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The work intended to evaluate the potential wound healing properties of TiO2 doped CeO nanoparticles with the assis-

tance of Rhinacanthus nasutus. Furthermore, an assessment was conducted on the nanoparticles to determine their

antioxidant, cytotoxic, anti-diabetic, and anti-inflammatory inhibitory properties, as well as their toxicity in albino rats. The

nanoparticles were synthesized in the green method and subjected to characterization through various methods includ-

ing UV-visible spectroscopy, SEM for morphological study, FTIR to identify functional groups, XRD, and for elemental

analysis EDAX. The morphology of the observed nanoparticles were predominantly spherical, exhibiting an agglomer-

ated structure. The findings indicated that approximately 49% of the nanoparticles exhibited DPPH antioxidant activity,

as determined by an IC50 value of 2.8 g/mL. The nanoparticles exhibited cytotoxicity in the brine shrimp lethality assay

when administered at a concentration of 50 g/mL. Additionally, they displayed notable inhibitory activity against-amylase,

with an IC50 value of 2.981 g/mL. The Ames test yielded negative results, suggesting that the nanoparticles exhibited

non-toxic properties. In general, the study substantiated the prospective biological uses of TiO2-doped CeO nanoparticles.
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INTRODUCTION
Nanoparticles (NPs) have become increasingly important
in various fields, including medicine, pharmaceuticals, tex-
tiles, and biosensors [1–3]. Metal nanoparticles, in par-
ticular, are known for their unique characteristics, such
as size, shape, content, and physicochemical properties
[2, 4]. In recent times, there has been a significant uti-
lization of metal and metal oxide nanoparticles across var-
ious domains, including catalysis, purification of water,
batteries, and antimicrobial applications [5]. Cerium oxide
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nanoparticles (CeO-NPs) have garnered significant interest
among researchers owing to their wide range of potential
applications [6, 7].

Cerium is classified as a constituent of the lanthanide
series and has the capability to exist in two distinct oxida-
tion states, Ce3+ and Ce4+. The rapid change in oxidation
state between Ce3+ and Ce4+ has significantly increased
biological applications [8]. Cerium oxide nanoparticles
can coexist in Ce3+ and Ce4+ on their surface at the
nanoscale. Due to oxygen vacancy in the lattice filling the
charge deficiency caused by the presence of Ce3+, CeO-
NPs naturally possess inherent oxygen defects [9, 10].
These oxygen imperfections serve as catalysts for chemi-
cal processes, and with a reduction in particle size, oxygen
flaws become more concentrated.
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Titanium dioxide (TiO2) is a naturally occurring metal
oxide and an element from the transition metals series.
TiO2 is a white-colored substance found in various
products, including paints, rubber, condensers, printing
ink, plastics, paper, synthetic fibers, ceramics, electri-
cal components, paints, crayons, food, cosmetics, and
more [11]. Cerium-doped TiO2 nanoparticles are pro-
duced using techniques like sol–gel methods, hydrother-
mal procedures, ball milling, thermal hydrolysis, thermal
breakdown, and precipitation [12]. Though, the follow-
ing limitations still persists like, increased toxicity, high
costs, non-eco-friendliness, and chemical usage. To over-
come these issues, microorganisms and plants have been
employed as precursors.
Using plants as precursors offers several advantages,

including easy handling, widespread availability, and a
variety of metabolites. The plant extracts consists the fol-
lowing Phytochemicals, like flavonoids, acids, terpenoids,
amino proteins, and saponins, carbohydrates, are essen-
tial for nanoparticle formation. Rhinacanthus nasutus, also
known as Snake jasmine, is a herbaceous shrub belong-
ing to the family of Acanthaceae. The origin of this
plant can be traced back to Thailand, as well as exten-
sive regions of South and Southeast Asia. Rhinacanthus
nasutus is known to possess various phytochemical con-
stituents, including Dehydro—lapachone lupeol, stimas-
terol, vanillate, 2-methylanthraquinone, (+)-praeruptorin,
oroxylin syringaldehyde, methyl sitosterol, umbelliferone,
glutinol, A, wogonin, �-amyrin, p-hydroxybenzaldehyde,
as well as several novel compounds [13]. The ethanol
extract derived from the leaves of Rn, which is abundant in
rhinacanthin, has demonstrated noteworthy efficacy against
Helicobacter pylori, a Gram-negative bacterium that is rec-
ognized for its role in the development of ulcers and
cancer. The minimum inhibitory concentration (MIC50)
required for this extract to inhibit the growth of H. pylori
was determined to be 0.5 mg/mL [13, 14].
The current research used the leaf extract of Rhinacan-

