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Abstract

Objective: This study aimed to develop an eco-friendly nanotherapeutic strategy by synthesizing titanium dioxide
nanoparticles (TiO: NPs) using Zingiber officinale (ginger) extract and to evaluate their apoptosis-mediated
anticancer activity against A549 human lung carcinoma cells. The study emphasizes the distinctive role of
ginger phytochemicals in enhancing nanoparticle bioactivity compared to conventional plant mediated syntheses.
Methods: TiO: nanoparticles were biosynthesized using Zingiber officinale extract as a natural reducing and
stabilizing agent, eliminating the need for toxic chemicals. The synthesized nanoparticles were characterized
using transmission electron microscopy (TEM) to determine morphology and size, and Fourier-transform
infrared (FTIR) spectroscopy to identify phytochemical functional groups involved in nanoparticle capping and
stabilization. The anticancer efficacy of TiO. NPs was assessed against A549 lung cancer cells and normal lung
fibroblasts using the MTT assay. Apoptosis associated morphological changes were examined microscopically,
and apoptotic cell death was further confirmed by acridine orange/ethidium bromide (AO/EtBr) dual staining.
Results: TEM analysis confirmed the formation of uniformly distributed nanosized TiO: particles, while FTIR
spectra revealed the presence of amine, ketone, and alkene groups, indicating effective surface functionalization
by ginger-derived phytochemicals. The biosynthesized TiO> NPs exhibited significant dose-dependent cytotoxicity
against A549 cells and normal lung fibroblasts, with a low ICso value of 12 + 0.5 ng/mL. Treated cells showed
characteristic apoptotic features, including cell shrinkage, membrane blebbing, chromatin condensation, and
orange-red fluorescence in AO/EtBr staining. Conclusion: The findings indicate that ginger-mediated TiO-
nanoparticles effectively induce apoptosis in A549 lung cancer cells and exhibit strong anticancer activity. These
biosynthesized TiO- NPs represent a promising eco-friendly and biocompatible nanotherapeutic candidate for
lung cancer treatment.
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Introduction

The production of plant-mediated nanoparticles with
powerful therapeutic uses is one arca of biomedical
research that has benefited greatly from the recent
breakthroughs in nanotechnology [1, 2]. Among these,
Titanium dioxide nanoparticles (TiO2 NPs) have attracted
considerable attention due to their unique physicochemical
properties, including high surface area, photocatalytic
activity, and biocompatibility [3]. Traditional chemical
and physical synthesis methods, however, often involve
toxic reagents and high energy input, prompting the search

for more sustainable and eco-friendly alternatives. Green
synthesis, using plant extracts, has emerged as a viable
solution, offering a cost-effective, safe, and scalable
approach to nanoparticle production [4].

Zingiber officinale (commonly known as ginger)
is a medicinal plant widely recognized for its rich
phytochemical profile, including gingerols, shogaols, and
zingerone compounds known for their strong antioxidant,
anti-inflammatory, and anticancer properties [5, 6].
Leveraging these bioactive constituents, ginger extract
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can act as both a reducing and stabilizing agent in the
synthesis of TiO2 NPs, eliminating the need for hazardous
chemicals. Not only does this green approach support
sustainable nanoparticle synthesis, but it also imparts
therapeutic functionality to the nanoparticles themselves
[7].

