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Abstract 

          Thyroid cancer is among the most common endocrine malignancies. Many anticancer drugs are ineffective 

for thyroid cancer, showing a significant need in order to identify new and effective treatment options. In the 

present study, an innovative and environmentally friendly method employing plasma-solution interaction with an 

extract of eggplant peel (Solanum melongena L.) as a reducing and stabilizing reagent was proposed for the 

synthesis of Y2O3/AgO nanocomposite, and its anticancer potentialities on B-CPA thyroid cancer cells are reported 

invitro. The Y2O3/AgO Nanocomposite was characterized through various techniques such as X-ray diffraction 

(XRD), energy dispersive X-ray spectroscopy (EDS), Fourier transform infrared spectrometry FTIR, field emission 

scanning electron microscope FE-SEM, transmission electron microscopy TEM and ultraviolet UV – visible. The 

XRD patterns of Y2O3/AgO NCs indicated that the samples are crystallized with an average crystal size of 9.82 

nm. The EDX spectrum further confirmed the purity of the prepared Y2O3/AgO NCs. FE-SEM indicates that the 

Y2O3/AgO NCs have quasi-spherical morphologies, with a well-defined particle distribution on the surface. TEM 

verified the success of the plasma method in fabricating spherical Y2O3/AgO NCs with an average size of 3.7 ± 

1.276 nm. The surface chemical composition and stabilization of Y2O3/AgO NCs were inferred through FT-IR. 

The UV–Vis spectrum exhibits a strong and broad peak at 319 nm indicating high absorption in this region with 

an energy band gap of 4.01 eV for the Y2O3/AgO NCs. According to a cytotoxicity test, the IC50 value of the Nthy-

ori 3-1 normal cell line was 30.78 μg/mL. It is worth mentioning that Y2O3/AgO NCs exhibit much higher 

anticancer activity over the human thyroid cancer cells (B-CPAP) with an IC50 value of 16.14 μg/mL. To the best 

of our knowledge, this investigation is the first report on data analysis of the efficient implementation of plasma-

solution reaction in extracts derived from eggplant (Solanum melongena L.) peel for the synthesis of Y2O3/AgO 

NCs as potential agents against thyroid cancer. 

Keywords: Plasma jet, Thyroid cancer, Anticancer activity, Yttrium, Green synthesis, FTIR. 

1. Introduction 

Cancer is a collection of diseases in which abnormal cells divide without control and are able to invade other 

tissues[1]. It is the second most common cause of death, and its rising burden has a profound impact on patients 

and healthcare systems [2]. In 2022, the number of new cancer cases and deaths was estimated to be approximately 

20 million and 9.7 million, respectively, at the global level, and represents one of the main challenges in public 
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health according to IARC/WHO [3]. A total of 821,214 new cases with thyroid cancer (TC) and 47,507 deaths 

were reported, with thyroid cancer (TC) appearing to be the most common endocrine malignancy [4]. TC 

represents about 4.1% of all cancer diagnoses and significantly affects women, being three to four times more 

prevalent in females than in males [5]. TC originates from follicular or parafollicular cells, including follicular, 

poorly differentiated, papillary thyroid carcinoma (PTC), and anaplastic thyroid carcinoma (ATC). PTC is 

responsible for 75-85% of the cases, whereas 95% of thyroid tumours are well or poorly differentiated[6]. 

Environmental risk factors, including radiation and iodine exposure as well as obesity, are implicated in increased 

thyroid cancer risk [7]. Typical treatments for cancer, including radiotherapy and chemotherapy, encounter some 

serious problems such as severe side effects, drug resistance, and very poor selectivity to the cancerous cells [8].  

Cancer therapy is benefiting greatly from nanotechnology, in which drugs are enhanced for efficacy and, at 

the same time, side effects are reduced by improved drug-delivery techniques [9]. The solubility, stability, or 

bioavailability of drugs have been improved by researchers via a number of nanoparticle systems, including 

liposomes, polymer-based nanoparticles, and inorganic nanoparticles [10]. Furthermore, new nanodevices enable 

the controlled release of medication in response to physiological changes and improve therapeutic efficacy [11]. 

Additionally, nanotechnology can be added to theragnostics, since it combines tumor identification with site-

specific therapeutic approaches through adapted material functionalization[12]. Nanomaterials, with diameters 

ranging from 1 to 100 nm [13], have particular physicochemical properties that make them suitable for different 

medical purposes such as diagnostics, tissue regeneration, and targeted drug delivery [14]. In oncology, they 

increase treatment efficacy in chemotherapy, radiotherapy, and surgery [15]. They are defined based on size, shape, 

and chemical properties [16], with attention, particularly being given to metal oxide nanoparticles [17], which have 

therapeutic effects including antimicrobial, antioxidative, anti-inflammatory, anticancer, and antidiabetic 

activities that could be useful alternatives for non-communicable disease treatment in view of safety issues of 

currently employed treatments [18]. 