thus nasutus for the purpose of synthesizing TiO2 doped
CeO nanoparticles through a green synthesis approach.
The selection of the extract was based on its poten-
tial as an antioxidant, its ability to inhibit cytotoxicity,
its anti-diabetic properties, its anti-inflammatory effects,
and its potential for wound healing research. The syn-
thesized nanoparticles of TiO2 doped with CeO were
subjected to characterization using various analytical tech-
niques, including a SEM with EDAX, FT-IR, XRD, and

UV-Spectroscopy.

MATERIALS AND METHOD
Plant Material Collection and Extraction

The medicinal plant Rhinacanthus nasutus were col-
lected from Surraikkaipatty, Virudhunagar district, Tamil
Nadu in the Latitude and longitude range of 9.587209,
and 77.964702. Rhinacanthus nasutus leaf was washed

repeatedly with water and shade dried for a week. 10 g
of dried Rhinacanthus nasutus leaves were mixed with
100 mL of D.H2O. The mixture was then steamed for
approximately 10 minutes at 90 �C. By using filter paper
(Whatman No. 1) the leaf extract was filtered and the
resulting filtrate was subsequently stored at a temperature
of −4 �C for future utilization.

Preparation of Cerium Oxide Nanoparticles

In brief, the preparation process involved the gradual addi-
tion of 20 mL of Rhinacanthus nasutus extract to a mixture
of 80 mL of 5 mM cerium nitrate solution and 80 mL of
deionised water. The pH of the solution was modified to a
value of 7 by employing a 1 N sodium hydroxide solution.
The resultant mixture was agitated using a magnetic stirrer
for a duration of 30 minutes. Following that, the combi-
nation underwent a conventional air oven drying process
(24 hours at 60 �C) resulting in the attainment of a light
brown hue. Centrifugation was then performed to sepa-
rate the particles from the solution. Finally, the obtained
cerium oxide nanoparticles were subjected to calcinations
in a muffle furnace at 700 �C for duration of 2 hours.

Preparation of Titanium Doped Cerium Oxide

Nanoparticles

To synthesize TiO2-doped cerium oxide nanoparticles, a
solution was prepared by dissolving an equimolar mix-
ture of cerium oxide nanoparticles and titanium dioxide in
100 ml of distilled water. Subsequently, the solution was
positioned onto a magnetic stirrer and subjected to agita-
tion at a rotational speed of 400 revolutions per minute
(rpm) for a duration of 24 hours. After the completion of
the stirring process, the solution underwent filtration using
filter paper and was subsequently subjected to oven drying
at 60 �C. The resulting TiO2-doped cerium oxide nanopar-
ticles were further subjected to calcinations in a muffle
furnace for duration of 2 hours at a temperature of 700 �C.

Characterization of TiO2-Doped CeO

Nanoparticles

The structural and morphological characteristics of Rhi-

nacanthus nasutus plant extract-mediated TiO2-doped CeO
nanoparticles were assessed using SEM with EDAX, FT-
IR, XRD, and UV-Spectroscopy techniques.