Recent studies have highlighted the anticancer potential
of plant-mediated TiO2 nanoparticles, particularly through
mechanisms involving reactive oxygen species (ROS)
generation, mitochondrial dysfunction, and the induction
of apoptosis in cancer cells [8]. The phytochemical-
functionalized surface of ginger-mediated TiO> NPs may
enhance cellular uptake and bioavailability, potentially
leading to improved efficacy against various cancer
types while minimizing side effects on normal cells [9].
Mathesh et al., study explores the green synthesis of TiO-
nanoparticles using Spirulina as a natural reducing and
stabilizing agent. This eco-friendly approach enhances
biocompatibility and minimizes toxic byproducts.
The study emphasizes their structural characterization
and antibacterial potential. Special focus is placed
on combating multidrug-resistant pathogens [10].
The biosynthesized nanoparticles were thoroughly
characterized to confirm their structure, size, and
stability. Their ability to disrupt biofilm formation, reduce
exopolysaccharide production, and induce protein leakage
was assessed. The findings highlight their promising
role as nano-antibiotics for dental implant coatings [11].
Among plant-mediated strategies for the green synthesis
of titanium dioxide nanoparticles, Zingiber officinale is a
particularly relevant choice due to its rich phytochemical
profile and established biomedical activity. Ginger
rhizomes contain phenolic compounds such as gingerols,
shogaols, and zingerone, which possess well documented
antioxidant, anti-inflammatory, and anticancer properties
[7]. During nanoparticle synthesis, these bioactive
molecules act as natural reducing and stabilizing agents
and remain associated with the nanoparticle surface,
as evidenced by FTIR analysis. This phytochemical
functionalization is likely to enhance nanoparticle
cell interactions and modulate apoptotic responses in
lung cancer cells, positioning ginger-mediated TiO2
nanoparticles as a biologically informed and functionally
enhanced green nanotherapeutic system rather than a
purely eco-friendly alternative [12]. This study aims to
synthesize and characterize Zingiber officinale mediated
TiO: nanoparticles and evaluate their anticancer activity,
providing insights into their mechanism of action and
potential application in nanomedicine. By combining
the therapeutic benefits of ginger with the advanced
functionality of TiO2 NPs, this work represents a
promising step toward the development of biocompatible
nanotherapeutics for future cancer treatment strategies.

Materials and Methods

Materials

Titanium (IV) isopropoxide (TTIP; CAS 546-68-
9), used as the titanium precursor, was procured from
Sigma-Aldrich. Glutaraldehyde (CAS 111-30-8), sodium
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hydroxide pellets (CAS 1310-73-2), ethanol (CAS 64-17-
5), and acetic acid (CAS 64-19-7) were purchased from
SRL and HiMedia. A549 human lung carcinoma cells
were sourced from NCCS, Pune. Cell culture plasticware
was obtained from TPP (SRL distributor), and phosphate-
buffered saline (PBS; HiMedia) was used for washing
procedures. All laboratory glassware and plasticware
(Borosil/ HiMedia) were properly cleaned, dried, and
sterilized prior to use. Fresh Zingiber officinale (ginger)
rhizomes were collected locally for extract preparation.

Preparation of Zingiber officinale Rhizome Extract
Fresh ginger rhizomes were thoroughly washed under
running tap water, followed by two rinses with distilled
water to remove surface contaminants. The rhizomes
were then peeled and finely chopped. An aqueous extract
was prepared at a 1:10 (w/v) ratio by mixing 10 g of the
chopped material with 100 mL of distilled water in a 250
mL beaker. The mixture was heated to a gentle boil and
maintained for approximately 15 minutes, during which
a light yellowish-brown color developed, indicating the
extraction of bioactive compounds. After cooling to room
temperature, the extract was filtered through Whatman
No. 1 filter paper, and the resulting clear filtrate was used
immediately for the synthesis of TiO- nanoparticles.

Green Synthesis of Zingiber officinale-Mediated Titanium
Dioxide Nanoparticles

Preparation of Titanium Precursor Solution

A titanium precursor solution was prepared by
dissolving titanium (IV) isopropoxide (TTIP) in ethanol
under continuous stirring to obtain a uniform solution of
desired molarity (typically 0.1-0.2 M).

Interaction with Zingiber officinale Extract

The freshly prepared ginger extract was introduced
slowly into the titanium precursor solution under constant
magnetic stirring at approximately 40 °C. The reaction
mixture was maintained under continuous agitation,
allowing phytochemicals present in the extract to act
as reducing and stabilizing agents. A gradual change in
the turbidity of the solution signified the initiation of
nanoparticle formation.

