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Background and Objective. Te public’s health has been seriously threatened by cervical cancer during recent times. In terms of
newly diagnosed cases worldwide, it ranks as the ninth most prevalent malignancy. Multiple investigations have proven that
nanoparticles can efectively combat cancer due to their small dimensions and extensive surface area. In the meantime, bioactive
compounds which are biocompatible are being loaded onto nanoparticles to promote cancer therapy. Te current study in-
vestigates the anticancerous potential of Brucine-entrapped titanium oxide nanoparticles (TiO2 NPs) in cervical cancer cell line
(HeLa).Materials and Methods. Te physiochemical, structural, and morphological aspects of Brucine-entrapped TiO2 NPs were
evaluated by UV-visible spectrophotometer, Fourier transform-infrared spectroscopy (FT-IR), dynamic light scattering (DLS),
scanning electron microscopy (SEM), and energy dispersive X-ray (EDAX). Te cytotoxic efect against the HeLa cell line was
assessed using a tetrazolium-based colorimetric assay (MTT), a trypan blue exclusion (TBE) assay, phase contrast microscopic
analysis, and a fuorescence assay including ROS and DAPI staining. Furthermore, estimation of antioxidant markers includes
catalase (CAT), glutathione (GSH), and superoxide dismutase (SOD). Results. Te UV spectrum at 266 nm revealed the formation
of TiO NPs. Te FT-IR peaks confrmed the efective entrapment of brucine with TiO2 NPs. Te average size (100.0 nm) of
Brucine-entrapped TiO2 NPs was revealed in DLS analysis. Te micrograph of the SEM revealed the formation of ellipsoidal to
tetragonal-shaped NPs. Te Ti, O, and C signals were observed in EDAX. In MTT assay, Brucine-entrapped TiO2 NPs showed
inhibition of cell proliferation in a dose-wise manner and IC50 was noticed at the concentration of 30 µg/mL. Te percentage of
viable cells gradually reduced in the trypan blue exclusion assay. Te phase contrast microscopic analysis of Brucine-entrapped
TiO2 NP-treated cells showed cell shrinkage, cell wall deterioration, and cell blebbing.Te intracellular ROS level was increased in
a dose-wise manner when compared to control cells in ROS staining. Te condensed nuclei and apoptotic cells were increased in
treated cells, as noted in DAPI staining. In treated cells, the antioxidant markers such as CAT, GSH, and SOD levels were
substantially lower compared to the control cells. Conclusion. Te synthesized Brucine entrapped TiO2 NPs exhibited remarkable
anticancer activity against the HeLa cell line.

1. Introduction

Chemotherapeutic anticancer treatment involves the use of
synthetic chemicals that inhibit cancer cell proliferation or
tumor growth, which can be combined or taken alone. Te
primary negative implications of chemotherapy are its in-
ability to target cancer cells and harm healthy cells [1, 2]. In
order to prevent adverse efects, plant compounds such as
Vinca alkaloids, taxanes, epipodophyllotoxins, camptothe-
cins, genistein, and quercetin or rutin have been used in

cancer treatment [3]. Tough it was successful in inhibiting
cancer cells, the majority of compounds showed restrictions
in their solubility, bioavailability, penetration, and stability
which made it difcult to translate into clinical trials. In this
way, the advantages of both nanotechnology and natural
products could be combined by delivering natural products
through nanoparticle drug delivery systems [4].

