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Abstract

:

A current strategy in material science and nanotechnology is the creation of green metal oxide nanoparticles. Citrus aurantium peel extract was used to create aluminium oxide nanoparticles (Al2O3 NPs) in an efficient, affordable, environmentally friendly, and simple manner. Various characterisation methods such as UV-vis spectrophotometer (UV), X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR), and field emission scanning electron microscopy (FE-SEM) were utilised to assess the morphology of Al2O3 NPs. The elemental composition was performed by EDX analysis. Using the well diffusion method, Al2O3 NPs’ antimicrobial properties were used against pathogenic organisms. The antiproliferation efficacy of a neuronal cell line was investigated using the MTT assay. The photocatalytic activities were studied against methylene blue dye. In this study, Al2O3 NPs were found to have an average crystallite size of 28 nm in the XRD, an absorption peak at 322 nm in the UV spectrum, and functional groups from 406 to 432 in the FT-IR spectrum, which were ascribed to the stretching of aluminium oxide. Antimicrobial efficiencies were observed against Pseudomonas aeruginosa [36 ± 2.12], Staphylococcus aureus [35 ± 1.23], Staphylococcus epidermis [27 ± 0.06], Klebsiella pneumonia [25 ± 1.65], Candida albicans [28 ± 1.06], and Aspergillus niger [27 ± 2.23], as well as the cell proliferation of a PC 12 cell line (54.09 at 31.2 μg/mL). Furthermore, photocatalytic degradation of methylene blue dye decreased up to 89.1 percent after 150 min. The current investigation concluded that biosynthesised Al2O3 NPs exhibit feasible antimicrobial, anti-proliferative, and photocatalytic behaviours.
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1. Introduction


Aluminium oxide nanoparticles (Al2O3 NPs) are stable crystalline particles over a broad temperature range. They have a structure similar to that of crystals, with oxygen atoms arranged hexagonally near one another and ions of aluminium loading octahedral holes in two-thirds of the lattice [1]. Al2O3 nanopowders are made using a variety of traditional chemical and physical processes, such as sol-gel [2], sputtering [3], mechanical milling [4], and hydrothermal [5]. Though there are only a few environmentally friendly processes utilised to create alumina nanoparticles [6].



When compared to their chemically generated equivalents, bioactive components of plant extracts were shown to be harmless to humans, with superior biocompatibility and outstanding antibacterial activities [7]. Due to the possible aldehyde components of its own bioactive chemicals, the natural extract is expected to be beneficial as a chelating agent for bioengineering nanoscale oxides [8]. Citrus aurantium L. is a traditional medicinal plant with a wide range of therapeutic applications. It is a rich source of the alkaloid p-synephrine as well as many other bioactive compounds, including flavonoids. This plant is employed to treat a range of conditions, including anxiety, lung and prostate cancer, obesity, and digestive problems [9]. The lack of physical activity, cerebral worry, and unease today cause people to live disturbing lives. These factors are solidly linked to the progression of several illnesses, including neurodegenerative disorders [10]. Consequently, the current goal of the investigation is to fabricate the Al2O3 NPs via Citrus aurantium peel extract. In addition, this synthesised nanoparticle has proven amazing antimicrobial, anti-neuronal, and photodegradation activities.




2. Materials and Methods


2.1. Chemicals


Potassium aluminium sulphates (KAl(SO4)2·12H2O), zinc acetate (ZnC4H6O4), and sodium hydroxide (NaOH) were used in this experiment; all of the chemicals and solvents were provided by Sigma Aldrich Chemicals, India.




2.2. Collection and Preparation of Plant Materials


In May 2019, the peels of the fruit Citrus aurantium were purchased at Kamaraj market in Thanjavur, Tamil Nadu, India. The plant was identified and validated by John Brito of the Rapinot Herbarium in Tiruchirappalli, Tamil Nadu, India. Fruit peels were pulverised into a fine powder. Ten grammes of peel powder were extracted with 100 mL of distilled water. After filtering the extract via Whatman No. 1 filter paper, the resultant mixture was taken as a plant extract.




2.3. Synthesis of Aluminium Oxide Nanoparticles


A solution of 0.5 M potassium aluminium sulphate is prepared by using 100 mL of double-distilled water, which is then added to 5 mL of Citrus aurantium peel extract. To that, 2 g of sodium hydroxide followed by 2 g of zinc acetate solution were added. A constant pH of 12 was used for the solution after the addition of 4 g of sodium hydroxide, followed by 2 h of continuous stirring. After 2 hours, the solution was centrifuged at 6000 rpm for 30 min. After that, the aqueous solution was heated for 60 min until it transformed into a pale brown adhesive. After that, this adhesive was mixed and heated at 400 °C in a muffle furnace. A pale brown powder was the end product, which was carefully gathered and preserved for characterisation.