Alkaline pH Adjustment and Nanoparticle Formation

To facilitate the formation of titanium dioxide
nanoparticles, the pH of the reaction mixture was
carefully adjusted to around 10 using sodium hydroxide
solution added dropwise under constant stirring. As the
pH increased, a whitish precipitate developed, confirming
TiO: nanoparticle formation. The mixture was allowed
to age for complete particle maturation. The resulting
nanoparticles were collected by centrifugation, followed
by repeated washing with distilled water and ethanol to
remove unreacted residues and phytochemical impurities.
The purified TiO2 nanoparticles were finally dried and
stored for subsequent anticancer evaluation and hydrogel
loading.
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Transmission Electron Microscopy

Transmission Electron Microscopy (TEM) was used
to analyze the size and morphology of titanium dioxide
nanoparticles synthesized using Zingiber officinale
extract. A drop of the nanoparticle suspension was placed
on a carbon-coated copper grid, air-dried, and examined
under a TEM. The images revealed spherical and
uniformly distributed nanoparticles, and particle size was
measured using ImagelJ software. Selected Area Electron
Diffraction (SAED) patterns confirmed the crystalline
nature of the nanoparticles [13].

FTIR Characterization

Fourier transform infrared (FTIR) spectroscopy
was utilized to analyze the functional groups of TiO,
nanoparticles using the KBr pellet method. The spectra
were recorded using a Nicolet 5700 spectrometer (Thermo
Scientific, USA) in the range of 500-4000 cm™. The
analysis was conducted to identify characteristic peaks
corresponding to functional groups associated with TiO2
NPsnanoparticles and phytochemical constituents from
Z. officinale [14, 15].

Cell Culture Maintenance

The human lung cancer (A549) cells were supplied
by the National Centre for Cell Sciences (NCCS), which
is situated in Pune, India. 10% fetal bovine serum (FBS)
(Gibco, USA), 1.5 g/L sodium bicarbonate, 0.1 mM non-
essential amino acids, 1 mM sodium pyruvate, 1.5 g/L
glucose, 2 mM L-glutamine, and 10 mM HEPES buffer
were added to Dulbecco’s Modified Eagle’s Medium
(DMEM), which was used to develop the cells. To prevent
bacterial contamination, 100 TU/mL penicillin and 100
pg/mL streptomycin were added to the medium. Cells
were maintained at 37°C in a humidified incubator with
5% CO2 [16].

Morphological Analysis

A549 cells were seeded onto sterile cover slips at a
density of 1 x 103 cells per cover slip and left to adhere
for the entire night in order to assess morphological
changes. The cells were fixed with a 3:1 (v/v) ethanol
and acetic acid solution after being treated with TiO,
nanoparticles. This fixing method preserved cellular
structure by stabilizing membranes and preventing further
biological activity. The ethanol-acetic acid combination
effectively crosslinked proteins and cellular components,
ensuring their integrity for microscopic analysis. The
fixed cells were placed on glass slides and observed
at 10x magnification using a bright-field inverted light
microscope (Nikon, Japan). Images of three randomly
selected fields per experimental group were captured to
record morphological changes in the cells [17].

Cytotoxicity Evaluation

The MTT assay was used to evaluate the cytotoxic
effect of TiO, nanoparticles on A549 cells. The cells
were cultivated till 80% confluency after being seeded
at a density of 1 x 10° cells per well in 96-well plates.
The cells were treated with samples of serially diluted
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TiO, nanoparticles and then incubated for a further 48
hours. After the incubation period, 100 pL of MTT
solution (0.5 mg/mL in PBS) was applied to each well after
the medium was withdrawn. To enable the development
of formazan crystals, the plates were incubated for four
hours at 37°C. Following the removal of the supernatant,
50 puL of DMSO was added to dissolve the formazan,
and an ELISA microplate reader (ThermoMultiskan EX,
USA) was used to detect absorbance at 620 nm [18].
The percentage of viable cells was calculated using the
formula:

Cellviability(%)=(ODoftreatedsample/ODofcontrol)
x 100

Fluorescence Microscopic Analysis of Apoptotic Cell
Death

Using a dual staining method with acridine orange
(AO) and ethidium bromide (EtBr), apoptotic cell death
was examined. Phosphate buffered saline (PBS, pH 7.2)
was used to suspend A549 cells (1 x 10° cells/mL), and
1 puL of a dye combination containing 100 pg/mL AO
and 100 pg/mL EtBr was added. The treated cells were
incubated with dye for two minutes and then washed
twice with PBS. The stained cells were then viewed at
10x magnification using a fluorescent microscope (Nikon
Eclipse, Japan) with an excitation filter set at 580 nm.
Because of EtBr absorption, apoptotic cells fluoresced
orange-red, whereas live cells fluoresced green [19].

