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Abstract: This groundbreaking study explores the eco-friendly
production of titanium dioxide nanoparticles (TiO2 NPs) to
investigate their impact on health. TiO2 NPs were synthesized
utilizing a plant extract from Fagonia cretica, acting as both
stabilizers and reducers. Various techniques, including energy
dispersive X-ray (EDX), Fourier transform infrared spectro-
scopy (FT-IR), scanning electron microscopy (SEM), UV-Vis,
and X-ray diffraction (XRD), were employed to analyze the
synthesized TiO2 NPs. FT-IR revealed functional groups crucial
for nanoparticle (NP) formation. SEM confirmed the particle
size of synthesized TiO2 NPs, ranging from 20 to 80 nm. XRD
analysis highlighted the rutile phase crystalline structure, and

EDX determined the elemental composition of TiO2 NPs. These
NPs displayed potent antimicrobial properties, proving toxic to
bacterial and the fungal strains at 50 µg·mL−1 concentration.
Impressively, TiO2 NPs showcased significant antidiabetic effects
in adult male albino mice, effectively reducing Streptozotocin-
induced hyperglycemia and hypercholesterolemia by the
improvement in behavior via random blood glucose, trigly-
ceride, low density lipoproteins, high density lipoprteins,
very low density lipoproteins, and GTT pathway at 100
and 200 µL. Furthermore, they exhibited a remarkable
impact on human liver cancer cell lines, with a 43.2% reduc-
tion in cell viability at 100 µg·mL−1 concentration. In essence,
the study highlights TiO2 NPs as a safe, natural therapeutic
agent with immense potential in diabetes treatment. The
MTT assay was utilized to assess their cytotoxicity and bio-
compatibility, affirming their promising role in healthcare.

Keywords: green synthesis, TiO2 NPs, Fagonia cretica, char-
acterizations, antimicrobial, antidiabetic, cytotoxic activities

1 Introduction

Nanoparticles (NPs) are used in various fields due to their
unique chemical and physical properties, such as pollution
control, solar energy, agriculture, cosmetics, and electro-
chemical devices [1]. Among metallic NPs, TiO2 NPs are rare
semiconducting transition metal oxide NPs with easy-to-
manage, inexpensive, non-toxic, and fine resilience to minor
erosion by chemicals. Researchers have discovered TiO2 NPs
due to their exceptional (magnetic, electrical, and optical)
properties, as well as the low cost synthesis when compared
to other metals NPs such as Au, Ag, and Pt [2]. Numerous
additional structural factors have been reported that influ-
ence the optical activities of TiO2 NPs, including phase com-
position, crystalline nature, band gap energy, morphology,
size distribution, porosity, and particle size [3]. Interestingly,
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the optical properties of TiO2 NPs change from opaque to
transparent in the visible region of the light spectrum when
their size is reduced from 200 nm to less than 10 nm, devel-
oping unique UV light blockers [4]. Thus, the n-type pure
semiconductor TiO2 NPs have a wide band gap energy such
as 2.96 eV are for the brookite phase, 3.02 eV for the rutile
phase, and 3.2 eV for the anatase phase. Moreover, it was
reported that the rutile Fermi level is approximately 0.1 eV
lower than the anatase level [5,6]. The band gap energy
plays an important role in environments, because it signifi-
cantly enhances the catalytic behavior in TiO2 NPs by gen-
erating a hole (h+) that contacts with water to form an OH
radical, which effectively removes pollutants, pesticides,
and heavymetals fromwastewater through photo-oxidation
[7]. Furthermore, the anatase phase of TiO2 NPs, with a
smaller electron effectivemass compared to rutile, enhances
the mobility of its charge carriers, making it advantageous
for optoelectronic device production [8]. TiO2 has 3d tita-
nium orbitals in its conduction band and 2p oxygen orbitals
in its valence band (VB), which combine to form hybrids
with the 3d titanium orbitals [9]. Due to these remarkable
properties, TiO2 NPs are used in a wide range of application,
such as electrochemical cells, printing inks, gas sensing,
plastics, antiseptic and antibacterial compositions, nanome-
dicine, cosmetics, and gas sensing [10,11]. TiO2 NPs have
currently made significant contributions to the development
of antimicrobial agents for treating pathogenic microorgan-
isms. Nanoscale NPs have gained a lot of attention due to
their exceptional efficacy and reactivity, making them most
widely used antimicrobial agents. TiO2 NPs are being uti-
lized as innovative and resource-efficient antibacterial and
antifungal drugs to combat harmful microorganisms [12].
TiO2 NPs were typically synthesized using chemical, phy-
sical, and biological methods. The physical and chemical
methods which required high temperatures, toxic substances,
are expensive, and their exposure to the environment give
rise to major ecotoxicological issues and limits their applica-
tions in different fields [13]. Therefore, green synthesis of TiO2

NPs has attracted considerable attention due to its significant
advantages including cost effective, quick, environmental-
friendly, and less toxic way to synthesize TiO2 NPs from bio-
degradable products. In recent years, plant-based methods
have emerged as the most cost-effective, biocompatible, and
environmentally friendly method for synthesizing NPs. Dif-
ferent plants extracts including, Solanum surattense [14], Aloe
Barbadensis miller [15], and Vigna unguiculata [16] were used
to synthesize TiO2 NPs by using an aqueous extract that was
responsible for the stabilization and reduction.

