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Background: Nowadays, recycling agricultural waste is of the utmost importance in the world for the production of valuable 
bioactive compounds and environmental protection. Olive leaf bioactive compounds have a significant potential impact on the 
pharmaceutical industry. These compounds possess remarkable biological characteristics, including antimicrobial, antiviral, anti- 
inflammatory, hypoglycemic, and antioxidant properties.
Methods: The present study demonstrates a green synthetic approach for the fabrication of nickel oxide nanoparticles (NiO-olive) 
using aqueous wasted olive leaf extract. Calcination of NiO-olive at 500°C led to the fabrication of pure NiO nanoparticles (NiO- 
pure). Different techniques, such as thermal gravimetric analysis (TGA), Fourier-transform infrared spectra (FTIR), ultraviolet-visible 
spectra (UV-Vis), X-ray diffraction (XRD), scanning electron microscopy (SEM) fitted with energy-dispersive X-ray analysis (EDX), 
and transmission electron microscopy (TEM), were used to characterize both NiO-olive and NiO-pure. The extract and nanoparticles 
were assessed for antiparasitic activity against adult ticks (Hyalomma dromedarii) and antimicrobial activity against Bacillus cereus, 
Pseudomonas aeruginosa, Aspergillus niger, and Candida albicans.
Results: From XRD, the crystal sizes of NiO-olive and NiO-pure were 32.94 nm and 13.85 nm, respectively. TGA, FTIR, and EDX 
showed the presence of olive organic residues in NiO-olive and their absence in NiO-pure. SEM and TEM showed an asymmetrical 
structure of NiO-olive and a regular, semi-spherical structure of NiO-pure. UV–Vis spectra showed surface plasmon resonance of NPs. 
Antiparasitic activity showed the highest mortality rate of 95% observed at a concentration of 0.06 mg/mL after four days of 
incubation. The antimicrobial activity showed the largest inhibition zone diameter of 33 ± 0.2 mm against the Candida albicans strain.
Conclusion: Nanoparticles of NiO-olive outperformed nanoparticles of NiO-pure and olive leaf extract in both antiparasitic and 
antimicrobial tests. These findings imply that NiO-olive may be widely used as an eco-friendly and effective antiparasitic and 
disinfection of sewage.
Keywords: biosynthesis, olive, NiO-NP, antiparasitic, antimicrobial]

Introduction
Green nanotechnology involves the use of natural bioactive agents such as microorganisms, plant materials, and bio- 
waste to synthesize nanoparticles (NPs) and improves the sustainability.1,2 As a result, it is considered a crucial 
component of clean technologies that clean up the environment and transform waste bioactive products into green 
nanomaterials that are advantageous and eco-friendly.3,4 Although there are many methods for producing 
nanoparticles,5,6 biosynthesized nanoparticles are more suitable for use in medicine than by the chemically synthesized 
methods because of their higher compatibility, safety, and cost-effectiveness.7–11 Biosynthesis of NPs has been carried 
out by using plant sources, microbes, and biomolecules. Regarding cost and safety, plant-based sources are preferred over 
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the other ones.8,12–14 Green nanotechnology has applications in multiple biological activities.15 For instance, the plant 
extracts are used in green synthesis because they contain multiple bioactive molecules, including polyphenols, terpe-
noids, sugars, phenolic acids, proteins, and alkaloids etc.16,17

Nickel oxide (NiO) is a p-type semiconductor transition metal oxide having a cubic lattice structure. It has a broad band 
gap, good thermal-chemical stability, outstanding ferromagnetic characteristics, large coercive forces, and chemical stability.18 

Due to their numerous applications, NiO-NPs have attracted the attention of biologists and chemists in particular.19 NiO-NPs 
have shown significant antibacterial, antifungal, antioxidant, anti-inflammatory, anti-cancer, and enzyme inhibition potential. 
NiO-NP has been found to be toxic to a variety of microorganisms and microalgae by producing reactive oxygen species 
(ROS).20 In the green synthesis of NiO-NPs, various natural resources have been utilized to produce NiO-NPs.21