Bimetallic oxide nanoparticles, made of two oxidized metals, show enhanced catalytic performance over 

monometallic nanoparticles because of their metal ratios and unique composition [19,20]. They benefit from 

synergistic effects, which will improve catalytic, and they possess unique magnetic, electrical, and optical 

properties [21]. These nanoparticles can be used in various domains, such as electrocatalysis, biosensing, 

adsorption, and drug delivery, because of their enhanced active sites and eco-friendly behavior [20]. Silver oxide 

(AgO) nanoparticles also show such characteristics as small size, large surface area, and bioactivity; hence, they 

may have potential application in therapeutic advancements [22]. These nanoparticles have notable antioxidant 

and anti-inflammatory activities, which could also be considered for the treatment of oxidative stress [23]. The 

silver oxide nanoparticles are stable, and their release of silver ions is regulated for targeted therapy [24]. Yttrium 

oxide (Y2O3), a rare earth metal oxide, can be prepared in many ways[25]and possesses characteristics such as a 

high dielectric constant, a wide band gap of about 5.8 eV, and outstanding chemical stability, which make it 

attractive for bio-applications, including drug delivery and gene therapy [26]. Y2O3 NPs have high luminescence 

efficiency and free radical elimination, but they are not widely used in nanomedicine. Antibacterial property and 

thermal stability make them promising for the treatment of cancer and neurological disorders [27].  
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Furthermore, the green synthesis of NPs using plant extract as a natural resource has revolutionized the 

production of  NPs. provide sustainable applications by using natural resources and minimizing toxic substances 

[28]. This process employs flavonoids, alkaloids, and polyphenols as reducing and stabilizing agents for precursor 

ions [29,30]. Extracts from Solanum melongena L. peel are found to be rich in flavonoid and phenolic contents, 

which facilitate the preparation of nanoparticles and serve as natural antioxidants against diseases, including 

cancer [31]. Conventional approaches to synthesizing metallic nanoparticles are expensive and toxic, therefore 

attention has shifted towards their green variation thus involving environmentally sustainable solvents and 

renewable resources [32]. Biological sources are preferred due to their low cost and biocompatible nature [33]. 

While chemical methods offer greater control of nanoparticle properties, they may involve hazardous materials. In 

comparison, the like physical methods are more eco-friendly but less accurate [34]. The in-liquid plasma technique 

based on electric discharge between two electrodes in a dielectric liquid is known to generate customizable eco-

friendly nanoparticles with the variation of experimental conditions [35,36]. The main advantage of plasma lies 

in its ability to generate reactive species in a solution, which can cause the reduced ions to deposit as nanoparticles 

without harmful chemicals [37]. By optimising the plasma solution reaction at different processing time and 

parameters allows for a straightforward experimental setup, including various electrodes and flow systems, making 

it ideal for mass production [38,39]. 

              There is a lack of knowledge about the synthesis of Y2O3/AgO nanocomposite by plasma-assisted 

reduction with the extract of Solanum melongena L. peel and biomedical applications. Thus, this study aims to 

employ a novel, unique, environmentally friendly approach based on the plasma technique with eggplant peel 

extract for synthesizing Y2O3/AgO nanocomposites and analyzing their physical properties and evaluating their 

anti-cancer activity on thyroid cells. This hybrid plasma-solution interaction method that uses the extract makes it 

easy to quickly make nanoparticles using bioactive chemicals. This makes them more stable and purer while having 

less of an effect on the environment. 

2. Materials and Method 

2.1. Materials 

          Fresh peels of eggplant (Solanum melongena L.) were used as a natural source to prepare a plant extract. 

Yttrium nitrate [Y (NO3)3] and Silver nitrate (AgNO3) were used as the metal precursor for nanoparticle synthesis, 

and absolute ethanol (96%) was acquired from a recognized chemical source. Deionized water was used throughout 

the experiments. Argon gas of 99.99% purity is used as the working gas for plasma generation . 

2.2. Preparation of Solanum melongena L. extract 

           Fresh eggplants (Solanum melongena L.) have been purchased from a local market, thoroughly cleaned 

using tap water, peeled, and the skins were cut into small pieces. The samples were air-dried at atmospheric 

conditions for three days, and thereafter, crushed into a fine powder. Dissolve 2 g of the powder in 20 ml of 96% 

ethanol, stir magnetically for 30 minutes, then filter through filter paper. The resultant extract comprises 

flavonoids, polyphenols, and other phytochemical substances used as reducing and stabilizing agents for 

nanoparticles. As explained in Fig.1. 
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Fig. 1 A schematic revealed the steps of the preparation of an extract from eggplant peels created by 
BioRender.com. 

 
2.3. Setup of the plasma system . 

        The experimental configuration of the plasma system used in this work is shown in Fig. 2a and comprises 

a DC high-voltage power source (3.5 kV) linked to two electrodes. The first electrode, a hollow copper electrode, 

functioned as the cathode for the passage of argon gas. The second electrode, a stainless-steel electrode which 

functioned as the anode, was immersed in a glass beaker filled with yttrium nitrate, silver nitrate solution and 

Solanum melongena L. peel extract. Argon gas with a purity of 99.99% was delivered at a flow rate of 2.5 L/min 

as measured by a flowmeter. Under these conditions, a steady plasma discharge was produced, resulting in a plasma 

plume that is 3 cm long. The solution and extract were exposed to plasma discharge for 15 minutes to facilitate 

nanoparticle synthesis. 

