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Abstract
The green synthesis of nanoparticles (NPs) gained significant impacts in various fields due to the use of eco-friendly 
approaches. In this study, silver nanoparticles (AgNPs) were synthesized from the aqueous extract of Hylocereus undatus 
fruit peel. The presence of AgNPs was analysed using characterization methods such as UV‒Vis, FTIR, GCMS, XRD, EDAX, 
and FESEM. The synthesized AgNPs showed greater antibacterial activity against Escherichia coli than against Strepto-
coccus pneumoniae. The antifungal activity against Candida albicans was greater than that against Candida tropicalis. 
The IC50 value for the antibiofilm activity of the AgNPs was 2.81 µg/mL, whereas that of the H. undatus peel extract was 
1.34 µg/mL. The invitro antioxidant activity of the AgNPs was evaluated using two different methods. The DPPH radical 
scavenging activity of the AgNPs and fruit peel extract was observed with IC50 values of 3.8 and 2.03 µg/mL respectively. 
On the other hand, nitric oxide radical scavenging activities were recorded and the IC50 values were calculated to be 
2.8 and 2.3 µg/mL. The AgNPs demonstrated thrombolytic activity in human blood with 10, 32.36, and 56.25% lysis. The 
cytotoxicity of the AgNPs was minimal, with an IC50 of 0.2 µg/mL and the peel extract had the greatest cytotoxicity with 
an IC50 of 0.3 µg/mL. The findings of this study demonstrated that the synthesized AgNPs from H. undatus peel extract 
could be potential candidates for treating prostate cancer.
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1  Introduction

Nanotechnology is an emerging field that aims to create molecular, atomic and supramolecular properties [1]. It has gained 
importance in cosmetics, drug delivery, biomedical applications, cosmetics and cancer therapy [2]. Metallic NPs such as silver, 
copper oxide, zinc oxide, and gold NPs are synthesized extensively in nanostructured form [3]. Among the above-mentioned 
metals, AgNPs have attracted an increased amount of attention due to their unique characteristics. It can be synthesized by 
physical, chemical, and biological methods [4]. Biological entities such as bacteria, fungi, yeasts, and plants have been utilized 
in the synthesis of AgNPs, which are less toxic, less expensive, more stable, and more eco-friendly alternatives to chemical 
methods [5]. Among the available biological methods, microbe-mediated synthesis of NPs nanoparticles is not commercially 
feasible due to the high aseptic requirement. Plant-mediated AgNPs offer several advantages over microorganisms. Because 
these methods can be easily scaled up, they are more practical for large-scale production. The NPs can be effectively capped 
and reduced by extracting active components from plants such as flavonoids, alkaloids, terpenes, tannins, and saponins 
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[6]. AgNPs from plant extracts have a wide range of applications in the fields of food, health, agriculture, disease control, 
pharmaceuticals, and medicine [7]. AgNPs have shown potential antibacterial, antifungal, anti-inflammatory, antioxidant, 
antiviral, anticancer, antiplasmodial, and anti-platelet effects [8].

Prostate carcinoma (PC) is the primary cause of cancer in the male reproductive system and affects a significant number 
of newly diagnosed cancer patients, accounting for approximately 25% of cases. When combined with colorectal can-
cer, PC has become the second leading cause of cancer-related deaths in males in the US, following lung and bronchus 
cancer. Approximately 80% of prostate cancer cases are found in the peripheral zone, while 10–20% of prostate cancer 
cases occur in the transition zone [9]. Treatment methods such as cholesterol-lowering drugs, biopsies, and conventional 
heating techniques can be costly and may have side effects such as pain or discomfort due to unwanted reflection, 
scattering, or absorption [10]. It is crucial to explore alternative treatments or medications to address these limitations. 
NPs have shown promise in the treatment of prostate cancer patients [11]. The toxicity associated with this treatment 
is moderate and only temporarily affects quality of life. Hence, there is a need to discover new cancer therapies that are 
both biocompatible and cost-effective [12].

Dragon fruit (Hylocereus undatus) is a cactus species that is commonly consumed in Asian countries. It is a tropical fruit 
with a red peel and green pins. It is a great source of low-calorie dietary fibre [13]. It contains antioxidants that can help 
to prevent various diseases such as cancer, cardiovascular issues, diabetes, and urinary and gastrointestinal problems 
[14]. The peel of dragon fruit is composed of pectin, phyllocactin, steroids, betacynanin, and betanin. Previous studies 
have reported that it has high antioxidant, antimicrobial, cardioprotective, anti-inflammatory, and anticancer properties 
[15]. In this study, we focused on the use of H. undatus for the bio-reduction of silver ions in an aqueous medium which 
leads to the formation of silver nanoparticles. The synthesized nanoparticles were characterized and evaluated for anti-
bacterial, antifungal, antioxidant, and thrombolytic activity. Additionally, we examined the potential of these AgNPs to 
inhibit the growth of prostate cancer cells.

2 � Materials and methods

2.1 � Sample collection and extraction

In the present study, H. undatus was collected from the local market, R. S. Puram, Coimbatore, India. The peel of H. unda-
tus was washed with double distilled water until all the impurities were removed and kept after which the sample was 
dried in a sterile environment. The dried samples were finely ground into powder and further processed for extraction.

2.2 � Preparation of aqueous extract

The H. undatus aqueous extract was prepared by boiling 20 g of powdered peel in 500 mL of distilled water for 15 min. 
The extracts were agitated and covered until they reached room temperature. The crude extract was filtered through 
Whatman filter paper No.1. The resulting extract was stored in a container at 2 °C for further study.

