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Abstract Gastric cancer (GC) is the fifth most cancer type and the third most cause of cancer-

associated deaths worldwide along with the 5-year survival rate is less the 30%. This investigation

was aimed to synthesis the piperine-loaded zinc oxide nanocomposite (ZnO-Pip-NC) and investigat-

ing its anticancer activity against the GC by in vitro and in vivo models by the inhibiting the apop-

totic and PI3K/Akt/mTOR signaling pathways. The synthesized ZnO-Pip-NC was characterized by

different techniques. The cytotoxicity of zinc oxide, piperine and the formulated ZnO-Pip-NC was

tested against the AGS cells by MTT assay. The intracellular ROS level, mitochondrial membrane

potential, and apoptotic cell necrosis in the AGS cells was examined by fluorescent staining tech-

niques. The expression of apoptotic and PI3K/Akt/mTOR signaling markers were inspected by

western blotting and the expression of pro0inflammatory markers analyzed by RT-PCR technique.

The antioxidant levels were examined by standard methods and histopathology of gastric mucosa

was analyzed. The ZnO-Pip-NC treatment appreciably inhibited the AGS cell viability. ZnO-Pip-

NC treated cells also exhibited excessive intracellular ROS, diminished MMP, nuclear damages,

and apoptosis induction in AGS cells. The enhanced expression of pro-apoptotic proteins and

inhibition of PI3K/Akt/mTOR signaling pathway was noted in ZnO-Pip-NC treated cells. In vivo

studies proved that the ZnO-Pip-NC noticeably restored the antioxidants in the GC animals and
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also prevented the gastric mucosa and inhibited the GC tumor formation. In conclusion, the find-

ings of this investigation confirmed the anticancer potential of ZnO-Pip-NC against the GC via

inhibiting the PI3K/Akt/mTOR signaling pathway.

� 2020 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

Gastric cancer (GC) is the fifth most recurrently diagnosed
carcinoma and the third foremost cause of cancer-related mor-
talities worldwide (Torre et al., 2015). In recent decades, the
incidences of GC were constantly escalated in East Asian

countries. Though the inclusive treatment techniques like
chemotherapy, surgery, and endoscopy therapy for the treat-
ment of GC were recently progressed, and the five-year sur-

vival rate of GC victims is still unacceptable. The major
reason for the treatment failures in GC cases is chemo-
resistance (Bray et al., 2018). There are numerous molecular

mechanisms of gastric cancer was inspected, however, the
exact mechanisms of GC like multiplication, migration, pro-
gression, and apoptosis are still inadequately understood
(Song et al., 2017).

Presently, about 90% of victims were diagnosed with GC
was being developed to the developed stage, and the 5-year
survival rate in less the 30% (Katai et al., 2018). Preceding

findings demonstrated that the incidences and progression of
gastric cancer are primarily linked with the mTOR, Nrf2,
Wnt, Hedgehog, and Notch signaling hinges (Chen et al.,

2018). Presently, the combination of chemotherapy and sur-
gery was executed for the treatment of GC, but the outcome
of these techniques is still less enviable. The high toxicity and

resistance towards chemotherapy drugs hinder these
approaches and hampers the successful recovery of patients
from the GC (Lam et al., 2018). Hence, it is essential to explore
the potential agents with fewer side effects and improved activ-

ity against the GC.
The mTOR is a target of mammalian rapamycin that

underwent to an essential function in modulating tumor pro-

gressions. The expression of mTOR is frequently uplifted in
tumors that consequently suppress autophagy. The signifi-
cance of mTOR is self evidenced as a crucial element of most

signaling pathways and the main inhibitory pathway of autop-
hagy. PI3K/Akt is a typical apoptotic signaling cascade and
uplifted signals play an essential regulatory function in the

stimulation of mTOR (Kim et al., 2017). The phosphoinositide
3-kinase (PI3K)/Akt (protein kinase B), and the mammalian
target of rapamycin (mTOR) signaling pathways are essential
for different aspects of physiological and pathological condi-

tions. Because of their close associations, they regularly
regarded as a single distinctive pathway that interconnects
with various other pathways. The PI3K-AKT-mTOR signal-

ing cascades are among the crucial pathways, which responsi-
ble for the drug resistance and directing the mechanisms of
carcinoma in cancer victims (King et al., 2015).

PI3K-Akt- mTOR is the critical kinases, which are stimu-
lated via various cellular stimuli and manage the crucial mech-
anisms of cells, like multiplication, growth, transcription,
translation, and survival. The PI3K-Akt-mTOR signaling

pathway is very essential for typical human physiological
processes; consequently, the alterations in its modulation can
lead to numerous carcinomas. To overcome the cellular stres-

ses, the PI3K/Akt signaling pathway is an essential modulator.
The interruption during the stimulation of the PI3K/Akt sig-
naling pathway is united with several human malignancies;

thus it is an imperative curative target to discover the potential
antitumor agents. The function of the PI3K/Akt signaling
pathway in the cell multiplication and survival is an extremely

critical, and is connected with the autophagy and apoptosis
(Yu et al., 2018). Autophagy is a catabolic degradation mech-
anism that usually engulfs the damaged cell organelles and
invading pathogens by lysosomes, digested by its digestive

enzymes to maintain the normal cellular processes. Conse-
quently, autophagy has playing the dual functions in the tumor
development. It can inhibit the tumor formation via assuaging

the accretion of injured organelles and as a molecular mecha-
nism of cell survival; it can eventually escalate the cancer pro-
gression. Anomalous autophagy is often concerned in the

pathological processes of tumor and even leads to the cancer
cell death (Fu et al., 2018). In some cases, autophagy is also
involved in drug-induced tumor cell death (Wang et al.,
2019; Kinsey et al., 2019). Hence, the recognition of therapeu-

tic agents, which inhibit the PI3K/Akt/mTOR signaling path-
way, thereby promoting autophagy and apoptosis may have
the potential drug to enhance the effectiveness of GC

treatments.
Most of the victims were unavoidably died from the tumor

recurrence. Regrettably, there were no efficient curative

approaches that exist today to solve this crisis. Currently, the
progression of effective curative and preventive methods for
the GC is improved but the rate of survival of GC victims

was still poor (Siegel et al., 2016). As a result, the need for
exploring potential curative approaches is necessary to treat
the GC. Piperine is a chief bioactive constituent of black pepper
and has been accounted for not only as food ingredient but also

as a potential therapeutic agent to treat the diverse ailments like
widespread carcinomas, obesity, and inflammation (Bang et al.,
2009; Greenshields et al., 2015; Ouyang et al., 2013; Yaffe et al.,

