
 

 

Synthesis and characterization of surface-modified 

bismuth oxide nanoparticles with β-cyclodextrin as a 

therapeutic agent: Anticancer studies 

 
Jogy Alex and Thomas V. Mathew 

Department of Chemistry, St. Thomas College Palai, Arunapuram P.O., Kottayam, 

Kerala, INDIA, 686574 

* Correspondence: majothomas@gmail.com, majothomas@stcp.ac.in; Mob: +91-

9745180355, Fax: +91-4822-216313 

Abstract 

Bismuth oxide (Bi2O3) NPs have received momentous attention in the field of biomedicine due 

to their exceptional properties such as high chemical stability and low toxicity. However, its 

hydrophobic nature and poor biocompatibility limit its application in biomedical fields. 

Bismuth oxide can be surface-modified to get around these drawbacks and improve its 

bioactivity and biocompatibility, making it a promising material for a range of biomedical uses. 

The surface modification of Bi2O3 NPs with β-cyclodextrin as a therapeutic agent is covered in 

the current study. Bi2O3 NPs were created using the sol-gel method and further functionalized 

with β-cyclodextrin. The surface-modified system was characterised using several techniques, 

including XRD, UV-Vis, FT-IR, SEM, and TEM. The MTT assay was used to assess this system's 

in vitro cytotoxicity. 
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1. Introduction 

  Concerns about human health have recently increased daily. Pharma firms and the 

scientific community have vowed to advance knowledge of and practical application of recently 

developed drugs and protocols. Although there are many well-established treatments available, 

there is still a critical need to create fresh, cutting-edge technologies that could aid in defining 

tumour margins, locating lingering tumour cells, and ultimately eliminating them.[1–3] 

Additionally, it has become crucial to develop new antimicrobial agents that can combat the 

rise in antibiotic resistance.[4] Nanoscience and material technology have thoroughly examined 

each of these problems. Despite their relative underutilization, bismuth-based materials have a 

lot of unrealized potential among the various promising nanosized or nanostructured 

materials.[5–7] 

  Bi2O3 is a p-type semiconductor with remarkable chemical and physical characteristics, 

including a significant energy bandgap, dielectric permittivity, a high refractive index, 

photoluminescence and photoconductivity.[8] Thus, it has potential uses in a variety of fields, 

including solid-state fuel cells,[9] photovoltaic cells,[10] high-temperature 

superconductors,[11] photocatalysts,[12] gas sensors,[13] optical coatings[14] and biomedical 

applications.[15] The five crystallographic polymorphs of Bi2O3 are α- Bi2O3 (monoclinic), β- 

Bi2O3 (tetragonal), γ- Bi2O3 (body-centred cubic), δ- Bi2O3 (cubic) and ε- Bi2O3 (triclinic). Two 

of these forms, α- Bi2O3 at ambient temperature and δ- Bi2O3 at high temperatures, are stable, 

whereas the remaining four are metastable phases.[16] The synthesis of Bi2O3 NPs can be done 

through various methods such as chemical vapour deposition (CVD),[17] precipitation 

method,[18] electrodeposition,[19] microwave-assisted synthesis,[20] microemulsion 

method,[21] sol-gel method,[22] and hydrothermal synthesis.[23] Surface modification of 

nanoparticles is the process of altering the surface chemistry of nanoparticles to improve their 

properties and enhance their performance for specific applications. Bismuth oxide nanoparticles 

can be highly reactive and prone to aggregation, leading to a loss of their unique properties. 

Surface modification can increase the stability of the nanoparticles and prevent aggregation. 

Bismuth oxide nanoparticles can be made more biocompatible by having their toxicity reduced 

and their ability to interact with living things improved through surface modification. As a 

result, they are better suited for use in biomedical applications like therapy, imaging, and drug 

delivery. The anticancer activity of spherical Bi2O3 NPs against malignant neoplasms was 

studied by Ovsyannikov, et al.[24] In an original in vitro study of the radiosensitizing ability of 

Bi2O3 NPs, Stewart and co-workers[25] used the highly radioresistant 9L gliosarcoma cells. Du 

et al.[26] investigated bifunctional Bi2O3 NPs for convincing CT imaging and radio-

sensitization of tumours through hyaluronic acid (HA) functionalization. After coating with HA, 

the as-prepared HA- Bi2O3 NPs enabled the viability of precise targeting to cancer cells 

overexpressing CD44 receptors. Excellent biocompatibility and good water solubility were 

shown by the HA- Bi2O3 NPs, supporting a variety of chemical and biological effects. In 

mammalian cells, the toxicity of Bi2O3 NPs was investigated by Abudayyak and co-workers. 