Results

Transmission Electron Microscopy

The TEM micrograph showed polydispersed,
predominantly spherical TiO> nanoparticles with an
average size below 100 nm (Figure 1). Moderate
aggregation was observed, and the particles appeared
embedded in an amorphous matrix, suggesting capping
by phytochemicals from the ginger extract.

FTIR Analysis

To determine which functional groups are responsible
for the stability and synthesis of TiO, nanoparticles
mediated by Z. officinale, Fourier transform infrared
(FTIR) spectroscopy was employed. Many unique peaks
were visible in the spectrum, which may be shown in
Figure 2. A significant signal at 1509 cm™ was found
to correspond with the N-H bending of amine groups.

Figure 1. TEM Image of TiO: Nanoparticles Synthesized
Using Zingiber Officinale Extract. Nanoparticles are
mostly spherical, polydispersed, and below 100 nm in
size with slight agglomeration.
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Figure 2. FTIR Spectra of TiO2 Nanoparticles Showing
Key Functional Groups from Zingiber officinale

These amine groups are responsible for stability of the
nanoparticles. The minuscule peaks that were observed
at 821 cm™ were attributed to stretching vibrations of
the C=C bond, which indicated the presence of alkene
groups. It was determined that the CO-O-CO stretching
(anhydride) was responsible for the large peak at 1089
cm . This could be because of the presence of bioactive
compounds from Z. officinale, which is known for
its potential to inhibit cancer growth. Furthermore, a
prominent signal at 1745 cm™ suggested the existence of
C=0 stretching vibrations, which are frequently connected
to aliphatic ketone groups. The results presented here
reveal the successful incorporation of phytochemicals
derived from Z. officinale onto TiO, nanoparticles, which
has the potential to enhance the biological activity of
these nanoparticles, particularly in terms of inhibiting the
growth of A549 lung cells.

Cytotoxicity Assay

The MTT assay was carried out to understand
how ginger mediated TiO: nanoparticles affect cancer
and normal cells. The results show that cell response
changes clearly with concentration. In Figure 3 at lower
doses the effect on A549 lung cancer cells was mild.
Cell viability stayed relatively high up to 10 pg/mL
which suggests limited toxicity at the initial exposure
level. As the concentration increased a steady drop in
A549 viability was observed. At 25 and 50 pg/mL the

120
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Concentrartion (ng/mL)

HAS49(%) ®Normal lung fibroblasts (%)

Figure 3. Cell Viability (%) of A549 Lung Cancer
Cells and Normal Lung Fibroblasts after Treatment
with Ginger-mediated TiO: Nanoparticles at Different
Concentrations
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reduction became more noticeable and at 100 pg/mL
the viability fell to nearly 20%. This strong decrease
indicates that the nanoparticles interfere with metabolic
activity in cancer cells and reduce their survival in a dose
dependent manner. In contrast normal lung fibroblasts
behaved very differently. Across all tested concentrations
these cells maintained much higher viability. Even at
the maximum dose of 100 pg/mL more than 70% of the
fibroblasts remained viable. This pattern suggests that
the nanoparticles are less harmful to normal cells when
compared with cancer cells. The selective response may
be linked to the ginger derived compounds present on
the nanoparticle surface. These bioactive molecules are
known to enhance oxidative stress in cancer cells which
can disrupt mitochondrial function and reduce MTT
reduction. Normal cells appear more resistant under the
same conditions overall the results indicate that ginger
mediated TiO:2 nanoparticles show promising anticancer
activity while preserving good biocompatibility. This
selective cytotoxic behavior supports their possible use
in future biomedical applications though further studies
are still needed.