TiO2 NPs are widely used as a white pigment in cosmetic
products like sunscreen, powder, and eyeshadow due to their
high availability and low toxicity. When compared to other
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nanoparticles (such as copper oxide, zinc oxide, and man-
ganese oxide), TiO2 nanomaterials are less hazardous and
biocompatible [5, 6]. Comparing TiO2 nanoparticles to other
unstable (degradable) nanomaterials in an aqueous solution,
the latter’s long-term stability in biological settings is an-
other beneft that can prevent the loaded biomolecules from
denaturing. TiO2 NPs due to their high refractive index and
UV absorbing capability, are used in sunscreen lotion, paint,
food coloring, and personal care products [7–11]. Te
formation of hydrogen peroxide (H2O2) and hydroxyl free
radicals by titanium dioxide (TiO2) nanoparticles has been
demonstrated to have anticancer and anti-infammatory
efects on mammalian cells, releasing reactive oxygen spe-
cies (ROS) [12, 13]. A key bioactive alkaloid produced from
Strychnos nux-vomica is called brucine (2,3-dimethoxy
strychnidin-10-one). Te anticancer and anti-infammatory
properties of brucine can also treat central nervous system
toxicity [14]. In addition, a recent study has suppressed
cervical cancer cells (ME-180) through apoptosis through
anti-infammatory and antiproliferative activity via the
PI3K/AKT/mTOR signalling pathway [15], while the in-
duced apoptotic efect by HepG2 through Bcl-2 and Ca2+
involved mitochondrial pathway of brucine was reported
earlier [16]. Te primary objective of the present in-
vestigation was to employ a nanodelivery platform for
evaluating the anticancer activity of brucine loaded on ti-
tanium oxide nanoparticles in cervical cancer cells (HeLa).

2. Materials and Methods

2.1. Preparation of TiO2+ Brucine. Titanium dioxide was
reduced to TiO2 nanoparticles and coated with brucine as
per the protocol described earlier [17] with the required
modifcations. Titanium dioxide (0.1M) was weighed for
250ml and stirred continuously. 5molars NaOHwere added
to the content until it reached pH 12, and then stirring was
continued for overnight. 0.25% of brucine was added to the
solution and stirred for 3 hours for the synthesis of brucine-
entrapped TiO2 NPs. Ten the mixture was kept for soni-
cation followed by centrifugation at 5000 rpm for
10–15minutes. Te pellet was dried in a hot air oven at
50–60°C for 1-2 hours. Te dried powder was stored for
further analysis.

2.2. Characterization of TiO2+ Brucine. Te basic technique
of characterization to analyze the nanoparticle reduction
confrmation at the primary level through surface plasmon
resonance (SPR) which is recorded by a UV-visible spec-
trometer in the wavelength range of 200 to 800 nm by UV-
3,600 Shimadzu, Japan. Fourier transform IR (FT-IR)
spectra were employed to investigate the active functional
groups in the TiO2 nanoparticle and the degree of conju-
gation of the bioactive compound brucine with the TiO2
nanoparticle using Perkin Elmer spectrophotometer (Wal-
tham, United States of America) in the wavelength range of
400 cm−1 to 4000 cm−1. Te dynamic light scattering was
carried out by utilizing Zetasizer (nanoparticle SZ-100,
Horiba, Kyoto, Japan) [18]. Te surface morphological

analysis was carried out by electron microscopy [19] and
elemental composition was analyzed by energy dispersive X-
ray (Zeiss MultiSEM505 tandem EDAX equipment, Jena,
Germany).

2.3. Cell Culture. Te cervical cancer cell line (HeLa) was
procured from ATCC, USA. Te cells were grown using
DMEM media with 10% fetal bovine serum and with 2%
antibiotic solution. Te cells were grown in an optimized
condition and subcultured for further analysis.

2.3.1. Cytotoxicity and Trypan Blue Assay. Te primary
screening was performed to investigate the anti-cancer
potency of brucine entrapped TiO2 NPs on the cervical
cancer cell line (HeLa) through the MTT (cytotoxicity) assay
and the Trypan Blue Exclusion (TBE) assay (viability). For
the cytotoxicity assay, the cells were seeded in 96 well cell
culture plates at a preferable count (10000 cells/well) [20]. At
70–80% confuency, the various concentrations of brucine
entrapped TiO2 NPs were added to each well from 0.5mg/ml
to 0.002mg/ml by the serial dilution method, and the un-
treated was kept as a control. Te plate was incubated for
24 hours, and thenMTTdye was added to each well followed
by 4 hours incubation. Te complex formed was dissolved
using DMSO and read at 490 and 630 nm. Te cytotoxicity
was expressed as % inhibition, which was calculated
by percentage of inhibition� 1−[[A490–A630]sample/
[A490–A630]control]× 100.

Te cell viability analysis was performed using the TBE
assay. For this study, the cells were seeded in 6 well plates
based on the requirement of 1× 104 cells/well and incubated
for 24–48 hours. Ten, the cells were treated with brucine
entrapped TiO2 NPs with diferent dosage ranges. Te cells
were collected by trypsinization after 24 hours of incubation.
Trypan blue dye 40 µl was added to 10 µl of cells.Te live and
dead cells were counted using a hemocytometer, and the
count was recorded [21]. Te viability percentage was cal-
culated by, % viability�No. of viable cells/total no. of
cells× 100.

