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Abstract: Previously, we reported the immunostimulatory potential of the nanocomposite prepared
from biopolymers (Pectin and Guar gum) and zinc oxide (Pec-gg-ZnO) on human peripheral-blood
lymphocytes leading to enhanced anti-cancer immunity. The current study aims to describe the direct
anti-cancer potential of Pec-gg-ZnO nanocomposite and the relevant mechanism of cell death induction
in human lung carcinomas (A549). The cytotoxicity assay revealed the anti-cancer potential of Pec-gg-
ZnO nanocomposite towards A549 cells, cervical adenocarcinoma (HelLa), and prostatic small cell
carcinoma (PC-3). The ICso values were 83.67 +£0.10 pg/ml, 87.25 +0.03 pg/ml and 85.95 +0.03 ug/ml
for A549, Hela and PC-3 cells, respectively. The nanocomposite's cancer cells' killing capabilities were
significantly higher than pectin and guar gum alone. Hemolysis assay revealed that synthesized Pec-
gg-ZnO nanocomposite is biocompatible at 2.5 mg/ml. S phase arrest with enhanced sub-G1 (apoptotic
cells) population was examined in A549 cells treated with Pec-gg-ZnO nanocomposite. The
nanocomposite caused apoptosis of target cells by inducing mitochondrial depolarisation, reactive
oxygen species generation, caspase-3 and Poly (ADP-ribose) polymerase 1 (PARP1) activation
resulting in DNA fragmentation. Collectively, the current data revealed that Pec-gg-ZnO
nanocomposite is a novel polymer-based anti-cancer agent capable of inducing apoptotic pathways in
cancer cells.
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1. Introduction

It has been estimated that by 2020, there will be about 12.0 million cancer deaths and
about 15.0 million cancer cases will be detected in India alone [1]. The most commonly used
treatments are chemotherapy, radiation therapy, and surgery. All these treatments are harmful
in which healthy cells are destroyed and are limited due to their side effects [2]. Cancer is the
stage when there is a loss of balance between cell death and cell division. Apoptosis is a
mechanism to maintain homeostasis, which usually occurs during development and aging.
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During apoptosis, cancerous and virally infected cells are removed, and alterations in apoptotic
pathways lead to cancer development and growth [3]. Many genes and proteins are involved in
modulating cell death pathways; among them, the caspase family plays a vital role.
Mitochondrial membrane depolarization amplifies the apoptotic signals by activation of
caspases leading to proteolytic cleavage of cellular targets such as Poly (ADP-ribose)
polymerase 1 (PARP1) [4, 5].

Nanotechnology can be described as the restructuring of matter in nanoscale
dimensions (i.e., less than 100 nm) to yield materials having new properties and functions [6-
8]. Nanocomposites are prepared from nanomaterials by combining one or more components
to get each constituent's finest properties [9, 10]. Polymer nanocomposites are prepared by
combining polymers and inorganic/organic fillers at the nanometres scale with several
electrical, mechanical, and optical characteristics [11-13]. Natural polymers are preferred over
synthetic polymers because of their biocompatibility, biodegradability, ability to be
metabolized, stability, extensive surface area and nontoxic [14, 15]. Several studies on natural
biopolymers revealed anti-cancer activities and tumor growth inhibition via polysaccharides
by direct toxicity and biocompatibility of the natural polymers [16, 17]. Previously, the
synthesis of the pectin, guar gum and zinc oxide (Pec-gg-ZnO) nanocomposite has been
reported from our lab. The nanocomposite displayed a size range of 50-70 nm, which enhanced
the anti-cancer potential of peripheral blood lymphocytes against human cancer cells [18].

Pectin and its modified forms have successfully displayed antitumor activities towards
aggressive and recurring tumors [19, 20]. Folic acid-functionalized guar gum nanoparticles
loaded with methotrexate have been used for targeted delivery to colon cancer cells [21]. It has
been reported that anti-cancer drugs coated with guar gum and eudragit conjugated curcumin
exhibited enhanced oral bioavailability and solubility [22]. It has been reported that ZnO
nanoparticles are capable of inducing apoptotic pathways in cancer cells through reactive
oxygen species (ROS) production [23-25]. Nano-formulations synthesized by using both
inorganic and organic components can induce apoptosis in cancer cells [26, 27].

The detailed method of Pec-gg-ZnO nanocomposite preparation and characterization
has been reported earlier [18]. Current studies deal with evaluating the anti-cancer potential of
the polymer-based nanocomposite under in vitro conditions. Here, we are describing new anti-
cancer nanocomposite and exploring the cell death mechanism mediated through Pec-gg-ZnO
nanocomposite. The apoptotic pathways induced by nanocomposite were studied via
examining ROS generation, mitochondrial perturbation, cell cycle alterations and, cleavage of
caspase-3 and PARP1 leading to DNA fragmentation in A549 lung adenocarcinomas.