2.4. Synthesis of Y2O3/AgO nanocomposite by hybrid method. 

              This research used a hybrid synthesis methodology, combining an eco-friendly biological technology with 

a plasma-solution interaction process. Such a hybrid strategy presents green approach of nanoparticle synthesis 

using waste plant materials like eggplant peels and turns waste agricultural by products as useful precursor towards 

nanomaterial fabrication.  Firstly, a 0.05 M solution of Y2O3/AgO NCs was prepared from the dissolution process 

of 0.275 g yttrium nitrate (Y(NO3)3 in 20 mL deionized water with stirring on a magnetic stirrer for 10 min till the 

clear and homogenous solutions was achieved. Meanwhile, 0.17 g of silver nitrate (AgNO3) was dissolved in 20 

mL deionized water under the same conditions to get another transparent solution. Then, 10 mL each of yttrium 

nitrate and silver nitrate solutions were added to a 1-mL-volume Solanum melongena L. peel extract. Stir well to 

obtain a homogeneous mixture. The resulting mixture was then exposed to plasma discharge in 99.99% argon gas 

for 15 minutes, utilizing a plasma-solution interaction apparatus. As shown in Fig. 2a, the color of the solution 

gradually changed during plasma treatment, which proves Y2O3/AgO NCs success synthesis. The solution was 

transferred in to clean test tubes and kept for further analysis, as shown in Fig. 2b. 
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Fig. 2 (a): Schematic diagram of setup of the plasma system created by created by BioRender.com. (b): Real 
images. 

2.5. Characterization of nanocomposite. 

            To verify the successful synthesis of Y2O3/AgO nanocomposite via plasma-assisted approach utilizing the 

extract of Solanum melongena L. peel, various complementary characterization techniques were employed. These 

techniques provided a thorough understanding of the structural, morphological, and optical properties of the 

synthesized nanoparticles, including XRD, UV-Vis, EDX, FTIR, FE-SEM, and TEM. The measurements were 

performed utilizing a PANalytical 021-44862778, Philips PW1730 X-ray diffractometer. EDS (VEGA3 TESCN). 

FE-SEM (MIRA2 TESCAN) operating at a voltage of 15.00 kilovolts (kV). The UV-Vis absorption spectra were 

obtained with a UV-Vis spectrometer. 

2.6. Culture of cancer cells. 

            The BPC1 thyroid cancer cell line was supplied by the Iraqi Centre for Cancer Research and Medical 

Genetics for cell culture purposes. Thyroid cancer cells (BPC1) were inoculated in Dulbecco’s modified Eagle’s 

medium (DMEM) supplemented with 10% fetal bovine serum and 1% antibiotics (penicillin, streptomycin, and 

amphotericin), and incubated at 37 °C in a humidified atmosphere containing 5% CO2 and 95% air. 

 
2.7. MTT cytotoxicity assay 

            The standard MTT [“3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide”] assay was 

employed to evaluate the cytotoxic effects of Y2O3/AgO NCs. The IC50 values for the synthesized Y2O3/AgO 

NCs were ascertained using a cell viability curve. In 96-well plates, cells (1 × 104 to 1 × 106 cells mL−1) were 

cultivated to a final volume of 200 µL of complete culture medium per well. The plates were covered with sterile 

parafilm, gently stirred, and incubated at 37 °C with 5% CO₂ for 24 hours. Following incubation, the medium was 

removed, and 200 μl of a 2-fold serial dilution of Y2O3/AgO NCs solutions (10, 25, 50, 100, 250, 500, 1000 μg 

ml−1) was introduced to the wells. Triplicate tests were conducted at each concentration and control. Each 

concentration and control was evaluated in triplicate. After the careful removal of the medium, each well was 

b a 
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replenished with 100 ml of DMSO solubilization solution and incubated for 5 minutes. The absorbance was 

measured at a wavelength of 550 nm using a Bio-Rad ELISA reader (Germany). The untreated control cells (100% 

cell viability) were utilized to represent the percentage of cell viability. The cell viability and cell inhibition 

percentages were calculated according to equations (1) and (2), respectively, [40,41]:  

 Viability (%) =  optical densty of sample  optical density of control  100 … . . (1)         

 Inhibition (%) =  100 −  Viability % … . . (2)                
 

2.8. Statistical analysis 

        The study's findings were presented as the mean value ± standard error for three separate examinations. A 

one-way ANOVA and the Tukey HSD post hoc test were used for statistical analysis of the data. ORIGINLAB 

2021 was used to create the graphs, while IBM SPSS was utilized for statistical analysis. 

 

3.  Results and discussion 

3.1. X-Ray Diffraction (XRD) analysis. 

          The crystalline structure and phase composition of Y₂O₃/AgO NCs synthesized by a hybrid method were 

verified by XRD analysis. XRD patterns analysis showed 12 diffraction peaks at 2θ values ranging from 10° to 

80° are shown in Figure 4, the appearance of several peaks indicates that the prepared sample is not a singular 

phase but a binary combination including yttrium oxide and a silver oxide phase. The peaks appear are at 19.634°, 

29.718°,35.525°, 39.39°, 43.63°,46.49°, 53.97°,62.26°, and 70.65°, which corresponded to the Miller indices 

(211), (222),(411), (323), (431), (521),(220),(611),(701), and (732), respectively, set of  Y₂O₃ lattice planes (cubic 

structure) and matched the (JCPDS card No. 41-1105). The diffraction peaks at 19.634°21.779°,, 24.433°, 29.718°, 

32.538°, 39.49°, 43.75°, 46.49°, 53.97°,62.26°and 70.65° correspond to the monoclinic structure of crystalline 

AgO in the (100), (101), (110), (121), (202), (004), (114), (132), (231), (318), (220) and (302) planes, respectively, 

this matched the (JCPDS card No. 84-1108). We found that all Y₂O₃ and AgO diffraction peaks were quite near 

to and overlapped with one another. Also, all ₂O₃/AgO NCs peaks shifted slightly lower. It is caused by Y₂O₃ 

atom diffusion into the AgO lattice structure [42]. 
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Fig. 4 XRD pattern of Y2O3/AgO NCs. 