2.3.2. Cytomorphological Changes Assessments. Te syn-
thesized brucine-entrapped TiO2 NPs of various concen-
trations 15, 30, and 60 µg/mL were added to the HeLa cell
line to investigate the gross morphometric changes. Te
treated and untreated cells were incubated for 24 hours, and
the cytomorphological changes were examined under
a phase contrast microscope, and the images were photo-
graphed (Olympus, Tokyo, Japan) [22].

2.4. Fluorescence Assay

2.4.1. ROS Staining. Te primary marker to study the status
of apoptosis is reactive oxygen species level. To investigate
the level of ROS, the DCFHDA method was employed, as
described earlier [23]. Briefy, HeLa cells were seeded in a 24-
well culture plate and treated with various dosages of brucine
entrapped TiO2 NPs for 24 hours. After treatment, the
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untreated and treated cells were washed with PBS and in-
cubated with DCFHDA dye (10 µM) for 30minutes at 37°C.
Ten, the dye was removed by washing, and the images were
taken under the fuorescence microscope.

2.4.2. DAPI Staining. Te apoptotic potency of brucine-
entrapped TiO2 NPs towards the HeLa cell line was stud-
ied using the DAPI staining method. HeLa cells were seeded
in a 24-well cell culture plate. Te cells were treated with
brucine-entrapped TiO2 NPs of diferent concentration 15,
30, and 60 µg/mL, and then the control and treated groups
were washed with chilled PBS bufer and fxed using chilled
methanol for 10minutes. Ten, using 4% formaldehyde, the
cells were permeabilized and stained with DAPI dye. Fol-
lowed by staining the cells were washed and the images were
photographed using a fuorescence microscope [24].

2.5. Antioxidant Markers

2.5.1. Estimation of the Catalase Assay. Brucine-entrapped
TiO2 NP-treated and untreated cells were subjected to
catalase estimation. Te catalase protocol was employed
with reference to the reported method with slight changes
[25]. To the 0.5ml of treated and untreated cell suspension,
1ml of phosphate bufer (0.01mM, pH 7.0), 200 µl of 30%
hydrogen peroxide, and 400 µl of water were added and
incubated at room temperature for 10minutes in the dark.
Ammonium molybdate (32.4mM) 1ml was used to stop
the enzymatic reaction, and the complex was read at
405 nm spectrometrically. Te catalase activity was
expressed as KU/L.

2.5.2. Determination of Reduced Glutathione Analysis (GSH).
Te estimation of reduced glutathione was performed based
on the protocol suggested earlier with minor modifcations
[26]. Te treated and control cells were collected by tryp-
sinization and centrifuged. Te obtained cell pellet was
homogenized using 0.1M potassium phosphate bufer
(pH 7.4). 0.5ml of cell homogenate was added to 0.5ml of
sulfosalicylic acid (4%) and kept in incubation for 1 hour at
4°C. Ten, the content was centrifuged and from the su-
pernatant, 0.033ml was taken and added with 0.9ml of
potassium phosphate bufer (0.1M, pH 7.4) and 0.066ml of
DTNB (di thiobis 2-nitrobenzoic acid). Te coloured
complex formed was read at 412 nm, and the reduced
glutathione was expressed as µM sulfhydryl units.

2.5.3. Superoxide Dismutase Radical Scavenging Activity
(SOD). Te predominant parameter to investigate antiox-
idant status is to estimate the percentage release of super-
oxide dismutase. To estimate SOD, a simple method
described in the literature with minor changes was adapted
[27]. Te brucine-entrapped TiO2 NPs were treated at dif-
ferent dosage ranges such as 15, 30, and 60 µg/mL. Te
treated and untreated cells were subjected to SOD de-
termination. Te 200 µl of cell suspension from the re-
spective groups were mixed with 200 µl NBT (0.08mM),

400 µl of NADH (0.25mM), and 200 µl PMS and kept for
10minutes incubation in the dark and then the absorbance
was taken at 560 nm using a UV spectrophotometer. Te
SOD release was calculated as, % SOD release� A0 − A1/
A0× 100, whereas A1—sample OD and A0—Control OD.

