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Abstract
This study was carried out to synthesize and characterize vanadium nanoparticles (VNPs) using orange peel extract and to 
evaluate the antimicrobial, antioxidant, and anticancer activities of the biosynthesized VNPs. The antifungal activity was 
tested against Fusarium graminearum, Alternaria alternata, Candida albicans, Aspergillus niger, and Aspergillus flavus. 
However, the antibacterial activity was tested against Gram-positive bacteria (Staphylococcus aureus and Bacillus cereus) 
and Gram-negative bacteria (Yersinia enterocolitica, Salmonella typhimurium, and Escherichia coli). The antioxidant activ-
ity was determined using the DPPH assay, and the anticancer activity was tested against the MCF-7 breast cell line. The 
biosynthesized VNPs were mostly square with an average size of 80 ± 3 nm and zeta potential of − 50 ± 6 mV. VNPs showed 
strong antifungal and antibacterial activities at a concentration of 100 µg/mL against the tested fungi and bacteria. These 
biosynthesized VNPs showed strong antioxidant reaching 91.65% at a concentration of 2000 µg/mL. Moreover, the anticancer 
activity against MCF-7 breast cell line with IC50 reached 15.99 µg. Therefore, it could be concluded that VNPs with strong 
antimicrobial, antioxidant, and anticancer activities can be synthesized successfully using orange peel extract and can be 
used in pharmaceutical and medical applications.
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1  Introduction

Recently, vanadium oxide nanoparticles (VNPs) are widely 
used in different applications due to their physical and chem-
ical characteristics. VNPs are used in different fields such as 
catalysts and sensors in the electrochemical, synthetic, and 
optical fields in addition to medical and biological appli-
cations [1–3]. VNPs can be synthesized by several meth-
ods including vacuum evaporation, hydrothermal, sol–gel, 
and ultrasonication routes [3, 4]. During the last decades, 
vanadium was used in medical purposes for the stimulation 
of metabolism and cellular growth, regeneration of bone, 
anti-diabetic effects, cardio- and neuro-protective properties, 

anticancer, anti-parasitic, anti-mutagenic, and antimicrobial 
[5–7].

In the biological media, vanadium releases some active 
components such as protonated vanadate under the biolog-
ical conditions at pH 7.4 and in the presence of dissolved 
oxygen [8, 9]. The activities of vanadate were reported to 
be due to their similar structure to phosphate which leads 
to the reversible inhibition of the phosphate-dependent 
enzymes including protein tyrosine phosphatases [10, 11]. 
Additionally, the stabilization of peroxide vanadates as a 
strong oxidant leads to the irreversible inhibition of the 
cysteine groups in several active centers of the regulatory 
enzymes [5, 12]. The biological properties of vanadium 
nanoparticles depend on several factors including the 
derivative type, the dose, and the route of administration, 
the treatment period, and the sensitivity to the compound 
administrated [13]. Vanadium is associated with its oxida-
tion degree (vanadate/vanadyl ion) and its chemical form 
(inorganic/organic ligand) [14, 15]. The presence of the 
different vanadate species is depending on the concen-
tration of vanadium and the pH. Their occurrence can 
be explained by the protonation and the condensation 
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equilibrium. In the very dilute solutions, monomeric 
vanadium ions were found, and their concentration was 
increased, leading to polymerization, especially in the 
acidic solution [16, 17].

Plant-mediated synthesis of nanoparticles is valuable for 
biomedical applications due to their safety and cost-effec-
tiveness [18]. Green synthesis concentrates on the removal 
or decreases the harmful substrates produced during the 
synthesis of NPs since it is safe and non-toxic used for the 
fabrication of biologically compatible NPs appropriate for 
several pharmaceutical and medical applications such as 
gene or drug delivery, protein labeling, pathogen detection, 
and tracking, and tissue engineering [19]. The most suit-
able living organisms used in the green synthesis of NPs 
are the plants, because of several reasons including their 
large-scale production, understanding of various biochemi-
cal compounds and pathways, low cost, and short production 
time as well as their non-toxic effect [20, 21]. The current 
study aimed to biosynthesize and characterize VNPs using 
orange peel extract and evaluate the antifungal, antibacterial, 
antioxidant, and anticancer activities of the biosynthesized 
VNPs.