 

The crystallite size of the sample was calculated from the broadening of XRD peaks to determine the crystallite 

size of Y2O3/AgO NCs via the Debye-Scherrer equation [43]: D = K λβcos(θ)  … (3)       

        Where: D represents the average crystallite size. K is the Scherrer constant, which is approximately 0.9. λ is 

the wavelength of the X-ray radiation. β is the full width at half-maximum (FWHM) measured in radians. θ is the 

Bragg angle. According to Eq. (3), the average crystallite size of Y₂O₃/AgO NCs is found to be approximately 

9.82 nm as reported in Table 1. 

 

Table 1:  XRD measurements of Y2O3/AgO NCs. 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.2. EDS and element mapping analysis.  

              The chemical composition of the produced Y2O3/AgO composite nanoparticles was analyzed by Energy 

Dispersive X-Ray Spectroscopy (EDS). Fig.5 illustrates that the EDS spectrum analysis identified the presence of 

Y, Ag, and O, confirming that the sample was successfully pure, with no impurity elements detected in Y2O3/AgO 

NCs. The weight percentages of Y, Ag, and O were 22.24%, 43.52%, and 34.24%, respectively. The atomic 

percentages of the compositions were 8.96% for Y, 14.44% for Ag, and 76.60% for O. Fig.4. show the elemental 

mapping revealed that silver, yttrium, and oxygen were uniformly distributed in Y₂O₃/AgO nanocomposites. In 

the merged map, Ag has increased brightness and importance, indicating a greater local concentration, whereas Y 

and O are more uniformly distributed. According to the XRD findings, along with the lack of extra elemental peaks 

Material Card No. Phase 2θ° 
FWHM 

(nm) (hkl )  
Crystallite 

size (nm) 

Y2O3 

 

JCPDS 41-1105 

 

Cubic 

19.634 0.78 211 10.36 
29.718 0.8 222 10.3 
35.525 0.82 411 10.2 
39.49 1.64 323 5.16 
43.75 0.9 431 9.53 
46.49 0.7 521 12.38 
49.8 0.96 220 9.14 

53.97 1.2 611 7.44 
62.26 1.2 701 7.75 

70.65 0.6 732 16.25 

AgO 
 

JCPDS 84-1108 
 

monoclinic 

19.634 0.78 100 10.36 
21.779 0.72 101 11.26 
24.433 0.77 110 10.58 
29.718 0.8 121 10.3 
32.538 1.14 202 7.28 
39.49 1.64 400 5.16 
43.75 0.9 114 9.53 
46.49 0.7 132 12.38 
49.8 0.96 231 9.14 

53.97 1.2 318 7.44 
62.26 1.2 220 7.75 
70.65 0.6 302 16.25 

Average crystallite size 9.82 
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)a( 
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in the EDX spectra, confirm the successful synthesis of Y₂O₃/AgO nanocomposites via a plasma-assisted method 

using the peel extract. 

 

 

 

  

 

  

 

 

 

 

 

 

 

 

 

 

Fig. 5 (a): EDS of Y2O3/AgO NCs. (b): Element mapping.  

 
3.3. FTIR spectra analysis. 

        The FT-IR spectrum of Solanum Melongena L. peel extract indicates the presence of anthocyanin molecules, 

exhibiting spectral characteristics aligned with nasunin, the predominant pigment in Solanum Melongena L. peel, as 

shown in Fig. 6. The broad absorption peak at 3420.3 cm⁻¹ corresponds to the O–H stretching vibrations of phenolic 

groups and alcohols. The peak value at 2935.2 cm⁻¹ is attributed to the asymmetric and symmetric C–H stretching 

vibrations of aliphatic methyl (CH₃) and methylene (CH₂) groups. The absorption at 1640.95 cm⁻¹, associated with 

carbonyle groups, signifies C=O stretching and C = C aromatic stretching vibrations, indicative of Phenolic and 

anthocyanin. An additional absorption peak at 1383.94 cm⁻¹ is ascribed to C-H bending and symmetric COO- stretching. 

The peak at 1056.52 cm⁻¹ is attributed to C–O-C stretching vibrations in glycosidic linkage [44,45]. 

  

         The FT-IR spectrum of Y₂O₃/Ag₂O nanocomposite NPs is shown in Fig. 6. The broad band at 3437 cm⁻¹ signifies 

the O–H stretching vibrations of hydroxyl groups associated with hydrogen-bonded alcohols and likely intramolecular 

hydrogen bonds from water molecules. The peaks at 2929.85, 2855.18, and 2765.96 cm⁻¹ indicate C–H antisymmetric 

and symmetric stretching vibrations. The peak at 2427.40 cm⁻¹ may indicate the presence of unsaturated CO2 or C–H 
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on the surface. This indicates the presence of an organic surface that functions as a stabilizer, preventing aggregation. 