2.6. Statistical Analysis. Te statistical analysis was per-
formed using GraphPad Prism version 8.1. All the experi-
ments were performed as duplicate, and the values from the
experiments were subjected to a one-way ANOVA, and the
comparison between treated and control group was analyzed
using Tukey’s multiple comparison test. All the values
expressed here is the mean and standard deviation. P< 0.001
was considered as signifcant for the study.

3. Results

3.1. Characterization of Brucine-Entrapped TiO2 NPs. Te
optical characteristics of synthesized brucine-entrapped
TiO2 NPs were analyzed using the UV–visible spectros-
copy. Te UV- Vis spectra at 266, 302, and 647 nm were
observed (Figure 1(a)). Te functional groups and chemical
elements in the brucine entrapped TiO2 NPs were de-
termined using the FT-IR spectrum (Figure 1(b)). Te ab-
sorption band at 3421 cm−1 denotes the presence of alcoholic
groups.Te peaks at 2927 cm−1 and 2841 cm−1 are attributed
to alkane group C-H stretching vibrations. Te absorption
band at 1653 cm-1, owing to the presence of brucine’s car-
bonyl stretching vibrations. 1030 cm−1 indicates the presence
of C-N stretching vibrations of amine. Te absorption band
between 400 cm−1 to 900 cm−1 is ascribed to the stretching
vibrations of Ti-O and Ti-O-Ti. From DLS data, the average
size of brucine-entrapped TiO2 NPs was found to be
100.0 nm (Figure 1(c)). In SEM analysis, ellipsoidal shapes
with unevenly distributed tetragonal nanoparticles were
observed (Figure 1(d)). From EDAX data, the elemental
signals of Ti with a weight percentage of 38.94 and an atomic
percentage of 16.22 were observed. Along with Ti signal, O
signal with 42.57 weight percentage and 53.08 atomic per-
centage, C signal with weight percentage of 18.49 and atomic
percentage of 30.70 was observed (Figure 1(e)).

3.2. MTT and TBE Assays. A cytotoxic investigation of
brucine-entrapped TiO2 NPs was performed using 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide dye
which formed a yellow coloured formazan complex. Te
assay was performed in the range of 2–500 µg/mL, and the
IC50 value was obtained in 31.25 µg/mL as 50.21% of in-
hibition. From the graph (Figure 2(a)), it is confrmed that
the brucine-entrapped TiO2 NPs showed remarkable cyto-
toxic potency against cervical cancer cell line in a dose-
dependent manner. At the low dosage of 1.9 µg/mL itself, it
showed 17.8% inhibition.

Similarly, the viability percentage was analyzed in the
TBE assay using Trypan blue dye which binds with the cell
wall of viable cells. Te viability percentage was calculated in
treated (15, 30, and 60 µg/mL of brucine entrapped TiO2
NPs) and control groups showed 100, 78.24, 49.70, and
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Figure 1: Characterization study of Brucine entrapped TiO2 Nanoparticle (a) Uv-Spectrum, (b) FTIR, (c) DLS, (d) SEM and (e) EDAX.

0

20

40

60

80

100

120

500 250 125 62.5 31.25 15.62 7.81 3.9 1.9

%
 In

hi
bi

tio
n

Concentration (µg/mL)

MTT Assay

(a)

0

20

40

60

80

100

120

Control 15 µg/ml 30 µg/ml 60 µg/ml

%
 V

ia
bi

lit
y

Concentration (µg/ml)

Viability analysis -Trypan Blue assay

(b)

Control 15 µg/ml

30 µg/ml 60 µg/ml

(c)
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7.47 percentage for control, 15, 30, and 60 µg/mL of brucine-
entrapped TiO2 NPs, respectively (Figure 2(b)). Te TBE
assay results further confrm the cytotoxic potency of
brucine-entrapped TiO2 NPs against the HeLa cell line.

