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Abstract

:

Green synthesis of metal nanoparticles in nanosized form has acquired great interest in the area of nanomedicine as an environmentally friendly and cost-effective alternative compared to other chemical and physical methods. This study deals with the eco-friendly green synthesis of titanium dioxide nanoparticles (TiO2 NPs) utilizing Juniperus phoenicea leaf extract and their characterization. The biosynthesis of TiO2 NPs was completed in 3 h and confirmed by UV-Vis spectroscopy, a strong band at 205.4 nm distinctly revealed the formation of NPs. Transmissions electron microscopy (TEM) analysis showed the synthesized TiO2 NPs are spherical in shape, with a diameter in a range of 10–30 nm. The XRD major peak at 27.1° congruent with the (110) lattice plane of tetragonal rutile TiO2 phase. Dynamic light scattering (DLS) analysis revealed synthesized TiO2 NPs average particle size (hydrodynamic diameter) of (74.8 ± 0.649) nm. Fourier transmission infrared (FTIR) revealed the bioactive components present in the leaf extract, which act as reducing and capping agents. The antimicrobial efficacy of synthesized TiO2NPs against, Staphylococcus aureus, and Bacillus subtilis (Gram-positive), Escherichia coli and Klebsiella pneumoniae (Gram-negative), Yeast strain (Saccharomyces cerevisiae) and fungi (Aspergillus niger, and Penicillium digitatum) assayed by a disc diffusion method. TiO2NPs inhibited all tested strains by mean inhibition zone (MIZ), which ranged from the lowest 15.7 ± 0.45 mm against K. pneumoniae to the highest 30.3 ± 0.25 against Aspergillus niger. The lowest minimum inhibitory concentration (MIC) and bactericidal (MBC) values were 20 μL/mL and 40 μL/mL of TiO2NPs were observed against Asp. niger. Moreover, it showed significant inhibitory activity against human ovarian adenocarcinoma cells with IC50 = 50.13 ± 1.65 µg/mL. The findings concluded that biosynthesized TiO2 NPs using Juniperus phoenicea leaf extract can be used in medicine as curative agents according to their in vitro antibacterial, antifungal, and cytotoxic activities.
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1. Introduction


The genus Juniperus is considered a major member of Cupressaceae family. About fifty and sixty-seven species of juniper are vastly scattered around worldwide, the Northern Hemisphere, from the Arctic, south to tropical Africa in the Old World, and to the mountains of Central America. Juniper has needle-like leaves, and its fruits are called berries. Juniperus communis Berries are used as a spice, in European cuisine [1] as a female contraceptive, and to treat diabetes by Native Americans [2]. The berries of Juniperus phoenicea were found in ancient Egyptian tombs [3] growing in Egypt in Sinai and, the Mediterranean region [4]. Phytochemical examination of the leaves and fruits of the plant showed that they are rich in essential oil, carbohydrates, and/or glycosides, sterols and/or triterpenes, and flavonoids [5]. All alcoholic extracts of the aerial parts of Juniperus phoenicea collected from Libya showed high significant cytotoxic activity against breast and colon cell lines MCF-7 and HCT-116, as well as antibacterial activity against Gram-positive and Gram-negative bacteria [6]. Several authors have investigated the effect of the berries of juniper as a potential remediation for diet-controlled diabetes [7]. The leaf powder is taken as a remedy for bronchi diseases or as a diuretic. Tar of this species is used as an alternative to Barbary rice, as an intestinal remedy for Children [8], and dried fruits Powder can be used to heal skin ulcers and abscesses. The mixture of leaves and fruits is used as an oral hypoglycemic agent [9]. Juniper wood is used in the carpentry in Algeria and Tunisia; moreover, it is mainly used for charcoal and fuel production in Africa [10,11]. The medicinal utilizations of Juniperus plants are spread in Saudi Arabia, Lebanon, Bosnia, and Turkey and according to folk medicine; it has been used to treat the diseases of respiratory tract and skin [12], rheumatism, gall bladder stones, and urinary problems [13].