The peaks at 1632.02 cm⁻¹ correspond to the bending structure of adsorbed water (H–O–H). The bands at 1384, 1271, 

and 1094 cm⁻¹ correspond to OH, C=O, and C–O bending vibrations on the surface. This suggests that an increased 

number of surface functional groups serves as stabilizers, sufficient for what appears to be alkali or green rotation. In 

the light plasma spectrum, maxima were observed at 839.97, 618.04, and 473.57 cm⁻¹. The peak at 473.57 cm⁻¹ 

corresponds to the Y–O vibration of yttrium oxide (Y2O3) [46,47]. The peak value at 618.04 cm⁻¹ indicates the Ag–O 

vibration, suggesting the presence of silver oxide (AgO) [48,49] or a partial intercalation of Y₂O₃ and AgO. The peak 

at 839.97 cm⁻¹ corresponds to M–O–M bridging vibrations, which means that Ag–O/Y–O nanostructures are forming 

an oxide network connecting them all. The results demonstrate the formation of stable nanoparticles, including yttrium 

and silver oxides, augmented by functionalized surface groups, which ensure the dispersion and stability of the particles. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6   FT-IR spectra of Y2O3/AgO NCs and Solanum Melongena L. peel extract. 

 
3.4. FE-SEM analysis. 

The FE-SEM images of the Y2O3/AgO NCs are presented in Fig. 7. At different magnifications, the images 

present specific information about particle morphology, size distribution, and agglomeration extent. 

Monodispersed spherical shape with a limited size of nanoparticles on the particle surface is shown in FE-

SEM images of Y2O3/AgO, and high dispersion is maintained. The particles have well-defined edges and a 

smooth surface, which implies a controlled growth mechanism and the synthesis of stable nanosized phases. 

The morphological surface of the sample possesses a fine and uniform texture due to interstitial nanosized 

spaces which could increase the effective surface area. This structure formation demonstrates the ability of 

synthesis conditions, under the control of biogenic constituents hosted into the extract and energy supplied by 

plasma, dictate particle generation while preventing related agglomeration phenomena thus realising a material 

with defined nanometric structure. FE-SEM morphologies reveal that the compound has a well-established, 

uniform and stable nanoscale surface suited for systems based on materials with enhanced surface area or 

activity. 
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Fig.7 Surface morphology of Y2O3/AgO NCs at different scales. 

 
3.5. TEM analysis 

               Transmission electron microscopy (TEM) images in Fig. 8(a-e). demonstrate Y₂O₃/AgO NCs synthesized via 

plasma solution interaction at magnifications of 300 nm, 100 nm, 50 nm, 20 nm, and 10 nm, respectively. The images 

demonstrate a difference in the distribution of these nanoparticles at varying magnification settings. At lower 

magnifications, black aggregates or clusters of nanoparticles are discerned. This phenomena frequently occurs in 

numerous nanomaterial research and is not regarded to be true agglomeration due to particle fusion; instead, it is 

typically ascribed to particles converging during the preparation process[50,51]. At higher magnifications, particularly 

at 10 nm, the images reveal uniformly distributed, spherical nanoparticles with near proximate nanometer dimensions. 

This verifies that the clusters seen at reduced magnifications signify secondary agglomeration, not genuine 

agglomeration. Prior research demonstrates that the use of an organic stabilizing or surface coating chemical 

significantly diminishes surface energy and inhibits interparticle adhesion, hence enhancing dispersion and preserving 

particle separation at higher magnifications. Consequently, the effective dispersion of these nanoparticles at high 

magnification serves as evidence of the efficient preparation procedure and the stability of the resultant 

nanocomposite[52]. The plasma jet production approach, along with the stabilizing action of the plant extract, likely 

facilitated a consistent particle size distribution and inhibited agglomeration. 

            The unique morphology of Y₂O₃/AgO NCs indicates their nanoscale separation, potentially improving the 

therapeutic efficiency of Y₂O₃/AgO NCs by enabling separate interaction with their target. Particle sizes were 

determined by analyzing transmission electron microscopy pictures with ImageJ software. The particle size chart in 

Fig.9 indicates that the average size of the Y₂O₃/AgO nanoparticles is 3.7 ± 1.675 nm. 
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Fig. 8 TEM image of Y2O3/AgO NCs at a scale of different magnifications. 

 

 

 

 

 

 

 

 

 

 

 

Fig.9 Size distribution histograms of Y2O3/AgO NCs. 

)a( 
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3.6. UV−Visible spectra analysis. 

