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A B S T R A C T

In this study, a novel curcumin-coated, Sr and Co co-doped TiO₂ (TiO₂SrCoCur) nanoparticles (NPs) was syn
thesized via a sol-gel method and extensively characterized for its structural, morphological, optical, and anti
bacterial properties. XRD confirmed the anatase phase of TiO₂ with successful doping of Sr and Co, while FTIR 
and XPS analyses validated the presence of curcumin and functional surface groups. TEM analysis revealed 
spherical particles with an average size of approximately 36 nm, whereas DLS showed a larger hydrodynamic 
diameter of ~224 nm due to agglomeration and solvation effects. UV–Vis spectroscopy exhibited characteristic 
absorption peaks at 230 and 286 nm, confirming the optical transitions influenced by doping and curcumin 
interaction. The TiO2SrCoCur NPs showed enhanced antibacterial activity against G+ and G- bacteria (S. aureus, 
B. subtilis, B. megaterium, K. pneumoniae, P. valgaris, and V. cholerae) and antifungal activity against C. albicans. 
Additionally, anticancer property against liver cancer HePG-2 cells is also studied, which shows significant 
cytotoxicity with IC50 of ~7 μg/mL. A reasonable level of antioxidant activity is found when the Trolox 
equivalent study is used for analysis. As a result, the as-synthesized curcumin-coated Sr/Co-doped TiO2 NPs show 
adequate biocidal properties to be used as effective therapeutic agents against pathogenic bacteria, fungi, and 
liver cancer treatment applications.

1. Introduction

Liver cancer, particularly hepatocellular carcinoma (HCC), is a 
leading cause of cancer-related deaths, often linked to chronic liver 
diseases like cirrhosis, hepatitis B/C, and excessive alcohol use. Symp
toms are usually subtle, and as the disease progresses, it can lead to liver 
failure and metastasis, making treatment challenging [1]. Current 
therapies like surgery and chemotherapy have limitations, including 
high recurrence rates and severe side effects, necessitating more 

effective, targeted solutions. Nanotechnology presents a promising 
alternative, with nanoparticles enhancing drug delivery to cancer cells 
while minimizing toxicity [2]. Additionally, nanoparticles can be func
tionalized with targeting ligands for precise delivery and possess anti
bacterial and antifungal properties, offering protection against 
infections in immunocompromised patients. TiO2-based nanoparticles, 
for example, have dual anticancer and antimicrobial effects, inducing 
oxidative stress in cancer cells while preventing infections. Their ability 
for controlled drug release further improves treatment efficacy and 
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patient compliance, positioning nanotechnology as a powerful tool in 
liver cancer therapy [3].

TiO2 NPs offer significant advantages in biomedical applications, 
such as drug delivery, biosensing, photodynamic therapy, and cancer 
treatment, owing to their unique properties, including non-toxicity, 
abundance, and tunable size and surface characteristics. Anatase TiO2, 
in particular, shows higher photocatalytic and biological activity 
compared to the rutile form, making it effective in combating bacterial 
and fungal infections, promoting wound healing, and providing anti
oxidant and anticancer properties. However, while TiO2 NPs have 
shown promise, there are notable drawbacks when used alone. Pure 
TiO2 NPs often exhibit limited biocompatibility and can be relatively 
biocidal to normal cells, which raises concerns regarding their safety in 
therapeutic applications. Additionally, TiO2 NPs tend to have low pho
tocatalytic efficiency under visible light and may not produce sufficient 
reactive oxygen species (ROS) to induce the desired therapeutic effects 
[4–10].

To overcome these limitations, researchers have explored doping 
TiO2 NPs with various elements, such as metal and non-metal dopants, 
to enhance their performance. Doping improves the photocatalytic ac
tivity of TiO2 under visible light, increases their antimicrobial and 
anticancer efficacy, and enhances their biocompatibility by reducing 
cytotoxicity. By modifying the crystal structure, electronic properties, 
and surface defects of TiO2, dopants can tailor the material for specific 
biomedical applications. This makes TiO2-based nanocomposites and 
bio-nanocomposites a more effective solution for combating infections, 
treating cancer, and addressing other biomedical challenges. Thus, 
doping TiO2 NPs is essential to expanding their range of applications 
while minimizing potential adverse effects, ensuring their safety and 
efficacy in medical treatments [11–15].

