
1Scientific RepoRtS |         (2020) 10:3228  | https://doi.org/10.1038/s41598-020-60295-w

www.nature.com/scientificreports

Anticandidal and In vitro 
Anti-proliferative Activity of 
Sonochemically synthesized 
indium tin oxide nanoparticles
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The present work demonstrates the synthesis, characterization and biological activities of different 
concentrations of tin doped indium oxide nanoparticles (Sn doped in2o3 nps), i.e., (Sn/in = 5%, 10% 
and 15%). We have synthesized different size (38.11 nm, 18.46 nm and 10.21 nm) of Sn doped In2o3 
nps. by using an ultra-sonication process. the Sn doped in2o3 nps were characterized by by x-ray 
diffraction (XRD), scanning electron microscopy (SEM), and transmission electron microscopy (TEM) 
which confirmed the successful doping of tin (Sn) with Indium oxide (In2o3). Anticandidal activity 
was performed by standard agar dilution method using Candida albicans for the study. the minimum 
inhibitory/fungicidal concentration (MIC/MFC) values recorded were, 8 & >8 mg/ml for pure In2o3 
NPs, 4 & 8 mg/ml for 5%, 2 & 8 mg/ml for 10%, whereas 1 & >4 mg/ml for 15% Sn doped In2o3 nps, 
respectively. the topographical alteration caused by Sn doped in2o3 nps on Candida cells, was clearly 
observed by SEM examination. A significant enhancement in anticandidal activity was seen, when 
Candida cells were exposed to (Sn/in = 5%, 10% and 15%). Moreover, we have also evaluated the 
impact of Sn-in2o3 NPs on human colorectal carcinoma cells (HCT-116). The results demonstrated that 
Sn-in2o3 nps (Sn/in = 5%, 10% and 15%), caused dose dependent decrease in the cancer cell viability 
as the low dosage (2.0 mg/mL) showed 62.11% cell viability, while 4.0, 8.0, 16.0, 32.0 mg/mL dosages 
showed 20.45%, 18.25%, 16.58%, and 15.58% cell viability. In addition, the treatment of Sn-In2o3 nps 
also showed significant cellular and anatomical changes in cancer cells as examined by microscopes. 
We have also examined the impact of Sn-In2o3 NPs (5%, 10%, 15%) on normal cells (HEK-293) and the 
results demonstrate that Sn-in2o3 nps did not reduce the cell viability of normal cells.

The increasing population of world, raises new health challenges, and among them are the increased incidence 
of infectious diseases and cancer1. It is a well-known fact, that fungal infections are an established threat in med-
icine these days. Among them, genus Candida, dominates by its prevalence and increasing influence on humans. 
Approximately, 50–60% of the hospital acquired infection is Candida infection called as candidemia, which is 
a bloodstream infection with high rates of morbidity and mortality2. Such nosocomial infections are becoming 
a huge challenge, hence its necessary to develop new antibiotic therapeutics, especially based on nanoparticles 
(NPs). In recent years, metal oxide NPs have been studied broadly for their alluring characteristics, which makes 
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them distinct from their corresponding bulk size material3. The NPs have been utilized in the preparation of 
drugs, detection of protein and pathogens, treatment of different cancers, separation and purification of biological 
molecules and cells4. The main reason for considering NPs, as an effective and alternative therapeutics is that, it 
can help in preventing the drug resistance. The unchecked use of antibiotics, has resulted in the emergence of 
several health hazards, like extended drug resistant superbugs5. To combat the drug resistance, there is a need 
to search and modulate new therapeutics as antimicrobials and anticancer agents. Therefore, NPs have offered a 
potential solution to this problem2,6.

Indium oxide nanoparticles (In2O3) is an essential and interesting nanomaterial for a number of applications, 
including solar cells, photocatalysts, organic light emitting diodes, architectural glasses, panel displays, etc.7–9. 
Number of studies on the synthesis of different structured In2O3 like nanotubes, nanowires, nanobelts, nanofibers, 
have been reported for wide applications10. Although, there is no information on In2O3 as antimicrobial agent to 
best of our knowledge. Sn is reported to possess antimicrobial activities and has been widely used as a promising 
dopant with oxides like, In2O3 and ZnO, for enhancing the antimicrobial, electrical, optical and structural prop-
erties11–14. There are several reports which suggested that ITO possess toxicity action on the cells and organs15–20. 
However, the database on deep and persistent toxicity, carcinogenicity, genotoxicity, reproductive toxicity, besides 
skin or eye irritation and sensitization is very inadequate or even missing. In our study, we have made an attempt 
to study the impact of tin (Sn) doped indium oxide (Sn-In203) nanoparticles (NPs) on human colon cancer cells 
(HCT-116). Sn is one of the important metals often investigated, as its doping is known to increase the carrier life-
time21. Different synthetic approaches have been used for the preparation of Sn-In2O3 nanostructure, like chemi-
cal vapor deposition, calcinations, pulsed laser deposition, reactive thermal deposition and sol–gel process22. The 
synthesis of Sn-In2O3 NPs by wet chemistry techniques shows an effective control over the morphology, crystal-
linity and size of the particles. In recent years, sonochemical reaction has become one of the most important wet 
chemistry method, applied for preparation of ultrafine nano-structured materials12.