Green preparation is a substitutional route for approaching nanoparticles (NPs) utilizing natural resources such as medicinal plants and microorganisms as reducing agents. Being low cost-effective, biocompatible, stable, environmental friendly, less toxic and secure for diagnostic and curative purposes, green synthesis is an emerging way for the synthesis of NPs of various materials [14,15,16,17]. Several studies successfully synthesized TiO2 utilizing various plant extracts [18,19,20]. Presence of phytochemicals is the main mechanism considered for plant-mediated nanoparticle synthesis. The reduced ions from different materials such as terpenoids, flavonoids, quinones, carboxylic acids, ketones, aldehydes, and amides are the main causes of the mandatory responsibility of phytochemicals. In this area, many works are provided by biosynthesizing routes of plants and plant leaf extract [21,22]. In this area, Juniperus phoenicea leaf extract will be a possible candidate for the preparation of NPs according to their different phytoconstituents [5].



Several studies on the antimicrobial efficacy of NPs such as Al, Ag, Au, CuO, MgO, TiO2 etc., are effective against many drug-resistant strains of bacteria, fungi, and viruses [23]. Therefore, NPs have the potency to act as a substitute to antibiotics and to control microbial infections caused by Staphylococcus epidermidis, Staphylococcus aureus, Salmonella typhi, and Klebsiella pneumoniae [24]. Among the metal oxide NPs, TiO2 nanoparticles are the most outstanding nanomaterial due to their chemical stability, photocatalytic characteristics, and non-toxicity. They have been tremendously used in many fields such as cosmetics industry, electrochemical devices, solar cells; antibacterial coatings and pollution management [25]. Wild medicinal plants are rich in flavonoids that have been identified as beneficial components in the treatment of cancer. Green synthesis of NPs using natural sources such as extracts of wild medicinal plants is a novel approach resulting in an anticancer effect. Nanomedicine is the usage of nanotechnology in the examination, diagnosis, and treatment, of many diseases, including cancer [26,27,28,29]. It provides complete steps and estimations against cancer through cancer foretelling and diagnostics, treatment and protection, as well as potential individualized remediation [26,27,28].



To the best of available knowledge, there is still no report on the TiO2 nanoparticles synthesis using Juniperus phoenicea leaf extract. The biosynthesized TiO2 nanoparticles were characterized by ultraviolet-visible spectroscopy (UV–Vis), dynamic light scattering (DLS), transmission electron microscopy (TEM), X-ray diffraction (XRD), Fourier transmission infrared (FTIR), techniques. Furthermore, the goal is to estimate the antimicrobial and anticancer efficacy of biosynthesized TiO2 NPs which are not yet reported.




2. Materials and Methods


2.1. Collection of Plant Samples


The plant samples of Juniperus phoenicea were gathered from different areas of Taif, Saudi Arabia, and taxonomically identified. The plant samples were dried in air and then ground to a fine powder.




2.2. Extraction of Green Plants


Extraction of green plant powder as well as the bio-synthesis of TiO2 NPs was achieved according to [30] with some modifications. Fresh plant powder (10 g) was boiled in 60% ethanol (100 mL) for 2 min and soaked overnight in the same solution at 60 °C. Through Whatman filter paper No.1, the mixture was filtered thrice and diluted with distilled deionized water in a ratio of 1:4.




2.3. GC/MS Analysis of Juniperus phoenicea Leaf Aqueous Extract


GC/MS analysis was carried out in a coupled 7890A gas chromatograph system (Agilent 19091-433HP, Agilent Technologies, Santa Clara, CA, USA) with a HP-5 MS fused silica column (30.0 m × 250  μm × 0.25  μm). The oven temperature was set initially at 50 °C for 1 min and temperature was increased at a rate of 10 °C min−1 till 125 °C and it was further increased till 5270 °C (5 min) at a rate of 5 °C min−1. Sample injection temperature was set at 250 °C. About 100 μL sample was injected with helium gas as carrier (flow rate of 1.0 mL min−1). The percentage composition was determined by comparing the peak area to total area. The content analysis was carried out by MS solution software and also comparing the National Institute of Standards and Technology (NIST) database [31].



The GC-MS method was used to analyze the predominant phytochemicals present in the J. phoenicea leaf aqueous extract; where the gas chromatography separates the individual compounds in the extract, whereas the MS helps to predict the possible compounds based on the m/z values obtained.