2015). Piperine has also reported with the immense pharmaco-
logical benefits like anti-epilepsy, anti-depression, and neuro-
degenerative actions (Chonpathompikunlert et al., 2010; Mao

et al., 2014; Ren et al., 2018).
Nanotechnology is a facilitating technology that deals with

nano sized materials for the development of novel therapeutic

agents (Syafri et al., 2019; Ilyas et al., 2019; Ilyas et al., 2019).
Understanding of biological mechanisms on the nano sized

agents is a strong driving force behind the emergence of nan-
otechnology (Ilyas et al., 2018a, 2018b; Abral et al., 2020).

Recently, the nanomaterials were gained many interests in
biomedical researches that owing to their outstanding biologi-
cal and biomedical benefits. With the development of nanoma-

terials, the zinc oxide loaded nanocomposites were received
greater importance in the biomedical field, particularly for

http://creativecommons.org/licenses/by-nc-nd/4.0/
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anticancer target (Mishra et al., 2017; Zhang et al., 2015, 2014;
Wan et al., 2017; Liu et al., 2016; Shi et al., 2017; Huang et al.,
2018). The zinc oxide loaded nanocomposites were extensively

investigated in numerous fields due to their exclusive chemical
and physical properties (Ruszkiewicz et al., 2017). Hence, the
current investigation was aimed to synthesis the piperine

loaded zinc oxide nanocomposite and exploring its anticancer
activity against gastric cancer by in vitro and in vivo models.
2. Materials and methods

2.1. Chemicals

Piperine (�97% purity), zinc oxide, Dulbecco’s modified eagle
medium (DMEM), fetal bovine serum (FBS) (�98%),

dimethyl sulfoxide (DMSO) (�99.9%), 3-(4,5-dimethylthia
zol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT),
Dichloro-dihydro-fluorescein diacetate (DCFH-DA) (�97%),
Rhodamine-123 (�85%), acridine orange, ethidium bromide

(�95%), 40,6-diamidino-2-phenylindole (DAPI) (�98%), and
propidium iodide (�94%) was attained from Sigma Aldrich,
USA. All the antibodies from western blotting and PCR kit

were procured from Thermo-fisher scientific, Waltham, USA.
The extraction kits were purchased from Qiagen, Hilden, Ger-
many. All additional chemicals were attained from Himedia,

USA, as a diagnostic grade.

2.2. Synthesis of piperine-loaded zinc oxide nanocomposite
(ZnO-Pip-NC)

To synthesize the ZnO-Pip-NC, 1gm of ZnO powder was sus-
pended in 100 ml of acetic acid (1%) to develop the zinc
cations. Then 1gm of piperine was added to this suspension

and then constantly sonicated in a water bath for 2 h. The
1 M of NaOH solution was added by dropwise manner to gain
the pH 9. Afterward, the changing of its color from pale yellow

to deep brown was noted. Finally, the nanocomposite solution
was centrifuged at 6000 rpm for 5mins and then the pellet was
gathered. The resulted ZnO-Pip NC was dried at 40 �C and

further characterized by different techniques.

2.3. Characterization of synthesized ZnO-Pip-NC

The formation of ZnO-Pip-NC in the sample was confirmed by
the UV–vis spectroscopic (Shimadzu UV 2600 plus) analysis
was executed at the wavelength range from 200 to 1100 nm
to confirm the formation of ZnO-Pip-NC in the solution

(Reda et al., 2020). The Fourier Transform Infrared Spec-
troscopy (spectrum GX-1, Perkin Elmer, USA) technique
was executed to inspect the stretching and bending vibrations

of the ZnO-Pip-NC within the wavelength range from 400 to
4000 cm�1. The phase level was investigated via the X-ray
diffraction (Bruker D8 X-ray diffraction) with Cu-K alpha

x-ray radiation, a tube voltage of 40 kV, a current of 40 mA
were used, a 0–80� scanning angle, and a scanning rate (2H)
of 0.02�. The average size of the fabricated ZnO-Pip-NC was
studied through the transmission electron microscopy (FEI-

G220), operating at 200 kV, with a resolution point of
2.04 nm. The photoluminescence property of the formulated
ZnO-Pip-NC was investigated through the spectrofluorimeter
at the wavelength ranging from 340 to 800 nm (PerkinElmer,
Waltham, USA).

2.4. Cell culture

Gastric cancer (AGS) cell lines were procured from ATCC,
USA. Cells were maintained in DMEM medium along with

10% FBS and 1% Penicillin/Streptomycin combination at
37 �C in a moistened atmosphere having 5% CO2 and 95%
air incubation.

2.5. MTT cytotoxicity assay

The cytotoxicity potential of formulated ZnO-Pip-NC was

inspected through MTT based colorimetric assay. AGS cell
lines were loaded in 96-well plates 6 � 103 cells/well and main-
tained at 37 �C for 24 h at 37 �C. To examine the cytotoxicity
of ZnO-Pip-NC, it was supplemented in diverse doses (5–

35 mM) to the AGS cells and incubated for 24 h at 37 �C. Later
than 24 h incubation, the 100 ll of MTT solution was added to
every well and then plates were again kept for incubation for

4 h. Then the growth medium was discarded from every well
and 100 ll of the serum-free medium was replenished and
developed formazan crystals were liquefied via adding DMSO.