The chronic hyperglycemia that is one of the main
characteristic of diabetes mellitus is an irreversible disease
brought on by abnormal protein, lipid, and carbohydrate

metabolism [17]. The incidence of type 2 diabetes mellitus
is more severe compared to that of type 1 diabetes mellitus
and gestational diabetes [18]. Type 2 diabetes mellitus
affects 460 million people globally, with a 90% prevalence
rate. According to statistics, this number will increase to
more than 700 million in 25 years [19]. The autoimmune
destruction of beta cells, which make insulin, is the pos-
sible cause of type 1 diabetes mellitus. It is one of the most
prevalent illnesses in children, with an annual incidence
rate ranging from 2% to 5%. Insulin resistance is linked to
decreased glucose tolerance in people with type 2 diabetes
mellitus [20]. Diabetes is treated with different pharmaceu-
tical drugs, but plant-based therapies are frequently believed
to be less harmful and to have no side effects. But a complex
drug reagent reduces drug absorption, which reduces the
bioavailability of a medication. Therefore, using medicinal
plants may increase drug availability. It has been demon-
strated that certain native plants impede the α-amylase
enzyme [21]. Based on this, the current study investigates
the antidiabetic property of green produced TiO2 NPs.

In Ayurvedic literature, there is no specific literature
available on green synthesis of TiO2 NPs using an aqueous
plant extract of Fagonia cretica. Thus, Fagonia cretica L.
(family: Zygophyllaceae) is a short, erect, terete striates,
spiny undershrub with slender branches and a glabrous
or sparsely glandular puberulous growth that occurs almost
all year primarily in north-west India [22]. The plant is used
to treat thirst, diarrhea, asthma, vomiting, urinary dis-
charges, fever, liver problems, stomach problems, typhoid,
toothaches, dyslipidemia, and skin conditions. It has also
been used as diuretic, astringent, smallpox, and bitter tonic
preventive [23]. Numerous in vitro and in vivo investigations
have provided an explanation for a broad range of pharma-
cological characteristics of crude plant extracts, including
anticancer [24], analgesic, anti-microbial [25], immunomo-
dulatory [26], and antioxidant [27]. The previous reports
available on phytoconstituent present on plant extract of
Fagonia cretica includes alkaloids, saponins, phenolics, fla-
vonoids, and tannins [22,28]. These phytochemicals were
responsible for the synthesis of titanium dioxide NPs and
serve as stabilizing and reducing agents. Furthermore, dif-
ferent methods including energy dispersive X-ray analysis
(EDX), scanning electron microscopy (SEM), Fourier trans-
form infrared spectroscopy (FT-IR), X-ray diffractometer
and UV-visible spectrophotometry have been used to inves-
tigate the geometry, morphological, elemental composition
as well as optical properties of synthesized TiO2 NPs. In
addition, the synthesized TiO2 NPs can be reproducible by
choosing the whole plant that grows during the months of
March and April, irrespective of the natural variability in
the chemical content. Furthermore, it is also crucial to
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recognize that Fagonia cretica-mediated synthesis of TiO2

NPs can be highly reproducible for commercial applications.
Moreover, the scientific and industrial research is an impor-
tant step toward the commercialization of TiO2 NPs using
plant extracts of Fagonia cretica. Fagonia cretica-based TiO2

NPs synthesis is also feasible for industrial applications in a
bulk counterpart under optimized conditions. This method
is simple, low cost, non-toxic, facile, and has shown its
compatibility in various industrial and environmental
applications without damaging the ecosystem. Hence, the
Fagonia cretica-based TiO2 NPs are expected to be eco-
nomically feasible as compared to conventional methods
for large-scale production and commercialization. There-
fore, the present study was used to examine the green
synthesis of TiO2 NPs and explore their potential applica-
tions in biomedical fields, including antimicrobial, antidia-
betic, and cytotoxic activity using MTT assay to determine
biocompatibility for practical applications.

2 Materials and method

2.1 Preparation of plant extract

The plant was collected from Kohat development authority
area of district Kohat. The plant was found scattered on the
hilly area of the district. The plant was washed, and shade
dried for about 2 weeks. After drying process, the whole
plant of Fagonia cretica was powdered using a grinder.
Then, 200 mL of distilled water were mixed with 20 g of
powder Fagonia cretica and was heated at 40°C on a hot
plate for 30 min. After that, the plant extract was cooled
down and the extract was obtained via filtering using
Whatman filter paper No.1. The extract was kept at 4°C
for further synthesis of TiO2 NPs.

2.2 Green synthesis of TiO2 NPs

The synthesis of titanium dioxide NPs was obtained by
mixing 10 mL of an aqueous plant extract into 70 mL solu-
tion of titanyl hydroxide (0.5 M) in a conical flask. After
that, the flask was kept at 50°C temperature for 5 h. Then,
the reaction mixture was continuously stirred in a rotatory
orbital. The solution changed from light green to a white,
brown color, indicating the synthesis of NPs. The phenolic
group present in plant extract functions as a reducing
agent that reduces the metal ions which was validated
by changing the color of reaction mixture. Furthermore,

UV-visible spectrophotometry was used to confirm the
synthesis of TiO2 NPs. Subsequently, the reaction mixture
was centrifuged for 20 min at 5,000 rpm in order to sepa-
rate the NPs from its suspension form. The organic compo-
nent was extracted after centrifugation, and the resultant
pellet was cleaned with distilled water and methanol. The
powdered form of the NPs was obtained for characteriza-
tions and other biological screening [29].

2.3 Characterization of TiO2 NPs

The NPs were examined using different characterization
methods, including FT-IR, SEM, XRD, UV-Vis, and EDX ana-
lysis. These techniques were usually done to find out an
average particle size, shape, morphology, crystallinity, and
the optical properties of TiO2 NPs.

2.3.1 UV-Vis spectroscopy

The absorption spectra of UV-Vis analysis used for TiO2 NPs
were chronicled at room temperature by UV-Vis (Shimadzu
Corporation, Tokyo, Japan) spectrophotometer. The NPs
sample was capturedwith a 1 nm resolution at 200 nm·min−1

over a 200–900 nm range.

2.3.2 FT-IR analysis

The FT-IR spectroscopy is a characterization method
employed to achieved infrared spectra of NPs. The
potential functional groups in the synthesized samples
were also identified by using FT-IR spectroscopy, which
records the FT-IR spectra at a resolution of 4 cm−1 in the
range of 4,000 to 400 cm−1. These measurements were
performed on KBr pellets in the diffuse reflectance
mode using a Perkin-Elmer Spectrum-One instrument.
The pellets were combined with KBr powder and pelle-
tized after proper drying.