Strontium (Sr) and cobalt (Co) are excellent dopants for TiO2 NPs in 
biomedical applications due to their unique properties that enhance 
TiO2’s performance in various therapeutic contexts. Strontium is widely 
recognized for its beneficial effects on bone health, promoting osteoblast 
differentiation and mineralization, which makes it a valuable dopant for 
bone regeneration and tissue engineering applications. Additionally, Sr 
doping improves the biocompatibility of TiO2, reducing cytotoxicity and 
inflammation, which is critical for biomedical devices in direct contact 
with living tissues. Strontium also possesses antimicrobial properties, 
which can enhance TiO2’s ability to prevent infections in medical im
plants and support wound healing. On the other hand, cobalt is known 
for its catalytic and antimicrobial properties, enhancing TiO2’s photo
catalytic activity and ability to generate reactive oxygen species (ROS), 
making it more effective in photodynamic therapy and microbial 
disinfection. Cobalt doping also boosts TiO2’s anticancer properties by 
increasing ROS production, inducing oxidative stress, and promoting 
apoptosis in cancer cells. While other metals like zinc, copper, or iron 
have been explored as TiO2 dopants, strontium and cobalt offer a more 
balanced combination of enhanced therapeutic efficacy, biocompati
bility, and safety, making them ideal choices for TiO2 doping in 
advanced biomedical applications, including drug delivery, wound 
healing, anticancer therapy, and infection control [16–19].

Combining curcumin with dual-metal-doped metal oxide nano
particles, such as TiO2 doped with strontium and cobalt, enhances its 
therapeutic potential. Curcumin’s natural anti-inflammatory, antioxi
dant, anticancer, and antimicrobial properties are amplified by the 
synergistic effects of the metal dopants, which improve photocatalytic 
activity, ROS generation, and stability. The dual doping also increases 
curcumin’s bioavailability and reduces its cytotoxicity, making it safer 
for clinical use. Additionally, these nanoparticles can be functionalized 
for targeted delivery, improving the effectiveness of treatments for 
cancer, infections, and wound healing [20–25].

Thus, dual metal ions as Sr/Co ion doping and curcumin coating of 
TiO2, TiO2SrCoCur is synthesized via a simple wet-chemical synthesis 
process. It is subsequently analyzed using various systematic methods, 
including XRD, FTIR, DLS, TEM, XPS, UV, and PL, along with its 

antibacterial, antioxidant, and antifungal activities. In this study, we 
investigated the anticancer activity in human liver cancer (HepG2) cells, 
antibacterial activity in G+ and G- bacteria, antifungal activity in 
C. albicans and antioxidant in Trolox free radicals.

2. Materials and methods

2.1. Required Chemical reagents

The chemical reagents such as Titanium isopropoxide (Ti(OiPr)4), 
Strontium nitrate (Sr(NO3)2), Cobalt nitrate (Co(NO3)2), Sodium hy
droxide (NaOH), Ethanol (99 %), Curcumin are purchase from Sigma 
Aldrich, India.

2.2. Synthesis of curcumin coated Sr/Co doped TiO2 NPs

To synthesize strontium and cobalt doped curcumin-coated TiO2 
nanoparticles, titanium isopropoxide is first dissolved in ethanol (99 %) 
to form a clear solution, typically at a concentration of 0.090 M. 
Strontium nitrate and cobalt nitrate are separately dissolved in distilled 
water to prepare their respective solutions at concentrations of 0.005 M 
and 0.005 M, respectively. These metal salt solutions are then added 
dropwise to the titanium precursor solution while stirring to allow the 
incorporation of Sr and Co ions into the TiO2 matrix. Sodium hydroxide 
(NaOH) solution (0.1 M) is slowly added to the mixture to adjust the pH 
to around 9, causing precipitation of TiO2. The precipitate is then 
filtered, washed multiple times with distilled water to remove excess 
ions and impurities, and dried at 60–80 ◦C for 6–12 h. The dried material 
is calcined at 400–500 ◦C for 2–4 h to transform the titanium hydroxide 
into crystalline TiO2, incorporating Sr and Co into the TiO2 structure. 
Afterward, curcumin (0.1 M) is dissolved in ethanol to form a solution, 
and the calcined Sr-Co-doped TiO2 nanoparticles are dispersed in this 
curcumin solution. The mixture is subjected to sonication for uniform 
dispersion, followed by stirring for several hours to allow curcumin to 
adsorb onto the nanoparticle surface. Finally, the curcumin-coated Sr- 
Co-doped TiO2 nanoparticles are dried at 50–60 ◦C for 6–12 h. The 
synthesized nanoparticles are characterized using various techniques.