Evergreen olive trees have been cultivated since ancient times and have been used in traditional medicine. One of the most 
significant industrial crops in the world is olive.22 Olive trees have been cultivated all over the world to satisfy the great 
demand for table olives and olive oil, which are olive products with beneficial health benefits.23 Olive leaves are the most 
prevalent by-product and are produced during olive harvesting.24 Due to their high concentration of bioactive chemicals, olive 
leaves are well known for their beneficial pharmacological effects.25 All these compounds have remarkable biological 
qualities like antimicrobial, antiviral, anti-inflammatory, hypoglycemic, and antioxidant actions.26,27

Ectoparasites have a significant negative impact on animal health and the global economy. Ticks are ectoparasites that feed on 
the blood of vertebrate animals. They spread several contagious illnesses, such as babesiosis, anaplasmosis, ehrlichiosis, 
borreliosis, and rickettsiosis.28–31 Ticks not only transmit diseases but they also have a direct impact on livestock health, causing 
itchy bites, bleeding, skin damage, and anorexia, which slows growth.32 Saudi Arabia, which had a population of about 500,000 in 
2017, is one of the nations with a recent high growth rate of the camel population, and the highest percentage occurs in the Riyadh 
province.33,34 The Camelus genus contains two species: Camelus dromedary (Arabian camel or dromedary), which is found in 
North Africa and the Middle East, and Camelus dromedarius (Bactrian camel), which is found in the deserts and chilly steppes of 
Central Asia.35 The dromedary camel is important to the Arab world’s economy and culture.36 The most significant tick species 
found in Saudi Arabia is Hyalomma dromedarii, which has an impact on cattle, camels, and goats, causes weight loss, and lowers 
the output of meat and milk. Chemical acaricides are usually used to control the parasites. However, the use of these drugs has 
a number of risks, including the development of chemical resistance in the tick’s population, contaminated food and the 
environment, and negative bystander effects on non-target animals, including people. In order to overcome the worries about 
the security and environmental effects of these chemical acaricides, there is a search for sustainable and alternative approaches to 
biological tick management that use compounds derived from plants.28,37 In recent times, nanotechnology has revolutionized 
treatment approaches. Animal parasite treatment using nanotechnology is now thought to be a unique strategy.38,39 Recent 
advancements in environmentally friendly metal NPs synthesis techniques have been made to solve these issues.40 In the 
Mediterranean region, traditional medicine frequently employs olive tree leaves (Olea europaea).41 It has been claimed to have 
antiparasitic properties. It was shown that metal, metal oxide, and carbon nanoparticles, especially those synthesized using 
environmentally benign procedures, were very effective against a variety of arthropod pests and vectors.42 New tick-control 
methods are required to reduce the negative effects of chemical acaricides.

In the current study, nickel oxide nanoparticles (NiO-NPs) have been synthesized via the aqueous extract of wasted 
olive leaves and characterized with different physicochemical tools, then checked to evaluate their possible antiparasitic 
effects on Hyalomma dromedarii and antimicrobial effect against Bacillus cereus, Pseudomonas aeruginosa, Aspergillus 
niger, and Candida albican.

Experimental
Instruments
SEM photo detection was carried out using a Thermo Scientific Quattro S system. For Fourier-transform infrared (FT-IR) 
measurements, a spectrophotometer IRTracer-100 SHIMADZU, was employed. XRD-7000 SHIMADZU was used to 
determine X-ray diffraction (XRD) patterns using a copper radiation source. The TGA-51SHIMADZU was used to detect 
thermal gravimetric analysis (TGA) at a heating rate of 10°C/min. Shimadzu A LABOMED-Spectro 99 UV–Vis double 
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beam 3200, Japan was utilized to find electronic spectra in the range from 200 to 800 nm. The transmittance electron 
microscope (TEM) photos were captured using a JEOL GEM-1010 Transmission electron microscope operated at 80 kV.