2.3.3 XRD analysis

The XRD pattern of the synthesized NPs has been used to
analyze its structural characteristics, such as crystallinity and
phase evaluation. X-ray diffraction was used to examine the
synthesized NPs using a 9 kW anode rotating X-ray diffract-
ometer (Rigaku X-ray diffractometer) with a diffraction angle
ranging between 20° and 70° at scanning rate of 20·min−1.
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2.3.4 SEM analysis

The TiO2 NPs were examined with SEM. The tiny sample
size was spread out using air on carbon tape, then coated
or sputtered using gold before being placed for examina-
tion. The sample, in small amounts, was sonicated for
10 min in dry ethanol to create a solution, which was
then wetted onto the copper grid coated in holy carbon.
After allowing the grid to dry under normal conditions, it
was mounted for SEM analysis.

2.3.5 EDX

The elemental composition of TiO2 NPs was confirmed by
the EDX using an accelerating voltage of 20 keV.

2.4 Antimicrobial activity

2.4.1 Antibacterial activity of TiO2 NPs

The antibacterial activity of the synthesized TiO2 NPs was
assessed against bacterial strains of K. pneumoniae, S.
aureus, P. aeruginosa, and E. coli. The disc diffusion tech-
nique was used to investigate the antibacterial activity of
titanium dioxide NPs. The exponential bacterial cultures
were seeded into Muller Hinton agar and impregnated using
the sterile discs. After that, different concentrations of tita-
nium dioxide NPs (10, 20, 30, 40, and 50 µg·mL−1) were
loaded onto the discs, while an empty sterile disc acts as a
control. The plates were incubated at room temperature for
overnight with the impregnated discs remaining on the agar
surface. The experiment was carried out in triplicate (n = 3)
to calculate the formation of the clear zone inhibition [30].

2.4.2 Antifungal activity of TiO2 NPs

In this analysis, the sterilized petri plates were filled with the
prepared potato dextrose agar (PDA). PDA plates were swabbed
with the cultures of A. flavus, A. niger, C. albicans, and U. tritici.
The separate sterile discs containing titanium dioxide NPs at
concentrations of 10, 20, 30, 40, and 50 µg·mL−1 were loaded and

subsequently inverted onto the swabbed plate. A control group
of sterile empty discs was used, and the plates were incubated
at room temperature with the impregnated discs on the agar
surface. The zones of inhibition on the plates weremeasured in
triplicate (n = 3) after a 48 h incubation period [31].

2.5 Antidiabetic activity

2.5.1 Experimental animals and their grouping

Male adult albino mice aged 7–8 weeks were allocated into
four groups (n = 5) randomly. The Veterinary Research
Institute, located in Peshawar, Pakistan, purchased these
mice and delivered them to the Neuro Molecular Medicines
Research Centre (NMMRC, Peshawar). Mice were put into
their appropriate cages one at a time (Biobased China).
These Male adult albino mice were grouped as follows:
(1) Control group
(2) Streptozotocin (STZ) remedied mice (90 mg·kg−1)
(3) STZ (90 mg·kg−1) + TiO2 NPs remedied mice (100 µL)
(4) STZ (90 mg·kg−1) + TiO2 NPs mice treated (200 µL)

The breeding environment was set up with a 25°C tem-
perature, a 12/12 h light/dark cycle, and unlimited access to
food and water for the male mice (average body weight:
30–32 g). All animals were handled very carefully, according
to the relevant animal ethics committee of the NMMRC,
Peshawar. The blood sugar levels of the four separate experi-
mental groups were randomly monitored on days 1, 4, 8, 12,
13, and 14 of the trial using a glucometer. Overall schedule has
been displayed in Figure 1. This shows the injection details of
STZ and random blood glucose tests sequence [32].

2.5.2 STZ-induced diabetes mellitus and treatment with
TiO2 NPs

In this analysis, the mice were randomly divided into four
groups, the control animals were untreated, STZ group
received a single injection of STZ (90 mg·kg−1), STZ plus
TiO2 NPs group received STZ and TiO2 NPs (200 and

Figure 1: Injection details of STZ and random blood glucose test sequence.
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100 µL on alternate days) injections and TiO2 NPs group
received only TiO2 NPs intraperitoneally. To show the ther-
apeutic effects of NP on induced impairment of memory,
the behavioral tests were executed where STZ and Vt. D
were used that were purchased from Sigma Aldrich, USA.
An injection of STZ was administered in the peritoneum
cavity of mice at a dose of 60mg·kg−1 of the body weight of
mice in order to induce Diabetes mellitus in the animal. TiO2

NPs were given intraperitoneally at a dose of 100mg·kg−1 of
the body weight after 4 h of STZ injection, every other day,
until the animals were sacrificed [33]. The first day of treat-
ment was observed as soon as the hyperglycemic condition
was confirmed. The intraperitoneal injections of TiO2NPs at a
dose of 1.7mg·kg−1 weight/day were given to each mouse in
the group for a duration of 2 weeks, using a tuberculin syr-
inge. After that, the blood glucose levels were randomly
checked on day 1, 4, 8, 12, 13, and 14, respectively.

2.5.3 Glucose tolerance test (GTT)

The GTT was conducted after the titanium dioxide NPs
treatment for 2 weeks in order to investigate the control
effect of titanium dioxide NPs over glucose induced toler-
ance. The mice were allowed to fast for roughly 6–8 h,
during which time blood was drawn from the tail vein
tip to determine the blood glucose level during fasting.
GTT was carried out by giving the fasted animals 1 g·kg−1

of glucose orally that was dissolved in 0.1 mL of clean
water. The blood samples were obtained from the tail
vein at different time intervals of 15, 30, 60, 120, and
180 min following the oral glucose load to estimate glucose.
Potassium oxalate and sodium fluoride were added to the
blood samples. After the drug course was completed, the
animals were put to death, and blood was drawn for bio-
chemical tests such as random blood glucose, triglyceride
(TGL), low density lipoproteins (LDL), high density lipopr-
teins (HDL), Total cholesterol, very low density lipoproteins
(VLDL), and GTT, among others. Blood glucose results were
expressed as milligrams per deciliter (mg·dL−1) [34].