3. Results and discussion

The crystalline size and phase of the synthesized materials were 
evaluated using the XRD technique. The characteristic peaks in Fig. 1a 
for synthesized TiO2SrCoCur at 2θ = 25.1◦, 37.2◦, 48.1◦, 54.1◦, 54.6◦, 
55.0, 63.5◦, and 68.9◦ are attributed to TiO2 with anatase phase (JCPDS 
#PDF 71–1166), which can be allocated to the crystal lattice planes 
(101), (004), (200), (211), (116), and (220). The peaks at 27.3◦, 42.1◦, 
and 52.8◦ correspond to the Sr metal hexagonal crystal structure of 
(110), (220), and (222) planes (JCPDS #PDF 15–0306), respectively. 
The characteristic peaks at 43.6◦ and 77.1◦ correspond to Co metal cubic 
crystal structures of the (111) and (220) planes, respectively. Further
more, the peaks at 17.1◦, 24.1◦, and 32.7◦ are due to curcumin com
ponents. This result is consistent with previous research findings 
[33–36]. This implies that the synthesized TiO2SrCoCur NPs consisting 
anatase phase along with Sr/Co/Cur. Scherrer’s equation yields a crys
tallite size of 33.8 nm.

The FTIR peaks of curcumin at 3425, 2928, 2026, 1628, 1409, 1274, 
1153, 1025, 1116, 830, 672, and 619 cm− 1 correspond to various 
functional groups and vibrations in the molecule. The peak at 3425 cm− 1 

indicates the O–H stretch of phenolic groups, while the 2928 cm− 1 peak 
is due to C–H stretching in methyl and methylene groups. The 1628 
cm− 1 peak represents C––C stretching, typical of aromatic structures, 
and 1409 cm− 1 corresponds to C–H bending. Peaks at 1274, 1153, and 
1025 cm− 1 are related to C–O stretching, and 830, 672, and 619 cm− 1 

are attributed to C–H bending vibrations in the aromatic ring. These 
peaks confirm the presence of hydroxyl, aromatic, and ester functional 
groups in curcumin, which are essential for its chemical properties [26].
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The FTIR peaks for Sr/Co-doped curcumin-coated TiO₂ at 3433, 
2921, 2026, 1628, 1440, 1266, 1123, 1018, 958, 672, and 619 cm− 1 

reveal various functional group vibrations and bonding interactions in 
the material. The peak at 3433 cm− 1 is linked to the O–H stretch from 
hydroxyl groups found in both curcumin and the surface hydroxyls on 
TiO₂. The 2921 cm− 1 peak corresponds to C–H stretching vibrations 
from methyl and methylene groups in curcumin. At 2026 cm− 1, C––O 
stretching vibrations are present, indicating ester groups in curcumin. 
The 1628 cm− 1 peak reflects aromatic C––C stretches, characteristic of 
curcumin’s backbone, while the 1440 cm− 1 peak is related to C–H 
bending from both curcumin and the TiO₂ matrix. The 1266 cm− 1 peak is 
attributed to C–O stretching in ester functional groups in curcumin. The 
1123 cm− 1 peak is associated with Ti–O bond vibrations, common in 
TiO₂ composites. The 1018 cm− 1 peak corresponds to C–H bending 
from curcumin’s aromatic rings, while the 958 cm− 1 peak is likely from 
Ti–O bending or stretching vibrations. Lastly, the peaks at 672 and 619 
cm− 1 suggest bending vibrations in curcumin’s aromatic rings or Ti–O 
interactions. These FTIR findings confirm the successful incorporation of 
curcumin and the dual metal dopants (Sr and Co) into the TiO₂ structure 
[18,34,35].

TEM analysis was used to further assess the morphology and nano
structured properties. Small spherically-shaped particles are agglomer
ated and covered by curcumin layer, as seen in Figs. 1c and d. The 
TiO2SrCoCur particles were found to be 36.2 nm (median). SAED 
pattern shown in Fig. 1e well matches with the XRD pattern. The DLS of 
Cur and TiO2SrCoCur, is illustrated in Fig. 1f and g, respectively. The 
hydrodynamic diameter and polydispersity index of the TiO2SrCoCur 
particle were measured and found to be 224 nm and 0.375. The sizeof 
the particle is higher compared to the results from XRD/TEM analyses 
may result from the hydrated curcumin matrix absorbing water mole
cules during DLS spectral analysis [19]. This occurrence can be 
accredited to the presence of various functional groups, which induce 
distortion on the Sr/Co-doped TiO2 surface. These functional groups 
contribute to electrostatic interactions or enhance the development of 
intmaolecular H-bonds within the curcumin.