In the current study, we have synthesized different percentage of Sn doped In2O3 NPs (Sn/In = 5%, 10% and 
15%) by a sonication method. To the best of our knowledge, the study of impact of Sn content over indium oxide 
on the biological properties has not been reported so far. The present study investigates the effect of Sn doping 
on structural properties by X-ray diffraction XRD, TEM, and TEM. Further, biological activities of the materials 
were assessed by using both plate assays and morphological analysis by microscopy.

Results
Synthesis and characterization of Sn doped in2o3 nps. X-ray analysis. Fig. 1(a–c) illustrates the 
XRD of 5%, 10% and 15% Sn doped In2O3 NPs. Pure In2O3 NPs were prepared and XRD characterization was 
analyzed in our previous study. The planes of In2O3 (211), (222), (400), (440) and (622) showed at 21.39°, 30.89°, 
35.59°, 51.45°, and 60.72°, respectively12. The peak positions of XRD patterns of 10% and 15% Sn doped In2O3 
NPs, demonstrated the characteristic reflections indexed to the standard of a cubic lattice of In2O3 (JCPDS No. 
06-0416)23. The main planes (211), (222), (400), (440) and (622) were observed at 21.7°, 30.8°, 35.7°, 51.9°, and 
60.88° for 5% of Sn doped In2O3 NPs. However, the peaks were found to shift slightly with increase in Sn concen-
tration (10%) to 21.66°, 30.72°, 35.59°, 51°, and 60.76°, while shift was more pronounced with high concentration 
doping of Sn (15%) to be 21.4°, 30.49°, 35.36°, 50.9°, and 60.58°, respectively. This can be due to the decrease in 
the lattice parameter, where we see replacement of host ion (In) with larger ionic radii (.81 Å) by dopant Sn ions 
with smaller radii (71 Å). We have observed high crystalline order without any impurity phase; this is evident 
from sharp and strong diffraction peaks. The average value of lattice constant a was determined by different Miller 
indices (hkl) planes and inter-planer distance d by using the formula24,25.

= + +a d h k l (1)2 2 2

The average crystallite size (D) was calculated by Scherer’s equation26
.

=
λ

β θ
D K

cos (2)

where K is the Scherer constant (0.9), λ is the wavelength (1.5406 nm), θ is the diffraction angle, β is the full width 
at half maximum (FWHM). The values of lattice parameter a and crystallite size D, were calculated from high 

Figure 1. XRD pattern of (a) 5% (b) 10% and (c)15% Sn doped indium oxide NPs.
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intensity (222) plane with respect to Sn proportion and tabulated in Table 1. The lattice parameter a was found 
at10.15 Å, 10.08 Å and 10.04 Å for 5%, 10% and 15% for Sn doped In oxide, respectively, which shows an decreas-
ing trend with increase of Sn construction.

Morphological analysis. Fig. 2(a–d) presents, TEM images of pure In2O3 NPs and Sn doped In2O3 NPs (Sn/
In = 5%, 10%, 15%). TEM micrographs shows the prepared NPs are irregular in shape and with almost uniform 
distribution. It was seen that the particle size decreased with the increasing concentration of dopant. Crystallite 
sizes noted from XRD correlates very well with the results of TEM. The high crystalline order of the samples was 
further confirmed by selected area electron diffraction (SAED) pattern presented in (Fig. 2(e–g)), where we wit-
nessed the presence of diffused rings, indexed to body-centered cubic In2O3

27. Figure 3, on the other hand, depicts 
SEM morphology with low and high magnification. For In2O3 NPs, small particles appeared separately, while the 
surface features of the Sn doped In2O3 NPs samples showed clearly more agglomeration of particles with different 
shapes and sizes compared with a pure In2O3 NPs.

Anticandidal activity of pure in2o3 nps and Sn doped in2o3 nps. In the present study, anticandidal 
activity of pure In2O3 NPs and Sn doped In2O3 NPs (Sn/In = 5%, 10%, 15%) against C. albicans, was evaluated by 
determining MIC and MFC. The MIC and MFC values of 5%, 10% and 15% Sn doped In2O3 NPs are summarized 
in Fig. 4. The MIC and MFC values, obtained were 8 and >8 mg/ml for pure In2O3 NPs, 4 and 8 mg/ml for 5% Sn 
doped In2O3 NPs, 10% Sn doped In2O3 NPs showed MIC/MFC values of 2 and 8 mg/ml, whereas 15% Sn doped 
In2O3 NPs recorded 1 and >4 mg/ml of MIC/MFC, respectively. The anticandidal activity was found in the order 
of Sn doped, 15% >10% >5% > undoped In2O3 NPs and the strongest activity was achieved with 15% Sn doped 
In2O3 NPs.