2.3 � Synthesis of AgNPs

A reaction mixture consisting of 220 mL of dragon fruit peel extract and 110 mL of 10 mM silver nitrate was stirred for 
24 h at room temperature using a magnetic stirrer. The reaction mixture was then centrifuged at 12,000 rpm for 15 min 
at 4 °C after which the supernatant was discarded. The resulting pellet was dissolved in distilled water and centrifuged 
again under the same conditions as mentioned before to ensure the purity of the nano-silver. The resultant pellet was 
dried and stored for further characterization [16].

2.4 � Characterization of silver nanoparticles

The synthesized AgNPs were characterized using a UV–visible spectrophotometer, Fourier Transform Infrared Spectro-
photometer (FTIR), Gas Chromatography-Mass Spectrometry (GCMS), X-ray Diffraction (XRD), Energy Dispersive X-ray 
Spectroscopy (EDAX), and Field Emission Scanning Electron Microscopy (FESEM).
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2.5 � Antibacterial activity

The disc diffusion method was used to evaluate the antibacterial activity of AgNPs against both Gram-positive (Strep-
tococcus pneumoniae) and Gram-negative (Escherichia coli) bacteria. The bacterial strains were spread on nutrient agar 
plates using a sterile cotton swab. The disc was treated with two distinct concentrations (40 and 80 µL) of synthesized 
AgNPs. Kanamycin was used as a positive control and distilled water was used as a negative control. Then the plates 
were incubated at 37 °C for 24 h. The antibacterial activity was evaluated by measuring the zone of inhibition [17]. The 
experiments were replicated three times and the diameter of the zone of inhibition was reported as the mean ± standard 
deviation.

2.6 � Antifungal activity

The antifungal potential of the biosynthesized AgNPs against two pathogenic strains Candida albicans and Candida 
tropicalis was evaluated using the agar well diffusion method as described by Joseph et al. [18]. Wells with a diameter 
of 8 mm were punched in potato dextrose agar medium and 100 µL of each microorganism was spread using a sterile 
cotton swab. Distilled water was used as the negative control while Voriconazole was used as the positive control. Two 
concentrations 40 and 80 µL of AgNPs were added to the wells and incubated at 37 °C for 24 h. The zones were subse-
quently determined and recorded.

2.7 � Antibiofilm activity

A 96-well microtiter plate was used to evaluate the antibiofilm effectiveness of the AgNPs and H. undatus peel extract. 
The wells of the plates were filled with 180 μL of Muller Hinton broth and 10 μL of the test pathogens. Then 10 μL 
of AgNPs and H. undatus peel extract were added and the mixture was thoroughly mixed. The test plates were then 
incubated for 24 h at 37 °C. After incubation, the microtiter plates were washed with phosphate-buffered saline (PBS) 
to remove non-adherent bacteria. The plates were air-dried for 45 min, after which the protein wells were fixed with 
sodium acetate. Crystal violet stain was added and the samples were incubated in the dark for 30 min. Excess dye was 
removed by washing with water. The plates were air-dried, 200 μL of ethanol was added to each well and absorbance 
was measured at 620 nm [19]

2.8 � Thrombolytic activity

The thrombolytic activity of the AgNPs and the peel extract of H. undatus was evaluated according to the method of Devi 
et al. [20] with slight modifications. After the weight of the empty Eppendorf tube was determined 20, 40, and 60 μL of 
blood were drawn in different tubes and incubated at 37 °C for 30 min. After clot formation, the tubes were reweighed 
to determine the weight of the blood clot (X). This was achieved by subtracting the initial weight of the tube. 100 µL of 
AgNPs at two different concentrations (500 and 1000 µg/mL) was added to the tubes and incubated at 37 °C for 90 min. 
To calculate the weight of the non-lyzed blood clot (Y), the initial weight of the tube was subtracted from the final 
weight of the tube, which contained the remaining blood clot. 100 µL of distilled water was used as a negative control 
and streptokinase was used as a positive control. Thrombolytic activity was calculated using the following equation

2.9 � Antioxidant activity

2.9.1 � DPPH radical scavenging assay

The scavenging ability of the AgNPs and H. undatus peel extract was determined using the DPPH method described by 
Phull et al. [21]. The DPPH assay was performed in a 96-well plate having ascorbic acid as the reference standard. AgNPs 
and H. undatus peel extracts (20, 40, 60, 80, and 100 μL) were removed from the stock solution and added to each well of 
the plate. Then, 100 μL of the DPPH solution was added and incubated at 27 °C for 20 min. The absorbance of the reaction 
mixture was measured at 517 nm using a microplate reader. The scavenging activity was calculated as

Thrombolysis (%) = X − Y × 100∕X
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2.9.2 � Nitric oxide radical scavenging activity

The Nitric oxide radical scavenging activity of the AgNPs and H. undatus peel extract was determined using the method 
outlined by Makhija et al. [22] with slight modifications. Various concentrations of the AgNPs and H. undatus peel extract 
(20, 40, 60 80, and 100 μL) were combined with 3 mL of sodium nitroprusside (10 mMol/L) in phosphate buffered saline 
(0.2 mMol/L, pH 7.4). The mixture was then incubated at 25 °C for 150 min. Then, 500 μL of Griess reagent (composed 
of 2% orthophosphoric acid, 1% sulphanilamide, and 0.1% N-1-naphthyl ethylenediamine dihydrochloride) was added. 
The absorbance was measured at 546 nm. All measurements were conducted in triplicate and the mean values were 
calculated.

2.10 � Cytotoxicity assay

2.10.1 � Cell culture

The human prostate cancer cell line (PC3) was purchased from NCCS, Pune. The cells were cultured in Dulbecco’s Modi-
fied Eagle Medium (DMEM) supplemented with 10% Fetal Bovine Serum (FBS) and 1% antibiotics. The cells were kept at 
a temperature of 37 °C in 5% CO2 and 95% relative humidity [23].