2.6 Cytotoxic activity of TiO2 NPs using
human cancer cell lines

The cytotoxicity of the synthesized TiO2 NPs was analyzed
against both HepG-2 human cancer cell lines and normal
cell lines. In this analysis, cell lines (HepG-2) were culti-
vated separately, i.e., grown in RPMI-1640 supplemented
with 10% FBS. The cancer cells and normal cell lines
were placed in 4 × 103 wells within 96-well sterile plates,

respectively. After that, both the cell lines were incubated
for 24 h at 37°C in an incubator with 5% CO2 at different
concentrations of the tested TiO2 NPs (5, 25, 50, 75, and
100 μg·mL−1). The viability of the cell lines was measured
after the incubation period [35]. After that, each well
received 20 μL of 5 mg·mL−1 MTT (Sigma, USA), and the
plates were incubated at 37°C for 3 h. The MTT solution
was removed and 100 μL DMSO was put in after the TiO2

NPs were incubated for 72 h. The absorption value of each
well was measured at 570 nm using a microplate reader
(BMG LabTech, Germany) to estimate the growth inhibition
of cancer cells and normal cell line. The test was performed
in triplicates (n = 3). Furthermore, Eq. 1 was used to assess
the percentage of cell activity based on the optical density
(OD) values.

( ) ( )=

×

Cell viability % OD of test TiO NPs

/OD test of control 100

treated 2

Untreated

(1)

where the cell viability is measured in (%), the optical
density of the test group is represented by ODtreated, and
the optical density of the control group is denoted by
ODuntreated.

2.7 Statistical analysis

The results are expressed as mean values ± S.D. for each of
the above techniques, which were performed in triplicate
(n = 3). One-way ANOVA and Tukey’s HSD analysis of var-
iance with the significance of P < 0.05 were used in the
statistical analysis, that was carried out with GraphPad
Prism version 8 (GraphPad Software, Inc., La Jolla, CA, USA).

Ethical approval: The research related to animals’ use has
been complied with all the relevant national regulations
and institutional policies for the care and use of animals.
The ethical approval for this study was obtained from
KUST Ethical Committee Kohat University of Science and
Technology, Kohat, Pakistan under Reference No. KUST/
Ethical Committee/154 dated 02/08/2023.

3 Results and discussion

3.1 UV-visible analysis of TiO2 NPs

The current study revealed the reduction of the titanium
ions by the Fagonia cretica plant extract, which led to the
synthesis of TiO2 NPs. The UV-Vis spectral analysis was
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used for the confirmation analysis of TiO2 NP synthesis.
The plant extract of Fagonia cretica did not show any
noticeable color change in its aqueous form, and the synth-
esis of TiO2 NPs was not confirmed. A discernible color
change was observed by mixing Fagonia cretica plant
extract with titanium salt solution at 36°C temperature for
5 h of incubation period. This distinctive color shift was
caused by the surface plasmon resonance being excited
during the TiO2 NP synthesis. Thus, the results showed
that the synthesis of TiO2 NPs was completed by the reduc-
tion of titanium ions which was further verified by UV-Vis
spectrophotometer [36]. The UV-vis spectra of TiO2 NPs and
plant extract were compared, revealing no visible peak in
the plant extracts, as shown in Figure 2. However, the UV-Vis
analysis demonstrates an absorption spectrum for the TiO2 NPs
synthesis at around 307 nmwhen reductionwas completed [30].

The characteristic absorption peak of synthesized TiO2 NPs
was due to the light absorption properties of NPs which
enhanced the photocatalytic activity with the help of stronger
UV absorption intensity. The electrons in the VBs of TiO2 NPs
are excited to conduction bands (CBs) upon exposure to UV
light. The reaction causes the electrons to gain energy, which
causes holes (h+) to form on the VBs. In this instance, the
excited electrons (e−) are only in three-dimensional states
due to their dissimilar parity, which reduces the probability
of an e− transition as a result, the e−/h+ recombination occurs
[37]. Accordingly, the rutile phase is an active photocatalytic
component that are responsible for producing charge carriers
(e− and h+) due to its band gap-corresponding ability to absorb
UV light [8]. Eq. 2 was used to determine the optical band-gap(s)
of the NPs.

( ) ( )= −ahv β hv E
1/2

g (2)

Figure 2: UV-Visible spectra of synthesized TiO2 NPs and plant extract (a), UV-visible absorption of TiO2 NPs at different time intervals (b), UV-visible
absorption of TiO2 NPs at different reaction temperatures (c), and UV-visible absorption of TiO2 NPs observed at different pH level (d).
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where β is a constant, Eg is the band gap of the NPs, h is the
Planck’s constant and ν is the photon frequency, and α is
the absorption coefficient (cm−1). The optical band gap
energy was 4.04 eV that was revealed by the result of
synthesized TiO2 NPs. Moreover, different factors (such
as temperature, pH, and reaction time) were used for the
optimum synthesis of TiO2 NPs. The synthesis TiO2 NPs
were obtained by reacting with 10 mL of Fagonia cretica
extract and 70mL of 0.5 M titanyl hydroxide solution at
room temperature and was monitored under UV-Vis spec-
troscopy. It was found that the intensity of absorption
peaks of the synthesized NPs increases with the increase
in the contact time of the reaction mixture, which became
stronger and sharper after 5 h. In addition, the absorbance
vs reaction time graph shows that the absorbance peaks
increase more quickly for the first 2 h of the reaction time
and then reach a high absorbance at the 5 h (Figure 2b).
The optimum temperatures used to synthesize TiO2 NPs
were achieved by ranging the temperature from 10 to
50°C. The observation of UV-Vis was carried out on the
reaction mixture. The intensity of the absorption peaks
increases from 30°C as the temperature of the reaction
reached 50°C. So, the optimum temperature for TiO2 NPs
was at 50°C, as shown in Figure 2c. Moreover, the reaction
mixture was carried out at various pH levels in order to
optimize the pH of the synthesized TiO2 NPs. The UV-Vis
absorption peak at a wavelength of 307 nm, which increases
in intensity with the increase in pH from 3 to 5, but
decreases at pH between 7 and 9, confirmed the reaction
used to synthesize TiO2 NPs. It was evident that the strong
surface plasmon resonance peak of synthesized TiO2 NPs in
acidic conditions was successfully obtained, indicating a
rapid synthesis rate. Based on the results, it was deter-
mined that at pH = 3, the synthesized TiO2 NPs were
mostly homogenous particles. However, if the pH of the
reaction increases, a non-homogenous NP may be formed.
The optimum synthesis of TiO2 NPs was obtained at pH 5
level, as illustrated in Figure 2d.