Materials
Wasted olive leaves (Olea europaea L.) were gathered from a public garden in Al-Baha, Saudi Arabia. The plant specimen was 
identified by Dr Najla A. Al Shaye and deposited at the Princess Nourah bint Abdulrahman University Herbarium, voucher 
number 6217 PNUH. Nickel nitrate hexahydrate was procured from Sigma-Aldrich, USA, and used as received without further 
purification. Milli-Q water was used to prepare an aqueous solution. The synthesized materials were evaluated for antimicrobial 
activity against the bacterial strains: Bacillus cereus (B. cereus) (MW830387), Pseudomonas aeruginosa (P. aeruginosa) 
(OP890578), and the tested fungi were Asperigillus niger (A. niger) (MW596373) and Candida albicans (C. albicans) 
(MW534712). These isolates were acquired from the Biology Department, College of Science, at Jouf University. Adult ticks 
(Hyalomma dromedarii) (Acari: Ixodidae) were collected from camels (Camelus dromedarius), not treated with any pesticides, in 
Al-Baha, Saudi Arabia. A total of 300 ticks were kept in dry Eppendorf tubes at room temperature until used.

Preparation of Aqueous Extract of Olive Leaf
Olive leaves (Olea europaea) (Figure 1) were washed with tap and distilled water several times to remove the impurities, 
and then dried in the air. The aqueous extract was prepared by mixing 2 g of dried waste leaves with 200 mL of distilled 
water and refluxing the mixture for 2 h at 100°C. The obtained solution was cooled to room temperature. The solution 
was filtered using Whatman No. 1 filter paper, and the filtrate was used for further experiments.43

Figure 1 Olive leaves waste (Olea europaea L.) used for preparation of aqueous extract.
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Synthesis of NiO-olive and NiO-pure
NiO-olive was synthesized using a slight modification of the green synthesis protocol for NiO-NPs [21]. One hundred 
milliliters of double-distilled water was used to dissolve 2 g of nickel nitrate hexahydrate [Ni(NO3)2.6H2O] before it was 
added to 100 mL of olive leaf extract, and the mixture was stored at 70°C and 1200 rpm for 2 hours. NiO-NPs had 
formed as a dark green precipitate. The solution was then allowed to cool before being centrifuged three times for 15–25 
minutes at 3,000 rpm using double-distilled water. The resulting green precipitate of NiO-olive was filtered out using 
Whatman’s No. 1 filter paper, air-dried, and weighed (0.6 g). To obtain NiO-pure, 0.3 g of NiO-olive was heated to 
500°C for 2 hours in the muffle furnace, resulting in the formation of NiO-pure (0.25 g).

Antiparasitic Activity Experiments
The olive extract, NiO-olive, and NiO-pure were subjected to antiparasitic experiments. Each sample was combined with 200 L of 
blood in 1.5-mL Eppendorf tubes (Eppendorf, Sigma-Aldrich, Oldenburg, Germany) and swirled for 1 minute on a vortex surface 
(Scientific Industries Inc, Bohemia, NY). Four hundred adult ticks were divided into four groups (NiO-olive, NiO-pure, olive 
extract, and control), each with three replicates (10 per replication). The antiparasitic activity was tested using different 
concentrations (0.01, 0.02, 0.03, and 0.06 µg/mL) for each sample for seven days to check for the minimum inhibitory 
concentration needed to produce acaricidal activity. The number of unfed adult individuals and the mortality rate were reported. 
Ticks in three groups were fed with blood mixed with natural extracts, NiO-olive and NiO-pure, while ticks in the fourth group 
were fed only with the blood. Adult ticks that had not received any treatment and consumed blood only served as a control. Every 
dish has a 2-day diet treatment. Each plate was covered with foil, and a hole was made into the top of the plastic to allow air to 
enter. Both the treatment and control groups of ticks were incubated at room temperature with suitable humidity (25°C, 61–75%). 
Mortality rate was recorded every day till 7 days. Daily observations were made according to previously reported methods44–46 

with suitable modifications, and the adult tick mortality % was recorded once the mortality rate had reached 50%.