2. Materials and Methods

2.1. Materials.

Dulbecco’s Modified Eagle Medium (DMEM) and Minimum Essential Medium
(MEM), Dimethyl Sulphoxide (DMSO), Fetal Bovine Serum (FBS), Phosphate Buffer Saline
(PBS), (3-(4, 5- dimethylthiazol-2yl)-2, 5-diphenyltetrazolium bromide (MTT), Propidium
lodide (PI) and Triton X-100 were procured from Himedia (Mumbai, India). Rhodaminel23
(Rh123) and 2,7- dichloroflourescin diacetate (DCFDA) were from Sigma Aldrich. 4',6-
diamidino-2-phenylindole (DAPI) from Thermo fisher scientific. Primary antibodies, purified
anti-caspase-3, PARP1 (F-2, sc-8007) and alpha-actinin were purchased from Biolegend and
Santa Cruz Biotechnology, respectively.

https://biointerfaceresearch.com/ 1857


https://doi.org/10.33263/BRIAC122.18561869
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC122.18561869

2.2. Cell culture.

Lung adenocarcinoma (A549), cervical adenocarcinoma (HelLa) and prostate
carcinoma (PC-3) cell lines were procured from the National Centre for Cell Sciences, Pune,
India. The cells were cultured in DMEM medium containing 10% heat-inactivated FBS and
penicillin/ streptomycin solution (100 units/ml and 100 mg/ml respectively) at 37°C in a
humidified, 5% CO2 atmosphere.

2.3. Preparation and characterization of the nanocomposite.

The Pec-gg-ZnO nanocomposite was prepared by the nanoprecipitation method. The
obtained nanocomposite has a polygonal morphology with a size ranging from 50-70 nm. The
nanocomposite preparation and characterization have been published earlier [18].

2.4. Hemolysis assay.

The biocompatibility of the biopolymers pectin, guar gum and the nanocomposite was
carried out via hemolytic assay. Blood (10 ml) was collected in EDTA-coated vacutainer tubes
from healthy human donors after clearance from the Institute Ethics Committee. Blood was
centrifuged at 500 x g for 5 min, aspirate plasma. Wash blood cells with 150 mM NaCl solution,
mix and centrifuge at 500 x g for 5 min. Then aspirate supernatant and replace it with PBS.
The blood cells were then incubated at 37 °C for one hour with various concentrations (0.25,
0.5, 1.0, 2.5 and 5.0 mg/ml) of Pec, gg, Pec-gg-ZnO nanocomposite. PBS and 10% Triton X-
100 were taken as negative and positive controls, respectively. The treated blood cells were
collected by centrifugation. Then absorbance of the supernatant (100 pl) was recorded at 541
nm using a microplate reader.

Dtest sample — ODnegative control

Haemolysis (%) = x 100

ODpositive control — ODnegative control
where, OD positive control represents absorbance for triton X-100 treated cells; OD negative
control represents OD for PBS treated cells and the OD test sample denotes absorbance for
treated cells.

2.5. Cell viability and apoptosis assay.

Cancer cell lines A549, HeLa and PC-3 (1x10%) were cultured in the 96-well plate and
allowed to adhere overnight. Cells were then treated with Pec and gg biopolymers and Pec-gg-
ZnO at different concentrations (25, 50, 100 and 200 pg/ml) for 24 h, followed by washing
with PBS to remove dead. Untreated cells were used as negative control, and Vincristine sulfate
(5 pg/ml) treated cells were positive controls. MTT assay was carried out three times in
triplicate as described earlier [18]. The percentage of cell death was calculated by using the
formula given below:

Dcontrol - ODsample

x 100

% Cell death = oD
control

where, OD control is the absorbance of untreated cells and the OD sample denotes
absorbance of treated cells.
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2.6. Analysis of cell cycle arrest.

A549 cancer cells were plated into the 6-well plate (1x10%) and treated with
biopolymers (Pec and gg) and Pec-gg-ZnO at 100 ug/ml for 24 h. The treated cells were washed
and trypsinized. The cells were fixed at 4 °C using 70% ethanol followed by propidium iodide
staining, and the cell cycle perturbations were analyzed by using a Flow Canto II- flow
cytometer [28] at a central facility of Post Graduate Institute of Medical Education and
Research, Chandigarh, India.