Study of effect of Sn doped In2o3 nps on the topology of C. albicans by SeM analysis. The 
morphogenesis caused by Sn doped In2O3 NPs, were examined by SEM. The untreated Candida cells (control), 
were normal in shape, intact with regular and smooth cell surface (Fig. 5a). However, the treated cells were found 
to be no more intact and cells were irregular in appearance (Fig. 5). The cells treated with pure In2O3 NPs and 5% 
Sn doped In2O3 NPs, were moderately affected and altered in cell morphology (Fig. 5b,c). However, Candida cells 
treated with 10% Sn doped In2O3 NPs showed significant alteration, because of the enhanced attachment of NPs 
to the cell surface (Fig. 5d,e). Further, it has been observed, that the treatment of cells with 15% Sn doped In2O3 
NPs displayed severely damaged cells, due to the profuse attachment and penetration, which led to the formation 
of pits. Deformation and distortion of cell wall and membrane can be clearly seen in Fig. 5e, indicating loss of 
membrane integrity, that could possibly cause the cell death.

Study on hyphal growth in liquid medium and biofilm study of treated C. albicans by SeM has 
also been carried out. The details are included in supplementary file. In vitro antiproliferative activ-
ity of Sn-In2O3 NPs on cancerous cells (HCT-116). The effect of Sn-In2O3 NPs on cancerous cells was examined 
by both morphological analysis and MTT assay. Post 48 h treatments, we have found that (5%) Sn-In2O3 NPs 
induced dose-dependent response on the cancer cells as the low dosage (2.0 mg/mL) showed 62.11% cell viability 
(Fig. 6A), while 4.0, 8.0, 16.0, 32.0 mg/mL dosages reduced the cancer cell viability to 20.45%, 18.25%, 16.58%, 
and 15.58% respectively. With a view to examine the morphologically changes in cancer cells, we have found that 
Sn-In2O3 NPs (5%) treated cancer cells showed moderate impact on cancer cells membrane and nucleus (Fig. 6B) 
with compare to control group cells (Fig. 6Ba). The treatment of 4.0 mg/mL has shown significant impact on 
cancer cell morphology, such as the cell membrane disruption, and nuclear condensation (Fig. 6B,Ba). The treat-
ment of higher dosages (16.0 mg/mL and 32.0 mg/mL) showed most significant effect on the cancer viability and 
morphology (Fig. 6B–d).

The treatment of 10% Sn-In2O3 NPs has shown a dose-dependent activity on cancer cells. We have found 
that the dose (2.0 mg/mL) showed 79.05% cell viability (Fig. 7A), while dosages of 4.0, 8.0, 16.0 & 32.0 mg/m 
showed 46.94%, 30.25%, 29.05%, and 28.75% cancer cell viability. The cell morphology of Sn-In2O3 NPs treated 
cancer cells were observed microscopically (7B). No change is observed in the morphology of control group 
cells (Fig. 7Ba). The dose 4.0 mg/mL showed cell membrane disruption, nuclear condensation (Fig. 7Bb,Ba), 
while 16.0 mg/mL and 32.0 mg/mL respectively showed strong disintegration, condensation fragmentation of the 
nucleus (Fig. 7Bc,Bd).

The cells, when treated with Sn-In2O3 NPs (15%), the dose (2.0 mg/mL), showed only 72.16% cell survivability 
(Fig. 8); while dosages of 4.0, 8.0, 16.0 & 32.0 mg/mL, showed decrease of 66.66%, 37.94%, 34.94%, and 18.58%, 
respectively, in cancer cell viability (Fig. 8). The cell morphology of Sn-In2O3 NPs treated cells were observed 
under microscope. We did not find any change in cancer cell morphology in control group cells (Fig. 8Ba). The 
dose of 4.0 mg/mL showed cell membrane disruption and nuclear condensation (Fig. 8Bb) as compared to control 
cells (Fig. 8Ba), while 16.0 mg/mL and 32.0 mg/mL showed significant loss of cellular structure and organelles 
(Fig. 8Bc,Bd).

Sample d-spacing (Å) a (Å) D (nm)

5% Sn doped In2O3 2.93 10.15 38.11

10% Sn doped In2O3 2.91 10.08 18.46

15% Sn doped In2O3 2.90 10.04 10.21

Table 1. d-spacing, lattice parameter a and crystallite size D of Sn doped indium oxide NPs.
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In vitro antiproliferative activity of Sn-In2O3 NPs on normal cells (HEK-293). The effect of Sn-In2O3 NPs on nor-
mal cells (HEK-293) was examined by MTT assay. Post 48 h treatments, we have found that (5%, 10%, and 15%) 
Sn-In2O3 NPs did not reduce the cell viability significantly during 48 h of treatment, (details in supplementary 
file)

Figure 2. TEM images of (a) In2O3 NPs, (b) 5%, (c) 10%, and (d) 15% Sn doped indium oxide NPs; and 
selected area electron diffraction (SAED) pattern of (e) 5% (f) 10% and (g) 15% Sn doped indium oxide NPs.