2.4. Characterisation of Aluminium Oxide Nanoparticles


Utilising UV-vis absorption spectroscopy, the optical properties of biofabricated Al2O3 NPs were diluted and investigated at various wavelengths between 250 and 700 nm (Hitachi U-2001). Al2O3 NPs’ crystallinity was assessed using XRD. The crystalline size and phase purity of the Al2O3 NPs were determined using the X-ray diffraction (XRD) technique (Model D8 Advance, BRUKER, Germany). Fourier transform infrared spectroscopy was used to study the functional groups of the nanoparticles (FTIR- Jascov-650 spectrophotometer). Field emission Scanning electron microscopy (FE-SEM, Hi-Tech model s-3400n). The composition of the Al2O3 NPs was examined using the Energy Dispersive X-ray (EDX) method.




2.5. Antimicrobial Activity


The antimicrobial activity of aluminium oxide nanoparticles was examined using the agar well diffusion method [11]. This study used Gram-positive bacteria Staphylococcus aureus (MTCC737), Staphylococcus epidermis (MTCC10656), Gram-negative bacteria Pseudomonas aeruginosa (MTCC429), Klebsiella pneumoniae (MTCC618), and fungal strains like Candida albicans (MTCC227) and Aspergillus niger (MTCC281) to investigate the antimicrobial efficiency of the plant extract and biofabricated Al2O3 NPs. These were purchased from the Eunice Analytical Lab and Research Institute, Tiruchirappalli, India, and also obtained from the microbial type culture collection (MTCC), Chandigarh. The fungal and bacterial cultures were subcultured in MHA (Mueller–Hinton Agar) medium at 35 °C and at 30 °C in Sabouraud dextrose agar media, respectively. Gentamycin (5 µg) and nystatin (50 µg) were used as positive controls for bacteria and fungus, respectively.




2.6. Anti-Proliferative Activity


The National Centre for Cell Sciences (NCCS), in Pune, India, provided PC-12 cell cultures. While all research was done on 96 microtiter plates, the stock cultures were made in 25 cm2 culture flasks. Trypsinisation of the cell culture and adjustment of the cell density to 1 × 105 cells per well using 10% FBS. Cell viability was determined using MTT assays in accordance with Salameh et al. [12]. The absorbance at 540 nm was measured using a UV spectrophotometer. The 50% (IC50) values for the various sample concentrations used in the cell growth inhibition experiment were determined using the formula below.


  % growth   inhibition =   100 − M e a n   O D   o f   i n d i v i d u a l   g r o u p   M e a n   O D   o f   t h e   c o n t r o l   g r o u p    












2.7. Photocatalytic Activity


Methylene blue (MB) dye was photodegraded via an annular type of photoreaction with aluminium oxide in an aqueous solution, and UV light is produced by a 100 W halogen lamp. In the experiment, 150 mL of MB solution were used to fill the reactant with 50 mg of the substance. The mixture was then sonicated for 30 min in the dark to achieve an adsorption behaviour. The reactant-filled methylene blue emulsion is exposed to various durations of visible light irradiation.




2.8. Statistical Analysis


All the tests were done in triplicate. The outcomes were presented as mean ± standard errors, and the antimicrobial activity of the samples was compared to that of conventional antibiotics using one-way analysis of variations.





3. Results and Discussion


3.1. UV-vis Absorption


UV-vis spectroscopy and photoluminescence spectroscopy were used to demonstrate the optical properties of the biofabricated Al2O3 NPs at room temperature. By their 322 nm absorption wavelengths, Figure 1 demonstrates the excitonic nature of Al2O3 NPs. The current findings were in strong comparison to previous reports of an absorption peak for the biogenesis of Al2O3 NPs at 326 nm [11].




3.2. X-ray Diffraction Pattern


The X-ray diffraction image of the biofabricated Al2O3 NPs is shown in Figure 2. The indexes for the diffraction peaks at the corresponding planes 2θ = 27.2, 34.8, 44.7, 55.4, 59.9, and 66.3 are (220), (311), (400), (422), (511), and (440). The sample’s peak intensity indicates a higher rate of crystalline structure and a predictable structure, as seen in the illustration. As the peak’s breadth increased, the particle size decreased. This finding is in accordance with the literature, which has been published by Duraisamy [13]. The crystallite size of the nanoparticles was 28 nm, which is the common nanoparticle size. The Debye–Scherrers formula can be used to predict the crystal size of the derived NPs [10].




3.3. FT-IR Analysis


The FT-IR investigation of biofabricated Al2O3 NPs from fruit peel extract exposes numerous functional groups, which were observed in the range of 406−3412 cm−1 (Figure 3). The peaks at 406 cm−1, 1110 cm−1, and 1369 cm−1 are conspicuous peaks of Al2O3 NPs [11]. The peaks at 432 cm−1, 584 cm−1, and 830 cm−1 are because of Al-O-Al bonds [13]. An absorption peak at 1620 cm−1 and 3412 cm−1 is owing to the presence of C-O-C stretching [14].