2 � Materials and Methods

2.1 � Materials and Reagents

Orange peel waste after juice extraction was obtained from 
a local food processing company in Cairo. Vanadium (II) 
chloride (VCl2), 1,1-diphenyl-2-picrylhydrazyl (DPPH), and 
ascorbic acid were purchased from Sigma Chemical Co. (St. 
Louis, MO, USA). Czapek-Dox’s agar was obtained from 
DSMZ (GmbH, Germany). All chemicals and reagents used 
in this study were of analytical grade and purchased from 
Sigma-Aldrich (Taufkirchen, Germany).

2.2 � Microorganisms

Fungal strains of Alternaria alternata, Aspergillus niger, A. 
flavus, and Fusarium graminearum were isolated from soil 
and cereal samples, and Candida albicans strain was pro-
vided by Microbiology Lab., Faculty of Science, Benha Uni-
versity, Egypt. Bacterial pathogenic strain Bacillus cereus 
B-3711 was provided by the Northern Regional Research 
Laboratory, IL, USA (NRRL), and Yersinia enterocolitica 
was obtained from the Hungarian National Collection of 
Medical Bacteria. However, Escherichia coli 0157:H7, Sal-
monella typhimurium, and Staphylococcus aureus were iso-
lated from and serologically identified by the Dairy Microbi-
ology Lab., National Research Center Dokki, Cairo, Egypt.

2.3 � Synthesis and Characterization of VNPs

To obtain the aqueous extract of orange peel (OP), the 
OP was rinsed with tap water and then dried in shadow 
until constant weight. Fifty grams of the dried OP was 
poured into a container containing 500 mL boiling water 
for 4 h and then filtered using Whatman filter paper. The 
filtrate was used for the synthesis of vanadium nanoparti-
cles (VNPs) as described by Aliyu et al. [22].

Two hundred milliliters of the aqueous solution of VCl2 
(1 mM) was slowly added dropwise to10 mL of OP extract 
with constant stirring for 2 h on a magnetic stirrer for 
the reduction of V2+ into V0 until the color was changed 
[23, 24]. The mixture was then centrifuged at room tem-
perature for 20 min at 10,000 rpm. The supernatant was 
discarded; the pellet was re-dispersed in distilled water and 
lyophilized to dryness and stored at room temperature for 
future use [21]. Scanning electron micrographs (SEM) for 
VNPs were recorded on JEOL JAX-840A and JEOL JEM-
1230 electron micro-analyzers, respectively. The particle 
was coated with a gold coating to have good conductivity 
[25]. Zeta potential and average diameter were calculated 
using a particle size analyzer (Nano-ZS, Malvern Instru-
ments Ltd., UK). The FTIR spectrum of VNPs was carried 
out using an infrared spectrometer (FTIR) (Nicolet iS10, 
Thermo Fisher Scientific Inc., USA) to identify the pos-
sible biomolecules responsible for capping and efficient 
stabilization of VNPs synthesized using OP extract. VNP 
pellets were washed with 20 mL distilled water 3 times to 
get rid of all the free proteins/enzymes that were not cap-
ping the VNPs before the FTIR measurement.

2.4 � Antifungal Activity of VNPs

The antifungal potential of VNPs was evaluated by the 
agar well diffusion technique as described by El Sayed 
et al. [26]. The spores of individual fungi were grown 
in Petri dishes containing Czapek-Dox’s agar contain-
ing sucrose, NaNO3, KH2PO4, MgSO4.7H2O, KCL, 
FeSO4.7H2O, and agar in concentrations of 30, 3, 1, 0.5, 
0.01, and 20 g/L, respectively. The Petri dishes were inoc-
ulated with the spore suspension (107 spore/mL) of the 
tested fungal species. However, C. Albicans (107 cells/
mL) was cultured in a Petri dish containing Sabouraud’s 
glucose agar containing bactropeptone, KH2PO4, glucose, 
MgSO4.7H2O, and agar in concentrations of 10, 1, 20, 1, 
and 20, respectively. After inoculation, wells of standard 
diameter (8 mm) were bored in the medium using a ster-
ile well puncher at an equal distance. VNP solution was 
added into open wells at different concentrations (25, 50, 
and 100 µg/mL). Negative controls were made using wells 
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congaing DMSO only and fluconazole at a concentration 
of 50 µg/mL was used as the positive control. Plates were 
incubated at 30 °C for 5 days and then examined at the 
end of the incubation period and the diameter of the zone 
of inhibition (ZOI) was recorded as mean values (n = 3) 
and was expressed in millimeter (mm).