2.7. Measurement of mitochondrial membrane potential.

A549 cells (5x10%) were incubated for 30 min with biopolymers (Pec and gg) and
nanocomposite at 100 ug/ml. After washing, treated cells were collected by trypsinization.
Further, cells were stained with Rh 123 (25 uM) in the dark for another 20 min, followed by
washing. The mitochondrial membrane depolarization (A¥m) was analyzed using a
spectrofluorometer having an excitation and emission spectra of 507 and 534 nm, respectively
[29]. Vincristine sulfate and Sodium azide were employed as positive controls and untreated
cells were used as a negative control.

2.8. Determination of reactive oxygen species.

A549 cancer cells (5 x 10%) were treated for 30 min with biopolymers (Pec and gg) and
Pec-9g-ZnO (100 pg/ml), followed by washing and staining with DCFDA in the dark for
another 20 min. ROS generation was determined by a spectrofluorometer using excitation and
emission spectra of 485 and 530 nm, respectively. Vincristine sulfate and H202 were worked
as positive controls and untreated cells were used as a negative control [30].

2.9. Analysis of Caspase-3 and PARP 1 activation.

Caspase-3 activation was detected in untreated A549 cells, vincristine sulphate
(positive control), Pec, gg and Pec-gg-ZnO nanocomposite treated cancer cells via western
blotting after 24 h of incubation. Cell pellets (1x10°) were lysed with RIPA lysing buffer (1M
TrispH 8.0,0.5 M EDTA, 8.0, 1 % NP-40, 1 % SDS, 150 mM sodium chloride, 0.5 % sodium
deoxycholate and protease inhibitor). Cell lysates (20 pg) were electrophoresed in 15% SDS
polyacrylamide gel (12% gel for PARP 1 analysis) and then transferred onto the PVDF
membrane. After that the membrane was treated with 5% condensed milk for 1 h. Following
washing, the membrane was treated with an anti-caspase-3 antibody (1:1000) or with PARP1
(F-2) antibody (1:1000) at 4 °C overnight. Further membranes were treated with Horseradish
peroxidase-tagged anti-mouse antibody at 1:5000 dilutions for 1h. Signals were developed by
using an enhanced chemiluminescence detection reagent.

2.10. Morphological assessment of apoptotic cells by using DAPI staining.

A549 cells (5 X 10%) were treated for 24 h with biopolymers (Pec and gg) and Pec-gg-
ZnO (100 ug/ml) for 24 h. Vincristine sulfate was employed as a positive control. After PBS,
washing cells were fixed for 15 min with 4% paraformaldehyde. Followed by treatment with
0.1% Triton X-100 for another 15 min and stained with DAPI in the dark for a further 20 min.
The nuclear morphological changes were viewed under a fluorescence microscope (20X)
(Olympus 1X 51) after washing the samples with PBS [31].
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2.11. DNA fragmentation assay.

A549 cells were treated with biopolymers (Pec and gg) and Pec-gg-ZnO (100 pg/ml)
for 24 h. The lysis buffer (50 mM Tris, 20 mM EDTA, 0.5% Triton X-100) was used to prepare
the lysate. The cell lysate was cleared by centrifugation (11,000 rpm, 20 min) and the clear
supernatant was subjected to 1% sodium dodecyl sulfate (SDS) and RNase A (0.1mg/ml) for 1
hr at 37 °C, and then proteinase K treatment was given for 2 h at 56 °C. For DNA isolation
from the supernatant, phenol: chloroform: isoamyl alcohol (25:24:1, v/v/v) was used and an
equal volume of isopropanol was utilized for DNA precipitation at -20 °C. DNA fragmentation
was visualized on 1.8% agarose gel with an ultraviolet gel documentation system. [32].

2.12, Statistical analysis.

The data were statistically analyzed by using Graph Pad Prism version 6.0. The data
was significant when p < 0.05 and was presented as the average + standard deviation.

3. Results and Discussion

3.1. Cytotoxicity assessment by hemolysis assay.

The initial evaluation of the biocompatibility of biopolymers (Pec and gg) and Pec-gg-
ZnO nanocomposite was performed via RBC lysis assay. The results are given in Table 1. Pec-
gg-ZnO nanocomposite showed overall less hemolysis as compared to Pec and gg. As 5%
hemolysis is acceptable for biomaterials; therefore, Pec-gg-ZnO nanocomposite can be
considered biocompatible nano-formulation up to a concentration of 2.5 mg/ml (3.389 = 0.07
% hemolysis).

Table 1. Hemolytic analysis after treatment with biopolymers and Pec-gg- ZnO nanocomposite at a
concentration range of 0.25 mg/ml to 5 mg/ml for 90 min. Data are presented here as mean + standard deviation
and the experiment was conducted three times.