2.10.2 � MTT assay

The cytotoxic effects of the AgNPs and H. undatus peel extract were evaluated via an MTT assay. PC3 cells were seeded 
in a 96-well plate and incubated for 24 h, then 200 µL of DMEM supplemented with 10% FBS. Doxorubicin an anticancer 
drug was used as standard, whereas the untreated cells were used as a negative control. Various concentrations (12, 25, 
and 55 µg/mL) of AgNPs and H. undatus peel extract were added and incubated for 48 h. After the addition of MTT, the 
cells were again incubated at 37ºC for 4 h. The media was then removed, 200 µL of DMSO was added to each well and 
the absorbance was read at 570 nm [24].

2.11 � Statistical analysis

The descriptive statistics were performed for the in vitro assays based on the mean average method and the standard 
errors were calculated.

3 � Results and discussion

3.1 � Characterization of AgNPs

The present study revealed that extract of H. undatus fruit peel can be used to convert the silver in the form of nitrate. 
This interaction resulted in the formation of a pale pink to dark brown indicating the presence of AgNPs [25] as shown 
in Fig. 1. Similar color changes were also observed in a previous study [16]. The UV–Vis spectra were recorded after time 
intervals of 20 min, 25 min, 30 min, 35 min, 49 min, 45 min, 50 min, 55 min, 60 min, 65 min and 70 min. Figure 2 shows 
the absorption spectra of the AgNPs obtained from H. undatus fruit peel extract. The UV spectrum exhibited a strong 
peak at 417 nm which confirmed the formation of AgNPs.

The purity of the synthesized NPs was checked by FTIR analysis within the range of 400–4000 cm−1 [26]. Figure 3 
shows the FTIR spectra of the biosynthesized AgNPs and the absorption peak bands at 3734.19, 3332.99, 2310.72, 
1593.20, 1365.60, 1323.17, 1238.30, 1041.56, 921.97, 821.68, 678.94, 601.79 and 559. 36 cm−1. These absorbance 
bands are known to be associated with the stretching vibrations of O–H (alcohols), O–H (alcohols), C=N (nitriles), 

% DPPH radical scavenging activity = control OD − sample OD∕control OD × 100

Nitric oxide scavenged (%) = Acontrol− Atest∕ Acontrol × 100
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C–C (aromatics), C–H (alkanes), C–N (aromatic amines), C–N (aliphatic amines), C–O (alcohols), O–H (carboxylic acids), 
C–Cl (alkyl halides), C–Br (alkyl halides), C–Br (alkyl halides), C–Br (alkyl halides). H. undatus fruit peel is primarily 
composed of betanin, pectin, hylocerenin, betacyanin, and phyllocactin [27]. This study confirmed the presence of 
a significant amount of phytocompounds and these substances may be responsible for the reduction, capping, and 
synthesis of AgNPs.

GC–MS analysis of the peel extract of H. undatus was also conducted to determine the bioactive chemical com-
pounds present in the extract. Figure 4 displays the GC–MS spectrum with peaks and retention times. The peel extract 
of H. undatus contains seven major bioactive compounds namely 6-methyl-2, (4-bromophenyl)-7-phenylmethylin-
dolizine, N-[(4,6-Dimethoxynaphthalen-1-yl) methylene], 2,5-dichloro-4-hydroxyphenylamine, oxacycloheptadec-8-en-
2-one, androstan-17one, 3-ethyl-3-hydroxy, pyridinium-3-carboxamide, 6-chloro-4-trifluoromethyl-N-[2,4-dichloeo-
6-methyl]-N-methyl, 1,2-Dipalmitoyl 3-acetyl glycerol gallic acid, and triamcinolone acetonide. The peak intensity of 
N-[(4,6Dimethoxynaphthalen-1-ylmethylene] and 2,5-dichloro-4-hydroxyphenylamine were greater with a retention 
time of 30.12 min followed by Oxacycloheptadec-8-en-2-one with a retention time of 30.74 (Table 1).

The synthesized AgNPs were characterized using XRD to confirm the presence of silver ions and to determine the 
structure [28]. Figure 5 shows the XRD pattern of the AgNPs, which confirms the crystalline nature of synthesized the 
AgNPs. The 2θ peaks at 27.57, 32.09, 37.88, 44.65, 46.02, 54.59, 57.19, 64.16, 67.32, 72.62, and 76.42 cm−1 correspond to 
the crystalline planes of the face-centered cubic structure of metallic silver. The intense peak at 32.09 cm−1 possibly sug-
gested the presence of silver ions as the major constituent in the biosynthesized AgNPs. A similar result was observed by 
Phongtongpasuk et al. [16] who identified the most intense peak at 32.5 cm−1 indicating the presence of AgNPs.

The elemental analysis of the material is depicted in Fig. 6, which shows the synthesized AgNPs through the EDAX 
spectrum [29]. This analysis demonstrated a prominent indication of a metallic silver area at 3 keV and confirmed the 
formation of silver nanoparticles synthesized through the utilization of H. undatus peel (Fig. 6). The Ag peak showed a 
weight percentage of 35.12 and an atomic percentage of 8.02. A low calcium signal was observed and five moderate 

Fig. 1   The colour change of 
the solution after the reduc-
tion of AgNO3 by H. undatus 
fruit peel extract

Fig. 2   UV–Visible spectra of 
AgNPs biosynthesized from H. 
undatus fruit peel extract
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signals for carbon, oxygen, sodium, chloride, and potassium were detected as a result of the chemicals used in the 
sample preparation.

FE-SEM images of AgNPs synthesized from the fruit peel extract of H. undatus are shown in Fig. 7. The surface morphol-
ogy of the AgNPs was spherical with agglomeration. In the present study, the histogram of the particle size ranged from 
52 to 79 nm. An increased concentration of bioactive compounds in colloidal solution could lead to the formation of 
nanoclusters. The signals produced from the interaction between the electrons and the sample provide valuable informa-
tion regarding the sample’s external morphology, chemical composition, crystalline structure, and material orientation.