Antimicrobial Experiments
A broth macro-dilution technique was used to determine the MIC and MBC or MFC. The determination of MBC (minimum 
bactericidal concentration) or MFC (minimum fungicidal concentration) was performed by preparing tubes that contain 2 mL 
(Nutrient broth or Potato dextrose broth), 20 µL of each microbial culture, and six serial dilutions (concentrations 0.08, 0.16, 0.32, 
0.64, 1.28, and 2.56 µg/mL) for olive extract, NiO-olive, and NiO-pure in each tube were prepared. After that, the tubes were 
incubated at 37°C for 48 h.47 The experiments were performed in duplicate. The tested bacteria were B. cereus and P. aeruginosa. 
The tested fungi were A. niger and C. albicans. The strains were isolated from human excreta, sewage effluents, and construction 
industry wastes in Sakaka, Saudi Arabia. The antimicrobial activity was determined by the agar-well diffusion method.7 The 
isolates were inoculated using NB for bacterial culture and PDA medium for fungal cultures, respectively. Each isolate was 
inoculated onto separate agar plates, and the wells (0.5-mm-diameter) were formed using a cork borer. The wells were filled with 
100 µL of tested compounds (olive leaf extract, NiO-olive, and NiO-pure). The petri dishes were then incubated at 30°C in HL- 
340 Autoclave (vertical type). The antimicrobial activity of the samples was measured by determining the diameter of the 
inhibition zone. All the experiments were repeated twice.

Data Analysis
The data show the three replicates mean values and standatd deviations. SPSS and Origin Pro2016 software were used to 
conduct the statical analysis.

Results
In the current work, NiO-NPs were synthesized utilizing olive leaf aqueous extract. This study evidently revealed that the 
sustainable bioresources may work in eco-friendly NPs synthesis and enhancement of their biological applications. 
Figure 2 illustrates the green synthesis, characterization, and biological applications of NiO-NPs.
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Chemistry
XRD Analysis
The purity and crystallinity of the NiO-olive and NiO-pure samples were examined using powder XRD, as shown in Figure 3.

Morphological Studies
The morphology of NiO-olive and NiO-pure was investigated using SEM. Figure 4 displays the SEM and EDX images.

TEM Analysis
The TEM photos of NiO-pure and NiO-olive obtained are displayed in Figure 5.

TGA
The purity and thermal stability of NiO-olive and NiO-pure were evaluated using TGA, Figure 6.

FT-IR Spectra
The FT-IR spectra of NiO-olive and NiO-pure are illustrated in Figure 7.

Figure 2 Schematic representation of synthesis, characterization, antiparasitic and antimicrobial applications of NiO-NPs.
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Figure 3 XRD patterns of NiO-olive (with phytochemicals from olive leaf extract) and NiO-pure (without phytochemicals).

Figure 4 SEM images of NiO-olive (a) and NiO-pure (c) and EDX spectra of NiO-olive (b) and NiO-pure (d).
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Electronic Spectra
The electronic spectra of olive leaf extract and NiO-NPs are detected in the range of 200–450 nm, Figure 8.

Biology
Antiparasitic Activity
In this study, olive leaf extract, NiO-olive, and NiO-pure were tested against H. dromedarii adult ticks for the first time. 
The ticks were exposed to different concentrations ranging from 0 to 0.06 mg/mL as aforementioned. Three replicate 
experiments were performed for each concentration. The mortality % was observed as dose dependent, as shown in 
Figure 9. No death was observed in control samples until seven days of incubation. The highest mortality rate was 
observed at a concentration of 0.06 mg/mL after four days of incubation time.