Anti Diabetic Assay

� Amylase Inhibition Assay

To assess the anti-diabetic activity of TiO2 doped CeO
nanoparticles through an �-amylase inhibition assay was
carried out. The nanoparticles were introduced into a solu-
tion comprising sodium phosphate buffer (0.02 M) with
sodium chloride (6 mM, pH 6.9) at different concentra-
tions (25–100 g/mL) by the researchers. Subsequently, the
concoction was subjected to incubation for a duration of 20
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minutes at a temperature of 37 �C. Following the incuba-
tion period, a 1% (250 �L) starch solution was introduced
into the reaction mixture and subjected to an additional
incubation period of 15 minutes. The reaction was halted
by the introduction of dinitro acid, subsequent to which
the mixture was subjected to thermal treatment in a water
bath (100 �C) for 10 minutes. This was followed by a
cooling process. The measurement of optical density was
conducted at a wavelength of 540 nm. In order to estab-
lish the control, different concentrations of reaction solu-
tions lacking nanoparticles and insulin (ranging from 25
to 100 g/mL) were employed to create both negative and
positive control samples. The determination of �-amylase
inhibition percentage was conducted utilizing the subse-
quent formula.

% inhibition = 64A_t−A_p5A_t7×100

Here, A_t = control absorbance, A_p = sample
absorbance.

Wound Healing Study

Wound healing activities were observed by using Albino
rats, overall 12 albino rats were observed. Wound was
created through surgical blades. We separate them on the
basis of equal counting on 3 Groups. Group 1–Control,
Group 2–TiO2 doped CeO and group-3 TiO2 doped CeO
nanoparticles. Group 1 was treated with distilled water
alone. The mice in Group 2 were subjected to the admin-
istration of a suspension containing TiO2 doped CeO in
distilled water, with a dosage of 1 mg, for the purpose of
promoting wound healing. This treatment was carried out
over a duration of 4 weeks. A suspension of group-3 TiO2

doped CeO nanoparticles was prepared by dispersing them
in distilled water at a consistent dosage and for identical
durations. After a treatment period of four weeks, it was
observed that all mice in the three experimental groups
achieved a state of recovery, with the extent of their cure
being contingent upon the specific dosages administered.
Ultimately, the wound healing levels of all the albino rats
were assessed.

Acute Toxicity Studies Using TiO2 Doped CeO

Nanoparticles

Titanium dioxide (TiO2) doped cerium oxide (CeO)
nanoparticles through experimentation involving a group
of six mice is used to carryout acute toxicity study. The
mice were allocated into two groups using randomiza-
tion, with each group consisting of three animals. Group 1
was designated as the control group, whereas Group 2
underwent treatment involving the utilization of titanium
dioxide-doped cerium oxide nanoparticles. The nanoparti-
cles suspended in distilled water were orally administered
to the mice in Group 2 at a dose of 1.5 mg/kg bwt/day
for ten days. Double-distilled water was the only treatment
given to the control group mice.

All mice in both groups were fasted overnight and euth-
anized the following day. Haematological and histological
analyses were performed to determine the toxicity at the
end of the ten-day treatment period.

Brine Shrimp Lethality Assay

Salt Water Preparation

To initiate the experiment, dissolve a quantity of 2 grams
of iodine-free salt in 200 milliliters of water that has been
filtered. Subsequently, the process of preparing six ELISA
plates involves the addition of 10–12 mL of saline water
to each individual well. Then, gently add 10 nauplii to
each well using 10 �L, 20 �L, 30 �L, 40 �L, 50 �L,
and a control well. Add the appropriate concentration of
TiO2 doped CeOnanoparticles to each well and incubate
the plates for 24 hours. After a duration of 24 hours, the
ELISA plates should be observed in order to enumerate the
viable nauplii and subsequently approximate their quantity
utilizing the provided formula.

Number of dead nauplii/Number of dead nauplii

+Number of live nauplii×100

In Vitro Antioxidant Assay

The capacity of TiO2 doped CeO nanoparticles to remove
free radicals was assessed through the utilization of the
DPPH technique. A mixture was prepared by combining a
suspension of CeO nanoparticles doped with TiO2 in water
(3 mL) with a solution of DPPH in methanol (250 mL) at
a concentration of 0.3 mM (0.5 mg of DPPH dissolved in
12 mL of methanol). The resulting mixture was prepared at
various concentrations (5, 10, 25, and 50 g/mL). The con-
trol sample was generated by the amalgamation of 3 mL
of water with 250 mL of DPPH. The experiment was con-
ducted three times independently to determine the average
value. The calculation of the percentage inhibition (% PI)
of the DPPH radical, which serves as a measure of the
antiradical activity, was performed by assessing the reduc-
tion in absorbance caused by the addition of test materials.
The determination of the ability to eliminate the DPPH
radical was conducted using Eq. (1) as described in this
study.