3.2 � Antibacterial activity

The antibacterial activity of the synthesized AgNPs was tested at various concentrations by the disc diffusion method. 
Figure 8 illustrates the zone of inhibition around the individual bacterial culture. The zones of inhibition were measured 
to be 1.2 ± 0.2 and 1.6 ± 0.1 cm for E. coli while in the case of S. pneumoniae 1.1 ± 0.1 and 1.3 ± 0.1 cm were measured at 
concentrations of 40 µL and 80 µL respectively, of synthesized the AgNPs. In the present study, the synthesized AgNPs 
showed greater antibacterial activity against E. coli than against S. pneumoniae. The potential cause of this occurrence 
could be attributed to the presence of phytochemicals within H. undatus. The enhanced antibacterial efficacy of AgNPs 
can be predominantly attributed to the synergistic interplay between the aforementioned nanoparticles and the naturally 
occurring chemicals found within the extract as previously substantiated in a prior investigation. It has been determined 
that AgNPs can liberate silver ions within bacterial cells, thus enhancing their bactericidal properties [30].

Fig. 3   FTIR analysis of the 
biosynthesized AgNPs using 
H. undatus fruit peel extract
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Fig. 4   GC–MS analysis of 
AgNPs biosynthesized from H. 
undatus fruit peel extract

Table 1   Chemical composition of the H. undatus peel extract

S. no. RT Compound name Molecular formula Molecular weight Peak area %

1 27.99 6-methyl-2, (4-bromophenyl)-7-phenylmethylindolizine C22H18BrN 376.289 7.991989
2 30.12 N-[(4,6Dimethoxynaphthalen-1-ylmethylene], 

2,5-dichloro-4- hydroxyphenylamine
C19H15Cl2NO3 376.233 8.799596

3 30.74 Oxacycloheptadec-8-en-2-one C16H28O2 252.392 15.430418
4 30.88 Androstan-17one 3-ethyl-3-Hydroxy C21H34O2 318.49346 13.414466
5 31.49 Pyridine-3-carboxamide, 6- chloro-4-trifluoromethyl-

N-[2,4-dichloeo-6-methyl]-N-methyl
C15H10C13F3N2O 397.606 11.854260

6 31.80 1,2-Dipalmitoyl 3-acetylglycerol Gallic acid C37H70O6 610.948 11.854137
7 32.00 Triamcinolone acetonide C24H31FO6 434.497 10.116891
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Fig. 5   XRD analysis of AgNPs 
biosynthesized from H. unda-
tus fruit peel extract

Fig. 6   EDAX analysis of AgNPs 
biosynthesized from H. unda-
tus fruit peel extract

Fig. 7   FESEM analysis of 
AgNPs biosynthesized from H. 
undatus fruit peel extract
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3.3 � Antifungal activity

The antifungal potential of the biosynthesized AgNPs toward two pathogenic strains Candida albicans and Candida 
tropicalis was evaluated using the well diffusion method. The antifungal activity can be identified by the zone of 
inhibition (Fig. 9). The results indicate that the biosynthesized AgNPs possess significant antifungal activity against 
the two fungal strains that were tested. No zone of inhibition was observed in the control. The synthesized AgNPs 
that inhibited the fungal growth of C. albicans were found to be 1.1 ± 0.1 and 1.3 ± 0.3 cm in length, while those of C. 
tropicalis were measured to be 0.8 ± 0.2 and 1.2 ± 0.2 cm at a concentration of 40 and 80 µL respectively. The antifungal 
activity against C. albicans was greater than that against C. tropicalis. Numerous studies have shown the antifungal 
activity of biosynthesized AgNPs against filamentous fungi [31]. NPs can disrupt the cell walls and cell membranes 
of fungi, resulting in the release of intracellular components that may lead to fungal death [32]. Fungal death is also 
promoted by the production of hydroxyl radicals and reactive oxygen species [33].

3.4 � Antibiofilm activity

According to the findings of the National Institutes of Health and Centre for Disease Control, approximately 65–80% of 
infections are caused by microbes that form biofilms. Among these, the most prevalent are gram-negative bacteria (P. 
aeruginosa and E. coli) and gram-positive bacteria (Staphylococci and S. aureus). AgNPs possess the unique capability 
to disrupt the biofilm formation of various pathogenic bacteria [29]. In this study, the ability of biosynthesized AgNPs 
and H. undatus peel extracts to inhibit biofilm formation in E. coli was examined. An ELISA was used to measure the 
absorbance at 620 nm and the obtained values were used as an indicator of bacterial adhesion to the cell wall surface 

Fig. 8   Biosynthesized AgNPs 
showing a clear zone of 
inhibition against E. coli and S. 
pneumoniae, A Positive con-
trol—Kanamycin, B Negative 
control—Distilled water, C 80 
µL of AgNPs treated, D 40 µL 
of AgNPs treated

Fig. 9   Antifungal activity of 
AgNPs against C. albicans and 
C. tropicalis, A Positive con-
trol—Voriconazole, B Nega-
tive control—Distilled water, 
C 40 µL of AgNPs treated, D 80 
µL of AgNPs treated
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for the formation of biofilms. The biofilm activities of the AgNPs and H. undatus peel extracts were compared based 
on their resulting IC50 values. The synthesized AgNPs exhibited maximum inhibitory activity against biofilms (IC50 
2.81 µg/mL) while the H. undatus peel extract exhibited an IC50 value of 1.34 µg/mL (Fig. 10).