Antimicrobial Activity
MIC, MBC, and MFC values at different concentrations of 0.08, 0.16, 0.32, 0.64, 1.28, and 2.56 µg/mL were tested using 
the standard serial dilution method against selected microbes.48 The results are summarized in Table 1. MIC values were 
found to be 0.64 µg/mL, 2.65 µg/mL, and 0.32 µg/mL for extract, NiO-pure, and NiO-olive, respectively, with no visible 
turbidity. The antimicrobial results have been provided in Table 2 and illustrated in Figure 10. As shown in the table, the 
results followed the following order: NiO-olive > olive leaf extract > NiO-pure.

Figure 5 TEM images of NiO-pure (a and b), NiO-olive (c and d), SAED image of NiO-pure (e).
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Discussion
Chemistry
The XRD patterns of NiO-olive show broad peaks depicting amorphous phase, which may be due to the presence of 
organic phytochemicals in NiO-NPs.48 The XRD pattern of NiO-pure showed a sharp peak, indicating the high purity and 
crystallinity of single-phase NiO-NPs. The peak positions at 2θ= 37.20, 43.20, 62.87◦, 75.20◦, and 79.38◦ can readily be 
indexed as (111), (200), (220), (311), and (222) crystal planes of the bulk NiO, respectively.49 All these diffraction peaks 
can be perfectly indexed to the face-centered cubic (FCC) crystalline structure of NiO, which is in accordance with that 
of the standard NiO-NPs (JCPDS, No. 04–0835).50 The XRD pattern of NiO-pure shows that the samples are single- 

Figure 6 TGA curves of NiO-olive and NiO-pure.

Figure 7 FT-IR spectra of NiO-pure and NiO-olive.
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Figure 8 UV-Vis spectra of olive leaf extract and nanoparticles.
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phase, and no other impurities were detected. Using the Scherrer equation, eq. 1, the crystal size of NiO-pure was 
determined.7

Where θ is XRD angle, β is the half-maximum width and λ = 1.5418 Å is the wavelength of X-ray (for Cu Kα1). The 
NiO-olive and NiO-pure crystals’ sizes were calculated to be 32.94 nm and 13.85 nm, respectively.

The SEM image of NiO-olive shows an asymmetrical form due to the presence of phytochemicals from olive extract. The 
SEM image of NiO-pure shows a regular, semi-spherical, and poly dispersed structure, with a diameter ranging from 48 to 95 nm. 

Figure 9 (a) Culture plates demonstrating the comparison between mortality of four groups of the H. dromedarii ticks after supplementation of NiO-pure, NiO-olive, and 
extract incubated for seven days at 25 °C. The control samples were kept under similar condition but fed with blood only. (b) Effect of NiO-olive and NiO-pure 
nanoparticles and extract on H. dromedarii adult ticks as assessed by mortality % with concentrations (0 to 0.06 mg/mL). Data represent the mean values and standard 
deviation of three replicates. *p < 0.05 vs the control. Statistical calculations were done on Origin Pro2016 software by Student’s t-test.
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The EDX spectrum of NiO-olive shows major peaks for the elements oxygen (O) and nickel (Ni), which can clearly be seen. 
Minor peaks of carbon (C), nitrogen (N), phosphorus (P), and sulfur (S) are also seen. The utilization of plant extract during the 
synthesis process may be the cause of the presence of C, N, P, and S.3 The EDX spectrum of NiO-pure, after the calcination of 
NiO-olive, demonstrates the presence of Ni and O elements, which are uniformly distributed in the sample. No traces of 
elemental contaminants were found. This demonstrates the formation of NiO-pure.

TEM images of NiO-pure NPs possess spherical and semi-spherical forms, which were evenly distributed, had 
a smooth surface, and were of uniform size. Owing to their tiny sizes and high surface energies, a few small particles may 
agglomerate into secondary particles.3 Because of the presence of an organic layer from olive phytochemicals, the TEM 
investigation of the NiO-olive revealed that the NiO-NPs are amorphous and non-crystalline form. The clear brilliant 
rings those are visible in the SAED pattern of NiO-pure support the preferential orientation of NiO nanocrystals.