The surface characteristics of the synthesized TiO2SrCoCur nano
particles were analyzed utilizing XPS. The core-level spectra for each 
elements are illustrated in Fig. 2(a–e), confirming the existence of Ti, Sr, 
Co, C, and O in the TiO2SrCoCur composition. The deconvoluted spec
trum of Ti 2p exhibits a single spin-orbit doublet, as displayed in Fig. 2a. 
The peak at approximately 458.0 eV, corresponds to Ti 2p3/2, while the 
second peak, around 463.7 eV, is attributed to Ti 2p1/2 [37,38].

Figs. 2b and 2c reveal that the dopant spectra for Sr 3d and Co 2p can 
be divided into a primary and a secondary component. The prominent 
peaks at 132.7 eV and 779.0 eV correspond to the Sr and Co elements 
integrated within the lattice structure, respectively. 134.8 eV and 780.3 
eV peaks are due to trace amounts of Sr and Co oxide derivatives. The 
narrow-scan XPS spectra for C 1 s and O 1 s are presented in Figs. 2d and 
2e, respectively. For C1s, the dominant peak at 284.7 eV is accredited to 
C sp2, while the smaller peak at 286.4 eV and 288.6 eV are related with 
C––O/C–O–C and –COOH [39,40]. It is possible to deconvolute the O 
1 s spectra (Fig. 2e) into three components at 530.9, 533.3 and 533.7 eV, 
which are attributed to lattice oxygen in TiO2/Sr-Co oxide derivatives 
and C=O/C-O-C/OH in Cur. Further, the element analysis was done 
using EDX method. EDX spectrum of TiO2SrCoCur NPs shown in Fig. 2 g 
and SEM image and line profile is displayed in Fig. 2 f. The spherical 
morphology is observed similar to the TEM results. The EDX spectrum 
shows the presence of Ti, Sr, Co, C and O elements, which is consistent 
with the XPS results. These results confirmed that the as-synthesized 
TiO2SrCoCur NP is composed of the Ti, Sr, Co, C and O components 
[27–30].

Using PL and UV–Vis spectroscopy techniques, we investigated the 
optical properties of curcumin and TiO2SrCoCur. Fig. 3a displays the UV 
spectra of curcumin and TiO2SrCoCur. The TiO2SrCoCur nanocomposite 
displays absorption peaks at 230 nm and 286 nm, while pristine cur
cumin shows prominent absorption at 225 nm and a weaker peak at 397 
nm, corresponding to its typical absorption region. The incorporation of 
Sr/Co/Cur into TiO2 modifies the optical properties associated with 
electronic transitions. The UV–Vis spectra of TiO2SrCoCur confirm the 
existence of Sr/Co/Cur on TiO2through the absorption peaks at 230 nm 

Fig. 1. (a) XRD pattern of TiO2SrCoCur. (b) FTIR Spectra of TiO2SrCoCur (black line) and Curcumin (orange line). (c/d) TEM images of TiO2SrCoCur. (e) SAED 
pattern of TiO2SrCoCur. (f/g) DLS spectra of Curcumin and TiO2SrCoCur.
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Fig. 2. (a-e) High-Confinement XPS spectrum of TiO2SrCoCur. (f) SEM of TiO2SrCoCur NPs (Yellow line represents EDX scanning line profile). (g) EDX line spectra of 
TiO2SrCoCur NPs.