3.5 � Thrombolytic activity

The thrombolytic activity of the AgNPs and H. undatus peel extracts was evaluated at three different concentrations. The 
percentages of thrombolysis were 10, 32.36 and 56.25% for the AgNPs solutions at the concentration of 20, 40, and 80 µg/
mL respectively (Fig. 11). Distilled water was used as a negative control resulting in clot lysis of 6.07% while streptoki-
nase was taken as a positive control exhibiting clot lysis of 50%. AgNPs may be involved in activating the enzymes that 
generate plasmin, an enzyme capable of breaking down the cross-links between fibrin molecules and dissolving blood 
clots [34]. Limited research has been conducted on the use of AgNPs as a thrombolytic agent. The study revealed that 
as the concentration of AgNPs increased and the percentage of clot lysis also increased the potential of AgNPs could be 
valuable applications in the clinical field for preventing thrombosis and other related disorders.

3.6 � Antioxidant activity

The antioxidant activity of the AgNPs and H. undatus peel extracts was determined by the DPPH method. The AgNPs 
and H. undatus peel extracts were compared based on their resulting IC50 values. AgNPs Silver nanoparticles exhib-
ited maximum radical scavenging activity (IC50 of 3.8 µg/mL), while H. undatus peel extract exhibited the IC50 value of 
2.03 µg/mL (Fig. 12). The inhibition % of nitric oxide radical scavenging activity by the AgNPs from H. undatus at differ-
ent concentrations (20, 40, 60, 80, and 100 µg/mL) was compared based on the resulting IC50 values. AgNPs exhibited 
maximum radical scavenging activity (IC50 2.8 µg/mL), while the H. undatus peel extract exhibited an IC50 value of 2.3 µg/

Fig. 10   Determination of 
the % antibiofilm activity of 
AgNPs and H. undatus peel 
extracts on E. coli 

Fig. 11   Thrombolytic activity 
of AgNPs and H. undatus peel 
extracts, A Positive control—
Streptokinase, B Negative 
control—Distilled water, C 
20 µg/mL of AgNPs, D 40 µg/
mL of AgNPs, E 80 µg/mL of 
AgNPs
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mL (Fig. 13). There is a growing demand for the development of cost-effective, eco-friendly techniques for synthesizing 
metallic nanoparticles with high yields and low toxicity. Several studies have reported the reduction of silver ions into 
AgNPs using plant extracts. It contains biologically active phytochemicals such as terpenoids, flavonoids, vitamins, and 
phenolics which are known for their antioxidant properties [35]. These compounds have a diverse range of biological 
activities and help to protect cells from damage caused by reactive oxygen species. Our study provides clear evidence 
that the synthesized NPs and fruit peel extract exhibited radical scavenging activity. Compared with fruit peel extract, 
AgNPs showed promising antioxidant properties. The presence of numerous bioactive compounds in fruit extract may 
be the reason for its antioxidant activity [36]. The interaction of plant metabolites with metal ions can lead to the produc-
tion of enhanced compounds that scavenge free radicals. Negatively charged phytochemicals and positively charged 
AgNPs work together to enhance the bioactivity of plants through electrostatic interactions [34]. Previous research has 
also indicated that antioxidant activity tends to increase as treatment doses increase [37].

3.7 � Anticancer activity

The MTT assay was used to determine the cytotoxicity of the AgNPs and H. undatus peel extract on the PC3 cell line and 
to determine the viability of the cells. A significant degree of cytotoxicity was noted in cells treated with doxorubicin 
(positive control). However, a large number of cells was seen in the case of untreated cells (negative control) (Fig. 14). 
This assay was performed using three different concentrations (21, 25, and 55 µL) of AgNPs (Table 2) and H. undatus 
peel extract (Table 3). The IC50 results clearly showed that the tested AgNPs exhibited the minimum cytotoxic activity 

Fig. 12   DPPH radical scaveng-
ing activity of H. undatus and 
AgNPs

Fig. 13   Nitric oxide radical 
scavenging activity of H. unda-
tus and AgNPs
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(IC50 of 0.2 µg/mL), while H. undatus peel extract exhibited the maximum cytotoxic activity (IC50 0.3 µg/mL) (Fig. 15). The 
presence of bioactive compounds as capping agents in the green synthesis of AgNPs may account for the improved 
cytotoxic effects. Increasing the concentration of AgNPs and fruit peel extract leads to an increase in cytotoxicity. The 
anticancer property of AgNPs was due to the activation of reactive oxygen species. This activation leads to oxidative 
damage to cellular components such as DNA, proteins, and lipids, ultimately resulting in cell death [17]. The fruit extracts 
of H. udantus contain polyphenolic compounds that are adsorbed onto the surface of AgNPs. Along with the green 
synthesis of AgNPs, these biomolecules have been proposed as a potential solution for combating cancer cells in vitro 
due to their anticancer activity.

4 � Conclusion

Nanosized silver particles have attracted an increased amount of attention due to their physiochemical and optical 
properties. In the present study, AgNPs were successfully obtained from the reduction of silver nitrate by H. undatus peel 
extract. The fruit peel extract significantly contains the flavonoids and phenolics that are responsible for its antioxidant 
activity. The potential use of AgNPs obtained from H. undatus peel extract as an effective anticancer agent against PC3 
cells has been suggested. The biosynthesized AgNPs from H. undatus peel extract showed significant antibacterial, anti-
oxidant, anticancer, and thrombolytic activity which indicates their potential therapeutic applications. Therefore, further 
studies are required to discover medicinal drugs from this source.