2.5 � Antibacterial Activity of VNPs

The diameters of inhibition zones were estimated by the disk 
diffusion method as described by Tamokou et al. [27], with 
some modifications. The solution of VNPs was prepared 
at a concentration of 1 mg/mL for antibacterial assay, and 
the sterile disks were impregnated with 10 µL of each for 
antibacterial assay (10 μg/disk) for each inoculated spread 
plate. The disks of samples were placed on the surface of the 
agar plate using sterile forceps and gently press down each 
disk to ensure complete contact with the agar surface. The 
assessment of antimicrobial activity was conducted against 
Gram-positive bacteria (Staphylococcus aureus and Bacillus 
cereus) and Gram-negative bacteria (Yersinia enterocolitica, 
Salmonella Typhimurium, and Escherichia coli). Cefopera-
zone was used as a positive control for bacteria at a con-
centration of 100 µg/mL, while DMSO solution (10% v/v) 
was used as a negative control. The plates were incubated at 
37 °C for 18 h. The diameter of zones of complete inhibition 
was measured to the nearest whole millimeter, including the 
diameter of the disk using sliding calipers that were held on 
the back of the inverted Petri plate. Plates were examined 
for growth inhibition and the diameter of the inhibition zone 
was measured. The strength of the activity was classified 
as high activity for the inhibition zone having diameters of 
10–15 mm, low activity for the diameter ranging from 7 to 
10 mm, and no activity for one with a diameter less than 
7 mm.

2.6 � Antioxidant Activity of VNPs

The in vitro antioxidant activity of VNPs was assessed 
by 2.2-diphenyl-1-picrylhydrazyl (DPPH) free radical 
scavenging assay according to the method of Brand-Wil-
liams et al. [28] with slight modification. The stock solu-
tion was prepared by dissolving 24 mg DPPH in 100 mL 
methanol (80%) and then stored at 20 °C until needed. The 
working solution was adjusted to an absorbance of about 
0.750 ± 0.02 at 517 nm using the spectrophotometer. An 
aliquot of 1 mL DPPH solution was mixed with 100 µL of 
VNPs at varying concentrations (2000, 1000, 500, 250,125, 
62.5 µg/mL). The reaction mixture was mixed vigorously 
and left in the dark at room temperature for 30 min. The 
transformation between the oxidized (initial, violet) and 
reduced (end-product, yellow) form of DPPH was followed 
by recording the absorbance decrease at 517 nm against a 

blank, i.e., without DPPH with a UV–Vis Shimadzu (UV-
1601, PC) spectrophotometer using 10 mm polystyrene. 
Methanol was used for zero spectrophotometer, and the 
measurement was performed in triplicate and an average 
was used. The radical scavenging activity was expressed 
as percentage inhibition of DPPH using the following 
formula:

where Acontrol is the absorbance of the control and Atreatment 
is the absorbance of the treatments. Ascorbic acid was used 
as a reference compound. Then, % of inhibition was plotted 
against concentration, and the IC50 value was calculated by 
graphical method.

2.7 � Cytotoxicity of VNPs

Cell line: Mammary gland (MCF-7) cell lines were obtained 
from ATCC via Holding company for biological products 
and vaccines (VACSERA), Cairo, Egypt.