Finally, the absorbance was taken by the microplate reader at
570 nm.

2.6. Cell proliferation assay

The effect of formulated ZnO-Pip-NC against the AGS cells
was examined. Briefly, the AGS cells were loaded in the 6-
wellplate at 1 � 106 cells/well population and sustained for

24 h at 37 �C. Then the growth medium was re-
supplemented with fresh medium along with the diverse doses
of ZnO-Pip-NC (15 & 20 mM/ml). The medium (excluding the

ZnO-Pip) was utilized as control and incubated at 24 h at
37 �C. Later than, cells were gathered and cleaned with dis-
tilled water and finally the cell proliferation level was examined

beneath the inverted optical microscope.

2.7. Measurement of intracellular ROS production

Intracellular ROS accretion status was inspected via DCFH-

DAfluorescent staining technique. Briefly, GC (AGS) cells were
loaded in a 6-wellplate and supplemented with various doses (15
and 20 mM) of formulated ZnO-Pip-NC, and then kept incuba-

tion for 24 h in a CO2 chamber at 37 �C. Subsequently, cells were
stained with DCFH-DA and kept incubation for another
10 min. Later than, the fluorescent intensity was inspected via

a fluorescent microscope at 530 nm emission filters.

2.8. Detection of mitochondrial membrane potential (MMP)

MMP level was examined through the Rhodamine-123 (Rh-
123) fluorescent staining technique. The AGS cells were cul-
tured in 6-wellplate along with the supplementation of diverse
dosages of fabricated ZnO-Pip-NC (15 and 20 mM). After that,

treated cells were incubated for 30 min with Rh-123 fluorescent
stain. Finally, the changes in the MMP were inspected through
the fluorescent microscopy.
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2.9. Detection of cell death by the dual staining method

The dual staining technique i.e. acridine orange (AO)/ethidium
bromide (EB)was executed to recognize the cellular apoptosis in
AGS cells. The formulated ZnO-Pip-NC supplemented (15 and

20 mM) AGS cells were incubated for 24hrs and then cells were
stained with AO/EB for 30mins. Finally, the cells were instantly
investigated via the fluorescent microscope to detect cell death.

2.10. Detection of DNA fragmentation

The AGS cells were loaded at the 6-wellplates and incubated
for 24hr at 37 �C along with the diverse doses (15 and

20 mM) of formulated ZnO-Pip-NC. Then the cells were har-
vested and cleaned with chilled PBS to attain the 500 ll of cell
suspension. After that, 1 lg/ml of DAPI dye was added incu-

bated for 10mins at 37 �C. Finally, the DNA fragmentation
was inspected beneath the fluorescence microscope at excita-
tion 358 nm and emission 460 nm).

2.11. Detection of cell apoptosis

The propidium iodide (PI) staining approach was extensively
executed to stain the cells to detect the cellular morphology.

PI stain incapable to penetrate into the live cell membrane,
thereby clearly distinguish the apoptotic and normal viable
cells. After 12hr of incubation with fabricated ZnO-Pip-NC

(15 and 20 mM), the AGS cells were gathered and centrifuged
at 3000 rpm for 6mins and then cleaned with PBS twice. Later
than, cells were treated with 3 ml of 75% chilled ethanol at

4 �C for 12hr. Then, cells were treated with10ml of RNase at
37 �C for 10mins. Subsequently, AGS cells were stained with
1% of PI and investigated via the fluorescent microscope.

2.12. Western blotting analysis

The total protein was extracted and quantified from the 15 and
20 mMof ZnO-Pip NC supplemented AGS cells with the help of

a protein extraction kit (Qiagen, Hilden, Germany). The
extracted protein from the cells was separated via SDS-
PAGE technique and repositioned to the PVDF membrane.

Then the membranes were blocked with fat less milk concen-
trate (5%) at 37 �C for 1 h. After that, the membranes were pro-
cessed with saline solution and Tween 20 (0.1%), and then

membranes were incubated at 4 �C with the BSA (5%) and cor-
responding primary antibodies (Thermo-fisher scientific, Wal-
tham, USA). Subsequently, membranes were incubated again
with fat less milk (5%) and horseradish peroxidase loaded sec-

ondary antibodies. Finally, the developed bands were inspected
through the enhanced chemiluminescence kit (Thermo-fisher
scientific, USA). The b-actin was utilized as a control.

2.13. Real-time polymerase chain reaction (RT-PCR) analysis

The total RNA was extracted from the control and ZnO-Pip-

NC supplemented AGS cells via the TRIzol RNA extracting
kit by using the manufacturer’s protocol (Qiagen, Hilden,
Germany). The cDNA was constructed from the extracted

RNA through the commercially procured PCR kit as per the
manufacturer’s guidelines (Thermo-fisher scientific, Waltham,
USA). The primers used for the TNF-a was as forward 5-
CTGAACTTCGGGGTGATCG-3 and reverse 5-GCTTG
GTGGTTTGCTACGAC-3, NF-ƙB forward 50-ATCC

CATCTTTGACAATCGTGC-30, reverse 50-CTGGTCCCGT
GAAATACACCTC-30, forward 5-ATCATTCACCAGGC
AAATTGC-3, reverse: 5- GGCTTCAGCATAAAGCG

TTTG-3, and b-actin forward 5-GCTCCTCCTGAGCGCAA
GT-3, reverse 5-TCGTCATACTCCTGCTTGCTGAT-3 was
used. The entire investigation was executed in triplicate for an

exact result.