Figure 3. SEM images of (a) In2O3 NPs, (b) 5%, (c) 10%, and (d) 15% Sn doped indium oxide NPs.
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Discussion
At present, the treatment of fungal infections and cancer, are considered among the most important challenges 
across the world. The problems encountered with the treatment includes, high doses of available drugs and an 
escalating resistance to these drugs. In this regard, present study demonstrated the successful doping of Sn doped 
indium oxide NPs (5%, 10%, and 15%) by sonication technique. The results obtained by XRD, SEM, and TEM, 
proved the favorable doping of tin (Sn) with Indium oxide (In2O3). Synthesis of different crystal sized NPs, was 
achieved. It was seen that by increasing the constriction of Sn, the crystallite size also decreased, markedly to be 
38.11 nm, 18.46 nm and 10.21 nm, for 5%, 10% and 15%, respectively, which goes in compliance with the reported 
work of Katsube et al. and Ogihara et al.28,29.

Further, it was observed that the anticandidal activity was significantly enhanced with increased tin content 
from 5 to 15% over indium oxide. The anticandidal activity was found in the order of Sn doped, 15% >10% > 5% 
> undoped In2O3 NPs. This finding is well supported by a previous studies conducted by Martínez et al. 2011, 
who reported the use of indium as dopant for titanium NPs, resulting in the decrease of size of NPs and increase 
in their antimicrobial properties30. There is almost no information available in the literature, regarding the Sn 
doped In2O3 NPs against Candida. Although, some previous reports about the NPs have examined, that this 
activity could be associated to size and surface area and the amount of dopant added to the NPs.31,32. Moreover, all 
fungal species including Candida, possess a cell membrane, consisting of phospholipids and a cell wall made up of 
mannoproteins, β-glucan-chitin, β-glucan. Therefore, the NPs need to bind and interact with the macromolecules 
of cell wall for interaction with the phospholipids, integral and peripheral proteins, and also ionic channels6,33. 
Studies also support the generation of ROS, due to oxidative stress on the microbial cell leading to disruption of 
cell membrane and cease of cellular activity, which finally leads to cell death31,34,35. Presently, the development of 
new therapeutics for application in biomedicine, like infectious diseases, mainly nosocomial type, and cancer 
treatment has caused a meaningful interest in the search of nanomaterials with biomedical applications.

Additionally, the cytotoxic impact of Sn-In2O3 NPs was morphologically and quantitatively evaluated, using 
human colorectal carcinoma cells (HCT-116). The findings demonstrated that Sn-In2O3 NPs (5%, 10%, 15%) 
induced dose dependent manner reduction in cancer cell viability. For example, the lower dosages showed an 
average 71.10% cell survivability, whereas higher dosages 32.0 mg/mL showed 20.96% reduction in cancer cell 
viability. In addition, the treatment of Sn-In2O3 NPs also showed significant cellular and anatomical changes in 
cancer cells as examined by microscopes. We have used specific colon cancer cell line (HCT-116) to study the 
impact of different concentrations of Sn-In2O3 NPs and examined their impact on proliferation of cancerous cells, 
which we have found that concentration dependent decrease in the cancer cell proliferation as revealed by MTT 
assay. The prominent changes were which we have observed the disruption of cell membrane, condensation and 
augmentation of cell nucleus. Moreover, we have also observed significant cell death. There are couple of studies, 
which have demonstrated cytotoxic effects of NPs, where NPs induced cancer cell membrane disruption, nuclear 
fragmentation, and disintegration36,37. We have also examined the impact of Sn-In2O3 NPs (5%, 10%, 15%) on 
normal cells (HEK-293) to explore whether Sn-In2O3 NPs (5%, 10%, 15%) selectively target the cancerous cells or 
not. Our results demonstrate that Sn-In2O3 NPs (5%, 10%, 15%) did not reduce the cell viability of HEK-293 cells 
(details in supplementary file). Therefore, the results suggested that Sn-In2O3 NPs (5%, 10%, 15%) possess strong 
anti-cancer capabilities and could be considered for treatment of cancer.

Methodology
Synthesis of Sn doped in2o3 nps. Sn doped In2O3 samples were synthesized through the sonication 
process. High purity of tin acetate and indium acetylacetonate were obtained from Sigma-Aldrich, and prepared 
through different dissolved concentrations of the metal precursors (Sn/In = 5%, 10% and 15%) in 36 mL of dis-
tilled water. During the sonication process, 4 mL ammonium hydroxide (Sigma-Aldrich) was added slowly to 
adjust the pH to 9–10. Through direct immersion method, the solution was irradiated for 1 hr via a high intensity 
ultrasonic processor (750 W; 20 kHz and 6 mm Ti-probe tip). The temperature was increased to 80–90 °C, using a 
water bath during the sonication system. A homogeneous and transparent solution was obtained. The precipitates 
were washed and centrifuged number of times with distilled water and later dried at 70 °C. Finally, the products 
were calcined at 500 °C for 2 h12.