3.4. FE-SEM with EDAX Analysis


The usage of FE-SEM analysis was to analyse the structure of biofabricated Al2O3 NPs, and the results are displayed in Figure 4a with an agglomerated micrograph. It is evident that the structure of biofabricated Al2O3 NPs is spherical. To ascertain the elemental makeup and purity of Al2O3 NPs, EDAX analysis was performed. The sharp, lengthy peaks indicate the purity and atomic composition of the elements Al and O (Figure 4b). The histogram of the 28 nm particle size distribution of biofabricated Al2O3 NPs is shown in Figure 4c.




3.5. Antimicrobial Activity


Al2O3 NPs’ antimicrobial properties were studied against pathogens like Staphylococcus aureus, Staphylococcus epidermis, Pseudomonas aeruginosa, Klebsiella pneumoniae, Candida albicans, and Aspergillus niger (Figure 5). Results showed that the Al2O3 NPs produced had strong antimicrobial action, with potent efficacy values for P. aeruginosa (36 ± 2.12), S. aureus (35 ± 1.23), S. epidermis (27 ± 0.06), K. pneumoniae (25 ± 1.65), C. albicans (28 ± 1.06), and A. niger (27 ± 2.23). Furthermore, a larger zone of inhibition was observed in S. aureus and P. aeruginosa when compared to control biofabricated Al2O3 NPs (Figure 6). A similar approach was noticed by Manogar et al. [11], who reported that Al2O3 NPs’ inhibitory impact increased when concentration was increased, but their activities other than Klebsiella pneumoniae and Candida albicans had a similar inhibiting effect (22 mm). The least inhibition activity was observed in Klebsiella pneumoniae using Citrus aurantium peel extract. Manyashree et al. [1] reported similar findings.




3.6. Antiproliferative Activity


The results of cytotoxicity investigations using the PC12 cell line and MTT analysis of biofabricated Al2O3 NPs were reported in this work, and the results were 54.09% at 31.2 µg/mL. (Figure 7a). It indicates that the IC50 values for the biofabricated Al2O3 NPs are 31.2 and 62.5 µg/mL. During 24 h of treatment with various concentrations of biofabricated Al2O3 NPs, the PC12 cell line’s morphological analysis is displayed in Figure 7b.




3.7. Photocatalytic Activity


The photodegradation capability of biofabricated Al2O3 NPs and the absorption spectra for MB dye degradation are shown in Figure 8. Visible light does not exhibit an absorption spectrum peak, and the typical absorption maximum peak of MB dye appears at 665 nm. The band of MB’s absorption is reduced with respect to time by the addition of biofabricated Al2O3 NPs. Within 150 min, the MB dye’s absorption band fully deteriorated, with a maximum percentage of 89.1%. Accordingly, Kiran Kumar et al. [15] found that using 10 mg of γ-Al2O3 as a photocatalyst under sunlight resulted in 91.6% MB photodegradation in 240 min. Metal oxide nanoparticles such as ZnO, NiO, palladium oxide, and CuO have also been investigated for their electrochemical activity and have proven to be viable electrocatalysts. [16,17,18].





4. Conclusions


Based on the findings, it was determined that biofabricated Al2O3 NPs were successfully synthesised by Citrus aurantium fruit peel extract. The parameters of the generated Al2O3 NPs, including their structural, optical, elemental, and morphological characteristics, were examined using UV-vis spectroscopy, XRD, FE-SEM with EDX, and FTIR. The purity and composition of the biofabricated Al2O3 NPs can be observed by the sharp, lengthy peaks in the EDAX analysis. The study established amazing antimicrobial activity, specifically in S. aureus and P. aeruginosa, and anti-neuronal activity results show 54.09% at 31.2 µg/mL. Additionally, photodegradation efficiency is admirable with 89.1% dye degradation.
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Figure 1. UV-vis absorption of Al2O3 NPs. 
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Figure 2. XRD patterns of Al2O3 NPs. 
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Figure 3. FT-IR spectrum of Al2O3 NPs. 
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Figure 4. (a) FE-SEM image of Al2O3 NPs, (b) EDAX analysis of Al2O3 NPs, and (c) histogram distribution of Al2O3 NPs. 
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Figure 5. Antimicrobial analysis of biofabricated Al2O3 NPs against pathogens. 
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Figure 6. Antimicrobial evaluation of biofabricated Al2O3 NPs using the well method. 
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Figure 7. (a) Cytotoxic effect of Al2O3 NPs using MTT assay and (b) anti-proliferative effects of a human neuronal cell line (PC 12). 
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Figure 8. Photodegradation of MB with biofabricated Al2O3 NPs. 
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