DPPH Scavenged 4%5= 4Ac−As/Ac5×100 (1)

In which the Ac indicates control absorbance and As

sample absorbance (at 517 nm, after 30 min). In order
to calculate the sample’s IC50 value, a linear regression
analysis was used.

Anti-Inflammatory Activity

To evaluate the anti-inflammatory effect of TiO2 doped
CeO nanoparticles, the Mizushima and Kobayashi method
was adapted. By adding 0.45 mL of a 1% aqueous solu-
tion of bovine serum albumin to 0.05 mL of TiO2 doped
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CeO nanoparticles to adjust the pH of the mixture to
6.3 nat various concentrations ranging from 10 �L to
50 �L. Careful micro-pipetting was employed to prevent
any bias, and previously collected standard values were
used for comparison [15]. The samples were then sub-
jected to heating for 30 minutes in water bath (55 �C),
following 20-minute incubation at room temperature. Fol-
lowing the cooling process, the absorbance at a wavelength
of 660 nm was quantified utilizing a spectrophotometer.
The reference standard employed for comparative analysis
was diclofenac sodium, while the control substance uti-
lized was dimethyl sulfoxide (DMSO).
The equation utilized in this study has been used to

determine the protein denaturation percentage:

% inhibition = 4Absorbance of control−Absorbance of

sample×1005 /Absorbance of control

Statistical Analysis

To compare various groups, the gathered data were statisti-
cally analysed using one-way ANOVA and Duncan’s post
hoc test. At a P -value of 0.005, the difference between the
groups was deemed significant. The mean and SEM of the
data are displayed. The analyses were conducted utilizing
SPSS version 26.0.

RESULTS AND DISCUSSION
Characterization

UV-Spectroscopy is one of the familiar analytic tech-
niques. This is used to analysis the sample which absorbs
the intensity of light. In this, it discuss about the UV
light absorption in TiO2 doped CeO nanoparticles with
Rhinacanthus nasutus leaf extract. The UV-Spectrum of
green synthesised TiO2 doped CeO nanoparticles using
Rhinacanthus nasutus leaf extract is shown in Figure 1.
The TiO2 doped CeO nanoparticles absorption in UV-
measurement in the wavelength range of 250–400 nm.
Particularly, the wavelength at 325 nm for CeO [16] and
387 nm for TiO2. In addition, the absorption spectrum
exhibited a prominent peak at a wavelength of 300 nm,
indicating the presence of intrinsic band-gap absorption in
TiO2 doped CeO nanoparticles. The observed phenomenon
of absorption can be explained by the occurrence of elec-
tron transitions from the valence band to the conduction
band. The presence of a peak in the absorption spectrum at
approximately 300 nm suggests the formation of nanopar-
ticles consisting of CeO doped with TiO2 [17].
FTIR (Fourier-transform infrared spectroscopy) is a

widely employed analytical technique, which is employed
to analyse functional groups present in the sample. In
Figure 2, the FTIR spectrum of TiO2 doped CeO nanopar-
ticles using Rhinacanthus nasutus leaf extract is shown.
FTIR spectra observed at a wave number range of 4000–
400 cm−1 Here various peaks are recorded at 3450,

Figure 1. UV-Spectrum of TiO2 doped CeO nanoparticle using

R.nasutus leaf extract.

Figure 2. FTIR-Spectrum of TiO2 doped CeO nanoparticles

using R.nasutus leaf extract.