Figure 4. MIC/MFC of pure In2O3 NPs and Sn doped In2O3 NPs (Sn/In = 5%, 10%, 15%) against C. albicans.
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characterization techniques. The structure and crystallite phase of the Sn doped In2O3 NPs (Sn/In = 5%, 
10% and 15%) samples, were obtained by XRD (Shimadzu XRD-7000, with monochromatic high-intensity Cu 
Kα radiation (λ = 1.5406 Å)) with 2θ = 14–70 °. The morphology, features, distribution and size of NPs were stud-
ied by SEM (Inspect S50) and TEM (Morgagni 268). The sample was prepared for TEM analysis by dispersing in 
ethanol and shaking in an ultrasonicator for 15 min, and then a suspended drop was dried on the carbon-coated 
copper grid at room temperature.

Figure 5. SEM micrographs of C. albicans (a) untreated (control): treated with (b) pure In2O3 NPs, (c) 5%, (d) 
10%, and (e) 15% Sn doped indium oxide NPs.

Figure 6. (A) MTT Assay (B) Cell morphology of HCT-116 cells after treatment with different concentrations 
of 5% Sn doped indium oxide at 200 × magnifications.

https://doi.org/10.1038/s41598-020-60295-w
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characterization of anticandidal activity. C. albicans ATCC 14053 was used to investigate the antican-
didal properties of pure In2O3 NPs and Sn doped In2O3 NPs (Sn/In = 5%, 10% and 15%). Culture was grown for 
24 h in Sabauraud’s broth (SDB) in a shaking incubator (150 rpm) at 28 °C. The obtained cell pellet was washed 
several times, using phosphate buffered saline (PBS) and finally, cell frequency was adjusted to the concentration 
of approximately, 107 CFU/ml with sterile 0.9% NaCl.

evaluation of Mic/Mfc. The MIC of pure In2O3 NPs and Sn doped In2O3 NPs (Sn/In = 5%, 10% and 15%) was 
evaluated by standard agar dilution method. SDA plates were streaked using serial dilutions of the test compound in 
concentration ranging from 16 to 1 mg/ml, incubated with C. albicans. The MIC is defined as the least amount of com-
pound, at which no apparent growth is seen. The lowest concentration of pure In2O3 NPs and Sn doped In2O3 NPs (Sn/
In = 5%, 10% and 15%), at which no cell was obtained or less than three CFUs was present, was recorded as MFC38.

Effect on candida topography by SEM analysis. The effect of pure In2O3 NPs and Sn doped In2O3 NPs 
(Sn/In = 5%, 10% and 15%) on the topography of C. albicans cells were further investigated by SEM. Briefly, 106 
CFU/ml cells were treated with 4 mg/ml (conc was selected on the basis of MIC) of pure In2O3 NPs and Sn doped 
In2O3 NPs and incubated at 28 °C for 24 h. Untreated C. albicans was also included in the experiment as a con-
trol. After incubation, the treated and untreated cells were obtained by centrifugation at 12000 rpm for 10 min. 
Multiple washing with PBS was done and subsequently, fixed primarily with 2.5% glutaraldehyde, followed by 
1% osmium tetroxide for secondary fixation. The fixed samples were again washed several times and dehydrated 
by 30, 50, 70, 90, 99% ethanol. The cells were placed on the stubs and dried, and gold coated, for examination by 
SEM, at an accelerating voltage of 20 kV35.

Figure 7. (A) MTT Assay (B) Cell morphology of HCT-116 cells after treatment with different concentrations 
of 10% Sn doped indium oxide at 200 × magnifications.

Figure 8. (A) MTT Assay (B) Cell morphology of HCT-116 cells after treatment with different concentrations 
of 15% Sn doped indium oxide at 200 × magnifications.

https://doi.org/10.1038/s41598-020-60295-w
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In vitro antiproliferative activity of Sn-in2o3 nps by Mtt assay. Cell culture. In vitro cell culture 
was done as per method described by Khan et al., 2018 and in brief, human colorectal carcinoma (HCT-116) cells 
were grown in the media containing DMEM, (5%) L-glutamine, (10%) FBS, (5%) selenium chloride, penicillin 
and streptomycin. Cells were kept in 5% CO2 incubator with 37 °C conditions.