2.14. In vivo studies

2.14.1. Experimental design

The investigation was executed in Wistar albino rats (male
breed) withweight ranges from 6 to 8weeks. Rats were alienated

into 4 groups with 6 animals in every group. Group-I regarded
as control with excluding the experimental procedures.
Group-II were challenged with 200 mg/kg bw of N-Methyl-N
0-nitro-N-nitrosoguanidine (MNNG) by oral gavage route at
days 0 and 14th day and saturated NaCl (1 ml per rat) was
administered for 3 days for 4 weeks and sustained till the end

of the investigational period. Group-III and IV were challenged
with MNNG + NaCl (as mentioned in group-II) and supple-
mented with 10 and 20 mg/kg bw of ZnO-Pip-NC respectively
for 20 weeks from the first dose ofMNNG+NaCl. After com-

pletion of the investigational schedule, all rats were anesthetized
and killed via cervical decapitation then samples were gathered
and utilized for biochemical and histological examinations. The

body weight, tumor volume, and incidences of GC were investi-
gated via the previously describedmethod (Wang andWilliams,
1995) (Wang and Williams, 1987).

2.14.2. Biochemical assays

The 0.6 g of detached stomach tissues were homogenized with
the 9 ml of saline solution and centrifuged at 10,000 rpm for

6 min to attain the 10% of stomach tissue homogenate. The
resulted stomach tissue homogenate was utilized for the differ-
ent biochemical assays. The lipid peroxidation level in the

stomach tissues was inspected through the spectrophotometri-
cal technique by assaying the status of thiobarbituric acid reac-
tive substances (TBARS) by the method of Niehius and
Samuelson, (Niehius and Samuelson, 1968). The status of

enzymatic antioxidants i.e. superoxide dismutase (SOD), cata-
lase (CAT), and glutathione peroxidase (GPx) was inspected
through the preceding techniques described by Kakkar et al.

(1984); Sinha (1972), and Rotruck et al. (1973) respectively.
The glutathione (GSH) status was examined via the Ellman
(1959) procedure. The vitamin-C and vitamin-E statuses were

examined via the procedures of Omaye et al. (1979) and
Desai (1984) respectively.

2.15. Histological analysis

The histological alterations in the stomach tissues of control
and investigational animals were studied via hematoxylin
and eosin (H&E) staining. The gathered stomach tissues were

fixed in 10% of formalin solution for overnight and dehy-
drated with the help of alcohol and xylene. The dehydrated tis-
sues were entrenched in paraffin and then sliced at 5 mm size.
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The sliced sections were stained with H&E and finally, the sec-
tions were inspected beneath the optical microscope.

2.16. Statistical analysis

Data were investigated statistically through the SPSS version
18 statistical software. Data were illustrated as mean ± SD

of triplicate tests. The one way ANOVA test subsequently
DMRT study was executed to examine the variations among
the groups. A p-value less than 0.05 regarded as significant.

3. Results

3.1. Characterization of synthesized ZnO-Pip-NC scaffold

As depicted in Fig. 1A, three distinct peaks were noted at 305,

340, and 1008 nm. These peaks were proved the formation of
ZnO-Pip-NC. Fig. 1B reveals the photo-luminescent spectrum
of the fabricated ZnO-Pip-NC scaffold. The photolumines-
cence spectrum was clearly displayed the distinct and maxi-

mum peak in a wavelength interval at 644.96 nm. It was
confirmed the photo-luminescent property of the formulated
ZnO-Pip-NC scaffold.

Fig. 2A shows the FT-IR spectrum of ZnO-Pip-NC and
revealed the diverse incorporation of peaks ranging from
3438 to 604.32 cm�1. The peak at 3438 cm�1 denotes the exis-

tence of OH stretching and also the existence of amino acids.
The frequencies of 2922, 2863, and 2094 cm�1 denoted the
CH stretching in the nanocomposite. The peaks at the

1633 cm�1 are indicating the amide group and CO extensions.
The 1448 and 1383 cm�1 peaks were denoting the sulfur resi-
dues. The peak at 604.32 cm�1 is a characteristic absorption
of Zn–O bond. The frequencies range from 1250, 1095,

1032 cm�1 peaks were denoting the amino acids.
Fig. 1 Characterization of synthesized ZnO-Pip-NC scaffold. UV–vi

distinct peaks at 305, 340, and 1008 nm, which confirmed the forma

displayed a distinct peak at a wavelength of 644.96 nm (Fig. 1B).
The DLS study was executed to inspect the size and
distribution of the formulated ZnO-Pip-NC scaffold
(Fig. 2B). The findings of DLS revealed the single highest peak

with an average size of 626.5 nm along with a narrow
distribution.

The crystalline phase of formulated ZnO-Pip-NC inspected

via X-ray diffraction analysis. The attained XRD pattern was
illustrated in Fig. 3A, and it revealed the typical metallic ZnO-
Pip-NC. The distinct narrow peak of the XRD pattern of

ZnO-Pip denotes the crystallized nature.
The average size of the fabricated ZnO-Pip-NC scaffold

was inspected through the TEM analysis and the images were
illustrated in Fig. 3B. The TEM images of formulated ZnO-

Pip-NC has demonstrated the distinct dark spots with a spher-
ical shape that proved the occurrence of ZnO-Pip-NC with size
ranges from 40 to 90 nm (Fig. 3B).

3.2. Effect of ZnO and piperine against the viability of gastric

cancer cell (AGS) lines

The MTT cytotoxicity assay was executed to notice the cyto-
toxic effect of ZnO and the piperine against the viability of
gastric cancer (AGS) cells and the results were illustrated in

the Fig. 4(A&B). The viability of AGS cell was noticeably
decreased after the treatment with the piperine in a dose
dependant manner (Fig. 4B). The piperine treatment was
exhibited the notable cytotoxicity against the AGS cells than

the ZnO treatment.