          Using UV–Vis spectrophotometry, the optical characteristics of the produced Y2O3/AgO nanocomposites 

were examined. The successful synthesis and optical activity of the generated NCs were confirmed by the 

absorbance spectra of the samples, which were recorded at 25°C in the wavelength range of 200–800 nm. As 

shown in Fig.10, the maximum absorption peak was seen in the wavelength region of 319 nm in the UV-Vis 

absorption spectra of Y2O3/AgO nanocomposites. Conduction and valence bands in metal oxide nanoparticles 

typically lie quite near to one another, making it simple for electrons to move between them. When free electrons 

are present on the surface of a nanoparticle, they collectively oscillate when they interact with incoming ultraviolet 

light, leading to the rise of Surface Plasmon Resonance (SPR) absorption. Through optical analysis, details on the 

physical characteristics of the nanoparticles, such as their bandgap energy and absorbance, were discovered. The 

bandgap energy is the most crucial component of optical properties. One popular method for figuring out the 

optical band gap energy of NPs is to plot the experimental absorbance data. The bandgap energy was measured 

directly from λcut using Planck's rule, which is displayed in Eq. (4):  

௚ܧ =  hcλ  = 1240λ … . (4)          
          Here, Eg is the energy gap, h is Planck's constant equal to 6.626×10⁻³⁴ J.s, c is the light velocity (3 × 10⁸ m/s), 

and λ  is the wavelength that may be found by extending the linear portion of the absorption spectrum [53]. The optical 

bandgap energy (Eg) dropped when the absorption edge was redshifted or moved to longer wavelengths. 

 

 

 

 

 

 

 

 

 

 

Fig. 10 UV–visible spectra of Y2O3/AgO NCs. 

 

The absorption coefficients of the Y2O3/AgO nanoparticles were computed graphically using Tauc's relationship, 

Eq. (5), for direct transition:  
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௥(ℎ߭ߙ) = A(hυ − (௚ܧ … . . (5)       

A is a constant equal to 0.9, the band gap energy is Eg, the photon frequency is υ, the absorption coefficient is α, and 

r is the value of the direct transition (r =2). A popular method for calculating a band gap energy is shown in Fig.11, 

which uses the intercept of the extrapolated linear portion of the curve between the photon energy (hυ) and (αhυ) r 

with the x-axis. (4 eV) was the band gap energy. 

  

 

 

 

 

 

 

Fig. 11 Energy gap from Tauc’s plot for the synthesized Y2O3/AgO NCs. 

3.7. MTT Cytotoxicity 

          The cytotoxicity assessment of produced Y₂O₃/AgONCs was conducted in vitro via the MTT assay 

against human cancer cell lines, specifically follicular thyroid carcinoma (B-CPAP), alongside normal cells (Nthy-

ori 3-1). For 24 hours, B-CPAP and Nthy-ori 3-1 cells (1 × 104 to 1 × 106 cells ml⁻¹) in each well were cultured 

with increasing concentrations of Y₂O₃/AgO NCs. Cell viability was determined as a percentage relative to the 

untreated control, which had been set at 100% viability. The results regarding the viability of cancer cells B-CPAP 

and Nthy-ori 3-1 normal cells following treatment with varying concentrations of Y₂O₃/AgO NCs (10, 25, 50, 100, 

250, 500, and 1000 μg/ml) are listed in Table 2. The IC50 values were determined using the cell viability curve. 

The results show that the treatment with synthesized Y₂O₃/AgO NCs for 24 hours significantly inhibited B-CPAP 

cancer cell proliferation in a dose-dependent manner (P < 0.0001), resulting in a significant decrease in the survival 

rate of B-CPAP cells while exhibiting minimal cytotoxicity to Nthy-ori 3-1 normal cells. At a dosage of 10 μg 

ml⁻¹, no significant difference exists between B-CPAP cancer cells and Nthy-ori 3-1 normal cells. exhibits 

significant variations at higher doses ranging from 25 to 1000 μg ml⁻¹. The Y₂O₃/AgO NCs groups demonstrated 

a significant effect (p < 0.0001). At a dosage of 25 µg/ml, the viability of B-CPAP cancer cells decreased to 

21.49758 % relative to the control group. The reduction continued, with cell viability stabilizing at a concentration 

of 50 μg ml⁻¹and higher, within the range of (6.88406-8.27295) %. The viability of Nthy-ori 3-1 normal cells 

decreased by approximately 59.7756 %. Cell viability decreased to 24.79663 % at a dose of 50 μg ml⁻¹and 

continued to decrease, stabilizing at concentrations of 100 µg/ml and higher within the range of (3.1136-3.73072) 

%. The maximum cytotoxicity was observed at a concentration of 250 μg ml−1.  For both B-CPAP cancer cells and 
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Nthy-ori 3-1 normal cell. The determined cytotoxicity (IC50) for B-CPA cancer cells was 16.14 μg ml⁻¹. The 

assessed IC50 for normal cells was significantly elevated at 30.78 μg ml⁻¹ as listed in Table 2.  

 

Table 2:   Viability of thyroid cancer and normal cells at different doses of Y2O3/AgO Ncs. 

Dose 

concentrations 

(µg/mL) 

Nthy-ori 3-1 cell line B-CPAP thyroid cell line 

Viability (Mean ± SD) 

(%) 

Inhibition 

(%) 

Viability (Mean ± SD) 

(%) 

Inhibition 

(%) 

0 (control) 100 ± 0.992 0 100 ± 7.174 0 

10 100± 1.388   
0 94.867 ±8.796**** 

 
5.1 

25 59.776 ± 2.42**** 40.2 21.498 ±0.342**** 78.5 

50 24.797 ± 1.745**** 
75.2 7.367 ± 0.171**** 

 
92.6 

100 3.562 ± 0.278**** 96.4 7.79 ± 0.427**** 92.2 

250 3.114 ± 0.278**** 96.9 6.884 ± 0.171**** 93.1 

500 3.254 ± 0.079**** 96.7 7.126 ± 0**** 92.9 

1000 3.731 ± 0.04**** 96.3 8.273 ± 0.085 **** 91.7 

IC50  30.78 µg/mL 16.14 µg/ml 
Notes: information of each dose presented as mean ± SD (n=3) and **** refer P < 0.0001 vs control. 

