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Improved cytotoxic and optical characteristics
of silver-doped TiO:2 nanoparticles on human liver cancer cells
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The unique properties of nano-sized metal oxide particles differ from those of their bulk
counterparts, and they have numerous biomedical applications, particularly in innovative
cancer treatments involving Reactive Oxygen Species (ROS) production. This study
utilized Ag-doped TiO; nanoparticles (NPs), with Ag concentrations ranging from 5% to
20%, to assess their cytotoxicity on human liver cancer cells (HepG2). Characterization
results revealed that the doping of Ag did not alter the brookite and rutile phases of TiO,
NPs, although the band gap decreased as the doping concentration increased. In addition,
the cytotoxic activity was improved with high doping levels which are owing to enhanced
optical factor. The findings recommend that Ag-doped TiO, NPs encourage cytotoxic
effect on HepG2 cells.
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1. Introduction

Nanotechnology is an emerging and rapidly advancing field with significant value due to
its broad range of applications across different sectors, including industry, food and medicine.
Amongst these applications, biomedical are particularly interest to researchers worldwide [1].
Titanium dioxide Nanoparticles ( TiO2 NPs) are famous biomedical agent , specially renowned for
their potential of drug delivery and anti-cancer activities [2,3]. Titanium dioxide nanoparticles are
biocompatible as well as bio degradable [4]. It is expected that the annual production of TiO2 NPs
will achieve 2.5 million tons in 2025, motivated by increasing market demands [5]. The mainly
common crystalline forms of TiO2 NPs are anatase and rutile. Study shows that anatase TiO2 NPs
are extra biological active and biocompatible as compared to rutile form [6, 7]. The research in
photo catalytic applications of TiO2 NPs is vital due to their applications in solar energy and
photodynamic therapy [8, 9]. When photons are exposed, the movement of excited electrons
creates holes, which generates reactive oxygen species (ROS) [10, 11]. These generated ROS have
potential to cure various diseases by photodynamic therapy, including cancers of liver, cervix and
lungs [12, 13]. Researchers are presently focusing to enhance the photo catalytic activity of TiO2
NPs in biomedical uses, aim to increase ROS generation by doping of metallic and non metallic
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elements [14, 15]. One main face with TiO, NPs is their large band gap, which requires ultraviolet
(UV) light for activation [16]. This matter can be tackle by doping TiO2 NPs, which reduces the
band gap and enhances the light response, mainly in visible spectrum [17]. For instance, doping
TiO, NPs with metals like silver (Ag), platinum (Pt), and gold (Au) improves their spectral
response in the visible range [18]. Ag-doped TiO, NPs, in particular, have shown antimicrobial
properties under visible light [19,20]. Our study extends this by exploring the use of Ag-doped
TiO, NPs as an anticancer agent. We investigated their cytotoxicity on human liver cancer cells, as
cancer is a rapidly spreading and life-threatening disease [21,22]. Several studies have reported
similar findings: Bader et al. studied the cytotoxicity of tantalum-doped TiO» NPs on human
neuroblastoma cells, noting increased cytotoxicity with higher doping levels [23]. Mahjoubian et
al. compared pure TiO> NPs with tin-doped TiO2 NPs in zebrafish, finding enhanced cytotoxicity
with Sn-doped TiO, NPs [24]. Muneer et al. created zinc-doped TiO, NPs and observed improved
anticancer activity in human liver cancer cells (HepG2) [25]. Batool et al. synthesized Zn-doped
TiO, NPs via a green method and found stronger antifungal activity compared to un-doped TiO>
NPs [26]. Shabaninia et al. synthesized Ag-doped TiO, NPs apply the sol-gel technique and
demonstrated their anticancer properties against L929 cancer cells [27]. This study focuses on
TiO, NPs doped with Ag at varying concentrations (5% to 20%) and their cytotoxic effects on
human liver cancer cells.