Cell Morphology Analysis

The morphological changes in A549 cancer cells upon
exposure to TiO, nanoparticles at varying concentrations
were examined (Figure 4a). Control cells exhibited normal
morphology without significant changes. However, cells
treated at IC, (12pg/mL) concentrations displayed notable
alterations, including shrinkage, membrane blebbing, and
detachment, forming floating cells (Figure 4b). These
cytological changes support the antiproliferative effects
of TiO, nanoparticles, which disrupt membrane integrity
and cytoskeletal stability, ultimately leading to cell death.

Cell Death Analysis Using Fluorescent Microscopy

Fluorescence microscopy was utilized to investigate
apoptotic cell death using ethidium bromide (EtBr) and
acridine orange (AO) stains (Figure 5a). In untreated
control cells, uniform green fluorescence was observed,
indicating viable cells. In contrast, TiO _-treated cells at
IC,, (12ng/mL) showed a shift from green to orange/
red fluorescence (Figure 5b), signifying apoptosis
induction and nuclear condensation. This colour transition
confirms the apoptogenic effect of TiO, nanoparticles,
demonstrating their ability to trigger programmed cell
death in A549 cancer cells.

Discussion

The current study effectively illustrates the
environmentally friendly manufacture of titanium dioxide
(TiO2) nanoparticles utilizing extract from Z. officinale
and assesses the anticancer potential of these nanoparticles
against A549 human lung carcinoma cells. By adding
phytochemicals to the nanoparticles, the biosynthetic
method not only does away with the need for hazardous
chemicals but also increases the biological activity of the
particles [8, 20]. FTIR analysis confirmed the involvement
of phytochemical constituents in nanoparticle formation
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Figure 4. Morphological Changes in A549 Cells
after TiO2 Nanoparticle Treatment: (A) Control cells
showing normal morphology. (B) IC,-treated cells
(12pug/mL) displaying shrinkage, membrane blebbing,
and detachment.

Figure 5. Fluorescence Microscopy of A549 Cells
Stained with AO/EtBr: (A) Green fluorescence, viable
control cells. Treatment of cells with TiO2 nanoparticles
at1C,, (12pg/mL).

and stabilization. The strong absorption band at 1509
cm ! associated with N-H bending suggests the presence
of amine groups that stabilize the nanoparticles [21]. The
presence of C=C and C=0 functional groups indicates
the contribution of bioactive ginger compounds, such
as gingerols and shogaols, known for their anticancer
potential. These functional groups not only act as
capping agents but may also facilitate cellular uptake
and interaction with cancer cell membranes, enhancing
cytotoxicity [22]. The MTT assay results revealed a
potent cytotoxic effect of ginger-mediated TiO2 NPs. This
significant inhibition of cancer cell viability supports the
therapeutic potential of TiO> NPs synthesized through
this green route. Comparatively, chemically synthesized
TiO2 NPs often require higher concentrations to achieve
similar effects, indicating the synergistic impact of
incorporated phytochemicals [23]. Morphological
analysis further validated the cytotoxic potential. Cells
treated at ICso concentration exhibited classical apoptotic
features such as cell shrinkage, membrane blebbing, and
detachment, contrasting the intact morphology of control
cells. These changes are indicative of programmed cell
death, aligning with prior findings on ROS-induced
mitochondrial dysfunction by TiO> NPs [24]. Fluorescence
microscopy using AO/EtBr staining confirmed apoptosis
as the primary mode of cell death. Treated A549 cells
displayed orange-red fluorescence, signifying membrane
permeability changes and nuclear condensation, hallmarks
of late apoptosis [25]. This suggests that the synthesized
TiO: NPs initiate apoptosis via intrinsic pathways, likely
through ROS generation and mitochondrial damage
mechanisms that spare normal cells and are favorable
in cancer therapy. Comparative literature shows that
plant-mediated TiO:> NPs using neem, tulsi, and aloe
vera have exhibited similar anticancer effects. However,
ginger-mediated NPs may offer an edge due to the rich
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profile of potent anti-inflammatory and antioxidant
compounds. The biocompatibility and dual therapeutic-
synthetic role of ginger make it a superior candidate
for green nanomedicine development. Furthermore, the
small size and high surface area of the synthesized TiO-
NPs are crucial for efficient internalization into cancer
cells and targeted drug delivery [26]. This nanoplatform
could also serve as a carrier for chemotherapeutic drugs,
improving efficacy while reducing systemic toxicity [27,
28]. While apoptotic cell death was clearly observed,
the underlying molecular pathways were not directly
examined in this study. The involvement of reactive
oxygen species, mitochondrial impairment, or ginger
derived phytochemicals is therefore suggested based on
existing reports rather than confirmed experimentally.
Future work including ROS quantification and caspase
activity assays would help clarify these mechanisms.
In addition, a more critical comparison with related green
synthesized TiO:» nanoparticles such as those derived
from Spirulina or neem would further position the present
findings within the broader literature [29].

