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Abstract Background: Gallbladder cancer (GBC) is the sixth most predominant gastrointestinal

tumor worldwide. Malignant tumors with distinctive biological characteristics, like the human

GBC, are incredibly aggressive and challenging to diagnose and treat.

Objective: The aim of the present study is to explore the in vitro anticancer properties of ZAP-

Brucine nanocomposites (ZAP-Bru NCs) on gallbladder cancer cells.

Methodology: The cytotoxicity of the ZAP-Bru NCs at concentrations ranging from 10 to 60 mg/
mL on the NOZ cells was assessed by an MTT study. The IC50 value of ZAP-Bru NCs was found

to be 5 mg/ml, which indicates that it has 50% inhibitory effects on NOZ cells than other doses.

Several fluorescent staining approaches, such as dual staining and rhodamine-123 techniques, were

applied to investigate the apoptosis and MMP levels in the treated NOZ cells. The generation of

ROS in the treated NOZ cells was examined by DCFH-DA staining. The modifications in the

expressions of inflammatory genes like NF-jB, TNF-a, IL-6, COX-2, and IL-6 in the treated

NOZ cells were examined using the respective kits.
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Results: ZAP-Bru NCs treatment effectively induced apoptosis in NOZ cells by increasing late

and early apoptotic cell numbers. ZAP-Bru NCs also enhanced mitochondrial apoptosis through

Bcl-2 protein-dependent signaling. NOZ cells phosphorylated PI3K, Akt, cyclin D1, and mTOR

in response to ZAP-Bru NCs treatment. ZAP-Bru NCs treatment also inhibited the phosphoryla-

tion of Akt and mTOR in the NOZ cells. Compared to the control group, ZAP-Bru NCs-treated

NOZ cells demonstrated significantly fewer proliferative cells and more apoptotic cells.

Conclusion: Accordingly, ZAP-Bru NCs could be talented medications against gallbladder

cancer.

� 2023 Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Gallbladder cancer (GBC) is the sixth most predominant gastroin-

testinal tumor in the world, responsible for 80–95 percent that results

in a high death rate associated with cancer (Bray et al., 2018; Strum

et al., 2022). Although GBC is very infrequent in most developed

nations, it affects at least 219,420 people worldwide annually. Korea,

Peru, Chile, Nepal, Bangladesh, Bolivia, Japan, and the Czech

Republic are among the countries with the highest death rates. In

2015, there were 10.2 deaths per 100,000 women due to GBC. It is

one of Chile’s most prevalent malignancies, and it is the second fore-

most cause of cancer-associated mortality among women (Zhu et al.,

2023). The absence of characteristic signs in the initial phases and the

limited availability of effective indicators lead most physicians to

detect the disease at a developed and/or metastatic stage (Randi

et al., 2006). To increase the clinical diagnosis of GBC, better and ef-

fectual early detection techniques and treatment alternatives are

required.

GBC research is difficult not only because it is a rare tumor

around the world but also because human tissue samples are difficult

to obtain and experimental models are lacking (Goldin et al., 2009).

The use of alkylating agents and antimetabolites in current cancer

treatment has a slew of side effects and is deleterious for showing

toxicity (Rasmussen et al., 2010). The use of nanomaterials is one

of the most cutting-edge therapy techniques (Peng et al., 2021;

Huang 2021). Anticancer medications have been delivered via nano-

materials and nanostructured devices. The application of nanotech-

nology to medication delivery has resulted in the regulated

discharge of anti-cancer therapies, which has improved their in vivo

effectiveness (Salimpour et al., 2020; Abdollahi et al., 2021;

Fernandes et al., 2015). Nanocomposites (NCs) are familiar to have

characteristic anticancer effects because of their biological effects.

NCs’ anticancer activity is attributed to either inherent features, such

as antioxidant property or apoptosis-stimulating capacity. The NCs

can effectively interrelate with the tumor’s surroundings, such as

blood vessels or stroma, and obstruct tumor growth (Caputo et al.,

2014). Metal nanocomposites are used in cancer treatment and are

being developed for salutary and diagnostic approaches. It is possible

to make metallic and/or metal oxide NCs for the treatment of vari-

ous cancers (Mody et al., 2010).

