading to genomic instability or DNA damage, and 
Cell death [47]. The cytotoxicity of synthesized AgNPs was conducted 
by MTT test against MCF-7 cell lines, the percentage of cell viability at 
various concentrations (1, 10, 50, 100, 200, and 400 μg/ml) of AgNPs is 
shown in Figure 11. The cytotoxicity effect of AgNPs is dose-dependent 
and shows good activity. About 51–44% of MCF-7 cells viability was 
reported at a concentration of 1–50 μg/ml. With the concentration of 
quiring compound (AgNPs) in the range of 200 and 400 μg/ml, the 

profiles [44], and it indicates the presence of oxidative molecules in 
AgNPs and also acts as a good scavenger.

3.6. Antibacterial Effect of AgNPs
The biogenic AgNPs possessed more significant antibacterial activity 
because the particles were effective in killing both Gram-negative 
and Gram-positive bacteria [10]. The antibacterial activity was 
investigated against the pathogenic bacterial strains S. aureus MTCC 
(3160) (the Gram-positive bacteria) and K. pneumoniae MTCC 
(7407) (the Gram-negative bacteria) by well diffusion method shown 
in Figure 10. The AgNPs have reported a good zone of inhibition at 

Table 2: The XRD peaks and their corresponded planes.

Planes Peak position FWHM Crystallite Size D nm D nm average

210 27.77371 0.33604 24.35269392

122 32.19819 0.34023 24.30283166

111 38.09055 0.73274 11.46973509

200 44.25411 1.81878 4.71519165

231 46.2034 0.40488 21.33195467 17.28876937

142 54.80129 0.37771 23.69061963

241 57.4615 0.40679 22.2710395

220 64.4704 0.61704 15.22090018

311 77.11085 1.23228 8.243958014

Figure 9: Cyclic voltagramm of synthesized silver nanoparticles.

Figure 8: Scanning electron microscopic image of green synthesized 
AgNPs in various magnifications, (a) ×100000, (b) ×60000, (c) ×40000, and 

(d) ×20000.

ba

c d

Figure 10: The silver nanoparticles show the zone of inhibition against 
Staphylococcus aureus MTCC (3160) and Klebsiella pneumoniae MTCC 

(7407).

a b
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percentage of viability of MCF-7 decreased by about 19% and 13%. 
Likewise, the standard anticancer drug cisplatin was tested against the 
same cell lines in the range of 500 and 1000 μg/ml and showed 5.6 
and 2.5% of cell viability. A similar previous study found that women’s 
breast cancer cell lines exhibit considerable cytotoxic effects, the AgNPs 
with diameters ranging from 5 to 50  nm have effective inhibitory 
effects against the lymphoma Jurkat cell line, with an IC50 value of 
21.05 mg/mL [48]. The most likely reason was that the AgNP’s size and 
shape led them to come into close contact with cell surfaces, causing 
cytotoxicity [49]. The cytomorphological variations caused by AgNPs 
on women’s breast cancer cell lines at various concentrations (100, 200, 
400 μg/ml, and Cisplatin 500 and 1000 μg/ml) involve an intracellular 
suicide program that possesses oxidative stress, cell shrinkage, coiling, 
and biochemical response that ultimately leads to cell death. These 
changes are depicted in Figure 12. The findings make it abundantly clear 
that the apoptosis rate of MCF-7 cell lines rises as the concentration 
of AgNPs increases. Because, from the synthesized AgNPs, the silver 
oxide ions released and interact strongly with cells, causing membrane 
breakage, damage occurs in DNA and RNA, and membrane disruption 
of lysosomal as well as reducing ATP and inactivating enzymes [50]. 
Like that the same thing was reported in the previous reports [51,52].

4. CONCLUSION

In the present study, we analyzed the green synthesis of AgNPs for 
the first time, as well as their characterization. We also highlighted 
the antibacterial and cytotoxic properties of AgNPs produced using 
H. ferruginea leaf extract. The UV data’s large peak absorption peak 
at 418 nm confirms that the extract of H. ferruginea converted AgNO3 
to AgNPs. The scanning electron microscope verified that the major 
nanoparticles were spherical in shape. The synthesized AgNPs reported 
promising antibacterial action against K. pneumoniae and S. aureus. 
The cytotoxic examination using the MTT assay on women’s breast 
cancer cell lines revealed that AgNPs are a promising anticancer agent 
as normal cisplatin, nanoparticles have a significant death rate because 
their tiny size and spherical shape. The current research adds a unique 
and different approach to cancer treatment.
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Figure 11: The silver nanoparticles show the cytotoxic activity against 
women’s breast cancer (MCF-7) cell line.

Table 3: Antibacterial activity of silver nanoparticles against selected 
bacteria.

Concentration 
of AgNPs  
(μg/ml)

Zone of inhibition (mm) 
(mean of three replicates)

Staphylococcus aureus Klebsiella pneumoniae

Standard (Std) 18.33±1.15 21.33±0.57

1000 (100%) 15.33±0.57 14.66±0.57

500 (50%) 11.66±0.57 11.66±0.57

250 (25%) 7.33±0.57 7.66±0.57

*Standard (Std) concentration: 1000 μg/ml.

Figure 12: The cytomorphological variations of women’s breast cancer cell 
lines: (a) Untreated, (b) 100 μg/ml, (c) 200 μg/ml, (d) 400 μg/ml, (e) Cisplatin 

500 μg/ml, and (f) Cisplatin 1000 μg/ml.
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