2.4. Bio-Synthesis and Purification of TiO2 NPs


The TiO2 NPs synthesis was performed by incubating 100 mL of plant extracts with 900 mL of the freshly prepared aqueous solution of 25 mM Titanium dioxide (TiO2) at 60 °C. The TiO2 NPs were attained by incubating the reaction mixture at 60 °C for 2 h or until the formation of a white precipitate of TiO2 NPs.



The resulting TiO2 NPs were purified by centrifugation at 13,000 rpm for 20 min, then washed the pellets containing nanoparticles thrice with distilled deionized water and then air-dried.




2.5. Characterization of TiO2 Nanoparticles


2.5.1. UV-Visible Spectra Analysis


The optical properties of the prepared TiO2 NPs were analyzed by using UV-visible spectrophotometer (Shimadzu, Kyoto, Japan). Briefly, the sample (3 mL) was taken in a quartz cuvette and further scanned in the wavelength range of 200–800 nm (resolution of 1 nm). The resulting spectrum was collected using the spectrophotometer software and major peaks were identified [32].



The UV/visible spectrophotometry provides reliable data on the absorption maxima of the test sample and thereby helps to corroborate it with the absorption maxima of the major compounds identified in GC-MS analysis.




2.5.2. Dynamic Light Scattering (DLS)


The spectroscatterer RiNA, GmbH class3B was used to determine DLS measurements (the main size and distribution size) of the TiO2 NPs. The dried powder was scattered in distilled water and all analyses were performed at 20 °C for ten cycles. The experiments for DLS were repeated three times.



The non-destructive morphological analysis technique of dynamic light scattering had been applied in phytocomponent analysis. It is highly useful for the accurate sizing of chemical and physical materials that are synthesized using plant phytochemicals.




2.5.3. Transmission Electron Microscopy (TEM)


JEOL model JEM-2000FX instrument operated at an accelerating voltage of 200 Kilo voltage used to determine TEM measurement (particle size and morphology of the surface) of the synthesized nanoparticles. A few drops of sonicated powdered sample were prepared and placed on a carbon-coated copper grid and dried in air for 1 h. Finally, the energy dispersive X-ray (EDX, Model EVO-40, ZEISS) spectrum for elemental analysis was recorded.




2.5.4. X-ray Diffraction Spectroscopic Analysis (XRD)


XRD technique is used to study the crystalline or amorphous nature and the structure of the synthesized TiO2 NPs. Then the powdered sample was placed on a Shimadzu XRD-6000 and set in the range of 5–50° at a 2θ angle [32].




2.5.5. Fourier Transform Infrared Spectroscopy (FTIR)


Initially, the potassium bromide (KBr) pellet (FTIR grade) method in 1:100 was used for FTIR analysis of the dried TiO2 NPs to identify the functional group, which is responsible for the formation of TiO2 NPs synthesized by Juniperus phoenicea leaf extract. The spectrum of the sample by Jasco FT/IR-6300 FTIR-spectrometer with wave number in the range of 400 cm−1 to 4000 cm−1 [33,34].



FTIR is highly useful to identify the class of compounds by analyzing the respective spectral maxima. Every class of compounds, under their bonding and functional group present, expresses some major IR absorbance maxima. This tool is helpful to confirm the class of compounds and their important functional groups such as polyphenols, carbonyls, hydroxyl, and alkenes.





2.6. Antimicrobial Efficacy of TiO2 NPs


Disc diffusion assay was used to determine the antimicrobial efficacy of TiO2 NPs against the tested strains. This method was previously explained by [35]. A list of microbial strains namely E. coli and Klebsiella pneumoniae as Gram-negative bacteria, S. aureus and Bacillus cereus as Gram-positive bacteria, yeast strain (Saccharomyces cerevisiae), and fungal strains (Aspergillus niger, Penicillium digitatum) were used. Bacterial and fungal strains used for the antimicrobial evaluation were obtained from the microbiological laboratories department, Faculty of Science, Cairo University after their isolation and identification.



2.6.1. Preparation of Inoculum


Briefly, each isolate was morphologically examined, and then colonies were selected from an agar plate culture and transferred into a nutrient broth medium and incubated at 37 °C for 24 h. Inoculum turbidity was compared with 0.5 McFarland standards containing 108 CFU/mL.