In conclusion, this study underscores the potential
of Zingiber officinale-mediated TiO- nanoparticles as
a novel, biocompatible anticancer agent. The green
synthesis approach not only supports sustainable
nanotechnology but also enriches the therapeutic
profile of the nanoparticles through the incorporation
of phytochemicals. With an ICso of 12 pg/mL, evident
apoptotic induction, and significant morphological
alterations in A549 cells, the biosynthesized TiO> NPs
exhibit strong anticancer properties. These findings
lay the groundwork for further in vivo investigations,
optimization for drug delivery applications, and clinical
translation in the treatment of lung and possibly other
epithelial cancers. The integration of nanotechnology
with traditional medicinal plants offers a promising path
forward in precision oncology.

Acknowledgments

The corresponding author, Professor Vimal S.,
extends gratitude to all co-authors for their collaborative
contributions to this paper. This work was supported
by the Department of Biochemistry, Saveetha Medical
College and Hospital, Saveetha Institute of Medical and
Technical Sciences (SIMATS), Thandalam, Chennai - 600
105, Tamil Nadu, India.

CRediT authorship contribution statement

Akshaya Viswanathan - Original draft,
Conceptualization, Formal analysis and Review editing.

Deepika A - Conceptualization, Formal analysis and
Review editing.

Vimal S - Writing draft, Review editing, Formal
analysis, Conceptualization and Supervision.

Data availability

The data supporting the findings of this study are
available from the all authors request. All relevant data are
included within the article and its supplementary materials.

Asian Pacific Journal of Cancer Biology* Vol 11¢ Issue 3 743



apjcb.waocp.com

Declarations
Ethical approval - Not required.

Competing interests
The authors declare no competing interests.

References

1. Karnwal A, Jassim AY, Mohammed AA, Sharma V, Al-Tawaha
ARMS, Sivanesan . Nanotechnology for Healthcare:
Plant-Derived Nanoparticles in Disease Treatment and
Regenerative Medicine. Pharmaceuticals. 2024 Dec
18;17(12):1711. https://doi.org/10.3390/ph17121711

2. Ramya R, Muthulakshmi G, Sudhahar S, Bhaskaran A. Green
synthesis and characterization studies of TiO2 nanoparticles
and its potential biological performance. Nano-Structures
& Nano-Objects. 2024 09 01;39:101322. https://doi.
org/10.1016/j.nan0s0.2024.101322

3. Rashid MM, Forte Tavcer P, Tomsi¢ B. Influence of
Titanium Dioxide Nanoparticles on Human Health and
the Environment. Nanomaterials. 2021 09 10;11(9):2354.
https://doi.org/10.3390/nano11092354

4. Eker F, Akdasci E, Duman H, Bechelany M, Karav S. Green
Synthesis of Silver Nanoparticles Using Plant Extracts:
A Comprehensive Review of Physicochemical Properties
and Multifunctional Applications. International Journal of
Molecular Sciences. 2025 06 27;26(13):6222. https://doi.
org/10.3390/ijms26136222

5. Mao Q, Xu X, Cao S, Gan R, Corke H, Beta T, Li H.
Bioactive Compounds and Bioactivities of Ginger (Zingiber
officinale Roscoe). Foods. 2019 05 30;8(6):185. https://doi.
org/10.3390/fo0ds8060185

6. Anupong W, On-Uma R, Jutamas K, Salmen SH, Alharbi SA,
Joshi D, Jhanani GK. Antibacterial, antifungal, antidiabetic,
and antioxidant activities potential of Coleus aromaticus
synthesized titanium dioxide nanoparticles. Environmental
Research. 2023 01 01;216(Pt 3):114714. https://doi.
org/10.1016/j.envres.2022.114714