3.3. Effect of ZnO-Pip-NC scaffold against the AGS cell
viability and proliferation

The potential cytotoxicity of the formulated ZnO-Pip-NC
scaffold against the AGS cells was investigated by the MTT
s spectral analysis of synthesized ZnO-Pip-NC demonstrates three

tion of ZnO-Pip-NC (Fig. 1A). The photoluminescence spectrum



Fig. 2 Characterization of synthesized ZnO-Pip-NC scaffold. The FT-IR peaks confirmed the presence of different functional groups in

the synthesized ZnO-Pip-NC (Fig. 2A). The result of DLS study revealed the highest peak with an average size 626.5 nm along with

dispersed nature of the ZnO-Pip-NC (Fig. 2B).
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assay. Fig. 5A revealed that the ZnO-Pip-NC scaffold was
substantially inhibited the AGS cell viability at the

dose-dependent mode; merely the augmented dose of ZnO-
Pip-CN exhibited enhanced cytotoxicity against the AGS cells.
The ZnO-Pip NC was supplemented in various concentrations

(5–35 mM) and the 20 mM of ZnO-Pip-NC was inhibited 50%
of cell growth. In that way, the 20 mM of ZnO-Pip-NC was
opted as IC50 and utilized for the additional investigations.
Subsequently, the ZnO-Pip-NC was also investigated for its

synergistic effect on the cell proliferation of AGS cells. The
morphological investigation displayed the drastic alterations
in the cell proliferation level of the AGS cells. The prolifera-

tion level of the control cells was distinctly differed from the
15 and 20 mM of the ZnO-Pip-NC supplemented cells
(Fig. 5B). The ZnO-Pip-NC treatment displayed tremendous

morphological alterations like unequal shape, roundings,
cell shrinkages, and detachments when compared to the
control.
3.4. Effect of ZnO-Pip NC scaffold on the intracellular ROS
level in AGS cells

Fig. 6 proved that the ZnO-Pip-NC treatment noticeably ele-
vated the intracellular ROS production in the AGS cells. A

bright green fluorescent in the 15 and 20 mM ZnO-Pip-NC
treated cells were revealing the enhanced accumulation of
intracellular ROS, thereby, promoting the apoptotic mecha-

nisms in the AGS cells. The untreated control cells exhibited
none green fluorescence that indicating the stimulation of
too much intracellular ROS production in AGS cells by the

ZnO-Pip-NC treatment.

3.5. Effect of ZnO-Pip-NC scaffold on mitochondrial membrane
potential (MMP) and nuclear fragmentation in the AGS cells

The alterations in the MMP of ZnO-Pip-NC supplemented
AGS cells were examined through the Rhodamine-123 fluores-



Fig. 3 Characterization of synthesized ZnO-Pip-NC scaffold. Fig. 3A illustrates the XRD patterns that prove the crystallinity of

formulated ZnO-Pip-NC. The TEM images of formulated ZnO-Pip-NC showed the spherical shape with the average size ranges from 40

to 90 nm (Fig. 3B).

Fig. 4 Effect of ZnO and piperine against the AGS cell line viability. As mentioned in the Fig. 5, the treatment with the ZnO and

piperine showed the decreased viability of gastric cancer (AGS) cells. The piperine treatment showed the prominent cytotoxicity to the

AGS cancer cells than the ZnO.
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cent staining method. The augmented MMP levels in the cells

develop a strong green fluorescence while the decreased MMP
displays dull or slight fluorescence, which indicates the disag-
gregated cells. As depicted in Fig. 7, the control cells displayed

the intense green fluorescence, while the ZnO-Pip-NC
supplemented AGS cells demonstrated the very minimal green
fluorescence, which evidencing the declined MMP on ZnO-

Pip-NC treated AGS cells. The ZnO-Pip-NC supplemented
AGS cells were examined by the DAPI fluorescent staining.
The microscopic images were revealed the noticeable alter-
ations in the nuclear morphology than the control cells. The
intense blue fluorescence was noted on the ZnO-Pip-NC sup-

plemented AGS cells than the untreated control cells, which
confirms the nuclear damage in the AGS cells thereby inducing
cell death (Fig. 7).

3.6. Effect of ZnO-Pip-NC scaffold on DNA damage and cell

necrosis in the AGS cells

The DNA damage and the level of cell necrosis in the
ZnO-Pip-NC treated AGS cells were inspected via dual
(AO/EtBr) staining and PI staining techniques respectively.



Fig. 5 Effect of synthesized ZnO-Pip-NC scaffold against the viability and proliferation of AGS cell line. Fig. 6 proved the significant

cytotoxicity of ZnO-Pip NC against the AGS cells. Among the different concentrations (5–35 mM), the 20 mM of ZnO-Pip-NC was

inhibited 50% of cell growth (IC50).

Fig. 6 Effect of synthesized ZnO-Pip NC scaffold on intracellular ROS level in the AGS cells. The bright green fluorescent exhibited by

the 15 and 20 mMZnO-Pip-NC treated cells than the control was proves the enhanced accumulation of intracellular ROS in the AGS cells.
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The microscopic images of dual staining were depicted in
Fig. 8, which revealed that the untreated control cells were dis-

played the AO stained green fluorescence; surprisingly the
ZnO-Pip-NC supplemented AGS cells were demonstrating
the intense EtBr stained orange fluorescence. This outcome
indicated severe DNA damage. The PI stained AGS cells

exhibited the bright red color fluorescence when compared to
the control cells, which evidenced the increased necrotic cells.
Both concentrations (15 and 20 mM) of ZnO-Pip-NC has

enthused the apoptosis in gastric cancer (AGS) cells. These
results proved that the ZnO-Pip-NC supplementation
enhanced the DNA damage thereby cell necrosis in gastric can-

cer (AGS) cells.

3.7. Effect of synthesized ZnO-Pip-NC on the apoptotic protein
expressions

As depicted in Fig. 9, the drastic diminution in the expressions
of pro-apoptotic proteins like p53, Bad, PARP, caspase-3 and
-9 and a noticeable increase in the anti-apoptotic protein
expressions i.e. Bcl-2 was noted in the control gastric cancer

(AGS) cells (Fig. 9). Interestingly, the ZnO-Pip-NC supple-
mented AGS cells were displayed the noticeable improvement
in the pro-apoptotic protein expressions like p53, Bad, PARP,
caspase-3 and -9, also diminished the over-expression of anti-

apoptotic protein expression i.e. Bcl-2, while comparing it to
the control cells. By this means, it was clear that the formu-
lated ZnO-Pip-NC can trigger apoptosis in the human gastric

cancer (AGS) cells (Fig. 9).