2.6.2. Disc Diffusion Assay


Sabouraud dextrose agar (SDA) for yeast and fungal strains and Mueller-Hinton (MHA) for bacterial strains were poured into Petri dishes. Pour the second layer of agar cultures with 0.5 McFarland standard (1.0 × 108 CFU/mL) on the previous dishes. Sterile discs loaded with 100 μL of TiO2 NPs were placed on the surface of inoculated dishes, and incubated at 37 °C for 24 h. Distilled water was used as a negative control, penicillin (P10 mg) and oxytetracycline (OT30 mg) were kept as positive controls for bacterial and fungal strains. The results were determined by the mean zone of inhibition (MZI) and expressed in millimeters (mm) with a standard deviation for each microbial strain at the end of incubation periods. Each experiment was performed in triplicate.




2.6.3. Minimum Inhibitory Concentration (MIC) of TiO2 Nanoparticles


MIC of TiO2 NPs was carried out by using the broth dilution method (CLSI, M7-A7, 2006). Microbial strains were grown in nutrient broth at 37 °C overnight. Briefly, 100 μL of MHB, and 10 μL microbial suspension (1–2 × 108 CFU/mL) were added to each tube. Finally, serial dilutions 20–40–60–80–100–120–140 μL/mL of TiO2 NPs were added; negative control tube (containing MHB, and inoculum) and positive control (containing MHB, inoculum and penicillin (P10 mg) or oxytetracycline (OT30 mg)). The lowest concentration showing visual growth inhibition was considered as the MIC of TiO2 NPs for the respective organism.




2.6.4. Minimum Bactericidal Concentration (MBC) of TiO2 Nanoparticles


Briefly, 10 μL of suspension from each MIC dilution tube was inoculated on a nutrient agar plate and incubated at 37 °C for 24 h. The same was repeated for control tubes (positive and negative). No colonies on agar plates were formed due to the concentration of TiO2 NPs which causes the bactericidal effect.





2.7. Cytotoxic Assay of TiO2 Nanoparticles


2.7.1. Mammalian Cell Line


SKOV-3 cells (ovarian adenocarcinoma cell line) were obtained from the American Type Culture Collection (ATCC, Manassas, VA, USA). In Dulbecco’s modified Eagle’s medium (DMEM) enhanced with ten percent of heat-inactivated fetal bovine serum, one percent L-glutamine, buffer of HEPES, and 50 μg/mL gentamycin, the cells were cultured. At 37 °C in a humidified atmosphere with 5% CO2, the cells were maintained and then subcultured two times a week [36].




2.7.2. Cytotoxicity Evaluation


The cytotoxicity of TiO2 nanoparticles against SKOV-3 cells (ovarian adenocarcinoma cell line) was assayed by MTT colorimetric method [37]. The 50% inhibitory concentration (IC50) is the concentration required to produce toxic effects in 50% of healthy cells.





2.8. Statistical Analysis


GraphPad Prism 5 was used for the statistical analysis of the results. One-way analysis of variance was used to analyze statistical significance of results, followed by Tukey’s multiple comparison tests. Results are expressed as mean ± standard error (SE). Results were considered significant at p < 0.05.





3. Results


3.1. Chemical Constituents of Juniperus phoenicea Leaf Extract


GC/MS analysis of Juniperus phoenicea leaf extract revealed the identification of 24 compounds (Figure 1 and Table 1) belonging to different chemical categories. Juniperus phoenicea leaf extract consisted of 47.255% monoterpene hydrocarbons; β-Phellandrene (17.55%) was the major component in this fraction. The sesquiterpene hydrocarbons represented 26.865% consisting mainly of α-Humulene (20.95%). The oxygenated sesquiterpene and terpene represented 20.1% and 7.495% respectively. Other minors as alkane hydrocarbon, fatty acids, and Hydrocinnamic acid were present at 1.7%, 0.1%, and 0.12% respectively. The present study first time reports the chemical composition of aqueous extract from J. phoenicea leaves, analyzed by gas chromatography–mass spectrometry (GC-MS).




3.2. Synthesis and Characterization of TiO2 Nanoparticles


Titanium dioxide nanoparticles were synthesized using leaf extract of Juniperus phoenicea and characterized using UV-Vis, DLS, TEM, XRD, and FT-IR spectroscopy.