7. Abdullah N, Hussain T, Faisal S, Rizwan M, Almostafa MM,
Younis NS, Yahya G. Zingiber officinale rhizome extracts
mediated ni nanoparticles and its promising biomedical
and environmental applications. BMC complementary
medicine and therapies. 2023 Oct 03;23(1):349. https://doi.
org/10.1186/s12906-023-04182-7

8. Ghareeb A, Fouda A, Kishk RM, El Kazzaz WM. Unlocking
the potential of titanium dioxide nanoparticles: an insight
into green synthesis, optimizations, characterizations, and
multifunctional applications. Microbial Cell Factories.
2024 Dec 23;23(1):341. https://doi.org/10.1186/s12934-
024-02609-5

9. Elayaperumal S, Sivamani Y, Agarwal P, Srivastava N.
Plant-based nanotherapeutics: A new frontier in disease
management and prevention. Nano TransMed. 2025 Dec
01;4:100086. https://doi.org/10.1016/j.ntm.2025.100086

10. Mathesh A, Mohanprasanth A, Saravanan M. Synthesis
and characterization of Spirulina-mediated titanium
dioxide nanoparticles: Antimicrobial activity against
multidrug-resistant bacteria. Nano-Structures & Nano-
Objects. 2024 09 01;39:101225. https://doi.org/10.1016/j.
nanoso.2024.101225

11. Jabeen N, Prabhalakshmi K, Dhanraj G, Ramasubburayan
R. Biosynthesis of titanium dioxide nanoparticles using
Sargassum tenerrimum as reductant and deciphering its
antibiofilm role against cariogenic Candida albicans.
Microbial Pathogenesis. 2025 05;202:107452. https://doi.
org/10.1016/j.micpath.2025.107452

Akshaya Viswanathan, et al: Synthesis of Titanium Dioxide Nanoparticles Using Zingiber officinale Extracts: Their Role

12. Hanna DH, Nady DS, Wasef MW, Fakhry MH, Mohamed
FS, Isaac DM, Kirolos MM, Azmy MS, Hakeem GE, Fathy
CA. Plant-derived nanoparticles: Green synthesis, factors,
and bioactivities. Next Materials. 2025 Oct 01;9:101275.
https://doi.org/10.1016/j.nxmate.2025.101275

13. Al Masoudi LM, Alqurashi AS, Abu Zaid A, Hamdi H.
Characterization and Biological Studies of Synthesized
Titanium Dioxide Nanoparticles from Leaf Extract
of Juniperus phoenicea (L.) Growing in Taif Region,
Saudi Arabia. Processes. 2023 01;11(1):272. https://doi.
0rg/10.3390/pr11010272

14. Akshaya Viswanathan, Sajith S, Harini M, et al. Development
of a Calophyllum inophyllum-Loaded Biodegradable
Chitosan-PVA Hydrogel: A Multifunctional Platform for HT-
29 Colon Cancer Cell, and Antidiabetic Applications. 2025..

15. Ledon A, Reuquen P, Garin C, Segura R, Vargas P, Zapata
P, Orihuela PA. FTIR and Raman Characterization of TiO2
Nanoparticles Coated with Polyethylene Glycol as Carrier
for 2-Methoxyestradiol. Applied Sciences. 2017 01;7(1):49.
https://doi.org/10.3390/app7010049

16. Maurya DK, Nandakumar N, Devasagayam TPA.
Anticancer property of gallic acid in A549, a human lung
adenocarcinoma cell line, and possible mechanisms. Journal
of Clinical Biochemistry and Nutrition. 2011 01;48(1):85-90.
https://doi.org/10.3164/jcbn.11-004FR

17. Cui Q, Ren J, Zhou Q, Yang Q, Li B. Effect of asiatic acid
on epithelial-mesenchymal transition of human alveolar
epithelium A549 cells induced by TGF-B1. Oncology
Letters. 2019 05;17(5):4285-4292. https://doi.org/10.3892/
01.2019.10140