Cell morphology. In order to study the impact of Sn doped In2O3 NPs on cancerous cells morphology, we have 
grown HCT-116 cells in 6 well culture dishes and when the cells reached to 80% confluency, they were treated 
with different concentrations of Sn doped In2O3 NPs. The cells were treated with Sn doped In2O3 NPs (Sn/
In = 5%, 10% and 15%) with these concentrations (2.0 to 32.0 mg/mL). Both control and Sn-In2O3 NPs-treated 
cells were analyzed after 48 h intervals. Post 48 h treatment of Sn-In2O3 NPs, HCT-116 cells were microscopically 
(TS100F Eclipse, Nikon) examined to evaluate any morphological changes in cells.

MTT assay. In order to study the impact of Sn doped In2O3 NPs on cancer cells proliferation and cell viability, 
we have done MTT assay as per method described by Khan et al., 2018. HCT-116 cells were treated with different 
concentrations of (2.0 to 32.0 mg/mL) of Sn-In2O3 NPs. In control group, no Sn-In2O3 NPs was added. After 48 h 
of Sn-In2O3 NPs treatments, the cells were treated with 20 ul of MTT per well and cells were kept in CO2 incu-
bator for 4 h. The media was subsequently changed with DMSO and plate were read under ELISA Plate Reader 
(Biotek- Instruments, USA) at 570 nm wavelength. Cancer cell viability was calculated by this formula:

‐ ‐  =        ×%of Cell viability Optical density (OD)of Sn In O NPs treated cells/(OD)Optical density of control cells 1002 3

Statistical analysis. The mean ± standard deviation (SD) from control and Sn-In203-treated groups were cal-
culated. All statistical analyses were completed with GraphPad Prism 6 (GraphPad Software) and the differ-
ence between control and Sn-In203-treated groups were calculated by a one-way ANOVA test (P < 0.05). Where 
P < 0.05 was considered as statistically significant.

conclusion
The obtained results revealed that the doping of Sn (5–15%) over indium oxide was effective enough to enhance 
the invitro biological properties of these nanomaterials. The ability of the NPs, to inhibit the pathogenic Candida 
and cancer cell proliferation, has been demonstrated. The obtained results proved that these materials possess 
anticandidal and anticancer activities and hold promise for treatment of fungal infections and colon cancer.

Data availability
The data analyzed are available from the corresponding author upon a request.

Received: 30 May 2019; Accepted: 30 January 2020;
Published: xx xx xxxx

References
 1. Alkharsah, K. R. et al. Comparative and molecular analysis of MRSA isolates from infection sites and carrier colonization sites. 

Annals of clinical microbiology and antimicrobials 17, 7 (2018).
 2. Samrat, K. et al. Evaluation of improved antifungal activity of fluconazole–silver nanoconjugate against pathogenic fungi. Materials 

Today: Proceedings 3, 1958–1967 (2016).
 3. Omri, K., Najeh, I. & El Mir, L. Influence of annealing temperature on the microstructure and dielectric properties of ZnO 

nanoparticles. Ceramics International 42, 8940–8948 (2016).
 4. Wang, J., Byrne, J. D., Napier, M. E. & DeSimone, J. M. More effective nanomedicines through particle design. Small 7, 1919–1931 (2011).
 5. Khameneh, B., Diab, R., Ghazvini, K. & Bazzaz, B. S. F. Breakthroughs in bacterial resistance mechanisms and the potential ways to 

combat them. Microbial. pathogenesis 95, 32–42 (2016).
 6. Gutiérrez, J. A. et al. High antifungal activity against candida species of monometallic and bimetallic nanoparticles synthesized in 

nanoreactors. ACS Biomaterials Science & Engineering 4, 647–653 (2018).
 7. Kar, S., Chakrabarti, S. & Chaudhuri, S. Morphology dependent field emission from In2O3 nanostructures. Nanotechnology 17, 3058 

(2006).
 8. Lao, J., Huang, J., Wang, D. & Ren, Z. Self-assembled In2O3 nanocrystal chains and nanowire networks. Advanced Materials 16, 

65–69 (2004).
 9. Yamani, Z. H., Iqbal, J., Qurashi, A. & Hakeem, A. Rapid sonochemical synthesis of In2O3 nanoparticles their doping optical, 

electrical and hydrogen gas sensing properties. Journal of Alloys and Compounds 616, 76–80 (2014).
 10. Li, K., Meng, X., Liang, X., Wang, H. & Yan, H. Electrodeposition and characterization of PbSe films on indium tin oxide glass 

substrates. Journal of solid state electrochemistry 10, 48–53 (2006).
 11. Navale, S. C. & Mulla, I. Photoluminescence and gas sensing study of nanostructured pure and Sn doped ZnO. Materials Science and 

Engineering: C 29, 1317–1320 (2009).
 12. Hafeezullah, Z., Yamani, J. I., Qurashi, A. & Hakeem, A. J. Alloys Compd. 616, 76–80 (2014).
 13. Qurashi, A. et al. Swift electrochemical detection of paraben an endocrine disruptor by In2O3 nanobricks. Sensors and Actuators B: 