3.2.1. UV-Vis spectroscopy of TiO2 NPs


Figure 2 displays the UV-Vis absorption spectra of biosynthesized TiO2 nanoparticles. A prominent peak at 205.4 nm with absorbance equal to 1.6 is seen. The strong peak at 205.4 nm in the range of 200 to 800 nm confirmed the biosynthesis of TiO2 NPs using leaf extract of Juniperus phoenicea.




3.2.2. Dynamic Light Scattering (DLS)


DLS measurements were used to study the TiO2 nanoparticles size distribution. Figure 3 shows a typical dynamic light scattering histogram of green synthesized titanium dioxide nanoparticle with the average particle size (hydrodynamic diameter) equal to (74.8 ± 0.649) nm.




3.2.3. Transmission Electron Microscopy (TEM)


TEM image of the biosynthesized TiO2 NPs (Figure 4) revealed that the morphology of the biosynthesized titanium oxide nanoparticles possesses a uniform spherical structure in shape having a diameter in the range of 10–30 nm.




3.2.4. X-ray Diffraction Spectroscopic Analysis (XRD)


Figure 5 represented XRD pattern of biosynthesized titanium oxide nanoparticles using Juniperus phoenicea leaf extract. Nine distinct peaks at 2θ = 27.1°, 35.7°, 40.8°, 43.9°, 53.9°, 56.0°, 63.9°, 68.8°, and 69.8° that can be indexed as (110), (101), (111), (210), (211), (220), (310), (301), and(112) Miller indices. The JCPDS Card no. 21-1276. The existence of peak pattern confirmed the crystal structure of TiO2 NPs. XRD pattern showed the crystalline nature of the TiO2 nanoparticles and the calculated average size of TiO2 nanoparticles ~10 nm. The peaks sharpness and the absence of unknown peaks confirmed the crystalline nature and high purity of the biosynthesized TiO2 NPs.




3.2.5. Fourier Transform Infrared Spectroscopy (FTIR)


FTIR spectrum of biosynthesized titanium dioxide nanoparticles using Juniperus phoenicea leaf extract revealed peaks at 3851.01, 3449.51, 2084.14, 1636.36, 1045.34, and 553.48 cm−1 (Figure 6). Peak observed at 3851, 3449 cm−1 denote the O–H stretching of alcohols and phenolic compounds, and peaks at 2084.14, 1636.36 cm−1 correspond to the C-O stretching, C=O stretching mode of the carbonyl functional groups in esters, ethers, acids and alcohol and C=C stretching (alkene). Peak at 1045 indicates the C–N stretching of aliphatic amines and the peak observed at 553 cm−1 coincides with the Ti–O–Ti stretching vibration of TiO2 NPs.





3.3. Antimicrobial Efficacy of TiO2 NPs


TiO2 NPs synthesized using Juniperus phoenicea extract, showed efficacy against tested bacterial and fungal strains (Table 2). TiO2 NPs caused growth inhibition for all tested microbial strains (Figure 7). Bacterial strains sensitive against TiO2 NPs, but resistant to positive control were recorded, while fungal strains are more sensitive against TiO2 NPs compared to positive control. Titanium dioxide nanoparticles showed maximum activity against Asp. niger with mean of zone inhibition (MZI) 30.3 ± 0.25 mm, followed by Pen. digitatum, S. cerevisiae, B. subtilis by MZI 25.2 ± 0.27, 25.4 ± 0.36, and 25.5 ± 0.31 at 100 μL/mL respectively. TiO2 NPs have a good performance against Gram positive bacteria (B. subtilis and S. aureus) compared to Gram negative bacteria (K. pneumoniae and E. coli). The biosynthesized nanoparticle showed a lowest MIC against Asp. niger and bactericidal MBC at ~20 and 40 μL/mL respectively followed by other fungal strains and Gram positive bacteria. The highest degree scored of MIC and MBC by TiO2 NPs against Gram negative bacteria ~80 and 140 μL/mL.




3.4. Cytotoxic Activity


Results revealed that synthesized TiO2 nanoparticles showed significant inhibitory activity against human ovarian adenocarcinoma cells (86.61  ±  0.65%, 94.36  ±  0.42%) at 250, 500 μg/mL of TiO2 nanoparticles, respectively with IC50 = 50.13 ± 1.65 µg/mL. Figure 8 summarized the microscopic observation of the ovarian adenocarcinoma cell line (SKOV-3) treated with different concentrations of synthesized TiO2 nanoparticles.