3000, 2300, 1800, 1350, 1200, 850, 510 cm−1. The
first peak at 3450 cm−1, which belongs to the range of
3550–3200 cm−1, it indicates O–H stretching i.e., alco-
hol. Next peak at 3000 cm−1, it between the range of
3000–2840 cm−1 which indicates the –H stretching i.e.,
alkane [18]. The wave number 2300 cm−1 it slightly near
at 2349 cm−1 thus represents the C O C stretching i.e.,
carbon dioxide. Acid halide (C O stretching) has wave
number range of 1815–1785 cm−1 and here is the wave
number observed at 1800 cm−1. The intense peak at a wave
number 1350 cm−1 it represent that S O stretching sulfo
compound. The intense peak observed at 1200 cm−1, it is
in the range of 1225–1200 cm−1 represents C–O stretch-
ing i.e., vinyl ether [18]. The halo compound has a range
between 850–550 cm1 (C-X stretching) here is the range
at 850 & 510 cm1.
Scanning electron microscope (SEM) is the most impor-

tant microscopic technique due to its ability to image mate-
rials and structures with sub-micron level resolution. This

4 J. Biomed. Nanotechnol. 19, 1–11, 2023



Rajaduraipandian et al. Multifunctional Biocompatible Rhinacanthus nasutus Based TiO2-Doped CeO NPs Synthesis

technique enforced to analyses morphology and crystallog-
raphy. It has important function which is accurate measure-
ment of the surface topography of a material with spatial
resolution [19].
This SEM analysis revealed the morphology and aggre-

gate formation of Rhinacanthus nasutus leaf extract-
derived green TiO2 doped CeO nanoparticles, as shown in
Figure 3. These results confirm the formation of nanopar-
ticles is spherical, cube with less agglomeration and unde-
fined structure [20].
The SEM is equipped with Energy Dispersive X-ray

spectroscopy (EDAX) capabilities. The analysis involved
the examination of the sample’s percentage and compo-
sition. Figure 4 depicts the EDAX outcome of greenly
synthesized TiO2 doped CeO nanoparticles made with Rhi-

nacanthus nasutus leaf extract. This result shows the var-
ious components present in the sample such as Ti, Ce,
O. Sharp peaks (strong signal) confirms the sample have
Ti, Ce, O [21]. The percentage of main components Ti,
Ce and O are present in a sample is given below Table I.
Weight percentages of components are Oxygen has 33.7%,
Titanium has 37.7% and Cerium has 28.6%.
X-ray diffraction spectroscopy (XRD) technique is the

rapidly analyzing crystallographic technique. It used to
analysis the crystalline structure. The X-ray diffraction
spectra of TiO2 nanoparticles doped with CeO, synthesized
through a green method utilizing Rhinacanthus nasutus

leaf extract, are presented in Figure 5. In this XRD spec-
tra shows the Bragg’s reflection related to 25.10, 28.39,
32.92, 37.58, 47.86, 56.22 and 62.55 that indexed the plane
101, 111, 200, 104, 220, 211 and 204 respectively [15].
The Peaks exhibit a congruence with the JCPDS (Joint
Committee on Powder Diffraction Standards). The Debye-
Scherrer formula was employed to determine the average
crystalline size of TiO2 doped CeO nanoparticles synthe-
sized through a green method employing Rhinacanthus

nasutus leaf extract.

D= 4k�5/4� cos�5

In the given equation, the variable D represents the par-
ticle size, measured in nanometers. The constant k has a
value of 0.94. The variable � denotes the X-ray wave-
length, which is equal to 1.5406. The variable � denotes
the angular measure, expressed in radians, that corresponds
to the full-width at half maximum (FWHM) of the peak.
Lastly, the variable � represents the Bragg angle, measured
in degrees. The study determined that the mean diameter
of the TiO2-doped CeO nanoparticles, which were syn-
thesized using a green method involving the utilization of
Rhinacanthus nasutus leaf extract, was in the range of of
22.23 nm [22].