3.2 FT-IR analysis of TiO2 NPs

The FT-IR analysis was carried out to investigate the exis-
tence of biomolecules that cause the reduction of TiO2 NPs.
FT-IR spectra of samples have been obtained using the KBr
pelletization method, with an average resolution of 2 cm−1

and a wavenumber range from 4,000–400 cm−1. Figure 3
illustrates the FT-IR absorption band spectrum of an aqu-
eous plant extract and TiO2 NPs at different positions. The
broad band at 3,313 cm−1 related to O–H stretching vibration

reveals the existence of polyphenolic functional groups. The
broadness of band is due to the existence of intermolecular
hydrogen-bond in the hydroxyl group of polyphenolic com-
pounds. The absorption band at 1,644 cm−1 is associated with
both symmetric (amide II) and asymmetric (amide I) N–H
bending; the rise of these absorption bands is related to
protein carbonyl stretching vibrations. The peak at
1,194 cm−1 corresponds to the C]C group of the aromatic
rings. Similarly, the band observed at 866 cm−1 was due to
C–H bending vibrations of aromatic compounds [30]. It was
observed from the FT-IR spectra of green synthesized TiO2

NPs showed a prominent peak at 642 cm−1 which corre-
sponds to the vibrational modes of Ti–O that was typically
found in TiO2 NPs [38]. The shrinkage of the peak at
3,173 cm−1 (O–H stretching) of TiO2 NPs is due to the forma-
tion of a week intermolecular hydrogen bond between the
polyphenolic groups. As a result, majority of the H-bonds
connecting the O–H groups will be broken, causing a bath-
ochromic shift, or a change in wavenumber and peak inten-
sity of synthesized TiO2 NP, as shown in Figure 3 [39]. In
contrast, the TiO2 NPs spectrum shows a bathochromic shift
at 1,542 and 1,135 cm−1 and a decrease in peak intensity was
due to the C]C group of aromatic rings and the N–H
bending vibrations of amides observed in the FT-IR spectra
of an aqueous extract that capped TiO2 NPs. The main dif-
ference between the two spectra in Figure 3 is the correct
alteration of various peaks before and after the reduction of
TiO2 NPs. Thus, the obtained results suggest that biomole-
cules like amino acids, glycosides, flavonoids, alkaloids, and
tannins that are present in plant extract are responsible for
the biotransformation of Ti ions into TiO2 NPs.

Figure 3: FT-IR spectrum of synthesized TiO2 NPs and aqueous plant
extract Fagonia cretica.
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3.3 XRD pattern of TiO2 NPs

XRD was carried out to study the crystalline structure and
the grain size of TiO2 NPs. XRD pattern was obtained at a
scanning rate of 0.02·s−1 in a range of 20°–70° employing
the Cu Ka radiation (wavelength = 1.54060 Å). The TiO2 NP
XRD pattern is illustrated in Figure 4. The sharp strongest
peak corresponding to the occurrence of a well-crystallized
sample is observed in the results of XRD point. In the synthe-
sized NPs, the Bragg’s reflection peaks were observed at 24.91°,
28.66°, 31.34°, 37.41°, 40.98°, 47.92°, 54.09°, and 64.32° at 2θ that
corresponds to the reflection planes of (101), (110), (100), (004),
(111), (200), (105), and (116), respectively. This could suggest that
the NPs have a rutile phase by comparing the JCPDS data No.
46-1238 with the NP structure. Furthermore, the crystallite size
for the synthesized TiO2 NPs was determined by using the
Debye–Scherrer equation, D = Kλ/(β cos θ). where D is the
crystallite size, λ is the Bragg’s angle, β is the full width half
maximum (FWHM), and the wavelength of X-rays used is
1.5406 Å. The size of the crystallite was 11.92 nm and its strong
peak intensity (FWHM) at (110) at peak angle was 28.66° [40].

3.4 SEM analysis of TiO2 NPs

SEM was used to investigate the shape, size, as well as the
surface morphological features of NPs. Figure 5 shows amicro-
graph of SEM for TiO2 NPs synthesized from an aqueous
extract. Figure 5 shows the uniform distribution of NPs across
the surface, revealing the spherical morphology with marginal
agglomeration of synthesized NPs. It demonstrates that the NPs
had a narrow spectrum of dispersal and were compactly

distributed. Themorphological structure of TiO2 NPswas found
to be uniformly dispersed, smooth, and spherical in shape
using the SEM image of the synthesized NPs. The average
size of the synthesized NPs has been determined to be existing
between 20 and 80 nm. The result of the current study was
consistent with the recently used Mentha arvensis leaves
extract that were used for the synthesis of spherical TiO2 NPs
with a size of 20–70 nm in a green source synthesis [41].