4. Discussion


The Juniperus Spp. is a group of traditionally utilized medicinal plants which are known to be involved in the prevention of various diseases. These plants are reported to contain several bioactive compound classes including glycosides, alkaloids, polyphenols, terpenoids, fatty acids and cinnamic acid derivatives [38,39]. Further, these bioactive compounds can be useful as reducing agents for the reaction with silver ions and as scaffolds directing the AgNP formation in solution [40,41]. In the present study, the synthesis of TiO2 NPs was mainly analyzed by UV-Vis spectroscopy (200–800 nm) and other techniques of characterization [42]. A strong peak of absorbance occurred at 205.4 nm, in the range of 200 to 800 nm and confirmed the biosynthesis of TiO2 NPs using leaf extract of Juniperus phoenicea confirming the formation of TiO2 NPs [43]. The findings of TEM analysis are in line with the former works that reported that the small spherical-shaped TiO2 NPs synthesized utilizing the leaf extract of the Azadirachta indica had a size range from 15 to 50 nm [44,45], or Aloe vera with an average size of 20 nm [17].



The graph of particle size distribution of TiO2 NPs displayed average particle size (hydrodynamic diameter) of (74.8 ± 0.649) nm. Whereas, in a previous work, the leaf extract of Juniperus procera synthesized large-sized nanoparticles with a broad size distribution ranged from 30–90 nm [46].



All points in the XRD pattern can be determined well as tetragonal rutile phase of TiO2 NPs and the diffraction data were in good agreement with JCPDS files no. 21-1276 [47]. The nature of plant sources and the quantity of plant extract and their photochemical constituents define the crystal structure and structural alignment of the prepared nanoparticles [48].



FT-IR spectrum of TiO2 nanoparticles revealed very strong three peaks at 3449.51, 1636.36, and 553.48 cm−1 which were referred to -OH stretching vibration (indicating a large volume of O–H-stretched phenolic compounds), and bending vibration of O-Ti-O bond in Juniperus phoenicea leaves extract. This bonding may be attributed to the strong interaction (capped) of biomolecules with TiO2 nanoparticles. Similar peaks (3433.85 cm−1 to 575.92 cm−1) were reported and seen for TiO2 NPs synthesized using the Kniphofia foliosa root extract [49]. The stabilizing effect of Juniperus phoenicea is not only due to having aromatic rings in hydrocinnamic acid but the presence of C=C bonds in monoterpene and sesquiterpene and carboxylic groups in hydrocinnamic acid.



The results confirmed the existence of phenolic compounds such as flavonoids, anthraquinones, and terpene existing in the Juniperus phoenicea leaf extract which plays an effective role in stabilizing/capping agent for TiO2 nanoparticles formation as reported by [40,41,50]. Similar observations were also reported by [51,52].



The present results showed that TiO2 nanoparticles synthesized using Juniperus phoenicea exhibited greater efficacy against fungal strains, Asp. niger followed by Pen. digitatum, and S. cerevisiae with mean of inhibition zone (MIZ) 30.3 ± 0.25 mm, 25.2 ± 0.27, and 25.4 ± 0.36 respectively. A study by [53] showed moderate activity of synthesized AgNPs from Juniperus procera extract against Pen. aeruginosa (11.50 ± 0.29 mm) and C. albicans (14.30 ± 0.60 mm). Moreover, the present study showed that TiO2 NPs have good effect against S. aureus and B. subtilis as Gram positive followed by E. coli and K. pneumoniae as Gram negative, which is the same result as [18,53]. Whereas the result was better than previously reported studies [53,54,55,56]. Data of this paper’s MIC and MBC of TiO2 NPs correlate well with those of disc diffusion assay. The lowest MIC and MBC values; 40 μL/mL and 80 μL/mL of nanoparticles, were reported against S. aureus and B. subtilis. The present study’s results are in line with [45], but against Salmonella typhi, Escherichia coli, and K. pneumoniae.