They claimed that the oxidative damage caused by the Bi2O3 NPs in Caco-2, NRK-52E, and 

Hep G2 cells. Farahani et al.[27] used a polymer gel dosimetry technique to test bismuth 

nanoparticles in Kilovolt and Megavolt radiation therapy, demonstrating the strong energy 

dependence of dose enhancement. 
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  β-cyclodextrin is a good biocompatible system for the surface modification of bismuth 

oxide nanoparticles. The structure of beta-cyclodextrin is cone-shaped with a hydrophobic inner 

cavity and a hydrophilic outer surface.[28] The hydrophobic cavity is formed by the glucose 

units, which are arranged in a toroidal shape with an internal diameter of approximately 0.78 

nm and a height of approximately 1.1 nm. The hydrophilic outer surface of beta-cyclodextrin is 

composed of the hydroxyl groups of the glucose units, which can form hydrogen bonds with 

water molecules and other polar molecules. The hydrophobic inner cavity, on the other hand, 

can accommodate small hydrophobic molecules, such as lipids, steroids, and aromatic 

compounds. The cone-shaped structure of beta-cyclodextrin allows it to form inclusion 

complexes with guest molecules, in which the guest molecule is partially or completely enclosed 

within the hydrophobic cavity. This characteristic makes beta-cyclodextrin useful in a variety 

of applications, including the pharmaceutical delivery system, the food industry, and 

bioremediation. In the pharmaceutical industry, beta-cyclodextrin is used as a drug delivery 

system to improve the bioavailability and solubility of poorly soluble drugs.[29,30] It is also 

used as a stabilizer for drugs that are sensitive to moisture, light, or heat. 

  The current study focuses on the surface modification of Bi2O3 NPs with β-cyclodextrin. 

The developed surface modified system was characterized by XRD, UV-Vis, FT-IR, SEM and 

TEM. In vitro cytotoxicity of the surface modified Bi2O3 NPs was evaluated against three 

different cancer cells; Hep G2, MCF-7 and A549 using MTT assay. 

 

2. Experimental 

2.1 Materials and Methods 

Bismuth nitrate alkaline Bi5O(OH)9(NO3)4 was used as a precursor. All of the chemicals 

and solvents used in the investigation were of analytical grade. Sodium-hypophosphite 

(NaH2PO2.H2O), poly vinyl alcohol (PVA), cyclodextrin, nitric acid (HNO3), sodium hydroxide 

(NaOH), DMSO, and ethanol are purchased from Nice chemicals. Throughout studies, 

deionized water was used, along with reagents and compounds that were employed without any 

additional purification. 

2.2 Instrumentation 

 UV-Vis spectra were captured using a Shimadzu UV-visible NIR spectrophotometer 

operating between 190 and 1100 nm, and X-ray diffraction (XRD) measurements were 

performed using a Rigaku Miniflex-600 X-ray diffractometer with CuKα radiation in a θ-2θ 

configuration. The FT-IR spectra were captured using a Shimadzu-400 spectrophotometer with 

a scanning range of 4000-400 cm-1. A HITACHI S-4200 scanning electron microscope 

operating at 20 kV and a JEOL JEM-2100 transmission electron microscope (TEM) were 

utilised to examine the morphology and size of the Bi2O3 NPs and surface-modified products. 

2.3 Surface modification of Bi2O3 NPs with β-cyclodextrin 

 Bi2O3 NPs were synthesized via the sol-gel method. To obtain surface modified Bi2O3 

NP with β-CD, about 1gm of β-CD and 0.25gm of Bi2O3 NP were dispersed in 10ml chloroform 

separately. Mix both solutions and stirred continuously for 3hrs. After the stirring, the solution 

was allowed to dry and the obtained powder is the surface modified Bi2O3 NPs. Scheme 1 

schematically depicts the methods involved in creating surface-modified Bi2O3 nanoparticles 

using β-cyclodextrin. 
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Scheme 1. Graphical illustration of the surface-modified Bi2O3 nanoparticles with β-

cyclodextrin. 