Sample Concentration (mg/ml) % of Hemolysis
Phosphate Buffer Saline (PBS) 0.047 £ 0.00
Triton X-100 100
0.25 3.646 + 0.07
0.5 3.852 £ 0.07
1.0 3.390 £ 0.00
Pec 2.5 4.777 £0.00
5.0 5.367 £ 0.03
0.25 2.979 + 0.00
0.5 3.081 £ 0.07
g9 1.0 4.674 £ 0.00
2.5 3.878 £0.10
5.0 5.187 £ 0.07
0.25 2.028 + 0.03
0.5 2.542 +£0.03
Pec-gg-ZnO 1.0 2.824 £ 0.07
25 3.389 + 0.07
5.0 5.084 £ 0.07

3.2. Pec-gg-Zn0O characterization by TEM.

As described earlier, the size of nanocomposite ranges from 50-70 nm [18]. TEM

images showed Pec-gg-ZnO nanocomposite with ZnO embedded in the biopolymer matrix

(Figure 1).
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Figure 1. TEM analysis of Pec-gg-ZnO showing ZnO (black spots) embedded in the Pec and gg matrices (grey
part).

3.3. Cytotoxicity of Pec-gg-ZnO towards cancer cells.

The MTT assay revealed the anti-cancer potential of nanocomposite enhanced with an
increase in concentrations (25-200 pg/ml) (Figure 2a, b and c). The Pec-gg-ZnO exhibited
enhanced cancer cell killing as compared to biopolymers (pec and gg) used alone. ICso values
revealed that Pec-gg-ZnO exhibited similar bioactivity towards three cell lines (A549, HelLa
and PC-3) used, whereas biopolymers, pec and gg showed very high ICso values towards HelLa
cells (Table 2). The ICso values towards A549 and HelLa were undefinable after treatment with
pec and gg. Microscopic examination also revealed decreased cell number and altered
morphology with the increase in the concentration of the Pec-gg-ZnO (Figure 3).
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Figure 2. Anti-cancer activity of the biopolymers and Pec-gg-ZnO nanocomposite (25-200 pg/ml) after 24 h of
exposure on (a) A549 (b) HeLa and (c) PC-3 cancer cells. Data were presented as Mean + SEM and results were

significant as p values is < 0.05 denoted by asterisk (*).

Table 2. Comparative analysis of 1Csovalues for A549, Hela, and PC-3 cells treated with biopolymers (Pec and
gg) and Pec-gg-ZnO nanocomposite.

Cancer cell line 1Cs0 (ng/ml)
Pec ag Pec-gg-ZnO
A549 N.A. N.A. 83.67+0.10
PC-3 N.A. N.A. 87.25 £0.03
HelLa 781.7+0.09 374.2+0.08 85.95+0.03
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Untreated cells 25 pg/ml S0 ug/ml 100 pgml 200 pg/ml

A549

PC-3

various concentrations for 24 h.

3.4. Analysis of cell cycle arrest.

Figure 4, shows the cell cycle analysis on A549 ling carcinomas after incubation with
biopolymers (Pec and gg) and Pec-gg-ZnO nanocomposite. The results showed cell cycle arrest
in S-phase following treatment with biopolymers and Pec-gg-ZnO nanocomposite.
Furthermore, Pec-gg-ZnO nanocomposite pre-treated A549 cells displayed significantly (10.35
* 2.25) enhanced apoptosis (Sub-G1 phase) as compared to negative control (1.75 + 0.05). Pec
and gg-treated A549 cells exhibited a small increase in Sub-G1 stage cells, 1.90 + 0.08 % and
2.35 £ 1.55 %, respectively.

Untreated Cells Pectin
bEx I H
2 | EE
= G2-Mm 1-% g
EEEET ] \Wl\z B A berpse
o i
T S S ——
8 = m PE A” e L 'm) ol o PE. A‘” - o« g)
= 4 14 .
(&) }o- | \G
b ] 'I Gz2m = T Gz-m
o suacl/ T“sg o sus \s.mas:
o r‘*"k. § B
T T T T T "'!‘0'""""!4‘0""1!”' T
© ™ peat T i ® pEA 15
Guar gum Pec-gg-ZnO
Propidium lodide Flourescence
1001
B3 Untreated cells
80- E=3 Vincristine Sulfate
£ H ] B3 Pec
S S01H E 7 @D 99
= - § ; Pec-gg-ZnO
o H g
201 EHHI I
HI I

¥ o
Q" I \a ool
© r RS

Figure 4. Cell cycle phases of A549 cells incubated for 24 h with biopolymers (Pec and gg) and nanocomposite
(100 pg/ml). Data were presented as Mean + S.E.M. of three different experiments and results were significant
as p value is < 0.001.
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3.5. Determination of mitochondrial membrane potential.