3.8. Effect of ZnO-Pip-NC in the activation of PI3K/Akt/
mTOR signaling pathway

The expression of the mammalian target of rapamycin (mTOR)
is normally uplifted in the tumor cells to inhibit autophagy.

PI3K/Akt, a component upstream of mTOR, takes a crucial
regulatory function in the stimulation of mTOR. Hence, we
investigated the relationships between the formulated ZnO-



Fig. 7 Effect of synthesized ZnO-Pip-NC on the mitochondrial membrane potential (MMP) and nuclear fragmentation in the AGS cells.

As depicted in Fig. 8, the ZnO-Pip-NC supplemented AGS cells demonstrated the very minimal green fluorescence than the control cells

that evidencing the declined MMP on ZnO-Pip-NC treated AGS cells. The intense blue fluorescence was noted on the ZnO-Pip-NC

supplemented AGS cells than the untreated control, which confirms the nuclear damages.

Fig. 8 Effect of synthesized ZnO-Pip-NC scaffold on DNA

damage and cell necrosis in the AGS cells. Fig. 9 revealed that the

control cells were displayed the AO stained green fluorescence;

surprisingly the ZnO-Pip-NC supplemented AGS cells were

demonstrating the intense EtBr stained orange fluorescence that

conforms the severe DNA damage. The PI stained AGS cells

revealed that the ZnO-Pip-NC has stimulated the apoptosis in

gastric cancer (AGS) cells.
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Pip-NC triggered autophagy and the PI3K/Akt/mTOR signal-
ing pathway. The result of western blotting exhibited a notably
reduced phosphorylation of mTOR than the untreated control
cells (Fig. 10). The ZnO-Pip-NC treatment also suppressed the
expression of Akt in the AGS cancer cells. This outcome proved
that the ZnO-Pip-NC treatment to the AGS cells inhibited the

PI3K/Akt/mTOR signaling pathway, thereby promoted autop-
hagy in gastric cancer (AGS) cells.

3.9. Effect of ZnO-Pip-NC on body weight, tumor weight, and
tumor incidence in the experimental animals

Table 1 revealed that the MNNG provoked GC in animals
were resulted in the severely diminished bodyweight and aug-

mented tumor weight and incidences while comparing it to
control. Conversely, the supplementation of formulated
ZnO-Pip-NC to the MNNG-stimulated animals displayed

the notable body weight gain, when compared to the GC
induced animals. The ZnO-Pip-NC supplemented animals also
diminished the tumor volume and tumor incidences, which is

contrary to the MNNG-triggered animals. The supplementa-
tion of 20 mg/kg of formulated ZnO-Pip-NC to the animals
did not exhibit any weight loss and tumor incidences. The
results of ZnO-Pip-NC supplemented animals were completely

similar to the control group.

3.10. Effect of ZnO-Pip-NC on TBARS and antioxidant
enzymes level in the experimental animals

The MNNG-stimulated GC in the investigational animals
displayed the drastic escalation in the TBARS level and

also severely diminished the status of enzymatic antioxidants
like SOD, CAT, and GPx in stomach tissues of
MNNG-challenged animals when compared with the control.



Fig. 9 Effect of synthesized ZnO-Pip-NC on the apoptotic

protein expressions. The ZnO-Pip-NC supplemented AGS cells

were displayed the appreciable enhancement in the pro-apoptotic

protein expressions i.e. p53, Bad, PARP, caspase-3 and -9, also

diminished the excess expression of anti-apoptotic protein expres-

sion i.e. Bcl-2 in the AGS cells.

Fig. 10 Effect of synthesized ZnO-Pip-NC in the activation of

PI3K/Akt/mTOR signaling pathway. The reduced phosphoryla-

tion of mTORwas noted in the ZnO-Pip-NC treated AGS cells

than the untreated control cells. ZnO-Pip-NC treatment also

suppressed the expression of Akt in the AGS cancer cells.

5510 Z. Yang et al.
Interestingly, the 10 and 20 mg/kg of the ZnO-Pip-NC supple-
mentation to the GC induced animals have appreciably

regained the antioxidant enzyme status in the stomach tissues
(Fig. 11). The pre-treatment with the ZnO-Pip-NC subse-
quently MNNG challenge was appreciably escalated the
antioxidant enzyme status i.e. SOD, CAT, and GPx in the

stomach tissues of the investigational animals. This outcome
confirmed the antioxidant potential of the formulated ZnO-
Pip-NC. The result of the ZnO-Pip-NC treatment and control

group were similar to each other.

3.11. Effect of ZnO-Pip-NC on the non-enzymatic antioxidants
level in the experimental animals

The MNNG challenged GC in the animals displayed the dras-
tic diminution in the non-enzymatic antioxidants i.e. GSH,

vitamin-C, and vitamin-E in the stomach tissues when com-
pared with the control animals. Conversely, the 10 and
20 mg/kg of ZnO-Pip-NC treated animals amazingly recovered
the non-enzymatic antioxidants like vit-E, vit-C, and GSH in

the stomach tissues, which in contrast to the MNNG-
challenged animals. The control and ZnO-Pip-NC supple-
mented animals displayed similar kinds of outcomes (Fig. 12).
3.12. Effect of ZnO-Pip-NC on histological analysis of gastric
mucosa in the experimental animals

The Histopathological investigation of the gastric mucosa of
MNNG stimulated GC animals have displayed a severe histo-
logical alteration when compared to the control. Gastric

mucosa of MNNG-stimulated animals exhibited an invasion
of carcinogenic cuboidal epithelial cells to the submucosal
layer gastric mucosa. The inflamed lamina propria, unsystem-

atic glands and dysplastic glands in the gastric mucosa of the
MNNG challenged animals. Interestingly, the treatment with
the 10 and 20 mg/kg of the formulated ZnO-Pip-NC to the

MNNG-challenged animals has noticeably ameliorated the
histological changes and alleviated the burden of gastric cancer
(Fig. 13).