Fig. 14   A–C Different concen-
trations (21, 25, and 55 µL) of 
H. undatus peel extract used 
to treat the PC3 cell line, D 
Positive control (Doxorubicin 
treated). E Negative control 
(Untreated)

Table 2   in vitro cytotoxicity 
of the AgNPs against PC3 cell 
line

S. no. AgNPs (µg/mL) Absorbance of control at 
570 nm

Absorbance of sample at 
570 nm

% of inhibition

1 12 0.568 0.553 2.64
2 25 0.568 0.359 36.79
3 55 0.568 0.235 58.62

Table 3   in vitro cytotoxic 
effects of the H. undatus peel 
extract on the PC3 cell line

S. no. H. undatus peel extract 
(µg/mL)

Absorbance of control 
at 570 nm

Absorbance of sample 
at 570 nm

% of inhibition

1 12 0.568 0.549 3.34
2 25 0.568 0.303 46.65
3 55 0.568 0.223 60.73



Vol.:(0123456789)

Discover Nano           (2024) 19:49  | https://doi.org/10.1186/s11671-024-03995-w	 Research

Author contributions  RKS: Conceptualization, AA: Methodology, RKS, AA: Writing—original draft preparation, HSRM, MGR: Writing—review 
and editing, RKS: Supervision. All authors have read and agreed to the published version of the manuscript.

Funding  Not applicable.

Data availability  The authors declare that the data supporting the findings of this study are available within the paper and its supplementary 
information files.

Code availability  Not applicable.

Declarations 

Competing interests  The authors declare that there are no conflicts of interest.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Vennila K, Chitra L, Balagurunathan R, Palvannan T. Comparison of biological activities of selenium and silver nanoparticles attached with 
bioactive phytoconstituents: green synthesized using Spermacocehispida extract. Adv Nat Sci Nano Sci Nanotechnol. 2018. https://​doi.​org/​
10.​1088/​2043-​6254/​aa9f4d.

	 2.	 Nirmala C, Sridevi M. Characterization, antimicrobial and antioxidant evaluation of biofabricated silver nanoparticles from endophytic pantoea 
anthophila. J Inorg Organomet Polym. 2021. https://​doi.​org/​10.​1007/​s10904-​021-​01974-7.

	 3.	 Wypij M, Czarnecka J, Świecimska M, Åšwiecimska M, Dahm H, Rai M, Golinska P. Synthesis, characterization and evaluation of antimicrobial 
and cytotoxic activities of biogenic silver nanoparticles synthesized from Streptomyces xinghaiensis OF1 strain. World J Microbiol Biotechnol. 
2018. https://​doi.​org/​10.​1007/​s11274-​017-​2406-3.

	 4.	 Gahlawat G, Choudhury AR. A review on the biosynthesis of metal and metal salt nanoparticles by microbes. RSC Adv. 2019. https://​doi.​org/​
10.​1039/​C8RA1​0483B.

	 5.	 Vijay Kumar PPN, Pammi SVN. Pratap Kollu, Satyanarayana KVV, Shameem U, Green synthesis and characterization of silver nanoparticles 
using Boerhaavia diffusa plant extract and their antibacterial activity. Ind Crops Prod. 2014. https://​doi.​org/​10.​1016/j.​indcr​op.​2013.​10.​050.

	 6.	 Khan SA, Shahid S, Lee CS. Green synthesis of gold and silver nanoparticles using leaf extract of Clerodendrum inerme; characterization, 
antimicrobial, and antioxidant activities. Biomolecules. 2020. https://​doi.​org/​10.​3390/​biom1​00608​35.

	 7.	 Zhou K, Zhou X, Liu J, Huang Z. Application of magnetic nanoparticles in petroleum industry: a review. J Pet Sci Eng. 2020. https://​doi.​org/​10.​
1016/j.​petrol.​2020.​106943.

Fig. 15   in vitro cytotoxic 
effects of AgNPs and H. unda-
tus peel extracts on the PC3 
cell line

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1088/2043-6254/aa9f4d
https://doi.org/10.1088/2043-6254/aa9f4d
https://doi.org/10.1007/s10904-021-01974-7
https://doi.org/10.1007/s11274-017-2406-3
https://doi.org/10.1039/C8RA10483B
https://doi.org/10.1039/C8RA10483B
https://doi.org/10.1016/j.indcrop.2013.10.050
https://doi.org/10.3390/biom10060835
https://doi.org/10.1016/j.petrol.2020.106943
https://doi.org/10.1016/j.petrol.2020.106943


Vol:.(1234567890)

Research	 Discover Nano           (2024) 19:49  | https://doi.org/10.1186/s11671-024-03995-w

	 8.	 Gonzalez C, Rosas-Hernandez H, Ramirez-Lee MA, Salazar-Garcia S, Ali SF. Role of silver nanoparticles (AgNPs) on the cardiovascular system. 
Arch Toxicol. 2016. https://​doi.​org/​10.​1007/​s00204-​014-​1447-8.

	 9.	 Raman J, Rajasekhar Reddy G, Lakshmanan H, Selvaraj V, Gajendran B, Nanjian R, Chinnasamy A, Sabaratnam V. Mycosynthesis and charac-
terization of silver nanoparticles from Pleurotus djamor var. roseus and their in vitro cytotoxicity effect on PC3 cells. Process Biochem. 2014. 
https://​doi.​org/​10.​1016/j.​procb​io.​2014.​11.​003.

	10.	 Maluta S, Dall’Oglio S, Romano M, Marciai N, Pioli F, Giri MG, Benecchi PL, Comunale L, Porcaro AB. Conformal radiotherapy plus local hyperther-
mia in patients affected by locally advanced high risk prostate cancer preliminary results of a prospective phase II study. Int J Hyperthermia. 
2007. https://​doi.​org/​10.​1080/​02656​73070​15532​60.

	11.	 Van Vulpen M, De Leeuw AA, Raaymakers BW, Van Moorselaar RJ, Hofman P, Lagendijk JJ, Battermann JJ. Radiotherapy and hyperthermia in 
the treatment of patients with locally advanced prostate cancer: preliminary results. BJU Int. 2004. https://​doi.​org/​10.​1111/j.​1464-​410x.​2004.​
04551.x.

	12.	 Johannsen M, Thiesen B, Wust P, Jordan A. Magnetic nanoparticle hyperthermia for prostate cancer. Int J Hyperthermia. 2010. https://​doi.​org/​
10.​3109/​02656​73100​37457​40.