The presence of a high amount of terpenoids, flavonoids, and proteins in Juniperus phoenicea is responsible for the TiO2 NPs formation and its stability as reported by [57,58,59] who showed that the different green materials used to stabilize and reduce metal ions are responsible for determining the colloidal stability and biological activities of the formed nanoparticles. However, antimicrobial potency of TiO2 NPs is due to its uniform shape, size, and particle size distribution as well as colloidal stability of nanoparticles interacting with the microbial pathogens cell wall [60]. Green synthesis of TiO2 nanoparticles using Juniperus phoenicea shows greater performance on microbial strains due to the interaction between microbial agents and metal ion surfaces [45,61]. Antibacterial effect of biosynthesized TiO2 nanoparticles is due to the dissolving of the outer cell wall of bacteria, causing its death. TiO2 nanoparticles are widespread in the outer cell wall of bacteria due to the presence of a hydroxyl group. The liberated ions may react with the cell wall of the bacteria, expediting the breakdown of the bacterial cell wall and showing antibacterial properties. In addition, TiO2 nanoparticles cause the production of reactive oxygen species (ROS) inside the pathogens [62], and due to the accumulation of free radicals that readily interact with the pathogen’s cell membrane, which in turn, results in pores, causing the death of the microbial pathogens [63,64].



The present results showed that the synthesized TiO2 nanoparticles had a significant inhibitory activity against human ovarian adenocarcinoma cells with IC50 = 50.13 ± 1.65 μg/mL. [65] revealed that TiO2 NPs using aqueous Coleus aromaticus leaf extract had an amazing (92.37%) cytotoxic efficacy on the HeLa cell line at 100 μg/mL during 24 h of exposure. TiO2 NPs synthesized using the orange peel extract had an inhibitory activity of 41% against A549 cell line at the concentration of 400 μg/mL [66]. The results are in accordance to the studies of [65,66]. The cytotoxicity of synthesized TiO2 nanoparticles was probably due to the presence of capping elements of the plant extract on TiO2 NPs, and the plant extract could provide excess electrons to the TiO2 NPs, which might stimulate the accumulation of the reactive oxygen species (ROS) on the surface of the human ovarian adenocarcinoma cell line as reported by [67]. It leads to increased oxidative stress, cell membrane destruction, enhanced lipid peroxidation, reduced glutathione (GSH) level, and ultimately contributing to cell death [68].



The predominant compounds identified in the plant include β-phellandrene, α-humulene, linalool, elemol, and β-pinene. The present results on the same line of the previous study of Keskes et al., [69] reported that β-phellandrene, α-humulene, are the main compounds in hexane extract from J. phoenicea leaves. Further, compounds such as β-pinene, β-phellandrene, and L-limonene have a lower probability index compared to the other compounds. Hence, it can be represented as a tentative identification only and further studies in this line are necessary to have clear information. Supporting the observations, the presence of α-pinene and delta-3-carene were also reported by Ennajar, et al. [39]. These identified compounds are also known to be associated with various biological activities such as antioxidant and anti-inflammatory effects, antidiabetic effects, anticancer properties, and so on [57,70,71,72,73]. Previous studies by Al-Mustafa et al. [38] and Ennajar et al. [39] also observed similar constituents chemicals in the extract of Juniperus phoenicea leaves. It is also possible that the bioactive molecules observed in the leaf extract of Juniperus phoenicea act as capping and reducing agents due to their antioxidant potentials. It is therefore possible that the formation of white colored TiO2 NPs might be due to the reducing reaction of these bioactive compounds.