The TGA curve of NiO-olive shows a decrease in weight throughout the temperature range of 25–490°C, due to the 
degradation of the organic compounds in the olive leaf extract after complete decomposition (56.50% of the original 
sample weight). Above 490°C, there was no degradation, which accounts for the pure weight of the NPs (43.50% of the 
original sample weight). On the other hand, the TGA curve of NiO-pure shows the high purity of sample, which can be 
attributed to the absence of any thermal degradation, indicating the absence of organic contaminants.

The NiO-olive spectrum shows bands at 3335, 2990, 1650, 1050, and 1000 cm−1. These bands are assignable to 
organic bioactive molecules found in the olive extract, such as flavonoids, sugars, phenolic compounds, and 
hydroxytyrosol.51 On the other hand, these bands were not observed in the spectrum of NiO-pure, which indicates the 
absence of organic phytochemicals after heat treatment of NiO-olive. Both spectra show bands around 2300 cm−1, which 
are attributed to the adsorbed CO2. The band at 520 cm−1 is due to the Ni–O bond.52

Table 1 Antimicrobial Activity of Olive Leaf Extract, NiO-pure, and NiO-olive Against Tested Microbes at 30°C in Dark

Microbial Strain Olive Leaf Extract NiO-pure NiO-olive

MIC MBC MFC MIC MBC MFC MIC MBC MFC

P. aeruginosa 0.64 1.28 - 2.56 2.56 - 0.32 0.64 -

B. cereus 0.64 1.28 - 2.56 2.56 - 0.32 0.64 -

A. niger 0.64 - 1.28 2.56 - 2.56 0.32 - 0.64

C. albicans 0.64 - 1.28 2.56 - 2.56 0.32 - 0.64

Abbreviations: MIC, minimum inhibitory concentration; MFC, minimum fungicide concentration, and MBC: minimum bactericidal concentration. The results 
are expressed as µg/mL.

Table 2 Zone of Inhibition Diameters of Olive Leaf Extract, NiO- 
pure, and NiO-olive Against Tested Microbes at 30°C in Dark

Microbial 
Strain

Inhibition Zone Diameter (mm)

Olive Leaf 
Extract

NiO-pure NiO-olive

P. aeruginosa 12 ± 0.2 07± 0.8 20 ± 0.8

B. cereus 19 ± 1.5 0 29 ± 0.25

A. niger 25 ± 0.5 09 ± 0.5 32 ± 0.14

C. albicans 29 ± 0.9 0 33 ± 0.2
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The absorption spectra of NiO-olive and NiO-pure show absorbance in the UV range. The band observed at ≈355 nm 
is due to the band gap absorption of NiO.52 The spectra showed a distinct surface plasmon resonance, which results from 
the interaction of incoming photons with the conduction electrons of metal nanoparticles. This is indicated by the 
appearance of a maximum absorption peak at ≈ 270 nm.7

Biological Applications
Antiparasitic Activity
The ticks are parasites that can result in strong allergic responses and transmit a variability of pathogens such as viruses, bacteria, 
rickettsia, helminth, and protozoa that can distress human beings, animals, as well as cattle. Ticks are obligate blood-sucking 
ectoparasites that impose skin irritability and damage and communicate infections to individuals and animals.31 Tick adminis-
tration management has confronted a lot of problems in current times, for instance, quick development of resistance and non-target 
impression of chemical pesticides on public health as well as on the atmosphere. A variety of governing approaches are operated to 
deal with these ectoparasites. In this regard, nanopesticides are a comparatively novel technological approach. The application of 
nanomaterials prepared by means of diverse synthesis techniques such as innovative pesticides has gripped the scientific 
community’s attention.53 The green synthesis approach is thought to be risk-free and secure and also addresses issues with 
conventional chemical and physical methods. In previous studies, acaricidal impact of silver nanoparticles synthesized by green 
synthesis was tested on Ixodidae tick species.44 The NiO-NPs also exhibited the greatest mortality rates against adult 
H. dromedarii ticks. These antiparasitic NiO-NPs are efficient against larvae.54