	13.	 Salam HS, Tawfik MM, Elnagar MR, Mohammed HA, Zarka MA, Awad NS. Potential apoptotic activities of hylocereus undatus peel and pulp 
extracts in MCF-7 and caco-2 cancer cell lines. Plants. 2022. https://​doi.​org/​10.​3390/​plant​s1117​2192.

	14.	 Paśko P, Galanty A, Zagrodzki P, Luksirikul P, Barasch D, Nemirovski A, Gorinstein S. Dragon fruits as a reservoir of natural polyphenolics with 
chemopreventive properties. Molecules. 2021. https://​doi.​org/​10.​3390/​molec​ules2​60821​58.

	15.	 Tang W, Li W, Yang Y, Lin X, Wang L, Li C, Yang R. Phenolic compounds profile and antioxidant capacity of pitahaya fruit peel from two red-
skinned species (Hylocereus polyrhizus and Hylocereus udantus. 2021. Foods. https://​doi.​org/​10.​3390/​foods​10061​183.

	16.	 Phongtongpasuk S, Poadang S, Yongvanich N. Environmental-friendly method for synthesis of silver nanoparticles from dragon fruit peel 
extract and their antibacterial activities. Energy Procedia. 2016. https://​doi.​org/​10.​1016/j.​egypro.​2016.​05.​031.

	17.	 Ajaykumar AP, Mathew A, Chandni AP, Varma SR, Jayaraj KN, Sabira O, Rasheed VA, Binitha VS, Swaminathan TR, Basheer VS, Giri S, Chatterjee 
S. Green synthesis of silver nanoparticles using the leaf extract of the medicinal plant, Uvaria Narum and its antibacterial, antiangiogenic. 
Anticancer Catal Prop Antibiot. 2023. https://​doi.​org/​10.​3390/​antib​iotic​s1203​0564.

	18.	 Joseph MM, Jorelle AB, Sarra S, Viktorovna PI, Davares AK, Ingrid NK, Carime BZ. Short review on the potential alternatives to antibiotics in the 
era of antibiotic resistance. J Appl Pharm Sci. 2021. https://​doi.​org/​10.​7324/​JAPS.​2021.​120102.

	19.	 Mohanta YK, Biswas K, Jena SK, Hashem A, Abd Allah EF, Mohanta TK. Anti-biofilm and antibacterial activities of silver nanoparticles synthesized 
by the reducing activity of phytoconstituents present in the indian medicinal plants. Front Microbiol. 2020. https://​doi.​org/​10.​3389/​fmicb.​
2020.​01143.

	20.	 Devi CS, Mohanasrinivasan V, Tarafder A, Shishodiya E, Vaishnavi B, JemimahNaine S. Combination of clot buster enzymes and herbal extracts: 
a new alternative for thrombolytic drugs. Biocatal Agric Biotechnol. 2016. https://​doi.​org/​10.​1016/j.​bcab.​2016.​09.​003.

	21.	 Phull AR, Abbas Q, Ali A, Raza H, Kim SJ, Zia M, Ul haq I. Antioxidant, cytotoxic and antimicrobial activities of green synthesized silver nano-
particles from crude extract of Bergenia ciliate. FJPS. 2016. https://​doi.​org/​10.​1016/j.​fjps.​2016.​03.​001.

	22.	 Makhija IK, Aswatha Ram HN, Shreedhara CS, Vijay Kumar S, Devkar R. In vitro antioxidant studies of Sitopaladi Churna, a polyherbal Ayurvedic 
formulation. Free radic Antioxid. 2011. https://​doi.​org/​10.​5530/​ax.​2011.2.8.

	23.	 Devi JS. Anticancer Activity of Silver Nanoparticles Synthesized by the Seaweed. Ulva lactuca in vitro. 2012. https://​doi.​org/​10.​4172/​scien​tific​
repor​ts.​242.

	24.	 Hublikar LV, Ganachari SV, Patil VB, Nandi S, Honnad A. Anticancer potential of biologically synthesized silver nanoparticles using Lantana 
camara leaf extract. Prog Biomater. 2023. https://​doi.​org/​10.​1007/​s40204-​023-​00219-9.

	25.	 Elemike EE, Onwudiwe DC, Arijeh O, Nwankwo HU. Plant-mediated biosynthesis of silver nanoparticles by leaf extracts of Lasienthra africanum 
and a study of the influence of kinetic parameters. Bull Mater Sci. 2017. https://​doi.​org/​10.​1007/​s12034-​017-​1362-8.

	26.	 Jain N, Jain P, Rajput D, Patil UK. Green synthesized plant-based silver nanoparticles: therapeutic prospective for anticancer and antiviral activ-
ity. Micro and Nano Syst Lett. 2021. https://​doi.​org/​10.​1186/​s40486-​021-​00131-6.

	27.	 Luo H, Cai Y, Peng Z, Liu T, Yang S. Chemical composition and in vitro evaluation of the cytotoxic and antioxidant activities of supercritical 
carbon dioxide extracts of pitaya (dragon fruit) peel. Chem Cent J. 2014. https://​doi.​org/​10.​1186/​1752-​153x-8-1.

	28.	 Theivasanthi T, Alagar M. X-ray diffraction studies of copper nanopowder. arXiv preprint. 2010; https://​doi.​org/​10.​48550/​arXiv.​1003.​6068
	29.	 Bharadwaj KK, Rabha B, Pati S, Choudhury BK, Sarkar T, Gogoi SK, Kakati N, Baishya D, Kari ZA, Edinur HA. Green synthesis of silver nanoparticles 

using Diospyros malabarica fruit extract and assessments of their antimicrobial, anticancer and catalytic reduction of 4-nitrophenol (4-NP). 
Nanomaterials. 2021. https://​doi.​org/​10.​3390/​nano1​10819​99.