MTT assay: This assay was carried out according to 
the method described by Mosmann and Immunol [29]. In 
this assay, the VNPs were used to determine the inhibitory 
effects on cell growth. This colorimetric assay is based on 
the conversion of the yellow tetrazolium bromide (MTT) 
to a purple formazan derivative by mitochondrial succi-
nate dehydrogenase in viable MCF-7 cell lines. Cell lines 
were cultured in RPMI-1640 medium (Sigma Co. St. Louis, 
USA) with 10% fetal bovine serum (GIBCO, UK). Antibiot-
ics (100 units/mL penicillin and 100 µg/mL streptomycin) 
were added to the media and incubated at 37 °C in a 5% 
Co2 incubator. Then, the cell lines were seeded in a 96-well 
plate at a density of 1.0 × 104 cells/well at 37 °C for 48 h and 
under 5% Co2. After the incubation period, the cells were 
treated with different concentrations of VNPs and incubated 
for 24 h. After 24 h of the treatment, 20 µL of MTT (Sigma, 
St., USA) solution at 5 mg/mL was added and incubated 
for 4 h. Dimethyl sulfoxide (DMSO; Sigma, St., USA) in 
a volume of 100 µL was added into each well to dissolve 
the purple formazan formed. The colorimetric assay was 
measured and recorded at the absorbance of 570 nm using a 
plate reader (EXL 800, USA). The relative cell viability in 
percentage was calculated as follows:

(A570 of treated samples/A570 of the untreated 
sample) × 100.

2.8 � Statistical Analysis

The data were gathered and given into the “SPSS-24” com-
puter software program and was analyzed by “one-way 

%Inhibition =
[(

Acontrol − Atreatment∕Acontrol

)]

× 100



	 BioNanoScience

1 3

ANOVA” and then the Duncan post hoc test (p < 0.01). The 
results were expressed as mean ± SD.

3 � Results and Discussion

3.1 � Characterization of VNPs

The current results showed that VNPs were successfully 
biosynthesized using OP extract by the addition of VCl2 
(1 mM) dropwise to 10 mL of OP extract with constant 
stirring for 2 h at room temperature. The TEM image 
of the synthesized VNPs showed that the particles are 
mostly square (Fig. 1A). The dynamic light scattering 
(DLS) showed that the average particle size of VNPs was 
80 ± 3 nm (Fig. 1B) and the zeta potential was − 50 ± 6 mV 
(Fig. 1C). This is probably because of the availability 
of various amounts of the capping agents in the extract 
which was confirmed by the differences in the peak regions 
obtained by the FTIR results. The square shape of the bio-
synthesized VNPs is different from that developed in pre-
vious studies which reported spherical shape VNPs [1, 
3]. This difference may be due to the different extracts 
used in the biosynthesis of VNPs and/or the vanadium 
salt used [30]. On the other hand, the negative zeta poten-
tial reported herein may be due to the capping of several 
natural constituents in OP extract [31]. The negative zeta 
potential suggested the strong repellent force between the 
particles because of the higher electrical charge on the 
surface of VNPs that showed higher stability and prevent 
the aggregation between the particles [32].

The FTIR spectra of OP extract showed distinct peaks in 
the range of 3334.75 and 550.33 cm−1 (Fig. 2). The peaks 
at 3334.75–4089.82 cm−1 are referring to the stretching 
vibration of the O–H group [30]. However, the peaks at 
1744.63–1534.33 cm−1 are due to the amide which is char-
acteristic of protein and mostly indicated the predominantly 
surface capping of the space with the C = O group which 
is responsible for the stabilization [31]. Additionally, the 
frequency of OH absorption and the intense absorption 

was noticed at 1744.63 cm−1 which is characteristic of 
the C = C stretching aromatic ring. However, the peak at 
2981.67 cm−1 indicated the specific absorption of the car-
bonyl group. The peak at 1025.75 cm−1 may be assigned to 
the C-H stretching of the aromatic carbonyl group. There-
fore, these observations suggested the occurrence of some 
terpenoids, phenolic compound (OH) proteins, and flavones 
that are bounded to the surface of VNPs. On the other hand, 
the changes in FTIR spectra of the biosynthesized VNPs 
after the bioreduction suggested that the participation 
of proteins and tarperoidpolyols has amides, carboxylic 
acid, and alcohols as functional groups responsible for the 
bioreduction. However, the terpenoids may not be involved 
in the reduction of VCl3 due to their being poorly water-
soluble [22]; meanwhile, proteins probably showed little 
importance in the biosynthesis of NPs [33]. Hence, the 
water-soluble flavonoid compounds and phenolic acid are 
suggested to have a major role in the reaction involved in 
the bioreduction of the synthesized NPs [34].