ZAP- Brucine NPs have the potential use for cancer treatment,

which has recently gained a lot of attention. However, lack of treat-

ment with ZAP- Brucine, in particular, the underlying mechanisms

of apoptosis induced by ZAP-Brucine NP therapy in cancer cells

(Zhang et al., 2011). Biologically active polymers such as polyethylene

glycol (PEG) produce water-soluble compounds that are especially

important to the development of polymer-drug analogs (Tshweu

et al., 2020). In drug delivery systems, conjugating PEG with betulinic

acid (BA) enhances the solubility and specificity of drugs by increasing

drug potency (Fru et al., 2021). Brucine has an outstanding anticancer

influence on several types of cancer (Li et al., 2018). Colorectal cancer

cells may be inhibited in their growth and migration by brucine, which
regulates the Wnt/-catenin signaling cascade (Shi et al., 2018). Hence,

we hypothesized that ZAP- Brucine NPs may have effective anticancer

activity against GBC. Therefore, in the current study, we synthesized

the ZAP-Bru NCs and evaluated their anticancer properties in human

GBC NOZ cells.

2. Material and methods

2.1. Chemicals

Polyethylene glycol, sodium alginate, and zinc oxide were
acquired from Sigma Aldrich, USA. Brucine solution was pro-

cured from Loba Chemie, Germany.

2.2. The preparation of ZAP- Brucine (Zinc-Sodium alginate-
Polyethylene glycol- Brucine) nanocomposites (ZAP-Bru NCs)

To synthesize ZAP-Bru NCs with an average diameter of
25 nm, 0.3 g of zinc was added to the sodium alginate solution,
and then mixed to the polyethylene glycol (PEG) solution. The

Zinc-Sodium alginate-PEG homogenization mixture was then
encapsulated with Brucine solution. For 6 h, a continuous stir-
ring process was performed at 80 �C with ZAP-Bru NCs. We

detected the presence of a white precipitate after constant stir-
ring and centrifuged the residue for 15 min at �4 �C. The
obtained ZAP-Bru NCs were dried over three hours at

200 �C after several washes with deionized water. Further,
the prepared ZAP-Bru NCs was characterized using several
techniques.

2.3. Characterization of ZAP-Bru NCs

To determine absorbance spectra in the 400–1000 nm range,
UV–vis spectrophotometry was performed on a Cary-50 Scan

Varian instrument.
A FT-IR study was implemented to investigate the ZAP-

Bru NCs for the presence of functional groups. After drying,

ZAP-Bru NCs powder was used for FT-IR study and spectra
were detected using Perkin-Elmer at 4000 cm�1 and 400 cm�1

range.
The PLS technique was implemented to detect the PL spec-

trum of ZAP-Bru NCs. Eclipse (Varian) at a width of 5 nm,
120 nm/min of scan rate, 1 nm of interval (average time
0.5 s), 600 V of voltage, and 325 nm of excitation wavelength.

A time-resolved PL study was executed using a laser coupled
to an optical parametric oscillator (OPO) at 10 Hz frequency
at 325 nm to excite the sample. An ICCD Instaspec-V ICCD

http://creativecommons.org/licenses/by-nc-nd/4.0/


Fig 1 Proposed mechanisms of ZAP-Bru nanocomposites on
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detector and Hg lamp calibration were utilized to detect the
sample emission with an Oriel f-125 monochromator graded
at 400 grooves/mm.

The XL-30 Philips SEM machine equipped with EDAX
was utilized to detect the morphology of the ZAP-Bru NCs.
We prepared the SEM sample by dispersing the ZAP-Bru

NCs in isopropyl alcohol, drop-coating them onto Al2O3,
and drying them in the oven at 80 �C for 30 min. Finally
ZAP-Bru NCs were filmed to analyze the morphology of the

ZAP-Bru NCs.
On a Bruker D8 diffractometer using a copper tube, XRD

patterns were acquired for the ZAP-Bru NCs. Our diffrac-
togram analysis was conducted with the software DIFFRAC

and EVA-V3.1 and the COD2013 (Crystallography Open
Data, 2013) database. The Scherrer equation was used to cal-
culate the crystal size. Using the DLS study and a Malvern

ZEN3600 Zetasizer, the size of the ZAP-Bru-NCs was recog-
nized based on Brownian motion. The sample was vortexed,
ultrasonicated (at 25 kHz) for 15 min, and agitated for

2 min using an Ultronique ultrasonic probe (model disruptor),
which dissolved 1 mg of ZAP-Bru NCs particles.