5. Conclusions


In conclusion, the study successfully synthesized titanium dioxide nanoparticles using Juniperus phoenicea leaf extract. Their constituents were identified by GC-MS analysis and the data revealed that some components such as elemol, linalool, and hydrocinnamic acid in Juniperus phoenicea plant due to having hydroxyl functional groups act as reducing agents. Moreover, carboxyl groups and benzyl rings in other components act as stabilizing agents. The characterization of eco-friendly synthesized titanium dioxide nanoparticles were confirmed by UV–Vis, DLS, TEM, FT-IR spectroscopy, and XRD analyses. Biosynthesized titanium dioxide nanoparticles showed antibacterial and antifungal properties against some bacterial and fungal strains. Moreover, it showed cytotoxic activity on the human ovarian adenocarcinoma cells. Furthermore, it was concluded that biosynthesized titanium dioxide nanoparticles can be used in medicine as curative agents according to its in vitro antibacterial, antifungal, and cytotoxic activities. TiO2 nanoparticles using Juniperus phoenicea leaf extract could be applied for the wastewater handling and pollutants degradation.
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Figure 1. The GC/MS chromatogram of the analysis of Juniperus phoenicea leaf extract. 
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Figure 2. UV-Vis absorption spectra of TiO2 NPs. 
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Figure 3. Dynamic light scattering histogram of green synthesized titanium dioxide nanoparticle. 
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Figure 4. Transmission electron microscopy (TEM) image of the biosynthesized TiO2 NPs. 
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Figure 5. X-ray diffraction spectroscopic analysis (XRD) of the biosynthesized TiO2 NPs. 
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Figure 6. FTIR spectrum of the biosynthesized TiO2 NPs. 
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Figure 7. The antimicrobial efficacy of biosynthesized TiO2 NPs against tested microbial strains. (a): S. aureus; (b): B. subtilis; (c): E. coli; (d): K. pneumoniae; (e): S. cerevisiae; (f): Asp. Niger; (g): Pen. digitatum. (P) positive control; ( N) negative control;(Ti) TiO2 NPs. 
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Figure 8. Morphological alterations of ovarian adenocarcinoma cell line (SKOV-3) treated with synthesized TiO2 nanoparticles concentrations for 24 h (a): Control; (b): 20 μg/mL; (c): 100 μg/mL; (d): 500 μg/mL 100×. 
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Table 1. GC/MS analysis of Juniperus phoenicea leaf extract.
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	Peak No.
	Compound Name
	RT
	RC (%)
	Probability





	1
	Sabinene
	5.54
	5.25
	85.86



	2
	α-Humulene
	7.04
	20.95
	71.80



	3
	β-Pinene
	7.49
	6.71
	19.41 *



	4
	β-Myrcene
	8.09
	4.485
	68.40



	5
	β-Phellandrene
	9.46
	17.55
	36.60 *



	6
	α-Pinene
	9.67
	1.935
	35.11 *



	7
	L-Limonene
	10.51
	6.09
	30.64 *



	8
	α-Terpinolene
	10.73
	5.235
	47.84



	9
	Linalool
	11.05
	7.335
	51.35



	10
	β-Selinene
	15.45
	2.505
	62.44



	11
	Elemol
	15.72
	7.62
	52.05



	12
	Hexadecane
	16.00
	1.47
	29.44 *



	13
	α-Cadinol
	16.08
	1.45
	72.76



	14
	Isospathulenol
	16.35
	0.75
	20.02 *



	15
	α-Amorphene
	16.93
	2.69
	29.37 *



	16
	β-Citronellol
	17.18
	0.16
	17.95 *



	17
	Cedrol
	19.17
	0.26
	61.71



	18
	α-Muurolene
	21.04
	0.31
	52.43



	19
	Cedreanol
	25.15
	0.2
	26.73 *



	20
	δ-Cadinene
	27.27
	0.19
	25.59 *



	21
	α-Cubebene
	29.43
	0.22
	19.65 *



	22
	Nonacosane
	33.10
	0.23
	25.32 *



	23
	Hexadecanoic acid
	34.84
	0.1
	21.39 *



	24
	Benzenepropanoic acid
	38.65
	0.12
	22.62 *







* indicates a tentative identification and probability % is less than 50%.
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Table 2. Antimicrobial efficacy of TiO2 NPs analyzed by disc diffusion technique, minimal inhibition concentration (MIC), and minimum bactericidal concentration (MBC).
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	Microbial Strains
	Zone of Inhibition (mm, mean ± SE)
	MIC (μL/mL)
	MBC (μL/mL)
	* Oxytetracycline

30 mg
	* Penicillin

10 mg





	S. aureus
	23.3 ± 0.27
	40
	80
	ND
	-



	B. subtilis
	25.5 ± 0.31
	40
	80
	ND
	-



	E. coli
	20.9 ± 0.28
	80
	120
	ND
	-



	K. pneumoniae
	15.7 ± 0.45
	80
	140
	ND
	-



	S. cerevisiae
	25.4 ± 0.36
	40
	80
	-
	15 ± 0.3



	Asp. niger
	30.3 ± 0.25
	20
	40
	-
	15 ± 0.2



	Pen. digitatum
	25.2 ± 0.27
	40
	100
	-
	17 ± 0.1







The values are presented as the mean of three replicates ± the standard deviation. * (OT30) and (P10) were used as positive controls: ND; not detected.
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