3.2 � Antifungal Activity

The results presented in Table 1 showed moderate antifungal 
activity against the tested pathogenic fungi at the low dose 

A B C

Fig. 1   A TEM image of VNPs showing particle shape and size. B DLS analysis showing the size distribution of VNPs. C Zetasizer chromato-
gram showing the zeta potential of VNPs

Fig. 2   FTIR spectra of VNPs and orange peel extract (OPE)
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(25 µg/mL). At a concentration of 50 µg/mL, VNPs showed 
antifungal activity similar to fluconazole. However, at 100 µg/
mL, VNPs were more effective than fluconazole and the maxi-
mum ZOI recorded was 24.3, 30.5, 24.3, and 18.4 mm for 
F. graminearum, A. alternate, C. albicans, A. niger, and A. 
flavus, respectively. The results also showed that F. gramine-
arum was the most affected by ZOI at the higher concentra-
tion (100 µg/mL) and the less affected was A. flavus. These 
results were similar to the results of Gholami-Shabani et al. 
[31] who reported that VNPs biosynthesized using cell-free 
filtrate of Fusarium oxysporum showed strong antifungal activ-
ity against F. graminearum, A. fumigatus, A. niger, A. flavus, 
A. alternata, and P. citrinum. The fungicidal activity of differ-
ent metal nanoparticles depends on the shape and the size of 
the particles. Wani and Ahmad [35] observed that small-sized 
nanodisks induced intracellular acidification and death of a cell 
due to the inhibition of H + ATPase. Moreover, NPs induce 
deformation in the hyphae of fungi and inhibit the transition 
of hyphal which probably lead to fungicidal activity [36, 37].

3.3 � Antibacterial Activity

The results of antibacterial activity of VNPs against Gram-
positive (S. aureus and B. subtilis) and Gram-negative (E. 
coli, S. typhimurium, and Y. enterocolitica) bacteria using 
the diffusion technique compared with cefoperazone as a 
reference antibacterial agent are summarized in Table 2. The 
results showed that VNPs exhibited antibacterial activities 
that varied among the tested microbial strains. At the low 
dose of 25 µg/mL, VNPs showed a weak antibacterial activ-
ity, and this activity increased by increasing the dose of 

VNPs and reached its maximum at 100 µg/mL. Moreover, 
the concentration of 100 µg/mL VNPs induced a diameter 
inhibition zone of 15.4 and 25.3 nm for S. aureus and B. sub-
tilis, respectively; however, it induced DIZ of 24.4, 26.1, and 
21.9 nm for E. coli, S. typhimurium, and Y. enterocolitica, 
respectively. It was reported that metal nanoparticles showed 
antibacterial activity against Gram-positive and Gram-nega-
tive bacteria based on their concentration, capping method, 
and size [38]. The composition of the cell wall of Gram-
negative strains consists of a thin layer (~ 7–8 nm) of pepti-
doglycan polymer, and their surfaces carry negative charges 
[39]. These features are linked directly to the antibacterial 
properties of NPs, as these NPs can easily penetrate the thin 
cell wall of bacteria. In addition, the negative surface charge 
encourages the electrostatic interaction between NPs and the 
cells resulting in oxidative stress due to the production of 
ROS (reactive oxygen species) as shown by Sharmin et al. 
[40]. This action leads to the destruction and inhibition of 
the bacterial cell [41, 42]. On the other hand, Gram-positive 
bacteria showed better permeability toward different sub-
stances because they only contain the outer peptidoglycan 
layer and not the polysaccharide membrane, which contains 
structural lipopolysaccharides [43]. Moreover, the smaller 
negative charges on their surface promote the penetration of 
NPs and allow the entrance of the negatively charged per-
oxide ions and superoxide radicals to ensure the destruction 
of the cell at a relatively low level [44, 45]. Additionally, 
the generation of oxidative stress and the excess of ROS 
production due to NPs induce the bacterial protein and DNA 
damage of some Gram-positive and negative strains [46].