2.4. Collection of NOZ cells

Human GBC cell line (NOZ) was purchased from ATCC,
USA, and grown on 10% FBS-enriched Dulbecco’s modified
eagle’s medium (DMEM) with 1 % antimycotic cocktail.

The cells were maintained at 37 �C in a chamber with 5% of
CO2 for 24 h. The additional tests were done with sub-
cultured cells after reaching 80% confluency.

2.5. MTT assay

Before being seeded and incubated with 5 % CO2 for 24 h,

NOZ cells were plated onto 96-wellplate. After maintenance
for 24 hrs, cells were treated with diverse concentrations of
ZAP-Bru NCs (1, 2.5, 5, 7.5, 10 & 15 mg/ml) for 24 hrs. Then

the medium was removed after the cells underwent an MTT
experiment (Mossman, 1963). A microplate reader was used
to detect the solution’s optical density at 595 nm and deter-
mine the proportion of live cells.

2.6. ROS staining

The NOZ cells growing on 24-well plates subjected to DCFH-

DA staining to detect the intracellular ROS level. After 24 h,
ZAP-Bru NCs were incubated at 5 and 7.5 mg/ml concentra-
tions at 37 �C with 5 % CO2. 30 min were needed for staining

after incubation with the DCFH-DA dye. Finally, cells
were inspected under an microscope (Olympus) to find the flu-
orescent emitters.

2.7. Rhodamine-123 staining

Rh-123 staining was utilized to examine the permeability of the
mitochondrial membrane in NOZ cells treated with ZAP-Bru

NCs. The addition of 5 and 7.5 mg/ml of ZAP-Bru NCs to
24-well plates containing NOZ cells was done 24 h prior to
incubation. Then cells were incubated for 30 min with 1 mMol

Rhodamine 123 to stain the cells. After incubating the dyed
cells in the dark for 15 min, they were examined under a fluo-
rescent microscope.

2.8. Dual staining

ZAP-Bru NCs treated NOZ cells were studied by dual staining
to assess the apoptosis. Cells were incubated at 37 �C with 5

and 7.5 mg/ml of ZAP-Bru NCs for 24 h. The cells were stained
with AO/EB after being washed with phosphate buffer (PBS)
(1:1). The stained cells were viewed under a fluorescence micro-

scope after 30 min of dark incubation.

2.9. Cellular adhesion assay

Cell adhesion assays were used to evaluate the characteristics
of ZAP-Bru NCs treated NOZ cells. DMEM medium contain-
ing no serum was added to coated plates, and cells were sus-
tained for two hrs. After 2 h, the cells were cleansed thrice

with PBS and then fixed for 10 min in methanol after removing
unattached cells. A microscope was used to observe and eval-
uate the cells after they were stained with methylene blue dye

for 15 min.

2.10. Real-time PCR analysis

The RT-PCR technique was used to measured the expression
levels of NF-jb, COX2, IL-6, TNF-a, Akt, mTOR, PI3K,
CyclinD1, Bcl-2, Caspase-3, and Bax in the NOZ cells. The

manufacturer’s protocol was followed to isolate total RNA
from tissue samples using Trizol (Invitrogen, Thermo Scien-
tific, USA). The purity and integrity of RNA were checked
using agarose gel electrophoresis and a Qubit 4 fluorometer

(Invitrogen, USA). Maxima cDNA Kit (ThermoScientific,
USA) was utilized to make the cDNA, following the manufac-
turer’s instructions.

Simply mix 0.5 mg of total RNA with 1 mL of dsDNase,
1 mL of 10X dsDNase buffer, and 10 mL water, then gently
mix and centrifuge. To allow the reaction mixture to incubate,

the thermomixer was preheated to 37 �C for 2 min. 20 mL were
obtained by mixing 4 mL of Reaction Mix, 2 mL of Maxima
Enzyme Mix, and 4 mL of nuclease-free water. Finally,
qRT-PCR was implemented to detect gene expressions of

anti-inflammatory genes like NF-jb, COX2, IL-6, and TNF-
a, apoptotic genes such as PI3K, Akt, Caspase3, and mTOR,
and proinflammatory genes such as cyclinD1 and Bcl2. We

performed 40 cycles of 55 �C for 15 sec, followed by 40 cycles
of 55 �C for 60 sec. The 2-DDCt approach was utilized to detect
NOZ cells.
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the expression levels, and they were expressed as fold changes
compared to untreated control.