 

             According to MTT results, which were indicated in Fig. 12, Y2O3/AgO NCs had a practically lethal effect 

on B-CPAP cancer cells at certain concentrations, significantly less so on normal cells. This indicates a more 

significant response in cancer cells. At a dose of 25 μg ml⁻¹, the viability of cancer cells was less than that of 

normal cells at the identical concentration. At higher concentrations, cell viability diminished to levels similar for 

both cell types. This indicates the difference between them diminishes at higher concentrations, indicating a 

reduction in selectivity and the occurrence of toxic effects at high doses. Consequently, a concentration of 25 μg 

ml⁻¹ was established as the best parameter for comparison assessment, as it exhibited the most significant 

differential effect between cancer B-CPAP cells and Nthy-ori 3-1 normal cells. Our conclusion indicates that the 

cytotoxicity of the produced Y2O3/AgO NCs in our investigation was dependent upon the cell type. The results 

indicate that synthesised Y2O3/AgO NCs have anticancer activities against thyroid cancer cells (B-CPAP cells) 

relative to normal cells, suggesting their potential as anticancer agents and requiring additional in vitro and in vivo 

investigations. 



15 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12 % viability of Nthy-ori 3-1 and B-CPAP thyroid cell at different doses of Y₂O₃/AgO nanocomposite. 

 

 

         The toxic effects on Nthy-ori 3-1 normal and B-CPAP thyroid cancer cells can be evaluated 24 hours post-

exposure to varying concentrations of Y₂O₃/AgO NCs by examining morphological alterations. The purple color 

represents intracellular formazan crystals formed by metabolically active cells. In Fig.13a, untreated normal cells 

demonstrated a healthy cell density typical of normal growth, but untreated cancer cells exhibited similar cell 

density without any morphological alterations, as illustrated in Figure 13a'. Exposure of cells to low concentrations 

of Y₂O₃/AgO NCs at 10 μg/ml resulted in a maintenance of structural integrity in normal cells, indicating 

biocompatibility at these concentrations, as illustrated in Fig.13b. Conversely, thyroid cancer cells demonstrated 

irregularity and a diminished intercellular cohesiveness, as illustrated in Fig.13b'.  

After exposure to a concentration of Y₂O₃/AgO NCs at 25 µg/ml, normal cells exhibited a comparatively better 

structural integrity, with a substantial number of cells staying intact and adherent, as illustrated in Fig.13c. 

Conversely, thyroid cancer cells exhibited significant toxicity, characterized by the dispersion of cellular debris, 

cellular disintegration, and a marked reduction in cell count, as depicted in Fig.13c′. Following exposure to a 50 

µg/ml concentration of Y₂O₃/AgO NCs, normal cells demonstrated indications of cellular stress, characterized by 

reduced density and partial detachment, as illustrated in Fig.13d. In contrast, the morphological changes in cancer 

cells were more pronounced, characterized by a sharp decrease in their cellular structure and significant damage, 

near-complete loss of tissue cohesion, and the appearance of intercellular spaces, indicating a strong early cytotoxic 

effect of the nanoparticles in inducing cell death, as shown in Fig.13d′. Similarly, exposure of cells to a 100 µg/ml 

concentration of Y₂O₃/AgO NCs resulted in a significant cytotoxic effect in normal cells as showed in Fig.13e, 
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considered by notable morphological alterations and a substantial reduction in the number of healthy cells. The 

morphological alterations in cancer cells remained consistent with the previous concentration, signifying that the 

cytotoxic action had attained saturation, as illustrated in Fig.13e′.  

At high levels of Y₂O₃/AgO NCs of (250, 500, and 1000) µg/ml, cancer cells exhibited a consistently low viability, 

with no substantial alterations compared to the preceding concentrations. This indicates that the cytotoxic effect 

remained stable at these high doses as illustrated in Fig.13 (f′-h′). Also, in normal cells as showed in Fig.13(f–h), 

significant degradation of the cell structure was observed, accompanied by damage and an almost total loss of 

viability. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13 Microscopic images of histological sections of thyroid cancer (B-CPA) and Nthy-ori 3-1 cell line at 

different concentrations of Y2O3/AgO nanocomposite. 

 

 
           Silver oxide nanoparticles (AgO NPs) may induce cancer cell apoptosis by generating reactive oxygen 

species (ROS) that inflict damage on cancer cells[54]. Research indicates that the anticancer properties of 

accessible silver oxide nanoparticles are attributed to the cellular damage they cause, resulting in the generation of 

reactive oxygen species (O•−, H₂O₂). Hydrogen peroxide (H₂O₂) and the superoxide anion (O•−) may induce 

apoptosis by influencing signaling pathways[55]. Moreover, elevated superoxide radical generation has been 

linked to heightened mitochondrial membrane potential and the disruption of cellular respiration. Certain 
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oncological pharmaceuticals function by producing superoxide radicals[56]. Current research indicate that silver 

oxide nanoparticles may promote the generation of reactive oxygen species (ROS), resulting in cellular damage 

and apoptosis. The initiation of programmed cell death is due to rising oxidative stress and the generation of 

reactive oxygen species (ROS). In cases of significant oxidative stress, when antioxidant defenses are exhausted, 

cytotoxicity may ensue, resulting in programmed cell death due to mitochondrial impairment and the release of 

apoptotic proteins. Additional observable indicators of harmful effects encompass membrane impairment, protein 

misfolding, and DNA destruction. Nanoparticles influence mitochondria, impairing their electron transport chain 

and resulting in heightened synthesis of superoxide dismutases (O2•−)[57]. Conversely, research indicates that 