Applications

Anti-Diabetic Activity

The findings pertaining to the inhibition of �-amylase are
visually represented in Figure 6. Irrespective of the spe-
cific field of study, this research focuses on the utiliza-
tion of TiO2 doped with CeO nanoparticles. The CeO
nanoparticles doped with TiO2 exhibit inhibitory activ-
ity against �-amylase, suggesting a potential anti-diabetic
effect. Delaying the rate of starch digestion can potentially
result in a delay in the absorption of glucose. If the activity
of the mammalian �-amylase enzyme in the intestine was
inhibited, the breakdown of starch and oligosaccharides
into monosaccharides would not occur, leading to their
inability to be absorbed. The intervention being proposed
would result in a decline in glucose absorption, leading to
a subsequent decrease in blood glucose levels after a meal
[23]. Hence, the inhibition of �-amylase by TiO2-doped
CeO nanoparticles suggests that these nanoparticles have
the potential to mitigate postprandial hyperglycemia and
its associated diabetic complications. This finding further
substantiates the long-standing utilization of Rhinacanthus
nasutus for the management of diabetes [24]. Studies have
provided evidence that the incorporation of TiO2 into CeO
nanoparticles yields promising results as inhibitors for dia-
betes mellitus. Based on their perspective, TiO2 doped

Figure 3. Scanning electron microscopic image of TiO2 doped CeO nanoparticles using R.nasutus leaf extract.
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Figure 4. Energy dispersive X-ray spectroscopy report of TiO2 doped CeO nanoparticles using R. nasutus leaf extract.

CeO nanoparticles have a good antidiabetic activity. Com-
pared to the control the nanoparticles shows higher anti
diabetic activity. At the Initial stage the concentration level
of 10 �g/mL only 42% of inhibition in control and 55% of
inhibition of TiO2 doped CeO nanoparticles. At the con-
centration level of 50 �g/ml control attains 68% and 78%
of inhibition in TiO2 doped CeO nanoparticles. Finally,
TiO2 doped CeO nanoparticles have excellent antidiabetic
medicine, It is confirmed by these study.

Wound Healing Study

For the study on wound healing, green synthesis nanopar-
ticles, plant extract, and TiO2 doped CeO nanoparticles
were used (Fig. 7). When compared to control, rats given
TiO2 doped CeO nanoparticles made using green synthesis
and plant extract showed initial signs of healing. Addition-
ally, it was found that the rats treated with plant extract
alone and green synthesis TiO2 doped CeO nanoparti-
cles displayed greater healing responses than the control

Figure 5. X-ray diffraction spectra for TiO2 doped CeO

nanoparticles using R. nasutus leaf extract.

rats four weeks after injury. The percentage of lesions
that had healed in the four weeks following treatment for
the four groups—control, plant extract, with green syn-
thesis TiO2 doped CeO nanoparticles—was 54%, 60%,
70%, and 80%, respectively. These findings suggest that
the most potent healing action is produced by the plant
extract with CeO Nanoparticles doped with TiO2 [25].
This study aimed to investigate the temporal dynamics of
healing wounds across various treatment groups and to
explore the activation of apoptosis in the context of healing
wounds.

Toxicity Study of Mouse Organs

In this experimental investigation, laboratory mice were
administered oral injections of CeO Nanoparticles that
were doped with TiO2. The dosage administered to the
mice was 1.5 mg per kilogram of body weight per day, and

Figure 6. Anti-diabetic potential of TiO2 doped CeO Nanopar-

ticles. Data from three replications are provided as mean±SD.

The data were statistically analysed using GraphPad Prism

Software’s one-way analysis of variance (ANOVA) and Dun-

nett’s multiple range test (Tukey’s post-hoc test). Statistically

significant results are indicated by bars with the symbol “∗∗∗”

(p < 00005).
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Figure 7. Macroscopic appearance of wound repair with Positive control, vehicle H2O as control, Rhinacanthus nasutus Extract

and TiO2 doped CeO nanoparticles at different post wounding day.

the treatment was carried out for a duration of 10 consecu-
tive days. Subsequently, we proceeded with a daily assess-
ment of the morphological and behavioral alterations. All
the animals in the study successfully completed the entire
duration of the experiment without displaying any abnor-
malities [26]. The mice did not exhibit any toxicological
concerns. For instance, one may observe symptoms such
as fatigue, diminished appetite, alterations in fur pigmen-
tation, and weight loss. The examination of hematologic
parameters in control animals and animals subjected to
TiO2 doped CeO nanoparticles demonstrated only slight
modifications in a small number of parameters. However,
in general, there were no substantial variations observed
[27]. The purpose of this study was to use histological
observations made with a light microscope to learn more
about the deleterious effects of nanoparticles on organ
morphology.
The research conducted by Dr. MeenakshiSundaram

from Tirunelveli Medical College Hospital in Tamil Nadu,
India, has yielded results that confirm the absence of
notable morphological alterations in the organs treated
with TiO2 doped CeO nanoparticles, as compared to the

control organs. The histological examinations indicated
that the liver, kidney, and lungs did not exhibit any toxic
effects as a result of the presence of TiO2 doped CeO
nanoparticles, as shown in Figure 8.