2.11. Statistical analysis

SPSS 20.0 was utilized to analyze the obtained data (SPSS Inc.,
Chicago, Illinois, USA). All data are represented as

mean ± SD. We used one-way ANOVA as the statistical com-
parison method and Tukey’s test for further confirmation. Sta-
tistical significance was determined at P < 0.05.

3. Results

3.1. Characterization of ZAP-Bru NCs

ZAP-Bru NCs containing ZAP-Bru exhibit UV–vis absorption

spectra between 400 and 1000 nm as shown in Fig. 2A. The
absorption bands in the spectra of the NCs containing ZAP-
Bru NCs show that nanostructured ZAP-Bru NC materials
exhibit an intense absorption maximum centered at around

360 nm. FT-IR analysis was utilized to detect the various func-
tional groups in ZAP-Bru NCs (2B). The peaks represent func-
tional groups in the ZAP-Bru NCs. As a result, the absorption

peaks in the samples are identified as 3443 cm�1, 2855 cm�1,
1650 cm�1, 1109 cm�1, 951 cm�1, 852 cm�1, and 614 cm�1.
Metal-oxygen stretching vibrations are linked to the absorp-

tion peak at 614 cm�1 (ZAP-Bru NCs). A vibration of the
main alcohol’s C-N or C-O bonds is what causes the peak at
Fig. 2 Characterization analysis of ZAP-Bru nanocomposites. (a). UV

wavenumber chart of ZAP-Bru nanocomposites derived from in

nanocomposites at room temperature.
1109 cm�1. The peak at 1650 cm�1 is due to the molecular
vibration modes of aromatic nitro compounds and alkyls.
Peaks at 2855 cm�1 and 3443 cm�1 are caused by stretching

vibrations of hydroxyl compounds. Fig. 2B depicts the FTIR
spectra of ZAP-Bru NCs. Using FTIR analysis, it is feasible
to watch the vibrations of specific atoms or collections of

atoms. The results showed a high prevalence of ZAP-Bru
NC bonds. The result of combining ZAP-Bru NCs is shown
in Fig. 2C, which exhibits a unique band at about 478 nm that

is centered on the graph of the PL spectra.
Fig. 3A and 3B depict the structural characterization of

ZAP-Bru NCs. The structures were homogeneous and evenly
distributed; however, at the magnification employed, they

appeared more insulated and crowded. We obtain a higher
particle size by including particle dispersion in our EDAX cal-
culation. Fig. 3C displays the EDAX result for ZAP-Bru NCs.

The weight percentages of carbon, nitrogen, and oxygen
should be 7.10%, 52.60%, 2.06%, and 38.25%, respectively,
according to stoichiometric calculations. ZAP-Bru NCs are

chemically similar to these percentages, as shown by the Zn,
C, N, and O.

ZAP-Bru NCs of a hexagonal ZAP-Brucine phase (wurtzite

structure) were analyzed via X-ray diffraction. Several param-
eters related to the lattice structure are given, including hexag-
onal unit cells. Based on the literature values (Maguire et al.,
1982), ZAP-Brucine peaks and relative intensities matched

those obtained in the literature for the other components.
Impurity peaks did not exhibit characteristic characteristics.
The peaks are at scattering angles of 31.64�, 34.85�, 36.65�,
–vis absorption spectra (400–1000 nm). (b). FTIR Transmittance vs

frared analysis. (c). Photoluminescence spectra for ZAP-Bru



Fig. 3 SEM micrographics of the ZAP-Bru nanocomposites. Up and down surface area (a), parts and the respective compositions

obtained by EDX elements, weight % and atomic % of the composition obtained by EDX (b & c).
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46.1�, 57.12�, 63.2�, and 68.9�, which correspond to 100, 002,
101, 102, 110, 103, and 112 in the crystal plane, respectively.