3.5 EDX analysis of TiO2 NPs

The elemental composition of green synthesized TiO2 NPs
was analyzed using EDX techniques. The resultant TiO2 NP-
derived titaniumoxide signal is discernible in the EDX spectrum.
The TiO2 NPs with weight percentage-related dominant signal in
the EDX spectrum is depicted in Figure 6. The peaks at around
0.2, 4.3, and 4.5 were related to the binding energy of titanium as
well as oxygen with weight percentage of 62.2%, 36.7%, respec-
tively. The obtained result confirmed the successful synthesis
TiO2 NPs [16]. This result demonstrates that the obtained NPs
were extremely pure and that the elemental compounds were
present in the TiO2 NPs without any impurity peaks.

3.6 Antimicrobial activity

3.6.1 Antibacterial activity

The antibacterial activity of TiO2 NPs was evaluated against
different kinds of pathogens, such as S. aureus, K.Figure 4: XRD patterns of synthesized TiO2 NPs.

Figure 5: SEM image of synthesized TiO2 NPs.

8  Mikhlid H. Almutairi et al.



pneumoniae, P. aeruginosa, and E. coli. The mean inhibition
zone (measured in mm) surrounding each disc was calcu-
lated for each strain. Table 1 shows how the TiO2 NPs may
inhibit the growth of bacteria. The highest zone of inhibi-
tion was identified in response to P. aeruginosa (45 ±

0.56 mm), followed by E. coli (43 ± 0.43 mm), S. aureus (37
± 0.34 mm), and K. pneumoniae (33 ± 0.29 mm) at concen-
trations of 50 µg·mL−1. The significant antibacterial activity
was revealed by P. aeruginosa (42 ± 0.45mm), followed by
E. coli (39 ± 0.34mm), S. aureus (35 ± 0.24mm), K. pneumo-
niae (30 ± 0.14mm) at concentrations of 40 µg·mL−1. Further-
more, TiO2 NPs showed moderate activity (37 ± 0.25) against
P. aeruginosa while (35 ± 0.21mm), (31 ± 0.19mm), and (29 ±
0.17 mm) against E. coli, S. aurous, and K. pneumonia at
30 µg·mL−1 of concentrations, respectively. The inhibition
zone of TiO2 NPs revealed against P. aeruginosa was 36 ±

0.23mm, followed by E. coli (33 ± 0.22mm), S. aureus (30 ±

0.18mm), and K. pneumoniae (25 ± 0.15 mm) at concentra-
tions of 20 µg·mL−1. Whereas, the lowest inhibition zone was
exhibited at 10 µg·mL−1 of concentration for P. aeruginosa

(25 ± 0.33 mm), followed by E. coli (23 ± 0.44mm), S. aureus
(21 ± 0.53mm), K. pneumoniae (19 ± 0.13mm), respectively.
The findings revealed that the highest zone of inhibition was
observed by increasing the concentrations of TiO2 NPs
which may lead to the interactions between the biological
molecules and NPs. There is no reliable description available
on mechanism study of antimicrobial activity. However, it
was observed that TiO2 NPs produce intracellular reactive
oxygen species (ROS) that may induce destructive effects
inside the microbial cell. When TiO2 NPs are in contact
with microbial cells, they will initiate the generation of
ROS. These ROS can effectively destroymicrobes by affecting
the integrity of their cell walls, primarily due to the oxida-
tion of phospholipids, which reduces adhesion and distorts the
ion balance. The negative charge of microorganisms and the
positive charge of TiO2 NPs cause an electromagnetic reaction,
resulting in cell death [42]. The interaction of NPs with phos-
phorus or sulfur containing compounds, such as DNA and
thiol groups of proteins can damage microorganisms by pre-
venting DNA replication and inactivating proteins. These

Figure 6: EDX analysis for TiO2 NPs.

Table 1: Zone of inhibition observed using the disc diffusion method against selected bacterial strains under different concentrations

Concentration (zone of inhibition in mm) TiO2 NPs

Bacterial strains (µg·mL−1) 10 20 30 40 50
P. aeruginosa 25 ± 0.33 36 ± 0.23 37 ± 0.25 42 ± 0.45 45 ± 0.56
E. coli 23 ± 0.44 33 ± 0.22 35 ± 0.21 39 ± 0.34 43 ± 0.43
S. aureus 21 ± 0.53 30 ± 0.18 31 ± 0.19 35 ± 0.24 37 ± 0.34
K. pneumonia 19 ± 0.13 25 ± 0.15 29 ± 0.17 30 ± 0.14 33 ± 0.29

Results are expressed as mean value ± SE.
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cause holes in the cell walls of bacteria, which increase perme-
ability and cause cell death [43]. According to recent reports,
the metal NPs may cause cell death by forming a long-lasting
electrostatic interaction with the bacterial cell wall. Therefore,
TiO2 NPs exhibit an excellent antibacterial activity and make
them suitable for use as antibacterial agents against bacterial
strains [30].

3.6.2 Antifungal activity

The potential antimicrobial activity of NPs to prevent an
infection at the initial stage and inhibit the spread of dis-
eases has sparked interest in developing new approaches
to control the infection. NPs were used in pharmaceutical
products, clinical diagnostic imaging, and clinical treat-
ments due to their unique physical, chemical, and biolo-
gical properties. The antifungal properties of titanium
dioxide NPs were demonstrated by the zone inhibition
on the culture medium. The concentration of fungi and
the concentration of NPs determine the extent to which
fungal growth is inhibited [31]. The diameter of the zone
of inhibition for different strains of A. flavus, A. niger,
C. albicans, and U. tritici was used to measure the anti-
fungal activity of TiO2 NPs. The mean inhibition zone of
TiO2 NPs was calculated in millimeters around each disc.
The zones of inhibition were observed for all concentra-
tions against the selected fungal pathogens. The maximum
zone of inhibition was shown against C. albicans (37 ±