2.4 In vitro cytotoxicity studies- MTT assay 

For cytotoxicity studies of chemicals and drug screening, in vitro cell viability and cytotoxicity 

studies with cultivated cells are often performed. Currently, these tests are utilized in cancer 

research to evaluate the cytotoxicity and growth inhibition of possible cancer treatment 

candidates. MTT (3-(4,5-dimethylthiazol-2-yl)-2-5-diphenyltetrazolium bromide) assay is the 

most widely used colorimetric method for assessing cytotoxicity or cell viability. The MTT 

method is widely used because it is simple to use, safe, and well-reproducible. In the present 

work, in vitro cytotoxicity of the surface modified Bi2O3 NPs with  β-CD was assessed against 

cancer cell lines; A549 (Human lung cancer), MCF-7 (Human breast cancer), and Hep G2 

(Human liver cancer). The study was conducted at the Center for Research on Molecular and 

Applied Sciences Pvt Ltd, Biogenix, DNRA 41, Thiruvananthapuram, Kerala, India. The 

viability of cells was evaluated by direct observation of cells by Inverted phase contrast 

microscope and followed by MTT assay method. At a wavelength of 540 nm, absorbance values 

were measured using a microplate reader. Using the formula, the percentage of growth 

inhibition was computed: 

% 𝑜𝑓 𝑣𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  
𝑀𝑒𝑎𝑛 𝑂𝐷 𝑠𝑎𝑚𝑝𝑙𝑒𝑠

𝑀𝑒𝑎𝑛 𝑂𝐷 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑔𝑟𝑜𝑢𝑝𝑠
× 100 

2.5 Statistical analysis 

All studies were conducted in triplicate, with results expressed as Mean ± SE. A one-

way analysis of variance (ANOVA) and Dunnets test were used to analyse the results. p< 0.001 

in comparison to the control group was statistically significant. 

3. Results and discussion 

3.1 Characterization of surface-modified Bi2O3 NPs with β-cyclodextrin 

Figure 1 represent the XRD pattern of the surface-modified Bi2O3 NPs using β-CD. The peaks 

are in support of the monoclinic crystals phase of Bi2O3 based on COD No. 96-152-6459 at the 

2θ value of 23.91°, 27.27°, 30.22°, 32.90°, 38.07°, 39.74°, 48.82°, 56.16° and 64.63° which are 

associated with the planes (102), (120), (012), (121), (131), (122), (113), (222), and (104).  The 

crystallite size of Bi2O3 NPs is calculated by the Debye Scherrer equation and obtained in the 

range of 12-16 nm. The low-intensity peaks which are obtained below 30º are due to the β–CD 

in the final surface-modified system. 

 

Bi2O3

NP

Bi2O3

NP
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Figure 1. XRD pattern of the surface-modified Bi2O3 NPs using β-CD. 

The FT-IR spectrum of the surface-modified Bi2O3 NPs using β-CD showed (Figure 2) 

a broad peak in the region of 3500–3200 cm−1 due to the characteristic peak of O–H groups and 

at 1649 cm−1 is due to H–O–H bond of beta-cyclodextrin. Peaks at 1154 cm−1, 940 cm−1 and 

838 cm−1 appear due to the C–O, C–O–C (glucose units) and C–O–C bond present in β-CD 

attached over the surface of Bi2O3 NPs. In the region of 570-400 cm−1 significant peak 

corresponds to the Bi–O bond. In the FT-IR spectrum of the surface-modified Bi2O3 NPs using 

β-CD, the appearance and slight shift of β-CD peaks confirm the successful surface coating of 

β-CD over Bi2O3 NPs. 

 

 
Figure 2. FT-IR spectrum of the surface modified Bi2O3 NPs using β-CD. 
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The UV-Vis DRS spectrum of the surface modified Bi2O3 NPs using β-CD (Figure 3) also 

confirms the formation of Bi2O3 NPs by exhibiting absorption peaks at 283 nm and 268 nm.  

 
Figure 3. UV-Vis spectrum of the surface-modified Bi2O3 NPs using β-CD. 