ZAP-Bru NCs with the XRD demonstrated above have an
average size of 19.23 nm based on the Scherrer formula
(Fig. 4A). The ZAP-Bru NCs (numerically weighted) are
shown in Fig. 4B. At room temperature, we obtained the

smallest particles. In comparison with other analytical tech-
niques, this method showed smaller particle sizes, indicating
a high degree of clustering. Electrostatics and Van der Waals

forces are responsible for the interactions between particles.

3.2. The cytotoxicity of ZAP-Bru NCs in NOZ cells

Fig. 5 shows the results of a 24-hour cytotoxicity study of
NOZ cells treated with ZAP-Bru NCs at six several dosages
(1, 2.5, 5, 7.5, 10, & 15 mg/ml). A reduction in cell viability is

noted in the NOZ cells after treatment with increased dosages
of ZAP-Bru NCs. Treatment with 5 mg/ml resulted in the
decrease of viable cells with 50%, hence it was fixed as IC50
Fig. 4 XRD Pattern and DLS analysis of ZAP-Bru nanocomposites. (

obtained by DLS.
concentration. Therefore, 5 and 7.5 mg/ml of ZAP-Bru NCs
were selected for further study as an IC50 and high dose,

respectively, because a concentration of 5 mg/ml of ZAP-Bru
NCs produced 50% of cell death (Fig. 5).

3.3. The ZAP-Bru NCs induced apoptosis in NOZ cells

ZAP-Bru NCs treatment-induced apoptosis in the NOZ cells
were examined by dual staining, and the outcomes were
revealed in Fig. 6. A higher green fluorescence is noted in the

control cells, whereas higher yellow and orange fluorescence
was noted in 5 and 7.5 mg/ml of ZAP-Bru NCs-treated NOZ
cells, which reveals the increased apoptotic incidences (Fig. 6).

3.4. The ZAP-Bru NCs induced ROS accumulation in NOZ

cells

A DCFH-DA staining was performed on NOZ cells to detect
the ZAP-Bru NCs treatment-induced intracellular ROS accu-
a). XRD analysis (b). Number-weighted particle size distribution,



Fig. 5 ZAP-Bru nanocomposites cause cytotoxicity in NOZ cells.

NOZ cell lines from human GBC cell lines were treated with ZAP-

Bru nanocomposites (1–15 mg) for 24 h. The cells were subjected to

MTT assay and the values were depicted as ± SD of three

individual experiments.
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mulation. Control cells demonstrated only mild or dull green

fluorescence, whereas 5 and 7.5 mg/ml of ZAP-Bru NCs treated
NOZ cells exhibited higher green fluorescence than control.
These outcomes suggest a higher accumulation of ROS in
the ZAP-Bru NCs-treated NOZ cells (Fig. 6).

3.5. MMP level in NOZ cells is impaired by ZAP-Bru NCs

The status of MMP in the control and ZAP-Bru NCs treated

NOZ cells was assessed by the Rh-123 staining, and the out-
comes are revealed in Fig. 6. The untreated control cells
demonstrated a higher green fluorescence, whereas the treat-

ment with 5 and 7.5 mg/ml of ZAP-Bru NCs demonstrated a
Fig. 6 NOZ cells are apoptotic when treated with ZAP-Bru nanocom

ZAP-Bru nanocomposites for 24 h. Acridine orange and ethidium brom

to oxidative stress induced by ZAP-Bru nanocomposites were staining w

have a decreased mitochondrial membrane permeability. Rhodamine
dull or reduced green fluorescence in the NOZ cells. These
findings obviously suggest that the ZAP-Bru NCs appreciably
decreased the MMP status in the NOZ cells (Fig. 6).

3.6. Effect of ZAP-Bru NCs on cell adhesion of NOZ cells

The cell adhesion assay was performed on the NOZ cells trea-

ted with synthesized ZAP-Bru NCs. Compared to cells treated
with ZAP-Bru NCs, the untreated control group showed an
increase in viable cells. The 5 mg of ZAP-Bru NCs treatment

decreased the number of viable cells. The 7.5 mg of ZAP-Bru
NCs treatment also drastically increased the dead cells when
compared with control (Fig. 7).