Chemical 221, 167–171 (2015).
 14. Faiz, M., Qurashi, A. & Tabet, N. Rapid microwave assisted synthesis of Zn1− xInxO heterostructured nanotetrapods and their 

hydrogen sensing properties. Vacuum 130, 159–164 (2016).
 15. Ahamed, M., Akhtar, M. J., Khan, M. M., Alhadlaq, H. A. & Aldalbahi, A. Nanocubes of indium oxide induce cytotoxicity and 

apoptosis through oxidative stress in human lung epithelial cells. Colloids and Surfaces B: Biointerfaces 156, 157–164 (2017).
 16. Badding, M. A. et al. Pulmonary toxicity of indium-tin oxide production facility particles in rats. Journal of Applied Toxicology 36, 

618–626 (2016).
 17. Bomhard, E. M. The toxicology of indium tin oxide. Environmental toxicology and pharmacology 45, 282–294 (2016).
 18. Olgun, N. S. et al. Comparison of the toxicity of sintered and unsintered indium-tin oxide particles in murine macrophage and 

epidermal cells. Toxicology and applied pharmacology 331, 85–93 (2017).
 19. Ng, A. M. C. et al. Metal oxide nanoparticles with low toxicity. Journal of Photochemistry and Photobiology B: Biology 151, 17–24 

(2015).

https://doi.org/10.1038/s41598-020-60295-w


9Scientific RepoRtS |         (2020) 10:3228  | https://doi.org/10.1038/s41598-020-60295-w

www.nature.com/scientificreportswww.nature.com/scientificreports/

 20. Jeong, J., Kim, J., Seok, S. H. & Cho, W.-S. Indium oxide (In 2 O 3) nanoparticles induce progressive lung injury distinct from lung 
injuries by copper oxide (CuO) and nickel oxide (NiO) nanoparticles. Archives of toxicology 90, 817–828 (2016).

 21. Mansour, H., Bargougui, R., Autret-Lambert, C., Gadri, A. & Ammar, S. Co-precipitation synthesis and characterization of tin-
doped α-Fe2O3 nanoparticles with enhanced photocatalytic activities. Journal of Physics and Chemistry of Solids 114, 1–7 (2018).

 22. Yu, D., Wang, D., Lu, J. & Qian, Y. Preparation of corundum structure Sn-doped In2O3 nanoparticles via controlled co-precipitating 
and postannealing route. Inorganic Chemistry Communications 5, 475–477 (2002).

 23. Li, P., Cai, C., Cheng, T. & Huang, Y. Hydrothermal synthesis and Cl 2 sensing performance of porous-sheets-like In 2 O 3 structures 
with phase transformation. RSC Advances 7, 50760–50771 (2017).

 24. Qurashi, A., El-Maghraby, E., Yamazaki, T. & Kikuta, T. Catalyst-free shape controlled synthesis of In2O3 pyramids and octahedron: 
structural properties and growth mechanism. Journal of Alloys and Compounds 480, L9–L12 (2009).

 25. Karazhanov, S. Z. et al. Phase stability, electronic structure, and optical properties of indium oxide polytypes. Physical Review B 76, 
075129 (2007).

 26. Kim, W. J., Lee, S. W. & Sohn, Y. Metallic Sn spheres and SnO 2@ C core-shells by anaerobic and aerobic catalytic ethanol and CO 
oxidation reactions over SnO 2 nanoparticles. Scientific reports 5, 13448 (2015).

 27. Qurashi, A., El-Maghraby, E., Yamazaki, T. & Kikuta, T. Catalyst supported growth of In2O3 nanostructures and their hydrogen gas 
sensing properties. Sensors and Actuators B: Chemical 147, 48–54 (2010).

 28. Ogihara, S. & Kinugawa, K. Characteristics of transparent conductive In2O3 films prepared by thermal decomposition of indium 
nitrile acetylacetonate. J. Ceram. Soc. Japan 90, 157–163 (1982).

 29. Katsube, Y. & Katsube, S. Transparent conducting films of In2O3 prepared by vacuum evaporation. Ouyou Butsuri 49, 2–16 (1980).
 30. Martínez, L. M. T. et al. 23 Estudio de las propiedades estructurales, texturales y catalíticas de TiO2 dopado con indio y níquel. 

Ingenierías 14, 1 (2011).
 31. Sharma, R. K. & Ghose, R. Synthesis and characterization of nanocrystalline zinc ferrite spinel powders by homogeneous 

precipitation method. Ceramics International 41, 14684–14691 (2015).
 32. Žalnėravičius, R., Paškevičius, A., Kurtinaitiene, M. & Jagminas, A. Size-dependent antimicrobial properties of the cobalt ferrite 

nanoparticles. Journal of Nanoparticle Research 18, 300 (2016).
 33. Martinez-Gutierrez, F. et al. Synthesis, characterization, and evaluation of antimicrobial and cytotoxic effect of silver and titanium 

nanoparticles. Nanomedicine: Nanotechnology, Biology and Medicine 6, 681–688 (2010).
 34. Casbeer, E., Sharma, V. K. & Li, X.-Z. Synthesis and photocatalytic activity of ferrites under visible light: a review. Separation and 