2. Materials and method

The titanium dioxide nanoparticles were synthesized using the widely used sol-gel
technique. Titanium isopropoxide (C12H2804T1i), nitric acid (HNOs), and ethanol were used as
precursors. To begin, 20 ml each of titanium isopropoxide and ethanol were mixed and stirred with
24 ml of distilled water. Then, 10 ml of 30% HNO3 was steadily added in to the mixture to keep
the PH level. After that solution was stirred at stable temperature of 60 °C for 4 hours waiting to
gel formation. Then gel was dried at temperature of 80 °C for 10 hours in an oven. Finally the gel
was annealed at 500 °C temperature for 2 hours to get power form. Now TiO2 NPs in crystal form
are ready. For this synthesis of Ag doped TiO2 NPs, the same procedure was followed, having
only difference having addition of AgNO3 into TiO2 solution in varying concentration as of 5% to
20%

2.1. Cell culturing and cytotoxic activity of nano particles

The cytotoxic activity of NPs was judged the human liver cancer cells (HepG2). The cells
were cultured having standards condition of 37 °C, 95% humidity and 5% CO2. The HepG2 cells
were plated on to 6-well plate of density 6.0 x 105 cells per wall and incubated for 24 hours at
constant temperature of 37 °C. The efficiency and distribution of samples were evaluated by phase
contrast microscopy. The HepG2 cells were exposed to the NPs suspension and were incubated at
temperature of 37 °C for 24 hours, after that the cells were washed thrice with PBS (PH 7.4). The
cells were then suspended in 2% FBS (v/v), balanced in cell plates, and examined by fluorescence
intensity in FACSCalibur fluorescence-activated cell sorter (FACS™) with CellQuest to conclude
the cell counts for every sample

3. Results and discussion

3.1. XRD analysis

The X-rays diffraction (XRD) technique was applied to examine the crystallographic
structure of both un-doped and Ag-doped TiO2 NPs. The XRD pattern of all the samples is
presented in Figure 1. The patterns reveal that the nanoparticles exist in two phases: Brookite and
Rutile. The Brookite phase has an orthorhombic structure, while the Rutile phase has a tetragonal
structure. Phase identification was performed by comparing the patterns with reference data cards
for TiO, (Rutile: pdf # 21-1276, Brookite: pdf # 29-1360). The XRD patterns of the Ag-doped
TiO, samples closely resemble those of pure TiO,, with no diffraction peaks corresponding to
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silver, indicating that the metal particles are evenly dispersed within the TiO, matrix. The doping
of Ag did not alter the TiO; crystal structure, suggesting that the silver ions replaced titanium in
the crystal lattice. Therefore, no diffraction peaks related to silver or any new phases were
observed in the XRD patterns. The crystallite size of the synthesized nanoparticles was determined

by the Scherer method [28].

T=KA/p Cos 0

T= grain size

K= dimensionless shape factor
A= X-rays wavelength

= FWHM (in radians)

0= Braggs angle

The results are presented in table 1. The average crystalloid size is around 15nm for all
samples, calculated by Scherer formula.
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Fig.1. XRD Pattern for un doped TiO: and Ag-doped.

Table 1. FWHM and Crystallite size of bare TiO, and Ag-doped TiO>.

Sr. No Sample FWHM CRYSTALLITE
SIZE(nm)
1 Un-doped TiO; 0.544 15.709
2 5% doped TiO» 0.554 15.430
3 10% doped TiO, 0.543 15.140
4 15% doped TiO, 0.576 14.840
5 20% doped TiO, 0.580 14.740

3.2. SEM analysis
To examine the surface morphology of the synthesized un-doped TiO; and Ag-doped TiO»

nanoparticles, SEM analysis was performed. Figure 2 displays the SEM image of the un-doped
Ti02 nanoparticles. This image, taken at a magnification of 100,000x, shows aggregates made up
of smaller particles with diameters ranging from 15 nm to 20 nm.
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SEM HV: 200 kV | Det: SE + InBeam
BI: 10.00 | Date(m/dly): 03/16/18| Institute of Space Technology, ISB