3.7. An assessment of gene expression levels associated with

inflammation

As revealed in Fig. 8, the alterations in gene expression of NF-

jB, IL-6, COX-2, and TNF-a are seen in NOZ cells after ZAP-
Bru NCs treatment for 24 h. To calculate the fold changes in
gene expression levels with each gene, we compared them to

untreated NOZ cells. In this study, we observed a decrease
in pro-inflammatory gene expression after treating NOZ cells
for 24 h with 5 and 7.5 mg of ZAP-Bru NCs.

3.8. ZAP-Bru NCs treatment induces apoptosis in the NOZ cells

As shown in Fig. 9, ZAP-Bru NCs induced apoptosis in NOZ

cells by down-regulating anti-apoptotic genes such as PI3K,
AKT, mTOR, and CyclinD1 and up-regulating pro-
apoptotic genes Bcl2 and caspase-3. 5 and 7.5 mg of ZAP-
Bru NCs decreased PI3K, AKT, mTOR, and CyclinD1 expres-
posites. NOZ cell lines of human GBC cell lines were treated with

ide (1:1), was used to stain the cells. The NOZ cell line is subjected

ith DCFH-DA. NOZ cells with ZAP-Bru nanocomposites present

123 was used to stain the cells.



Fig. 7 Cell adhesion is impaired by ZAP-Bru nanocomposites in NOZ cells. ZAP-Bru nanocomposites and doxorubicin were used to treat

human GBC cell line NOZ cell lines. In the following figures, representative stained cells of the control and treated groups were shown in

cell adhesion assays. Control, ZAP-Bru nanocomposites-treated cells; 5 mg concentration and 7.5 mg concentration.

Fig. 8 Gene expression changes induced inflammatory response in

NOZ cell line. Expression of NF-kB, IL-6, Cox-2, and TNF-a in

mRNA level after 24-h treatment of 5&7.5 mg concentration of

ZAP-Bru nanocomposites. The data were presented as folds

change compared to the untreated ‘‘Control” cells and

mean ± SEM. n = 6, *p < 0.005 compared to the ‘‘Control”

group, #p < 0.05 compared to ‘‘control” group.

Fig. 9 Gene expression changes induced apoptotic cell death in

NOZ cell line. Expression of anti-apoptotic genes such as PI3K,

AKT, mTOR, and CyclinD1 and upregulating pro-apoptotic gene

Bcl2 and caspase-3 in mRNA level after 24-h treatment of 5 &

7.5 mg concentration of ZAP-Bru nanocomposites. The data were

presented as folds change compared to the untreated ‘‘Control”

cells and mean ± SEM. n = 6, *p < 0.005 compared to the

‘‘Control” group, #p < 0.05 compared to ‘‘control” group.
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sion as well as Bcl2 in a dose-dependently. NOZ cells, however,

appear to undergo apoptosis via the caspase-dependent
mitochondrial-mediated intrinsic pathway, as indicated by
increases in Bax and caspase-3 expression.

4. Discussion

Malignant tumors with distinctive biological characteristics,

like the human GBC, are incredibly aggressive and challenging
to detect. Surgery to remove the tumor, chemotherapy, and
radiotherapy are all ineffective treatments for the GBC. Based
on detailed research of biological features and metastatic path-

ways, it is important to design novel adjuvant medications,
potential antitumor agents, and GBC that can be treated utiliz-
ing molecularly targeted approaches. With the majority of bio-

logical molecules existing, forming, and performing their roles
at the nanoscale, nanomedicine aims to address these issues.

The ZAP-Bru NCs absorption peak was found at 360 nm,

showing that there is an inherent bandgap in UV–Vis spectra
(Fig. 1a). Similar results were observed in earlier research for
the ZAP-Bru NCs absorption region, which has a wavelength
range of 355–380 nm (Zak et al., 2011; Bian et al., 2011;