3.3. Morphometric Analysis. Morphological changes of
brucine-entrapped TiO2 NPs-treated and untreated HeLa
cells were examined under phase contrast microscope
(Figure 2(c)). Te cells in the treated groups showed
a gradual increase in the apoptotic percentage in a dose-
dependent manner, as visualized by cell shrinkage, cell wall
deterioration, and cell blebbing. Te signifcant increase in
the loss of cell adherence was also noticed as an increase in
dosage range whereas control cells showed fned mor-
phology with 100% confuency.

3.4. Fluorescence Assays. Brucine-entrapped TiO2 NPs ex-
posed cells were investigated by ROS staining and DAPI
staining to confrm the root cause of antiproliferation efect.
To understand the intracellular ROS release and apoptosis
status of treated cells, these assays were employed. Figure 3
shows the fuorescence images captured in the ROS assay
stained by DCFHDA fuorophore. From the fgure, it was
clear that the intracellular ROS level was increased in a dose-
dependent manner indicated by the increase in green
fuorescence whereas control showed a very limited or
negligible amount of intracellular ROS. Te results indicate
that brucine-entrapped TiO2 NPs create stressful circum-
stances when treated.

In DAPI staining, the image (Figure 4) showed treated
and untreated photographs of HeLa cells stained with DAPI
dye, which readily binds with the condensed nuclei. Te
gradual increase of blue fuorescence in a dose-dependent
manner strongly confrms the cytotoxic property of brucine-
entrapped TiO2 NPs. Te condensed nuclei and apoptotic
cells were indicated by arrows. In the control group, the cells
exhibit normal morphology with intact nuclei. So, the
staining results support the cytotoxic results obtained.

3.5. Antioxidant Markers. To understand the homeostatic
status of cells in the exposure of brucine entrapped TiO2
NPs, the investigation of oxidative markers is predominant
one. For that purpose, the major factors such as catalase,
reduced glutathione, and superoxide dismutase were de-
termined. Figure 5(a) showed the catalase assay. Te graph
showed a gradual decrease in catalase activity as the dose
increased. Te control group showed maximum catalase
activity, whereas in treated groups 91.677± 1.39,
68.02± 1.39, and 45.09± 0.58 for 15, 30, and 60 µg/mL,
respectively. In reduced glutathione assay, the level of GSH
was decreased constantly in a dose-dependent manner.
Control showed 3.67± 0.14 and in treated group 2.75± 0.04,
1.87± 0.07, and 1.25± 0.09 was observed for 15, 30, and
60 µg/mL, respectively (Figure 5(b)). Similarly, in the esti-
mation of SOD, a signifcant decrease was observed in 15, 30,
and 60 µg/mL as 81.52± 1.52, 57.84± 1.47, and 35.91± 1.37,
respectively (Figure 5(c)). Te dose-dependent decrease in

antioxidant levels such as CAT, GSH, and SOD denotes that
brucine-entrapped TiO2 NPs manifested a strong cytotoxic
efect in the HeLa cell line.

4. Discussion

Te traditional method of cancer treatment possesses low
specifcity with severe side efects and multidrug resistance
which increases the demand for alternative therapy. Drugs
derived from natural sources can be used both as preventive
and therapeutic, resulting in responsiveness for low dosage
and autophagy-induced apoptosis for high dosage, but
phytocompound delivery is a major challenge. Several
studies have shown chemotherapeutic drugs and phyto-
chemicals delivered by nanoparticle are efective both as
therapeutic and chemo sensitizing agent.

Brucine, a weak-base indole alkaloid possesses anti-
infammatory, anti-snake venom, antioxidant, and analge-
sic activity [28–30]. Also exerted cytotoxic and anti-
proliferative MCF-7 [31], HepG2 [32], SMMC-7221 [33],
and multiple myeloma RPMI 8226 [34]. Its therapeutic
applicability in the treatment of cancer is constrained by its
high toxicity, poor water solubility, brief half-life, and low
toxic dose for intravenous usage. In order to prevent above
challenges and improve drug interaction with target cells,
the current investigation was carried out by coating brucine
on titanium oxide nanoparticle. Several studies suggest that
TiO2 NPs may signifcantly reduce tumour cell growth and
boost the triggering of apoptosis. Because they quickly pass
through cell membranes and exhibit excellent therapeutic
efcacy. Based on this hypothesis, a titanium oxide nano-
particle was loaded with brucine and observed for its an-
ticancer activity in the HeLa cell line [35, 36].