	30.	 Morones JR, Elechiguerra JL, Camacho A, Holt K, Kouri JB, Ramírez JT, Yacaman MJ. The bactericidal effect of silver nanoparticles. Nanotechnol-
ogy. 2005. https://​doi.​org/​10.​1088/​0957-​4484/​16/​10/​059.

	31.	 Shammout M, Awwad A. A novel route for the synthesis of copper oxide nanoparticles using Bougainvillea plant flowers extract and antifungal 
activity evaluation. 2021. CI. https://​doi.​org/​10.​5281/​zenodo.​40429​02.

	32.	 Nguyen DH, Lee JS, Park KD, Ching YC, Nguyen XT, Phan VHG, Hoang Thi TT. Green silver nanoparticles formed by Phyllanthus urinaria, Pou-
zolzia zeylanica, and Scoparia dulcis leaf extracts and the antifungal activity. Nanomaterials. 2020. https://​doi.​org/​10.​3390/​nano1​00305​42.

	33.	 Lateef A, Folarin BI, Oladejo SM, Akinola PO, Beukes LS, Gueguim-Kana EB. Characterization, antimicrobial, antioxidant, and anticoagulant 
activities of silver nanoparticles synthesized from Petiveria alliacea L. leaf extract. Prep Biochem Biotechnol. 2018. https://​doi.​org/​10.​1080/​
10826​068.​2018.​14798​64.

	34.	 Roy K, Srivastwa AK, Ghosh CK. Anticoagulant, thrombolytic and antibacterial activities of Euphorbia acruensis latex-mediated bioengineered 
silver nanoparticles. Green Process Synth. 2019. https://​doi.​org/​10.​1515/​gps-​2019-​0029.

	35.	 Swamy MK, Akhtar MS, Mohanty SK, Sinniah UR. Synthesis and characterization of silver nanoparticles using fruit extract of Momordica 
cymbalaria and assessment of their in vitro antimicrobial, antioxidant and cytotoxicity activities. Spectrochim Acta A Mol Biomol Spectrosc. 
2015. https://​doi.​org/​10.​1016/j.​saa.​2015.​07.​009.

	36.	 Kumar B, Smita K, Cumbal L, Debut A. Green synthesis of silver nanoparticles using Andean blackberry fruit extract. Saudi J Biol Sci. 2017. 
https://​doi.​org/​10.​1016/j.​sjbs.​2015.​09.​006.

https://doi.org/10.1007/s00204-014-1447-8
https://doi.org/10.1016/j.procbio.2014.11.003
https://doi.org/10.1080/02656730701553260
https://doi.org/10.1111/j.1464-410x.2004.04551.x
https://doi.org/10.1111/j.1464-410x.2004.04551.x
https://doi.org/10.3109/02656731003745740
https://doi.org/10.3109/02656731003745740
https://doi.org/10.3390/plants11172192
https://doi.org/10.3390/molecules26082158
https://doi.org/10.3390/foods10061183
https://doi.org/10.1016/j.egypro.2016.05.031
https://doi.org/10.3390/antibiotics12030564
https://doi.org/10.7324/JAPS.2021.120102
https://doi.org/10.3389/fmicb.2020.01143
https://doi.org/10.3389/fmicb.2020.01143
https://doi.org/10.1016/j.bcab.2016.09.003
https://doi.org/10.1016/j.fjps.2016.03.001
https://doi.org/10.5530/ax.2011.2.8
https://doi.org/10.4172/scientificreports.242
https://doi.org/10.4172/scientificreports.242
https://doi.org/10.1007/s40204-023-00219-9
https://doi.org/10.1007/s12034-017-1362-8
https://doi.org/10.1186/s40486-021-00131-6
https://doi.org/10.1186/1752-153x-8-1
https://doi.org/10.48550/arXiv.1003.6068
https://doi.org/10.3390/nano11081999
https://doi.org/10.1088/0957-4484/16/10/059
https://doi.org/10.5281/zenodo.4042902
https://doi.org/10.3390/nano10030542
https://doi.org/10.1080/10826068.2018.1479864
https://doi.org/10.1080/10826068.2018.1479864
https://doi.org/10.1515/gps-2019-0029
https://doi.org/10.1016/j.saa.2015.07.009
https://doi.org/10.1016/j.sjbs.2015.09.006


Vol.:(0123456789)

Discover Nano           (2024) 19:49  | https://doi.org/10.1186/s11671-024-03995-w	 Research

	37.	 Dipankar C, Murugan S. The green synthesis, characterization and evaluation of the biological activities of silver nanoparticles synthesized 
from Iresine herbstii leaf aqueous extracts. Colloids Surf B Biointerfaces. 2012. https://​doi.​org/​10.​1016/j.​colsu​rfb.​2012.​04.​006.

Publisher’s Note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.colsurfb.2012.04.006

	A comparative study on biosynthesized silver nanoparticles from H. undatus fruit peel and their therapeutic applications
	Abstract
	1 Introduction
	2 Materials and methods
	2.1 Sample collection and extraction
	2.2 Preparation of aqueous extract
	2.3 Synthesis of AgNPs
	2.4 Characterization of silver nanoparticles
	2.5 Antibacterial activity
	2.6 Antifungal activity
	2.7 Antibiofilm activity
	2.8 Thrombolytic activity
	2.9 Antioxidant activity
	2.9.1 DPPH radical scavenging assay
	2.9.2 Nitric oxide radical scavenging activity

	2.10 Cytotoxicity assay
	2.10.1 Cell culture
	2.10.2 MTT assay

	2.11 Statistical analysis

	3 Results and discussion
	3.1 Characterization of AgNPs
	3.2 Antibacterial activity
	3.3 Antifungal activity
	3.4 Antibiofilm activity
	3.5 Thrombolytic activity
	3.6 Antioxidant activity
	3.7 Anticancer activity

	4 Conclusion
	References