Fig. 3. (a) UV–Vis spectra of TiO2SrCoCur and curcumin. (b) PL spectrum of TiO2SrCoCur.
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and 286 nm [18,41].
The PL peaks (Fig. 3b) observed at 368, 398, 416, 441, and 482 nm in 

TiO2SrCoCur provide valuable insights into its optical properties and 
electronic transitions. The peak at 368 nm is typically linked to intrinsic 
electronic transitions in the TiO₂ structure, associated with bandgap 
excitation. The 398 nm peak likely arises from defect states in the TiO₂ 
lattice, such as oxygen vacancies or Ti interstitials, which are known to 
influence photoluminescence. The 416 nm peak could result from a 
combination of intrinsic transitions and surface defects, possibly related 
to Sr and Co doping, which introduce new energy levels within the 
bandgap. The 441 nm peak is likely connected to energy states formed 
by the doping process, where Sr and Co influence the electronic struc
ture, enhancing the recombination of electron-hole pairs. The 482 nm 

peak may correspond to deeper energy levels due to the curcumin 
coating or additional surface defects, contributing to a longer- 
wavelength emission. These findings suggest that the Sr/Co doping 
and curcumin coating significantly alter the electronic structure of TiO₂, 
creating surface defects and modifying its photophysical properties, 
which could be beneficial for applications in photocatalysis, antibacte
rial treatments, and anticancer therapies [23,24].

Tested at a concentration of 2 μg/mL against a range of bacterial 
strains, including S. aureus, B. subtilis, B. megaterium, K. pneumoniae, P. 
vulgaris, and V. cholera, were TiO2, TiO2SrCo, curcumin, TiO2SrCoCur, 
and amoxcillin (Fig. 4a). The inhibition zone by the well diffusion 
approach is displayed in Fig. 4a. The inhibition zone of TiO2SrCoCur is 
greater than 12.3 mm for each strain of bacteria. It’s remarkable to note 

Fig. 4. (a) Activity of TiO2, TiO2SrCo, Cur, TiO2SrCoCur and Amoxcillin against bacterial strains (b) Activity of TiO2, TiO2SrCo, Curcumin, TiO2SrCoCur and 
Fluconazole against C. albicans (c) Antioxidant activity of TiO2, TiO2SrCoCur and vitamin-C. (d) Anticancer activity of TiO2and TiO2SrCoCur NPs on HePG-2 cells.
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that the zone of inhibition for K. pneumoniae, P. vulgaris, and V. cholera is 
demonstrated to be greater (14.2 mm) than that of its counterparts. The 
antibacterial effectiveness against K. pneumoniae was nearly equal to 
that of the widely used medicine amoxicillin. The observed increased 
zone of inhibition (12.3–14.2 mm) could point to potential antibacterial 
properties of the as-synthesized TiO2SrCoCur NPs. The antibacterial 
effectiveness of TiO2SrCoCur nanoparticles largely relies on the syner
gistic interaction among Sr, Co, and curcumin components when 
compared to pristine TiO2, curcumin, and TiO2SrCo. The presence of 
Sr2+, Ti2+, and Co2+ ions, along with factors such as ratio of surface/ 
volume, charge interactions, and enhanced transmission capacity for 
reactive molecules, enables these components to generate oxidative 
stress within bacterial cells [31,32,42].

As noted earlier, surface defects, particularly oxygen vacancies on 
TiO2SrCoCur, significantly influence the biocidal properties, as shown in 
the PL analysis. These defects increase the generation of hydroxide 
radicals and ROS through a water-splitting mechanism, which subse
quently enhances the antibacterial activity. TiO2SrCoCur NPs are 
effective in disrupting biofilm formation, damaging bacterial cell, and 
releasing ROS, initiating to the inhibition of bacterial growth. So, 
TiO2SrCoCur nanoparticles hold promise for combating various micro
organisms in biomedical field. Additionally, TiO2SrCoCur NPs might 
assistance in wound healing and infection prevention. However, factors 
such as particle composition, size, concentration, and bacterial strain 
type can influence the antibacterial efficacy. Further studies are 
required to comprehensively evaluate their potential and broaden their 
applications.

Using the in vitro experimental model, we further examined 
TiO2SrCoCur’s antifungal activity. The antifungal activity of TiO2, 
TiO2SrCo, fluconazole, curcumin, and TiO2SrCoCur against Candida 
albicans is displayed in Fig. 4b. The results indicate that TiO2SrCoCur 
exhibits a maximum inhibition zone of 16.1 mm, outperforming its 
synthetic counterparts. TiO2SrCoCur nanoparticles also demonstrated a 
dose-dependent ability to scavenge free radicals. The study highlighted 
the effectiveness of TiO2SrCoCur NPs in comparison to Trolox for free 
radical scavenging, showcasing their role in controlling oxidative stress, 
preventing membrane degradation, and maintaining cellular integrity. 
Fig. 4c illustrates the antioxidant properties of the synthesized TiO2 and 
TiO2SrCoCur materials alongside the commonly used antioxidant, 
vitamin C. The Trolox free radical scavenging activity ranged from 37 % 
to 78 % at concentrations between 20 and 100 μg/mL. When it came to 
the ability of vitamin C, at 100 μg/mL, to scavenge free radicals pro
duced by Trolox, it was nearly identical. The efficiency of TiO2’s 
fungicidal action is dependent on a number of factors, including the 
methods used to create the nanoparticles, their concentration, duration 
of treatment, and chemical stability. Given that TiO2 is synthesized using 
the biomolecule curcumin matrix, their size and bioactive components 
might be able to reveal whether or not they significantly inhibit fungal 
infections in tests [43–48]. The creation of ROS is one of the factors 
taken into consideration for TiO2SrCoCur’s antioxidant capabilities.