Table 1   Antifungal activity of 
biosynthesized VNPs against 
different pathogenic fungi

ZOI was measured in mm and expressed as mean ± SD for 3 replicates

Pathogenic fungal isolates Fluconazole VNPs

50 µg/mL 25 µg/mL 50 µg/mL 100 µg/mL

F. graminearum 22.4 ± 0.14 5.3 ± 0.11 22.7 ± 0.21 39.6 ± 0.15
A. alternata 18.2 ± 0.24 8.4 ± 0.12 20.6 ± 0.24 24.3 ± 0.05
C. albicans 23.3 ± 0.31 5.7 ± 0.11 23.4 ± 0.23 30.5 ± 0.11
A. niger 18.5 ± 0.13 6.4 ± 0.13 18.3 ± 0.17 24.3 ± 0.11
A. flavus 16.7 ± 0.12 3.7 ± 0.11 14.3 ± 0.16 18.4 ± 0.12

Table 2   Antibacterial activity 
of biosynthesized VNPs against 
Gram-positive and Gram-
negative bacteria (results are 
expressed as inhibition zone 
diameter in mm)*

* The zone of inhibition values was expressed as mean ± SD
** DIZ was too big to be measured

Concentrations Gram-positive Gram-negative

S. aureus B. cereus E. coli S. typhimurium Y. enterocolitica

25 µg/mL 5.7 ± 0.21 8.2 ± 0.57 7.6 ± 0.65 6.8 ± 0.41 8.9 ± 0.74
50 µg/mL 9.2 ± 0.17 14.5 ± 1.10 12.3 ± 0.47 11.4 ± 0.23 15.5 ± 0.27
100 µg/mL 15.4 ± 0.22 25.3 ± 1.12 24.3 ± 0.61 26.1 ± 0.17 21.9 ± 0.82
Cefoperazone ** ** ** ** **
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3.4 � Antioxidant Activity

It is well known that orange peel is rich in vitamin C and other 
flavonoids which possess potent antioxidant activity. Luteolin 
is a bioflavonoid and is well known for its good antioxidant and 
radical scavenging activity and to form a chelate with transition 
metals. The formation of metal and flavonoid complex cations 
changes its natural free radical scavenging ability, signifying 
that the complex has increased ability to scavenge oxidants and 
free radicals. DPPH test shows that the antioxidants have the 
potential to reduce the DPPH radical from violet to yellow-
colored diphenyl-picrylhydrazine. In the chemical reaction, 
antioxidants donate the hydrogen to DPPH and convert it into 
DPPH-H. Hence, the DPPH method was used to evaluate the 
antioxidant activity of both compounds. The antioxidant activ-
ity of flavonoids and vanadium complexes is depending on their 
structure and their ability to donate hydrogen. The reaction 
between DPPH and flavonoids occurs through two main steps 
including the very quick diminishes of DPPH absorbance and 
in the second step, the absorbance of DPPH diminishes slowly 
within about 1 h to reach the constant or fixed value. The last 
step is corresponding to the abstraction of the most responsible 
H-atom, while the slow step displays the oxidative degradation 
in the remaining product. Although the antioxidant activity of 
any compound depends on the molecular structures of the com-
pound, the complexation made with the metal ions probably 
affects the chemical characteristics of the flavonoid molecules, 
and hence, the activity is varied [47]. The current results are in 
an agreement with those reported previously and suggest that 
the coordination complex affected the parent antioxidant ability. 
In the current study, we evaluated the antioxidant activities of 
different concentrations of VNPs. The antioxidant activity of 
the biosynthesized VNPs reached 91.65% at a concentration of 
2000 µg/mL, while it was 98.73% for ascorbic acid at the same 
concentration (Table 3) with IC50 of 292.2 and 47.68 µg/mL 
for VNPs and ascorbic acid, respectively (Fig. 3). This antioxi-
dant activity was reduced by decreasing the concentration to 
reach 46.27% and 80.28% for VNPs and ascorbic acid, respec-
tively. However, the lower concentration of VNPs did not show 

any antioxidant activity. These results suggested that flavonoids 
and vitamin C in the VNPs scavenged the free radicals at the 
high concentration, and thus, it represented a potent inhibitory 
effect. Moreover, the antioxidant activity of the biosynthesized 
VNPs may be due to the coordination of the metal in position 
numbers 4 and 5 of its condensed ring system increasing its 
ability to stabilize the unpaired electrons, leading to the free 
radical scavenging activity [30, 48].