0.26 mm), followed by A. niger (35 ± 0.25 mm), A. flavus
(33 ± 0.24 mm), and U. tritici (31 ± 0.23mm) at 50 µg·mL−1

concentration (Table 2). The significant inhibition zone was
shown against C. albicans (32 ± 0.24mm), followed by A.
niger (30 ± 0.23 mm), A. flavus (29 ± 0.21mm), and U. tritici
(27 ± 0.20mm) at 40 µg·mL−1 concentration. Furthermore,
TiO2 NPs show moderate activity at 30 µg·mL−1 of concentra-
tions for C. albicans (29 ± 0.21 mm), followed by A. niger (27 ±
0.20mm), A. flavus (24 ± 0.18mm), and U. tritici (23 ±

0.15 mm), respectively. The inhibition zone against C. albi-
cans was 25 ± 0.17mm, followed by A. niger (23 ± 0.16mm),

A. flavus (21 ± 0.14mm), and U. tritici (19 ± 0.11mm) at
20 µg·mL−1 concentration. While, the lowest inhibition zone
was exhibited at 10 µg·mL−1 of concentration for C. albicans
(23 ± 0.19mm), followed by A. niger (20 ± 0.17mm), A. flavus
(17 ± 0.15mm), and U. tritici (16 ± 0.13mm), respectively. The
TiO2 NPs at the highest concentration showed the maximum
zone of inhibition as also referred to as self-cleaning NPs
and have efficient antimicrobial properties. Similarly, TiO2

NPs affected the antifungal activity on an aqueous extracts
surface and found that the treatment inhibited the growth
of fungi [44].

3.7 Antidiabetic activity

3.7.1 STZ induced hyperglycemia reduced by the
treatment of TiO2 NPs

Diabetes causes chronic diseases such as nephropathy, poly-
neuropathy, retinopathy, cataracts, and cardiovascular dis-
ease. STZ-induced diabetes in tested animals is the most
widely used animal model of human diabetes. The current
study evaluates the potential of TiO2 NPs whether it can
reduce the blood glucose level induced by STZ [45]. To
achieve this, the mice received a single intraperitoneal injec-
tion of STZ at a dose of 90mg·kg−1. Similarly, TiO2 NPs were
also administered as a co-treatment at a dose of 100 and
200 µL on alternate days. Glucometer was used to check
the blood glucose level. After that, the random glucose levels
of all the animals of the group were checked after 72 h,
respectively. The reading was taken after the induction of
STZ injection as shown in Figure 7. The result indicates that
a single injection of STZ caused hyperglycemia (upregula-
tion of BGL) as compared to the untreated control in the
mice suggesting that it induced diabetes in the mice. Simi-
larly, the co-administration of TiO2 NPs along with STZ
significantly reduced the blood glucose level in mice [46].
Interestingly, TiO2 NPs administration showed good effect
on the blood glucose level at 200 µL, as shown in Figure 7.

Table 2: Zone of inhibition observed using the disc diffusion method against selected fungal strains under different concentrations

Concentration (zone of inhibition in mm) TiO2 NPs

Fungal strains (µg·mL−1) 10 20 30 40 50
C. albicans 23 ± 0.19 25 ± 0.17 29 ± 0.21 32 ± 0.24 37 ± 0.26
A. niger 20 ± 0.17 23 ± 0.16 27 ± 0.20 30 ± 0.23 35 ± 0.25
A. flavus 17 ± 0.15 21 ± 0.14 24 ± 0.18 29 ± 0.21 33 ± 0.24
U. tritici 16 ± 0.13 19 ± 0.11 23 ± 0.15 27 ± 0.20 31 ± 0.23

Results are expressed as mean value ± SE.
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The findings demonstrate that the blood glucose levels were
randomly high in all STZ group as compared to the normal
one. In contrast, the random blood glucose levels were sig-
nificantly reduced by the TiO2 NPs treatment.

3.7.2 Effect of TiO2 NPs on STZ-induced hyperglycemia
and hypercholesterolemia

In order to assess the impact of STZ treatment on diabetic
mice, an oral glucose tolerance test (OGTT) was performed
a day before the animal’s sacrifice. In this analysis, the
mice were kept on fasting for a period of 6–8 h. After
that, the blood glucose was analyzed termed as at zero
time [47]. Then, glucose solution was given to all the experi-
mental mice at a dose of 200 mg·kg−1 to. Then, the blood
glucose level was checked in a sequence like after 15, 30, 60,
120, and 180 min, respectively. The OGTT results indicate
that at zero time, the STZ administered displayed high level
of blood glucose. On the other hand, the animals, which
received TiO2 NPs along with STZ, showed low level of
blood glucose in GTT test. Interestingly both the control
group and the group with animals treated with STZ and
TiO2 NPs showed much difference in the blood glucose
concentration in GTT test. The results suggest that STZ
induced diabetes in animals revealed high blood glucose
levels as compared to STZ with TiO2 NPs treated group at
concentrations of 100 and 200 µL. The obtained results con-
firmed that the induced hyperglycemia of diabetes caused

by STZ and both concentrations of TiO2 NPs can reduce its
hyperglycemia in the experimental mice and indicate that
it significantly reduced it [48]. Additionally, after receiving
TiO2 NP treatment, a number of blood profile parameters
were examined in mice with diabetes induced by STZ. In
comparison to the control group, the diabetic mice treated
using TiO2 NPs had significantly lower levels of TC, LDL,
TGL, and VLDL. As demonstrated in Figure 8, it was also
discovered that the administration of titanium dioxide NPs
to diabetic mice resulted in a partial increase in HDL levels
relative to the diabetic control group (p < 0.05).