Lavand et al., 2018). Utilizing FT-IR, the functional groups
of the synthesized ZAP-Bru NCs were examined and identified
(Fig. 1b). A wide absorption band with ZAP-Bru NCs stretch-

ing vibration was discovered at 614 cm�1 during FT-IR spec-
trum analysis. There was also evidence of FT-IR having a
band at 400 cm�1 in earlier studies with ZAP-Bru NCs (Zak

et al., 2011). The ZAP-Bru NCs SEM study showed that they
were evenly dispersed, closely related in size, and grouped by
shape (Fig. 2a and 2b). Controlling the stoichiometry and pur-

ity of ZAP-Bru NCs was made possible with the help of EDS
analysis. There are no impurity peaks evident in the EDS pat-
tern, which confirms the presence of Zn, C, N, and O elements
(Fig. 2c). The distribution of each element was determined

using the relevant K line from the X-ray spectra (C, O, N,
and Zn). The samples are largely homogeneous, according to
the EDS mapping pictures, with some localized NCs aggrega-

tion forming as the ZAP-Bru NCs proportion increases
(Motelica et al., 2021). The residual peaks are indexed to the
hexagonal structure of ZAP-Bru NCs, which is in agreement

with the standard data no. 36–1451 (Gawande and colleagues,
2015). The XRD outcomes revealed that the precursors had
entirely changed into ZAP-Bru NCs crystals after calcination.
The strong and crisp peaks indicate the presence of well-

ordered crystalline materials (Fig. 3a).
Our cytotoxicity findings are consistent with other research

that found ZAP- Brucine NPs dramatically promote cytotoxi-
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city in cancer cells (Fig. 4) while having no significant effect on
normal cells. Some human glioma cell lines (LNZ308, LN18,
A172, LN229, and U87) were found to be cytotoxic by ZAP-

Brucine NPs, but normal human astrocytes were found to be
unaffected (Ostrovsky et al., 2009). It was already demon-
strated that Zn-based NPs preferentially (or exclusively) cause

cancer cells to undergo apoptosis than normal cells (Hanley
et al., 2008). Higher ROS and the cytotoxicity of nano-sized
substances have already been supported by earlier literature

(Nel et al., 2006). As an activator of cell growth and develop-
ment in both normal and stressed conditions, ROS can per-
form a number of functions. However, under stressful
situations, it can also result in CD in addition to pathological

defects (cell death). High levels of intracellular ROS cause the
apoptotic process to begin (Hu et al., 2009). It is crucial to
screen the mitochondrion’s depolarized membrane because of

the dysfunction of responsive genes.
BCL-2 and caspases are triggered when the mitochondrial

membrane is damaged, preventing the synthesis of genes that

are receptive to cancer cells. Rhodamine 123 was delivered into
the mitochondrial membrane, which caused intracellular leak-
age materials to disappear. The color of these materials shifted

from red to green, suggesting the onset of apoptosis (Momtazi-
Borojeni et al., 2013). Our results showed that the NF-jB, IL-
6, COX-2, and TNF-a genes were downregulated when treated
with 5 and 7.5 mg/ml of ZAP-Bru NCs when compared to con-

trol NOZ cells (Fig. 7). RIP-1, a receptor-interacting protein
that promotes NF-jB (p65) activation, is upregulated in the
GBC. TNF-stimulated IKK/NF-jB activation is complicated

by the ubiquitination of RIP1. During GBC pathogenesis, sev-
eral genes encoding transcription factors and cell signaling reg-
ulators had their expression altered as well, implying that their

interactions with their corresponding p53 proteins are dis-
rupted (Zhu et al., 2014; Xu et al., 2010). Chemokines,
MMP-9, TNF-a, IL-1b, IL-6, 5-LOX, COX-2, and VEGF

are among the hundreds of pro-inflammatory regulators acti-
vated by NF-kB upregulation (Aggarwal et al., 2006). mRNA
expression levels of ZAP-Bru NCs induced apoptosis in NOZ
cells by down-regulating anti-apoptotic and upregulating pro-

apoptotic genes (Fig. 8). Jin et al. (2015) suggested that the
curcumin up-regulating miR-192-5p expression and down-
regulates the PI3K/Akt signaling pathway, thereby causing

apoptosis in human lung cancer cells, which supports our
findings.

5. Conclusion

In conclusion, the present findings prove that ZAP-Bru NCs have anti-

cancer effects on the human GBC NOZ cell line. Our results demon-

strate that ZAP-Bru NCs treatment effectively inhibited the growth,

induced apoptosis, and inhibited the PI3K/Akt/mTOR pathway in

the NOZ cells. Therefore, it was clear that ZAP-Bru NCs could be uti-

lized as a novel anticancer agent in the future.
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