4. Discussion

GC is a major one among the aggressive cancers, and it
remained with the reduced survival rate due to the late diagno-

sis and pertained resistance towards the existing chemothera-
peutic drugs (Nienhuser and Schmidt, 2018). Consequently,
the exploration of potential treatment approaches was needed

to avert the progression of GC. The high incidences of muta-
tions were linked with the PI3K-Akt-mTOR signaling path-
ways and the genetic alterations in the PI3K-Akt-mTOR

signaling pathway were directly influence in the progression
of many cancers (Aziz et al., 2018). The PI3K/Akt signaling
pathway is a crucial signaling cascade, which modulates cellu-

lar apoptosis. The PI3K is an intracellular phosphatidylinosi-
tol kinase and Akt, also recognized as a protein kinase-B, is



Table 1 Effect of ZnO-Pip-NC on body weight, tumor weight, and tumor incidence in the experimental animals.

Groups Body weight (gm) Tumor weight (gm) Number of rats with gastric cancer (%)

Group I 315.90 ± 28.42 0 0

Group II 165.15 ± 14.86 0.75 ± 0.07 6(100%)

Group III 250.49 ± 22.54 0.28 ± 0.03 2

Group IV 275.99 ± 24.83 0 0

The ZnO-Pip-NC supplementation to the GC stimulated animals appreciably regained the body weight. The ZnO-Pip-NC treatment also

suppressed the tumor volume and tumor incidences in the GC induced experimental animals.
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a serine/threonine kinase, which is a prime downstream target
of the PI3K signal transduction pathway. The PI3K/Akt path-

way influences the downstream effector molecule statuses as a
critical intracellular signaling cascade, which performs an
essential function in modulating apoptosis. This pathway is

directly linked to the progression of numerous human cancers
(Zheng et al., 2015). Due to gaining a much interests, the green
chemistry aims to produce cost effective, high efficient and

safer nano agents for the numerous therapeutic applications
(Zhang et al., 2014; Liu et al., 2015, 2009; Shi et al., 2017;
Ramirez et al., 2020). The formulation of non-toxic nano

materials by green route has become a popular approach
among the researchers. The reduction of particle size is a gen-
eral method to enhance the drug solubility by enlarging the
surface area (Reda et al., 2020; Huang et al., 2018). In this cur-

rent investigation, the formation of ZnO-Pip-NCs were identi-
fied through the V-vis spectroscopic study (Fig. 1A), the
noticed peaks at 305, 340, and 1008 nm were confirmed the

same. The FT-IR spectrum of ZnO-Pip-NC (Fig. 2A) was
revealed the diverse frequencies that directly indicate the pres-
ence of amide group, CO extensions, sulfur residues, and

amino acids in the formulated ZnO-Pip-NC. The findings of
DLS study (Fig. 2B) revealed the single highest peak with an
average size of 626.5 nm along with a narrow distribution.

Fig. 3 proved that the formulated ZnO-Pip-NC has the typical
metallic nature. The distinct narrow peak of the XRD pattern
of ZnO-Pip denotes the crystallized nature. We evidenced that
the treatment with formulated ZnO-Pip-NC substantially

inhibited the stimulation of Akt protein expressions, as con-
firmed via the diminished expressions of these proteins. Hence
it was clear that the fabricated ZnO-Pip-NC was appreciably

enhanced the apoptosis through inhibiting the PI3K/Akt sig-
naling pathway.

Autophagy is a non-apoptotic form of programmed cell

death known as autophagy-mediated cell necrosis. In recent
times, autophagy has appeared as a crucial target in cancer
researches (Huang et al., 2018). The biological mechanisms
of autophagy in the cancer cells are highly complex and its

stimulation or inhibition is concerned in the major event in
the cancer cells (Yao et al., 2017). The stimulation of autop-
hagy in the cancer cells can result in the autophagy-regulated

tumor cell necrosis (Clavel et al., 2017). The autophagy is a
type-2 programmed cell necrotic mechanism that closely con-
nected but dissimilar from apoptosis, has turned into an

emerging topic in cancer research (Jeong et al., 2019). Further-
more, the connection between autophagy and apoptosis is con-
troversial. Autophagy could inhibit apoptotic cell death;

though, autophagy and apoptosis can also cooperate as allies
to promote the cell death (Galluzzi et al., 2017). In this inves-
tigation, the findings were proved the apoptosis and autophagy
stimulating capacity of the formulated ZnO-Pip-NC against
the human gastric cancer (AGS) cells. The ZnO-Pip-NC sup-
plemented AGS cells were displayed enhanced apoptosis as

well as autophagy-mediated cell necrosis in the AGS cells as
confirmed by the different fluorescent staining techniques.
These findings were confirmed the apoptosis and autophagy

stimulating capacity of the formulated ZnO-Pip-NC in human
gastric cancer.

The inflammatory conditions eventually enhance the multi-

plication and survival of the tumor cells in the early stage. The
tumor enhancing cytokines generally accreted by the inflam-
matory cells and these modulators stimulate transcription fac-

tors like STAT-3, NF-ƙB, and activator protein-1 in the
vulnerable cells to escalate the expression of survival genes
and stimulate the cell multiplication and growth to colonize
the tumor cells. The cytokines are playing an imperative func-

tion in the cellular and pathological mechanisms. These cytoki-
nes can inhibit or enhance tumor development (Heydt et al.,
2018). Several inflammatory modulators like IFN-c and IL-

12 exhibited the antitumor capacity; on the other hand, the
TNF-a, TGF-b, IL-6, and EGFR ligands were concerned to
promote the growth and survival of the tumor cells