3.8 Cytotoxic activity on HepG-2 cancer cell

The present investigation demonstrates the intense growth
inhibition of TiO2 NPs against both human liver cancers
cell lines and normal cell lines. Different concentration of
TiO2 NPs (5, 25, 50, 75, and 100 μg·mL−1) were used to
observe the potential cytotoxic activity against normal
cell lines and HepG-2 cells lines The TiO2 NPs obtained
through the green source synthesis showed significant
cell viability in contrast to control group that was 43.2%
at 100 µg·mL−1 of sample concentration. There was a sig-
nificant decrease in the cell viability recorded in treated
concentrations when compared to control. The results
revealed that TiO2 NPs inhibited the growth of cancer
cell lines in a concentration-dependent manner, based on
the estimated cell viability percentages. The cancer cell
proliferation in cell viability reached a maximum as the
concentration of TiO2 NPs was increased. Accordingly, the
cytotoxicity effect of TiO2 NPs on HepG-2 cells was dose
dependent as shown in Figure 9. In addition, the effects
of TiO2 NPs on cell viability were compared to normal
(healthy) cell lines. However, no discernible differences
were found in the viability of the cells or in their ability
to grow effectively. Therefore, all subsequent experiments
were carried out for cancer cell treatment with TiO2 NPs
[49]. This is because biomolecules found in plant extract
generate extra electrons in TiO2 NPs, which increase the
production of ROS on the surface of cancer cell lines and
favorable for cell death. The obtained results demonstrated
a gradual decrease in cell viability with increasing TiO2 NP
concentration. TiO2 NPs at dosages ranging from 5, 25, 50,
75, and 100 μg·mL−1 have the potential to induce oxidative
stress, harm cell membranes, and elevate lipid peroxida-
tion stress. This could be the result of oxidative stress
increasing and decreasing the viability of HepG-2 cell lines.
Similarly, Gandamalla et al., examined the cytotoxicity of
titanium NPs on human epithelial lung and colon cells,

Figure 7: Effect of STZ and STZ with TiO2-NPs that depict the random
blood sugar in the experimental animals after the administration of STZ
and TiO2 NPs and the blood glucose levels were checked with the
glucometer. Significance; ### = 0.001, different from the control and
*** = 0.01, different from STZ group, respectively.
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Figure 8: The figure shows the GTT test performed in the experimental mice received STZ alone, STZ along with TiO2-NPs (a), total cholesterol (b), TGL
(c), LDL test (d), VLDL (e), and HDL test (f). Glucose was administered at a dose of 200 mg·kg−1 to all the mice including control animals as well.
The glucose level was checked with glucometer. Significance: # = 0.05, ## = 0.01, ### = 0.001 different from the control and * = 0.05, ** = 0.01, and
*** = 0.001 different from STZ group, respectively.
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which is dependent on dosage and size. They observed that
small size TiO2 NPs showed the minimum IC50 values that
were 21.80 and 24.83mg·mL−1 for TiO2 NPs with size diameters
of 18, 30, and 87 nm at concentrations of 0.1–100mg·mL−1. It
was determined that a concentration-dependent antic-
ancer activity of titanium NPs was obtained. Accordingly,
TiO2 NPs obtained stronger anticancer effects against the
liver cancer cell line HepG-2 via an environmentally
friendly approach [50].

3.9 Proposed mechanism for TiO2 NPs

The phytochemical study of Fagonia cretica plant extract
reveals high content of secondary metabolites such as alka-
loids, saponins, phenolics, flavonoids, and tannins [22,28]
that act as reducing and stabilizing agent. The possible
reaction mechanism of green synthesized TiO2 NPs was
examined to find out the role of secondary metabolites
which are present in an aqueous extract of Fagonia cretica

Figure 9: % Cell viability of TiO2 NPs on HepG-2 cancer cell lines and normal cell lines at different concentrations (μg·mL−1). Statistical significance is
represented as *p < 0.05), **p < 0.01), and ***p < 0.001).

Scheme 1: Possible mechanism for the synthesis of TiO2 NPs.

Antimicrobial and antidiabetic therapies of titanium dioxide nanoparticles  13



that helps in the formation of TiO2 NPs. It was shown that
an aqueous extract contains compounds having acid group
carboxylic acid as a functional group in the structure. The
major metabolite which are present in an aqueous extract
is glycyl-L-proline. The titanyl hydroxide can be dehydrated
by reacting with Fagonia cretica extract to synthesize TiO2

NPs. The lone pairs of electrons on the oxygen picks up a
hydrogen ion from glycyl-L-proline. The TiO(OH)2 is said to
be protonated and the protonated TiO (OH)2 loses a water
molecule to form Ti3+ ions. Finally, the compound success-
fully removes a hydrogen ion from the Ti3+. Hence, the
stabilization of TiO2 NPs is likely due to the reaction
between Fagonia cretica aqueous and TiO (OH)2, involving
water-soluble compounds with carboxylic acid groups, as
illustrated in Scheme 1. Similar mechanism has been pre-
viously reported for the synthesis of TiO2 NPs using plant
extract of Aeromonas hydrophila and the plant plays a dual
role as a reducing as well as a stabilizing agent [51].

4 Conclusion

The current study highlights the potential of titanium
dioxide NPs on biological processes. The plant extract
was used to synthesize TiO2 NPs using Fagonia cretica,
which serves as a capping and reducing agent. Different
characterization techniques, such as FT-IR, UV-Vis, SEM,
XRD, and EDX analysis were used to analyze the optical,
structural, surface morphology, functional group, and ele-
mental composition of the synthesized titanium dioxide
NPs. The findings show that synthesized NPs were sphe-
rical in shape and crystalline in nature with size ranges
from 20 to 80 nm. Moreover, the antimicrobial activity of
synthesized titanium oxide NPs was studied against fungal
and bacterial strains that showed potent zone of inhibition
for all the selected pathogens. The TiO2 NPs demonstrated
a remarkable dose-dependent antihyperglycemic activity
that exceeded the antidiabetic activity. Increased electron
production in titanium dioxide nanoparticles (TiO2 NPs)
boosted reactive oxygen species (ROS) generation on the
surface of cancer cells, leading to enhanced cell death. This
study determined the optimal cytotoxic effect of TiO2 NPs.
Furthermore, we think that this study may open a way for
applications involving nanoscale drug delivery for the
management of cytotoxic antimicrobial, and antidiabetic
implications.
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