Fig.2. SEM IMAGE OF UNDOPED TiO:;,

Figure 3 presents the SEM image of 5% Ag-doped TiO, nanoparticles. This image,
magnified at 100,000x, shows that the average nanoparticle size is 14.63 nm, with a diameter array
starting 11.46 nm to 19.11 nm. Findings indicate that Ag doping has reduced the size of the TiO»
nanoparticles. This size reduction is attributed to the dopant ions trapping the grain boundaries of
the host material, which restricts grain growth and thus decreases the particle size [29]. Similar
results have been observed in other studies [29,30,31].
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Fig.3. SEM Image of 5% doped TiO:.

Figure 4 shows the SEM image of 10 % Ag-doped TiO: nanoparticles.This image
(magnified 100000x) reveals that the nanoparticles average size is 14.66nm and range of diameter
is 11.60 nmto 19.50nm
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Fig.4. SEM Image of 10% doped TiO..

Figure 5 shows the SEM image of 15 % Ag-doped TiO, nanoparticles.This image
(magnified 100000x) reveals that the nanoparticles average size is 14.48nm and range of diameter
is 11.71nm to 19.81nm.
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Fig.5. SEM Image of 15% doped TiO:.

Figure 6 shows the SEM image of 5 % Ag-doped TiO, nanoparticles.This image
(magnified 100000x) reveals that the nanoparticles average size is 16.64nm and range of diameter
is 10.88nm to 24.32nm.
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Fig.6. SEM Image of 20% doped TiO..

3.3. EDX analysis
EDX analysis was conducted to verify the doping and determine the atomic percentage of

the dopant. In Figure 7, the EDX analysis shows no doping, while Figs. 8-11 confirm the presence
of doping with atomic percentages of 0.367 at%, 0.706 at%, 0.834 at%, and 1.005 at%,
respectively. Tables 2-6 display the weight and atomic percentages of all elements present in the
sample. These results confirm the percentage doping if silver in TiO, NPs.
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Fig. 7. EDX Spectrum of 0% doped TiO..

Table 2. Weight % and Atomic % of un-doped TiO>.

Element Weight % Atomic %
0 38.67 65.37
Ti 61.33 34.63
Total 100% 100%
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Fig.8. EDX Spectrum of 0.367 at% silver doped TiO..

Table 3. Weight % and Atomic % of 5 Percent Doped TiO:.

Element Weight % Atomic %
0 44.72 70.656
Ti 52.15 27.524
Ag 1.57 0.367
Al 1.55 1.451
Total 100% 100%

. Spectrum 6

Fig. 9. EDX Spectrum of 0.706 at% silver doped TiO;.

Table 4. Weight % and Atomic % of 10 Percent Doped TiO>.

Element Weight % Atomic %
0 41.47 66.525
Ti 48.34 25.904
Ag 2.97 0.706
Al 7.22 6.863
Total 100% 100%

333
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B spectum 7

Fig.10. EDX Spectrum of 0.834 at % silver doped TiO:.

Table 5. Weight % and Atomic % of 15 Percent Doped TiO>.

Element Weight % Atomic %
0 45.15 71.830
Ti 51.15 27.183
Ag 3.54 0.834
Al 0.16 0.150
Total 100% 100%
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Fig.11. EDX Spectrum of 1.005 at% silver doped TiO:.

Table 6. Weight % and Atomic % of 20 Percent Doped TiO>.