Y2O3 nanoparticles possess antioxidant capabilities that modulate reactive oxygen species (ROS) levels and 

enhance their formation in cancer cells, resulting in genetic material damage, mitochondrial dysfunction, and the 

induction of apoptosis, while minimally affecting normal cells[58]. Thus, the amalgamation of Y₂O₃ and AgO into 

a singular nanocomposite induces oxidative stress within the cell due to the synergistic interaction of the two 

materials, as the Y₂O₃ matrix enhances particle stability and optimizes their engagement with cancer cells, thereby 

maintaining the selective toxic effect of AgO while preserving the compound's biological activity[59]. The surface 

charge of the Y₂O₃/AgO nanocomposite is essential to its cytotoxicity. The positively charged Ag+ and Y₃+ ions 

engage in electrostatic interactions with the negatively charged cancer cell membrane, thereby weakening it and 

enhancing its permeability. This interaction promotes the entrance of nanoparticles into the cell and amplifies the 

efflux of its contents, thereby enhancing the cytotoxic effect and heightening the cells' susceptibility to oxidative 

stress[60]. Prior research has demonstrated that the liberation of silver ions from silver oxide nanoparticles disturbs 

cellular enzymes and interferes with essential pathways related to cell survival, resulting in expedited cancer cell 

mortality[61]. The greater efficacy of the AgO/Y₂O₃ nanocomposite, in contrast to individual metal oxides, is 

ascribed to the synergistic interaction among reactive oxygen species formation, mitochondrial malfunction, cell 

membrane impairment, and the initiation of apoptosis. These mechanisms have been observed in prior research on 

Y₂O₃ and AgO-based nanocomposites[62–64]. The results of the current inquiry, which were generated from the 

transmission electron microscopy (TEM) examination, indicate that the nanoparticles of the Y2O3/AgO NCs have 

a small nanoscale size and a homogeneous distribution, which suggests that they have a greater effective surface 

area[65]. For this reason, their little size is a significant aspect that contributes to the enhancement of their contact 

with cells. Nanoparticles that are smaller in size have a greater surface area in comparison to their volume. This 

makes it simpler for them to engage with cells, pass through membranes, and be more poisonous and effective 

against cancer cells. Nanoparticles are able to penetrate malignant cells more easily as a result of their significantly 

reduced size[66]. There is a possibility that they will gather around the nucleus or the mitochondria, which will 

lead to a fatal malfunction in the cell. The size of particles influences their entry into cells and their processing 

within the endocytic pathway[67]. Research indicates that 2 nm DNA particles are significant against the 10 nm 

thickness of cell membranes. Moreover, 6 nm gold nanoparticles show increased nuclear internalization, while 

particles sized 10−16 nm primarily remain in the cytoplasm. Smaller particles offer a larger surface area-to-volume 

ratio, promoting self-aggregation and biological interactions, which may disrupt normal cellular functions [68].  
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4. Conclusion 

           This study utilised a novel, eco-friendly, and economical method to effectively synthesise Y2O3/AgO 

nanocomposites by integrating an extract of Solanum melongena L. peel, which served as a reducing and stabilising 

agent, with the plasma-liquid interaction technique. The XRD analysis indicated nanoparticles exhibiting a pure 

crystalline structure and a multiphase structure due to the presence of two distinct components with cubic and 

monoclinic geometries. The samples exhibited high purity, as verified by EDS results, indicating that silver, 

yttrium, and oxygen were the primary components. FTIR analysis identified unique functional groups, 

demonstrating that phenolic compounds, anthocyanins, carbonyls, and other plant constituents work as stabilising 

and coating agents in the nanoparticle manufacturing process. TEM and FE-SEM results verified that the 

Y2O3/AgO NCs were spherical, uniformly dispersed, and displayed minimal aggregation. The unique absorption 

peak at 319 nm was validated by UV-Vis absorption spectroscopy. Cytotoxicity assays on human B-CPAP thyroid 

cancer cells, in contrast to normal cells, revealed a significant dose-dependent reduction in cell viability. This 

compound demonstrates cytotoxic potential at low concentrations, signifying the anticancer efficacy of the 

Y2O3/AgO NCs manufactured by eco-friendly procedures. In conclusion, the present results indicate that the 

Y2O3/AgO NCs synthesised by eco-friendly procedures exhibit a stable crystalline structure and notable biological 

activity, making them interesting candidates for biomedical applications. Plant-based synthesis provides an 

integrated method for producing multifunctional nanomaterials. The utilization of a green synthesis method to 

combine an extract of Solanum melongena L. peel with a Y(NO3)3, and AgNO3 solution subjected to plasma 

treatment is an innovative concept that remains undocumented in the existing research literature. 
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