(Fernandes et al., 2015). The IL-6 and TNF-a are the vital
pro-inflammatory modulators that are essential for the cellular
signaling and inflammatory mechanisms. Severe inflammatory

conditions enhance the initiation and progression of various
tumors. The IL-6 and TNF-a are the connective inflammatory
modulators that promote multiplication, survival, invasion,
metastasis, and tumorigenesis. These cytokines are often

accretes the highest levels in the tumor microenvironment in
various types of tumors (Ghandadi and Sahebkar, 2016).
NF-ƙB is the prime modulator that regulates the critical mech-

anism between the inflammation and cancer in numerous
phases. In cancerous cells along with augmented NF-jB
expression, results in the excess accretion of the pro-

inflammatory modulators in the tumor tissues eventually
develop the pro-tumorigenic microenvironment (Wang et al.,
2016). The findings of this current investigation proved that
the treatment with the formulated ZnO-Pip-NC to the GC

stimulated animals were displayed the noticeable diminution
in the pro-inflammatory cytokines i.e. IL-6, TNF-a, and NF-
ƙB in the stomach tissues of MNNG-challenged animals.

The influences of excess ROS are well known in numerous
fatal ailments, including cancers and it was assuaged by the
enzymatic and non-enzymatic antioxidants (Xia et al., 2014).

The numerous cellular antioxidants like SOD, CAT, and
GSH are playing a critical function in assuaging the excess
ROS accretion thereby preventing the ROS induced cellular

damages (Marinescu et al., 2014). The GSH is an imperative
non-enzymatic antioxidant in most cells. GSH is the most
influential antioxidant in the cells, and it is implicated in the
detoxification of various electrophilic compounds and



Fig. 11 Effect of synthesized ZnO-Pip-NC on TBARS and antioxidant enzymes level in the experimental animals. The supplementation

of10 and 20 mg/kg of ZnO-Pip-NC to the GC induced animals exhibited the noticeable augmentation in the antioxidant enzymes i.e. CAT,

SOD, GPx status and diminished the lipid peroxidation level.

Fig. 12 Effect of synthesized ZnO-Pip-NC on the non-enzymatic antioxidants level in the experimental animals. The treatment with the

ZnO-Pip-NC amazingly restored the non-enzymatic antioxidants i.e. vit-E, vit-C, and GSH in the stomach tissues in the GC induced

animals.
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peroxides under the catalysis of glutathione-s-transferase
(GST) and glutathione peroxidase (GPx). The diminution in

the enzymatic and non-enzymatic antioxidants can enhance
the intracellular ROS status (Oyewole and Birch-Machin,
2015). Furthermore, the non-enzymatic antioxidant like
vitamin-C (ascorbic acid) was mentioned to playing the imper-
ative functions in inducing the immune system through allevi-

ating the chronic inflammatory reactions, the diligence of
which is concerned in the incidences of the numerous ailments,
including cancers (Habermann et al., 2017). In this study, we



Fig. 13 Effect of ZnO-Pip-NC on histological analysis of gastric mucosa in the experimental animals. Histological investigation proved

that the formulated ZnO-Pip-NC treatment to the GC animals has noticeably ameliorated the histological changes and assuaged the

tumor burden in the gastric mucosa of experimental animals.
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also noted that the MNNG-stimulated GC in animals were

exhibited a severe reduction in both enzymatic and non-
enzymatic antioxidants in the stomach tissues of GC animals.
Interestingly, the fabricated ZnO-Pip-NC supplemented ani-

mals were displayed the noticeable regain in the enzymatic
(SOD, CAT, and GPx) and non-enzymatic (vit-C, vit-E, and
GSH) in the stomach tissues of GC induced animals that
proved the potential antioxidant activity of the ZnO-Pip-NC.

The abnormal stimulation of the PI3K-Akt-mTOR signal-
ing pathways was concerned with the numerous carcinomas.
The induction of PI3K-Akt-mTOR pathways directs to the

escalated cell multiplication, growth, and involvement in
angiogenesis, thereby promoting the migration, invasion, and
metabolism of the cells (Sorice et al., 2014). The PI3K-Akt-

mTOR pathways are the vital cellular signaling cascades that
perform a crucial function in the regulation f cell survival, mul-
tiplication, metabolism, and apoptosis. It also causes tumori-

genesis and enhances cancer metastasis and resistance to
chemotherapy drugs (Rosenberg et al., 2018; Wang et al.,
2019; Xiong et al., 2017). The enhanced regulation of this sig-
naling cascade is concerned in various malignant tumor tis-

sues, including GC. In GC cells, the induced PI3K leads to
the phosphorylation of Akt, thereby enhances the multiplica-
tion of GC cells via numerous pathways like mTOR. It also

inhibits autophagy and apoptosis in the GC cells and dimin-
ishes the sensitivity of GC cells to the chemotherapeutic drugs.
The preceding findings were highlighted that the GC patients

along with the anomalous stimulation of the PI3K-Akt-
mTOR pathways have the reduced prognosis and very
minimal survival rate. Consequently, this signaling cascade

has turned into the prime target for the exploration of novel
therapeutic agents (Lei et al., 2019). The novel findings of this
current exploration have confirmed that the fabricated

ZnO-Pip-NC treatment to the AGS cells was noticeably inhib-
ited the PI3K/Akt signaling pathway thereby improved the
apoptosis and autophagy in the AGS cell line.

5. Conclusion

In conclusion, the novel findings of this current study were

proved that the formulated piperine-loaded ZnO nanocompos-
ite (ZnO-Pip-NC) possessed the anticancer activity against
GC. The ZnO-Pip-NC treatment appreciably inhibited the
AGS cell viability and promoted the apoptosis and autophagy

in the AGS cells by inhibiting the apoptotic and PI3K/Akt/
mTOR signaling pathway. The in vivo studies confirmed the
anticancer potential of the formulated ZnO-Pip-NC by its

anti-inflammatory and antioxidant abilities. Hence it was clear
that the fabricated ZnO-Pip-NC can be utilized to treat the
gastric cancer. However, further researches are still needed in

the future to elucidate the accurate therapeutic mechanisms
of the ZnO-Pip-NC against the GC.
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