Te synthesis of brucine-entrapped TiO2 NPs was val-
idated by several characterization techniques. Te absorp-
tion peak at 266 nm reveals the formation of TiO2 NPs.
While the signal shifted from 260 nm to 302 nm eventually
to 647 nm could be due to the coating of Brucine [37, 38]. In
the FT-IR spectrum, the band at 3421 cm−1 correlates to
alcoholic groups [39]. Te C-H stretching vibrations of
saturated carbon were denoted by peaks at 2841, 2867, and
2927 cm−1. Tese stretching vibrations are in consistent with
the FT-IR of brucine reported earlier [40]. Te absorption
band at 1653 cm−1 is assigned to carbonyl –C�O stretching
vibrations of brucine. Altogether, this indisputably proves
the efective conjugation of brucine to TiO NPs, and the
results observed here are in agreement with earlier published
data [41]. Te C-N stretching vibrations of amine were
denoted by the peaks at 1030 cm−1 [39]. Te broad ab-
sorption band between 400 cm−1 to 900 cm−1 notably
648 cm−1 and 529 cm−1 attributed to Ti-O-Ti and Ti-O
linkages and also reveals that Ti-O is at the anatase phase
[37, 42–44].Te average size of brucine-entrapped TiO2 NPs
was 100.0 nm with a polydispersity index of 0.320, as
revealed in DLS. With an average size of 100 nm, TiO2 NPs
can efectively ofer a nanodrug delivery platform, hence
improving the drug’s appropriate solubility in the targeted
cells. Te results of the SEM analysis showed that certain
portions of the nanoparticles were ellipsoidal in shape while
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(a) (b)

(c) (d)

Figure 4: Representation of DAPI staining. (a–d) represents Control, 15 µg/ml, 30 µg/ml and 60 µg/ml respectively. DAPI staining colour
intensity was high in treated groups as dose dependent manner indicates the increasing count of damaged cells, whereas control showed very
less staining indicates healthy cells. (White arrow indicates condensed nuclei, cell blubbing and ruptured cells).

(a) (b)

(c) (d)

Figure 3: Representation of ROS staining by DCFHDA method. (a–d) represents Control, 15 µg/ml, 30 µg/ml and 60 µg/ml respectively.
ROS release was high in treated groups as dose dependent manner, whereas control showed negligible amount of ROS released.
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the others had tetragonal shapes that were distributed un-
evenly in the range of 117.6, 123.2,147.5, and 154.6 nm [45].
Te SEM results further confrm the anatase phase of TiO
NPs since the anatase phase of TiO NPs occur in ellipsoidal
form [46]. Furthermore, SEM results were also consistent
with DLS. From EDAX data, the Ti signal was observed in
the weight % of 38.94, atomic % of 16.22, and the O signal in
the weight % of 42.57, atomic % of 53.08, ensuring the
presence of TiO [44]. Te C signal with weight % of 18.49,
atomic % of 30.70 refers to carbon. Terefore, the EDAX
results strongly correlate with the presence of carbonyl
stretches of brucine in the FT-IR spectrum.

Brucine-loaded TiO2-treated cells caused a decrease in
cell viability of the HeLa cell line in a dose-dependent
manner with LC50 at 30 µg of brucine loaded TiO NPs.
Even at a low dosage 1.9 µg/mL brucine-entrapped TiO2 NPs
showed 17.48% inhibition. Phyto-modifed titanium nano-
particles showed higher efcacy for anticancer activity due to
the synthesis of superoxide radicals in cancer cells which was
confrmed by research against A549 and KB cell line [47].
Our results also were consistent with DOX-TiO2 nano-
composites that increased lethality with increasing con-
centrations of DOX in a dose-dependent manner due to
endocytosis, a common characteristic of nano-based drug

CAT

**

****

****

C
on

tro
l

15
 µ

g/
m

l

30
 µ

g/
m

l

60
 µ

g/
m

l

0

50

100

150
Ca

ta
la

se
 ac

tiv
ity

 (k
U

/l)

(a)

**

***

****

**

***

****

C
on

tro
l

15
 μ

g/
m

l

30
 μ

g/
m

l

60
 μ

g/
m

l

GSH

0

1

2

3

4

5

G
SH

 (μ
m

ol
)

(b)