Element Weight % Atomic %
0 48.06 74.400
Ti 47.56 24.594
Ag 4.38 1.005
Total 100% 100%
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3.4. UV-Vis spectroscopy study

UV-Vis spectroscopy is used to examine the optical property of samples. The UV-Vis
absorption spectrum of un-doped TiO» and Ag-doped TiO,, as shown in Figure 12, reveal a distinct
band edge in the UV range of 400450 nm, which is connected with the photo-excitation from the
valence band to the conduction band. Figure 12 illustrates the absorption profiles of both un-doped
TiO, and Ag-TiO, composites by varying silver content. These profiles demonstrate typical
absorption characteristics, with a shift in the absorption spectra in the 400-450 nm range in the
visible region, ascribed to the surface Plasmon resonance of silver. This shift in the absorption
spectra suggests an interaction between Ag and Ti, which is consistent with the XRD patterns. The
band gap is determined by plotting photonic power (E=hv) on the X-axis plus (ahv”? on the Y-axis,
using the Tauc equation [32] and plotted in figure 13

ohv= A(hv—Eg)"

Anywhere a is absorption coefficient. (hv) is the photonic energy, for direct optical
transition m= 1/2, E, is the optical band gap and A is a constant. Table 7 shows the values of band
gaps related to un-doped TiO, NPs and Ag-doped TiO, NPs the results shows that the band gap of
TiO, deceases with increasing doping quantity of silver which enhanced the optical
properties.Figure 13 shows the graphs of band gap.
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Fig. 12.Uv-Vis spectra of un-doped and Ag-doped TiO, nanoparticles.

Table 7. Band Gaps of un-doped and Ag- Doped TiO:.

Sr No Name Band Gap
1 Undoped TiO, 3.31
2 5% Doped TiO» 3.15
3 10% doped TiO» 3.11
4 15%doped TiO, 2.96
5 20% doped TiO» 2.91
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Fig. 13. Band gap of un-doped TiO; and doped with 5%, 10%,15% and 20%.

4. Cytotoxicity analysis

Ag-doped TiO; nanoparticles with varying concentrations (5%, 10%, 15%, and 20%) were
exposed to human liver cancer cells (HepG2) for 24 hours, with cell viability be assessed with the
MTT assay, a tool for measuring cell proliferation inhibition [32,33].The findings showed that Ag-
doped NPs decreased cell viability in a concentration-dependent approach. As the concentration of
ag-doping in TiO2 NPs increased, the cell viability was decreased. The cytotoxic approach of NPs
could be credited by following factors:

(1) The cytotoxic effect of NPs may result from oxidative stress, caused by ROS

generation or a reduction in antioxidants [34, 35, 36].

(2) Reactive oxygen species, such as hydroxyl radicals (HO.), superoxide anions (O2-),
and hydrogen peroxide (H202), have various physiological and cellular impacts, including DNA
damage and apoptosis [36,37]. Our result indicated to ROS generation by the nanoparticles was
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directly proportional towards Ag doping concentration in TiO, nanoparticles which decrease the
cell viability, as shown in Figure 14.
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Fig. 14. Cytotoxic effects of doped and un-doped samples.

It has been observed that the ROS generation in nanoparticles can effectively target and kill
cancerous cells while having minimal impact on normal cells [38, 39]. These findings indicate that
Ag-doped TiO: nanoparticles exhibit anticancer properties, with metal-based nanoparticles being
investigated as potential agents for killing cancer cells [40, 41, 42, 43]. Additionally, the
anticancer activity enhances as the Ag doping percentage in TiO, nanoparticles increases

5. Conclusion

The Ag-doped TiO, NPs were synthesized and successfully characterize by SEM, XRD,
EDX and UV-Vis spectra. XRD pattern appearances the Brookite and rutile phase which remains
same upon doing with Ag. The average calculated crystalline size of sample is 15 nm. The SEM
images show that the doing of Ag influences the size of TiO> NPs which reduces its size. The EDX
spectroscopy conformed the doping of Ag in TiO,. The UV-Vis absorption spectra showed that the
band gap decreases by increasing the silver doping which reflects the enhanced absorption of light
and also improve optical properties. The cytotoxic behavior was determined by MMT assay, tested
on human liver cancer cells. The results concluded that increase in Ag-doping directed to reduction
of cell viability. These findings suggested that Ag-doped TiO, NPs have potential of anticancer
activity which is proportional to Ag doping
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