Purification Technology 87, 1–14 (2012).
 35. Jalal, M., Ansari, M. A., Ali, S. G., Khan, H. M. & Rehman, S. Anticandidal activity of bioinspired ZnO NPs: effect on growth, cell 

morphology and key virulence attributes of Candida species. Artificial cells, nanomedicine, and biotechnology, 1–14 (2018).
 36. Baharara, J., Ramezani, T., Divsalar, A., Mousavi, M. & Seyedarabi, A. Induction of apoptosis by green synthesized gold nanoparticles 

through activation of caspase-3 and 9 in human cervical cancer cells. Avicenna journal of medical biotechnology 8, 75 (2016).
 37. Mytych, J. et al. Nanoparticle-mediated decrease of lamin B1 pools promotes a TRF protein-based adaptive response in cultured 

cells. Biomaterials 53, 107–116 (2015).
 38. Ansari, M. A., Baykal, A., Asiri, S. & Rehman, S. Synthesis and Characterization of Antibacterial Activity of Spinel Chromium-

Substituted Copper Ferrite Nanoparticles for Biomedical Application. Journal of Inorganic and Organometallic Polymers and 
Materials, 1–12 (2018).

Acknowledgements
Financial support is acknowledged from Deanship of Scientific Research, Imam Abdulrahman Bin Faisal 
University, Dammam, Saudi Arabia, under Project No. 2019-072-IRMC.

Author contributions
Ahsanulhaq Qurashi conceptualized and designed the study, Suriya Rehman, Sarah Mousa Asiri, Firdos Alam 
Khan, B. Rabindran Jermy and Zainab Alsalem carried out the experiments and prepared all figures. Suriya 
Rehman, Vijaya Ravinayagam and Reem Al Jindan discussed the results and wrote the manuscript. Firdos Alam 
Khan, Suriya Rehman and Rabindran Jermy revised the manuscript. All the authors have read and approved the 
final manuscript.

competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-60295-w.
Correspondence and requests for materials should be addressed to S.R. or A.Q.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-60295-w
https://doi.org/10.1038/s41598-020-60295-w
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Anticandidal and In vitro Anti-Proliferative Activity of Sonochemically synthesized Indium Tin Oxide Nanoparticles
	Results
	Synthesis and characterization of Sn doped In2O3 NPs. 
	X-ray analysis. 
	Morphological analysis. 

	Anticandidal activity of pure In2O3 NPs and Sn doped In2O3 NPs. 
	Study of effect of Sn doped In2O3 NPs on the topology of C. albicans by SEM analysis. 
	Study on hyphal growth in liquid medium and biofilm study of treated C. albicans by SEM has also been carried out. The deta ...
	In vitro antiproliferative activity of Sn-In2O3 NPs on cancerous cells (HCT-116). 
	In vitro antiproliferative activity of Sn-In2O3 NPs on normal cells (HEK-293). 


	Discussion
	Methodology
	Synthesis of Sn doped In2O3 NPs. 
	Characterization techniques. 
	Characterization of anticandidal activity. 
	Evaluation of MIC/MFC. 
	Effect on candida topography by SEM analysis. 
	In vitro antiproliferative activity of Sn-In2O3 NPs by MTT assay. 
	Cell culture. 
	Cell morphology. 
	MTT assay. 
	Statistical analysis. 


	Conclusion
	Acknowledgements
	Figure 1 XRD pattern of (a) 5% (b) 10% and (c)15% Sn doped indium oxide NPs.
	Figure 2 TEM images of (a) In2O3 NPs, (b) 5%, (c) 10%, and (d) 15% Sn doped indium oxide NPs and selected area electron diffraction (SAED) pattern of (e) 5% (f) 10% and (g) 15% Sn doped indium oxide NPs.
	Figure 3 SEM images of (a) In2O3 NPs, (b) 5%, (c) 10%, and (d) 15% Sn doped indium oxide NPs.
	Figure 4 MIC/MFC of pure In2O3 NPs and Sn doped In2O3 NPs (Sn/In = 5%, 10%, 15%) against C.
	Figure 5 SEM micrographs of C.
	Figure 6 (A) MTT Assay (B) Cell morphology of HCT-116 cells after treatment with different concentrations of 5% Sn doped indium oxide at 200 × magnifications.
	Figure 7 (A) MTT Assay (B) Cell morphology of HCT-116 cells after treatment with different concentrations of 10% Sn doped indium oxide at 200 × magnifications.
	Figure 8 (A) MTT Assay (B) Cell morphology of HCT-116 cells after treatment with different concentrations of 15% Sn doped indium oxide at 200 × magnifications.
	Table 1 d-spacing, lattice parameter a and crystallite size D of Sn doped indium oxide NPs.