18. Freire K, Ordoénez Ramos F, Soria DB, Pabon Gelves E, Di
Virgilio AL. Cytotoxicity and DNA damage evaluation of
TiO2 and ZnO nanoparticles. Uptake in lung cells in culture.
Toxicology Research. 2021 03;10(2):192-202. https://doi.
org/10.1093/toxres/tfaal12

19. Kasibhatla S, Amarante-Mendes GP, Finucane D, Brunner
T, Bossy-Wetzel E, Green DR. Acridine Orange/Ethidium
Bromide (AO/EB) Staining to Detect Apoptosis. CSH
protocols. 2006 08 01;2006(3):pdb.prot4493. https://doi.
org/10.1101/pdb.prot4493

20. Diaz-Puertas R, Alvarez-Martinez FJ, Falco A, Barrajon-
Catalan E, Mallavia R. Phytochemical-Based Nanomaterials
against Antibiotic-Resistant Bacteria: An Updated Review.
Polymers. 2023 03 10;15(6):1392. https://doi.org/10.3390/
polym15061392

21. Kannan RRR, Stirk WA, Van Staden J. Synthesis of silver
nanoparticles using the seaweed Codium capitatum P.C. Silva
(Chlorophyceae). South African Journal of Botany. 2013 05
01;86:1-4. https://doi.org/10.1016/j.sajb.2013.01.003

22. Semwal RB, Semwal DK, Combrinck S, Viljoen AM.
Gingerols and shogaols: Important nutraceutical principles
from ginger. Phytochemistry. 2015 09;117:554-568. https://
doi.org/10.1016/j.phytochem.2015.07.012

23. Balaji MB, Jay Hitesh , Sajith S, et al. In Vitro Cytotoxicity
of Zingiber officinale -Mediated Gold Nanoparticles against
Melanoma Cell Lines. 2025..

24. Ahamed M, Khan MAM, Akhtar MJ, Alhadlag HA,
Alshamsan A. Ag-doping regulates the cytotoxicity of TiO2
nanoparticles via oxidative stress in human cancer cells.
Scientific Reports. 2017 Dec 15;7(1):17662. https://doi.
org/10.1038/s41598-017-17559-9

25. Doonan F, Cotter TG. Morphological assessment of
apoptosis. Methods. 2008 03;44(3):200-204. https://doi.
org/10.1016/j.ymeth.2007.11.006

26. Pathak A, Tomar S, Pathak S. Epigenetics and Cancer: A
Comprehensive Review. Asian Pacific Journal of Cancer
Biology. 2023 03 16;8(1):75-89. https://doi.org/10.31557/

744  Asian Pacific Journal of Cancer Biology+ Vol 11+ Issue 3



apjcb.waocp.com

27.

28.

apjcb.2023.8.1.75-89

Shahzadi S, Fatima S, ain Q, Shafiq Z, Janjua MRSA.
A review on green synthesis of silver nanoparticles
(SNPs) using plant extracts: a multifaceted approach in
photocatalysis, environmental remediation, and biomedicine.
RSC Advances.15(5):3858-3903. https://doi.org/10.1039/
d4ra07519f

Saeidi N, Ansarikojouri M, Mardani M, Rezazadeh R,
Goodarzi MK, Amiri F. Enhancing the Cytotoxic Effects of
Carboplatin and Cisplatin on Liposomes in Oral Cancer Cells
with Curcumin. Asian Pacific Journal of Cancer Biology.
2024 Nov 26;9(4):579-587. https://doi.org/10.31557/
apjcb.2024.9.4.579-587

29. Jomova K, Raptova R, Alomar SY, Alwasel SH, Nepovimova

E, Kuca K, Valko M. Reactive oxygen species, toxicity,
oxidative stress, and antioxidants: chronic diseases and
aging. Archives of Toxicology. 2023 Oct;97(10):2499-2574.
https://doi.org/10.1007/s00204-023-03562-9

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.

Akshaya Viswanathan, et al: Synthesis of Titanium Dioxide Nanoparticles Using Zingiber officinale Extracts: Their Role

Asian Pacific Journal of Cancer Biology* Vol 11 Issue 3

745