3.5 � Anticancer Activity

The results of anticancer activity of VNPs against MCF-7 breast 
cell lines exposed to different concentrations of VNPs using 
MTT assay indicated that the viability of MCF-7 cell lines was 
increased by the decrease of VNP concentration (Fig. 4) and 
the calculated IC50 of VNPs was 15.99 µg which indicated a 
strong anticancer activity (Fig. 5). Similar results were reported 
by Gholami-Shabani et al. [31]. A previous report showed that 
the anticancer activity of natural products is mainly due to their 
antioxidant activity [49]. Hence, the anticancer activity of bio-
synthesized VNPs seems to be related to the antioxidant activity 
of different compounds in orange peel extract such as the flavo-
noids, vitamin C, alkaloids, tannins, and saponins [50, 51]. In the 
current study, the antioxidant activity assay using DPPH showed 
that the IC50 of VNPs was 292.2 µg/mL, supporting our hypoth-
esis that the antioxidant property is one of the suggested mecha-
nisms of the anticancer activity of VNPs against MCF-7 breast 
cell lines. Moreover, the size, shape, and texture of metallic NPs 
play an important role in their therapeutic activities. The small 
size of metallic NPs allows them to penetrate the cell membrane 
and enter the cell to exert their anticancer activity against differ-
ent cell lines [52, 53]. In this concern, several studies reported 

Table 3   DPPH radical scavenging activity of VNPs and standard 
ascorbic acid as a reference

Values are expressed as mean (n = 3) ± SD of the percent inhibition of 
the absorbance of DPPH radicals

Conc. µg/mL Ascorbic acid Vanadium NPs

2000 98.73 ± 0.033 91.63 ± 0.067
1000 98.55 ± 0.084 88.23 ± 0.11
500 98.24 ± 0.13 85.53 ± 0.17
250 80.28 ± 0.36 46.267 ± 7.78
125 62.69 ± 0.60 –
62.5 51.26 ± 2.56 –
31.25 41.82 ± 1.03 –
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the anticancer activity of metallic NPs against different cell lines 
[50, 54]. VNPs also were reported to have a strong anticancer 
activity against malignant cervical cell lines and MCF-7 breast 
cell lines [30, 31]; in addition, the biosynthesized VNPs reduce 
the tumor volume via the free radical scavenging properties [55] 
which cause countless chain reactions resulting in the generation 
of more free radical leading to different mutations in DNA and 
RNA structure and the uncontrolled increase in the proliferation 
of malignant cells [56, 57]. Therefore, angiogenesis and tumori-
genesis are developed due to the high levels of free radicals in all 
kinds of cancer [55–57]. The current results supported the earlier 
studies which indicated that the biosynthesized VNPs have a 
vital role in the elimination of free radicals and consequently 
prevent the growth of different malignant cells [31, 58].

4 � Conclusion

The results of the current study revealed that VNPs with a 
particle size of 80 ± 3 nm and zeta potential of − 50 ± 6 mV 
were successfully synthesized using orange peel extract. 
The biosynthesized VNPs showed strong antifungal activ-
ity against F. graminearum, A. alternate, C. albicans, A. 
niger, and A. flavus. These particles also showed strong 
antibacterial activity against Gram-positive and Gram-
negative bacteria. The effective concentration for the 
antimicrobial activity of VNPs was at a concentration of 
100 µg/mL. The biosynthesized VNPs also showed strong 
antioxidant and DPPH radical scavenging activity at a con-
centration of 2000 µg/mL with a recorded IC50 of 292.2 µg/
mL. VNPs also showed anticancer efficiency against the 
MCF-7 breast cell line at a concentration of 100 µg. There-
fore, green synthesis seems a promising approach for the 
development of VNPs with strong antimicrobial, antioxi-
dant, and anticancer activities and could be used widely in 
pharmaceutical and medical applications.
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