As shown in Fig. 4d, experiments were conducted using varying 
concentrations of TiO2SrCoCur NPs on HePG-2 cell lines, a cell line used 
to study liver cancer activities (for 24 h). The photomicrograph (20×) in 
Fig. 4d-insets shows the cellular changes as compared to TiO2 and 
control when HePG-2 cells are treated with TiO2SrCoCur (2.5, 5, 7.5, 10, 
12.5, and 15 μg/mL). The control cell remains in its normal shape and 
has 100 % cell viability without treatment. On liver cancer cells, 
TiO2SrCoCur NPs had a significant anti-proliferative effect. TiO2SrCo
Cur was shown to exhibit a more favourable cytotoxic response than 
pure TiO2. The reduction in cell viability observed with TiO2SrCoCur 
NPs may be ascribed to the interaction between curcumin and TiO2 
molecules, having a matrix form. The lower cell viability observed in 
TiO₂SrCoCur compared to pure TiO₂ can be attributed to several factors. 
Firstly, the dual doping of strontium (Sr) and cobalt (Co) in TiO₂ en
hances its photocatalytic activity, which is known to generate ROS upon 
exposure to light. These ROS can induce oxidative stress within cancer 

cells, leading to DNA damage, apoptosis, or necrosis, thereby reducing 
cell viability. The curcumin coating on TiO₂ further amplifies this effect, 
as curcumin itself has proven anticancer properties, promoting cell cycle 
arrest and apoptosis in cancer cells. Additionally, the Sr and Co dopants 
may introduce defects in the TiO₂ lattice, such as oxygen vacancies, 
which can contribute to increased ROS production and higher anti
cancer efficacy. The combined effects of these factors enhanced ROS 
generation due to doping and the therapeutic properties of curcumin 
make TiO₂SrCoCur a more effective anticancer agent compared to pure 
TiO₂, leading to reduced cancer cell viability.

4. Conclusion

The TiO₂SrCoCur NPs synthesized in this study presents a promising 
multifunctional material with enhanced antibacterial properties, 
attributable to the synergistic effects of Sr and Co co-doping and surface 
functionalization with curcumin. The prominent green emission 
observed in the PL spectrum indicates a high density of oxygen va
cancies, which are known to promote ROS generation, thereby boosting 
antimicrobial activity. Compared to undoped or singly doped TiO₂ sys
tems reported in previous studies, the co-doped curcumin-coated com
posite exhibited superior performance, highlighting the advantage of 
multicomponent modification. Furthermore, the long-term colloidal 
stability observed through DLS analysis suggests practical applicability 
in aqueous environments. The NPs and their variants demonstrated 
potent antibacterial activity against both Gram-positive and Gram- 
negative bacterial strains, with efficacy increasing at higher concentra
tions (increased zone of inhibition 12.3–14.2 mm). Additionally, 
TiO₂SrCoCur was evaluated for its antioxidant properties using Trolox 
free radicals and for antifungal activity against C. albicans (maximum 
inhibition zone of 16.1 mm). Notably, TiO₂SrCoCur exhibited promising 
anticancer effects against liver cancer (HePG-2) cells, requiring a lower 
inhibitory concentration for efficacy (IC50 ≈ 7.5 μg/mL).

Overall, the synthesized TiO₂SrCoCur NPs hold significant potential 
for biomedical applications, including future developments in anti
cancer, antioxidant, antibacterial, and antifungal therapies. Further 
research should explore their use in targeted drug delivery, wound 
healing, and medical coatings, as well as assess their in vivo efficacy in 
cancer and infection treatments. Improving their bioavailability and 
clinical safety will be essential for advancing these NPs into therapeutic 
applications.
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