 

Figure 4 illustrates the surface morphology of the surface-modified Bi2O3 NPs using β-CD under 

SEM. The Bi2O3 NP has a spherical shape in morphology with an average diameter of 12-16 

nm, and the agglomeration behavior was much reduced due to the presence of the β-CD.  

 
Figure 4. SEM image of the surface-modified Bi2O3 NPs using β-CD. 

 

The amount of each particle's non-organic elemental composition was evaluated using EDS 

(Figure 5). In order to characterize the elemental composition of the studied volume, the EDS 

technique measures the x-rays that are emitted by the sample during irradiation by the electron 

beam. Results of EDS analysis are given in Table 1. 
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Figure 5. EDS of the surface-modified Bi2O3 NPs using β-CD. 

 

Table 1. Results of EDS analysis. 

Element Line Mass% Atom% 

C K 2.40±0.02 13.42±0.13 

O K 14.05±0.11 58.89±0.46 

Al K 0.41±0.03 1.02±0.06 

Bi M 83.13±0.33 26.67±0.11 

Total  100.00 100.00 

 

Figure 6 depicts the TEM image of Bi2O3 NPs, and it is clear that the synthesized monoclinic Bi2O3 

NPs possess a spherical shape having a crystalline diameter in the range of 12-16 nm. 

        
Figure 6. TEM image of the surface-modified Bi2O3 NPs using β-CD. 

 

3.2 In vitro cytotoxicity studies- MTT assay 

In vitro cytotoxicity of three different cancer cell lines; A549, MCF-7, and Hep G2 were 

evaluated using MTT assay and the results were illustrated as a graphical plot in Figure 7 and 

Table 2. For this purpose, the cancer cell lines were exposed to the surface modified Bi2O3 NPs 

with β-CD at various concentrations (6.25, 12.5, 25, 50 and 100 μg/mL) for 24 h. In all three 

cases, the cell viability declined with a rise in the concentration of the surface modified Bi2O3 

NPs with β-CD. The IC50 value of surface-modified Bi2O3 NPs with biotinylated β-cyclodextrin 
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reported against A549, MCF-7, and Hep G2 cell lines are 101.086, 90.269, 119.578 and  µg 

/mL respectively and it was determined using ED50 PLUS V1.0 Software.  

 

 

Figure 7. Graphical plot of in vitro cytotoxicity of surface-modified Bi2O3 NPs using β-CD 

against A549, MCF-7,and Hep G2. 

 

Table 2. In vitro cytotoxicity of the surface-modified Bi2O3 NPs using β-CD against A549, 

MCF-7,and Hep G2. 

 

 

A549 cancer cell lines 

Drug Concentration 6.25 12.5 25 50 100 

Percentage of cell 

viability 

68.82 ± 1.35 64.28 ± 1.48 59.70 ± 1.28 55.13 ± 0.20 51.17 ± 0.74 

MCF-7 cancer cell lines 

Drug Concentration 6.25 12.5 25 50 100 

Percentage of cell 

viability 

68.02 ± 0.33 63.58 ± 0.35 60.16 ± 0.54 54.87 ± 0.30 49.71 ± 0.52 
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Hep G2 cancer cell lines 

Drug Concentration 6.25 12.5 25 50 100 

Percentage of cell 

viability 

85.36 ± 0.49 81.16 ± 0.50 77.96 ± 0.93 71.52 ± 0.66 55.85 ± 0.64 

 

4. Conclusion 

Surface modified nanoparticles have been an active area of research and development 

for several years, and their potential applications are vast. The modification of nanoparticle 

surfaces allows for the optimization of their properties and the tailoring of their behavior to suit 

specific applications. This work describes the surface modification of Bi2O3 NPs with β-CD 

which exhibited greater biocompatibility and lower toxicity.  The modified system was 

characterized using various techniques such as XRD, FT-IR, UV-Vis, SEM and TEM analysis. 

The in vitro cytotoxicity of the surface-modified Bi2O3 NPs using β-CD was evaluated by the 

MTT assay, against A549, MCF-7, and Hep G2 cell lines. The future outlook for surface 

modified nanoparticles is bright, as they offer a broad spectrum of potential applications and 

continue to be an area of active research and development. 
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