***

****

****

C
on

tro
l

15
 µ

g/
m

l

30
 µ

g/
m

l

60
 µ

g/
m

l

SOD

0

50

100

150

%
 o

f S
O

D

(c)

Figure 5: (a) CAT, (b) GSH, (c) SOD. Representation of the above activity between control and treated cells. When compared to control
cells, the level of catalase was substantially lower in the treated cells. Results were subjected to one-way ANOVA (Tukeymultiple comparison
test) revealed that there was a signifcant diference between control and treated cells. In comparison with control cells, treated cells
demonstrated high signifcance (∗∗∗∗P< 0.0001, ∗∗∗P≤ 0.001 and ∗∗P≤ 0.01).
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delivery [48]. Morphological changes of shrinkage, rup-
turing, rounding, and detachment of cells were observed in
treated cells which was further evaluated by DAPI staining to
confrm apoptosis by blebbing and nuclear condensation.
Te external and internal pathways trigger the process of
apoptosis in case of cancer cells. Te inhibition of cervical
cancer progression is accomplished by infuencing the ac-
tivity of many signalling pathways, leading to the regulation
of genes associated with cell cycle and death [49–51].

During normal cellular activity, ROS is produced in less
amounts. Apoptosis via oxidative stress can damage bi-
ological macromolecules such as proteins, lipids, and DNA
[52]. Increased production of ROS within cells upon ex-
posure to TiO2 NP coated with brucine could have been
a contributing factor to the anticancer impact observed in
cervical cancer cells. It also induced oxidative stress by
raising ROS and lowering glutathione levels, which leads to
the induction of apoptosis through the p53, survivin, Bax/
Bcl-2, and caspase pathways which were similar to platinum-
coated drugs. As a substrate for enzymatic antioxidants,
glutathione is the endogenous antioxidant that shields cells
from oxidative damage [53]. After being exposed to brucine-
TiO nanoparticles for 24 hours in the current investigation,
cancer cells displayed low glutathione levels.Tis impairs the
cellular antioxidant defense mechanism, causing damage
and ultimately leading to the death of these cells [49–51]. As
a result, cancer cells were unable to properly remove ROS,
hydrogen peroxide, and metabolites.

According to our fndings, antioxidant enzyme activity,
CAT, and SOD can be decreased by brucine-TiO Np. In
relation to the signifcance of CAT activity in cancer, it has
been shown that CAT activity inhibition signifcantly raises
the level of oxidative stress and hydrogen peroxide, which
kill cancer cells [54]. Similarly, SOD is also reduced with
increased ROS and reduced glutathione which consistent
with the results of other studies [55, 56]. Tus, it confrms
the oxidative stress induced cell death of HeLa cells by
brucine-TiO NPs.

5. Conclusion

Te present study sheds insights on the anticancerous ac-
tivity of brucineentrapped TiO2 NPs in the HeLa cell line.
Te peaks noticed in the UV spectrum and FT-IR established
the formation of TiO2 NPs and entrapment of brucine to
TiO2 NPs, respectively. Te average size of brucine-
entrapped TiO2 NPs was 100.0 nm in DLS analysis. SEM
and EDAX showed ellipsoidal to tetragonal-shaped NPs with
signatures of Ti, O, and C peaks. Te MTT assay demon-
strated an inhibition in cell proliferation, which is consistent
with the trypan blue exclusion assay, phase contrast mi-
croscopic analysis, and fuorescence staining. In addition,
decreased antioxidant markers in the treated cells may lead
to apoptosis, which also proves the cytotoxic potential of
brucine-entrapped TiO2 NPs. Te current fndings suggest
that brucine-entrapped TiO2 NPs could provide efective
nanodelivery system for delivering bioactive compounds
which could be an alternative to currently available cancer
treatment strategies. Further research is needed to explore

the nanopharmacological capabilities and mechanism of
action of brucine-entrapped TiO2 NPs.
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[56] D. Mateo, P. Morales, A. Ávalos, and A. I. Haza, “Oxidative
stress contributes to gold nanoparticle-induced cytotoxicity in
human tumor cells,” Toxicology Mechanisms and Methods,
vol. 24, no. 3, pp. 161–172, 2014.

10 Advances in Pharmacological and Pharmaceutical Sciences