The lung tissue histological sections obtained from the
control animals displayed characteristic alveolar septa and
proper alveolar structure (Fig. 8(A)). In a similar vein,
the lung tissues that were subjected to treatment with tita-
nium dioxide-doped cerium oxide nanoparticles displayed
unaltered alveolar membranes and undamaged blood ves-
sels, as depicted in Figure 8(B) [28]. The renal cortex
and glomerular tufts in the kidney sections of control
animals exhibited normal characteristics, as illustrated in
Figure 8(C). Similarly, no discernible alterations were
observed in the kidney tissue of animals subjected to gold
nanoparticle treatment, as illustrated in Figure 8(D). The
histological sections of the liver in the control animals
displayed hepatic portals and central veins that exhib-
ited normal characteristics (Fig. 8(E)). When comparing
the liver samples, it was observed that the liver treated
with titanium dioxide-doped cerium oxide nanoparticles

J. Biomed. Nanotechnol. 19, 1–11, 2023 7
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Figure 8. Toxicity studies of TiO2 doped CeO Nanoparticles in mouse organs.

exhibited hepatocytes with normal morphology and a vein
that appeared unaltered (Fig. 8(F)).
These experiments conclusively demonstrate that bio-

logically produced TiO2 doped CeO nanoparticles do not
pose harm when utilized in an in vivo system. The his-
tological investigations of vital organs such as the lung,
kidney, and liver after a 10-day injection of TiO2 doped
CeO nanoparticles revealed no evidence of subclinical tox-
icity, further supporting the non-harmful impact of these
particles.

Cytotoxicity

Biocompatibility of TiO2 doped CeO Nanoparticle was
demonstrated with brine shrimp lethality assay in Figure 9.
In this study, doses of 10, 20, 30, 40, and 50 �g/ml of
TiO2 doped CeO Nanoparticle were studied to determine
the survival rate of nauplii. For each concentration, a total
of 10 live Artemianauplii were introduced. The Nauplii
represent a developmental stage within the larval life cycle
of copepods, offering convenient accessibility, affordabil-
ity, and suitability for conducting short-term investigations
[14]. On the first day of the experiment, all 10 nauplii

in each concentration level were found to be alive. How-
ever, on the second day, a significant decline in nauplii
count was observed alongside an increase in concentra-
tion, as depicted in Figure 9. This decline clearly indi-
cated the cytotoxic effect of the solution [29]. Initially,
all concentration levels had 10 live nauplii on the first
day. However, at a concentration of 20 �L, there was a
decrease in the count of nauplii from 10 to 9. When the
concentration was reduced to 40 �L, the count decreased
to 7. Likewise, when the concentration was adjusted to
60 �L, a mere 6 nauplii exhibited viability [30]. The num-
ber of viable nauplii remained constant at 6, even when the
concentration was increased to 80 �L. Ultimately, when
the concentration was adjusted to 50 �L, there was a
complete absence of viable nauplii. The observed substan-
tial disparity in nauplii count among various concentra-
tion levels provides clear evidence of cytotoxicity in the
solution. Although CeO nanoparticles with a TiO2 dop-
ing indicated toxicity, they can be employed to provide
inhibitory effects [31]. It should be highlighted that the
dose of TiO2 doped CeO nanoparticles can be effective
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Figure 9. The cytotoxicity image of TiO2 doped CeO Nanopar-

ticle using R.nasutus leaf extract. Data from three replications

are provided as mean±SD. The data were statistically anal-

ysed using GraphPad Prism Software’s one-way analysis of

variance (ANOVA) and Dunnett’s multiple range test (Tukey’s

post-hoc test). Statistically significant results are indicated by

bars with the symbol “∗∗∗” (p < 00005).

in cell viability based on the findings of the cell viability
tests.