Figure 10 Effect of olive leaf extract (1), NiO-olive (2), NiO-pure (3), on the growth of tested microbes B. cereus (a), P. aeruginosa (b), A. Niger (c), and C. albicans (d) in dark 
at 30 °C.

https://doi.org/10.2147/IJN.S443965                                                                                                                                                                                                                                    

DovePress                                                                                                                                         

International Journal of Nanomedicine 2024:19 1480

Alghamdi et al                                                                                                                                                        Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Among all the tested samples (olive leaf extract, NiO-olive, and NiO-pure), the most effective antiparasitic material was found 
NiO-olive. NiO-pure also depicted good antiparasitic activity. The lowest effect was observed in olive leaf extract. Nevertheless, 
in all the samples, it was observed that the mortality % increased with the increase in concentration. From the obtained results, it 
has been concluded that the activity followed the following order: NiO-olive > NiO-pure > olive leaf extract in a dose-dependent 
manner. The untreated control samples (fed on blood only) depicted least mortality during the entire incubation period.

A definite understanding of the complete mechanisms of action of nanoparticles against insects and mites is 
imperfect. It has been anticipated that the nanopesticides act on ticks through several means, eg, altering the lipids or 
proteins, generating oxidative stress, or distressing the metabolism of ticks. The synthesized metal nanoparticles may 
bind to amino acids, proteins, and nucleic acids, lessening the membrane penetrability of cells and setting off organelle 
and thermal degradation, which might lead to death.55 It has been observed that silicon and aluminum nanopesticides 
cause cell death via absorption through the cuticle layer and cause dehydration of cells, leading to cell destruction of 
ticks.56 In the present study, because of its thin chitinized cuticles, this might be described as the cause of mortality. 
Conversely, a recent investigation of the tick’s developmental stages discovered that unfed adult H. dromedarii speci-
mens that were fed showed no mortality. This might be due to its heavily chitinized cuticles.54

Antimicrobial Activity
The olive leaf extract and nanoparticles were tested as antimicrobial agents against some isolated water pathogens. NiO-olive 
exhibited the best activity and showed high activity against Gram-positive bacteria and fungi, while moderate activity was 
observed against Gram-negative bacteria. Gram-negative bacteria are more resistant to drugs than Gram-positive bacteria. The 
outer membrane of Gram-negative bacteria protects them from several drugs. Additionally, they have higher levels of transport 
proteins, which help antibiotics leave cells before they can do any harm. Also, Gram-negative bacteria have a slime cover that 
protects them.57 This explains why P. aeruginosa was the least affected by NiO-olive.

Several research studies have been conducted on the antimicrobial activity of NiO-NPs. Iqbal et al20 studied the 
antimicrobial activity of NiO-NPs against different microorganism strains, which were exposed to different concentra-
tions of NiO-NPs (0.034 –1.1 µg/mL). The diameter of the inhibition zone with 1.1 µg/mL concentration was about 10, 
20, and 20 mm for P. aeruginosa, A. niger, and C. albicans, respectively. However, in our study, the effect of NiO-olive 
was reported 20, 32, and 33 mm, respectively, at 0.64 µg/mL.

Figure 11 Proposed mechanism of antiparasitic and antimicrobial activities of NiO-NPs.
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Mechanism of Bioactivity
It is suggested that NiO-NPs induce toxicity either by speeding or decelerating host cell biological pathways.21,58 