Antioxidant Activity of TiO2 Doped CeO

Nanoparticles

Figure 10 compares the Rhinacanthus nasutus plant extract
to synthetic TiO2 doped CeO nanoparticles and regular
ascorbic acid in terms of free radical scavenging potential.
At all concentrations used, Rhinacanthus nasutus aqueous
extract demonstrated the highest % antioxidant potential
[32]. It was discovered that this was dosage-independent,
meaning that the scavenging ability was almost the same
at 10 g/mL (the lowest dose) to 50 g/mL (maximum dose).
TiO2 doped CeO nanoparticles generated with aqueous

Figure 10. Antioxidant Activity of TiO2 doped CeO nanoparti-

cles. Data from three replications are provided as mean±SD.

The data were statistically analysed using Graph Pad Prism

Software’s one-way analysis of variance (ANOVA) and Dun-

nett’s multiple range test (Tukey’s post-hoc test). Statistically

significant results are indicated by bars with the symbol “∗∗∗”

(p < 00005).

Figure 11. Anti-inflammatory activity of TiO2 doped CeO

nanoparticles. Data from three replications are provided as

mean±SD. The data were statistically analysed using Graph

Pad Prism Software’s one-way analysis of variance (ANOVA)

and Dunnett’s multiple range test (Tukey’s post-hoc test). Sta-

tistically significant results are indicated by bars with the sym-

bol “∗∗∗” (p < 00005).

extract significantly decreased in scavenging ability, how-
ever this effect was dosage-dependent, ranging from 25%
at 20 g/mL (minimum dose) to 49% at 50 g/mL. (Maxi-
mum dose). Similar to that, extract has a dose-dependent
impact and is diminished when CeO nanoparticles are
doped with TiO2 [33]. The results of our study indicate
a decrease in the antioxidant capacity of Rhinacanthus

nasutus following its transformation into TiO2-doped CeO
nanoparticles. This observation suggests that the reducing
photochemical may be utilized during the process of metal
reduction.

Anti-Inflammatory Activity

In order to assess its anti-inflammatory properties, the
reaction mixture was prepared in five different concentra-
tions: 10 �L, 20 �L, 30 �L, 40 �L, and 50 �L. The
effectiveness of the mixture was measured by determining
the absorbance at various doses ranging from 10 to 50 �L.
The absorbance percentages at these doses were found to
be 54%, 60%, 71%, 78%, and 84%, respectively. Simi-
larly, the absorbance percentages of the plant extract were
determined to be 49%, 54%, 62%, 73%, and 80%, respec-
tively. These results, depicted in Figure 11 [30], indicate
the anti-inflammatory efficacy of the mixture.

Furthermore, a standard sample exhibited an 82%
inhibition rate. Notably, when compared to regular
diclofenac sodium, the highest anti-inflammatory activity
was observed with Rhinacanthus nasutus extract mediated
by TiO2 doped CeO nanoparticles at a concentration of
50 �L [34].

CONCLUSION

The study focuses on the use of Rhinacanthus nasu-

tus and artificially made TiO2 doped CeO nanoparticles.
The FT-IR spectra demonstrated the bio-capping of TiO2
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doped CeO nanoparticles, indicating the presence of bioac-
tive functional groups that are commonly found in plant
extracts. The characterisation of the TiO2 doped CeO
nanoparticles revealed their circular shape, rough surface
morphology, and diameter of approximately 22 nm. The
experiments conducted also showed that the created TiO2

doped CeO nanoparticles had potent antioxidant and anti-
inflammatory activities, effectively inhibiting the growth
of DPPH radicals. These findings suggest that the synthet-
ically produced TiO2 doped CeO nanoparticles could have
potential applications in various biomedical fields. More-
over, the method used in the study is simple, time-saving,
and safe for the environment, as it does not involve the use
of organic solvents, surfactants, or specialist equipment.
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