Nanoparticles, in particular, are capable of creating reactive oxygen species (ROS), which have the power to destroy 
pathogenic microorganisms due to their high chemical reactivity.59 Figure 11 shows the way NiO interacts with nucleic 
acids to form complexes and then displays these complexes with nucleosides to show their antimicrobial and antiparasitic 
properties. The passage of sugars, proteins, and nuclear material through the damaged membrane is proof that 
nanoparticles changed the permeability of the membrane. Because of NiO-NPs improved adherence to the cytoplasm 
and cell membrane, the permeability of the cell membrane increased, which also caused the casings to break down. 
Adenosine triphosphate (ATP) release may be inhibited because reactive oxygen species (ROS) are produced. Moreover, 
NiO-Nps may alter the structure of deoxyribonucleic acid (DNA), therefore disrupting the integrity of the cell membrane. 
NiO-NPs have the ability to cause denaturation of cytoplasmic ribosomal elements and may allow for the effective 
halting of protein synthesis. Because of their small size, NiO-NPs could penetrate cell walls and cause denaturation of 
cell membranes, which can inhibit microbial and parasite growth. The membrane’s intracellular and extracellular 
components could separate because of denaturation of the cell membrane, which also causes cell lysis in bacteria, 
fungi, and ticks.59–62

For comparison, the synthesized nanoparticles were compared to similar reported works Table 3.

Conclusion
In this study, we succeeded in achieving the intended goals of employing olive leaf wastes for the green synthesis of NiO-NPs for 
using as effective, eco-friendly, and sustainable biomedical materials. Various physicochemical techniques were used to 

Table 3 Comparison of the Bioactivity of NiO and the Previously Reported Antiparasitic and Antimicrobial Nanoparticles

Nanomaterial Bioactivity Effect Reference

NiO-NPs Antiparasitic Inhibited camel tick Hyalomma Dromedarii [54]

Ag NPs Antiparasitic Inhibited larvae of malaria vector, Anopheles subpictus Grassi [44]

Gold NPs Antiparasitic Inhibited Leishmania Major [63]

CuO NPs Antiparasitic Inhibited E. histolytica [64]

Curcuminoids- 
loaded lipid

Antiparasitic Inhibited Plasmodium Berghei [65]

NiO-NPs Antiparasitic Antiparasitic activity followed the order: NiO-olive > NiO-pure > olive leaf extract against adult 
H. dromedarii specimens

Current 
study

NiO-NPs Antibacterial NiO-NPs are more effective against Gram-negative bacteria than Gram-positive ones. [66]

NiO-NPs Antibacterial Broad-spectrum antibiotic properties make synthetic NiO-NPs effective against Bacillus subtilis 

and E. coli.
[67]

NiO-NPs Antifungal A. alternata was found to be very sensitive with a percentage inhibition of 71.25%, followed by 

A. niger with a percentage inhibition of 39.51% at high concentrations (1000 g/mL), whilst 
F. oxysporum was found to be less vulnerable.

[68]

NiO-NPs Antimicrobial Gram-positive bacteria were targeted with higher activity than Gram-negative bacteria. The 
antibacterial activity of the NPs improved with an increase in NiO-NP concentration against all 

of the tested bacterial strains.

[69]

NiO-NPs Antimicrobial The greatest inhibition zone for Bacillus subtilis was 28.1±1.6 mm, whereas the minimum 

inhibition zone for Klebsiella pneumonia was 9.2± 0.5 mm.

[70]

NiO-NPs Antimicrobial The antimicrobial activity followed the order as-prepared (NiO-olive) > olive leaf extract > 

NiO-pure against, P. aeruginosa, B. cereus, A. niger, and C. albicans.
Current 

study
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characterize the synthesized NPs thoroughly. Gram-positive bacteria, Gram-negative bacteria, and fungi were highly responsive 
to NiO-olive antimicrobial tests. The adult ticks of Camelus dromedaries, Hyalomma dromedarii, have been assessed for 
antiparasitic activity for the first time in the current work. The present study’s findings imply that NiO-olive may be a promising 
antiparasitic agent. Before practical application, thorough in vivo research studies are required to assess the antiparasitic activity. 
Also, NiO-olive showed a high inhibition level of pathogenic microbes isolated from human wastes, which may be applied as an 
eco-friendly material for use in sewage disinfection.
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