Mitochondrial depolarization was evaluated in A549 cancer cells. The results revealed
a significant mitochondrial membrane perturbation (Figure 5) when cells were treated with
Pec-gg-ZnO nanocomposite compared to other treatments given to the A549 cells. As given in
Figure 5, the cells incubated with Pec or gg depicted no change in mitochondrial depolarization
after 30 minutes of incubation.
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Figure 5. Mitochondrial depolarization was analyzed after 30 min. exposure of A549 cells to test samples (100
pg/ml) and controls. The results were shown as Mean = SEM (n=3 and * p < 0.05).

3.6. Intracellular reactive oxygen species generation.

The generation of ROS by biopolymers (Pec and gg) and Pec-gg-ZnO nanocomposite
was assessed by using DCFDA, which detects intracellular H202. Pre-treatment with Pec-gg-
ZnO nanocomposite caused a 12-fold increase in ROS levels (DCF fluorescence), whereas Pec
and gg treated cells displayed 2-fold and 1.8-fold increase in DCF fluorescence, respectively.
H20: treated cells were used as positive controls (Figure 6).
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Figure 6. ROS generation was analyzed after 30 minutes of exposure of A549 cells to test samples (100 pg/ml)
and control (n=3) and expressed here as fold increase in fluorescence. The data was shown here as Mean + SEM
(*p<0.05).

3.7. Caspase-3 and PARP1 activation.

To evaluate the apoptotic pathway activated by Pec-gg-ZnO nanocomposite, cleaved
caspases-3 and PARP1 proteins were analyzed. The data depicted activated caspase-3 in Pec-
gg-ZnO treated A549 cells, but Pec and gg did not affect caspase-3 cleavage (Figure 7).
Following nanocomposite treatment, the PARP1 cleaved fragment of 24 kDa was detected in
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A549 cell lysate, which suggested Pec-gg-ZnO induce cancer cells death by caspase-3 and
PARP1 stimulation. Caspase-3 and PARP1 mediated cancer cell death was also evident in
vincristine sulfate (positive control) treated cells but not in Pec and gg treated cells (Figure 7).

Pec-gg-ZnO Pec ag Vincristine Untreated
Sulfate Cells

———————0

Alpha-actinine  —

Cleaved Caspase-3
(17 KDa)

Cleaved PARP 1
(24 KDa)

Figure 7. Cleaved caspase-3 and PARP 1 in the cellular lysate of A549 cells treated with Pec, gg and Pec-gg-
Zn0O nanocomposite. Vincristine sulfate treated cells were used as positive and untreated cells as a negative
control. The experiment was performed three times.

3.8. Morphological assessment of apoptotic cells by DAPI staining.

The morphology of apoptotic cells is characterized by cell shrinkage, nuclear blabbing,
DNA fragmentation and chromatin condensation. To check apoptosis in A549 cells were
treated with biopolymers (Pec and gg) and Pec-gg-ZnO (100 pg/ml) nanocomposite followed
by DAPI staining. Untreated cells, Pec and gg treated cells showed normal nuclei, whereas the
cells treated with Pec-gg-ZnO nanocomposite displayed condensed and fragmented nuclei
which are characteristics of apoptosis (Figure 8).

Untreated cells Vincristine Sulphate

Pec-gg-Zno

Figure 8. Fluorescent microscopic images of DAPI staining.
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3.9. DNA fragmentation analysis.

Cleavage of genomic DNA into a ladder of small fragments is one of the hallmarks of
apoptosis [33]. Pec-gg-ZnO treated A549 cells displayed a typical DNA fragmentation
following 24 h of incubation, whereas Pec and gg treated cells did not display any DNA
cleavage (Figure 9).

Marker Untreated Pec gg Vincristine  Pec-gg-ZnO
Cells Sulphate

E > DNA Ladder

Figure 9. DNA fragmentation analysis for apoptosis detection. Pec-gg-ZnO (100 pg/ml) treated cells showed
typical DNA fragments.

4. Discussion

It has been reported earlier that Pectin extracts inhibit hypotonicity-induced lysis of
erythrocyte membrane, thereby exhibiting membrane stabilization effect and were
biocompatible [34]. Similarly, it has been shown that guar gum displayed negligible toxicity
against the human erythrocyte, revealing biocompatibility of the guar gum [35]. The data here
also revealed the biocompatibility of biopolymers (Pec and gg) and the nanocomposite at 2.5
mg/ml, which suggests minimal toxicity of nanocomposite even at higher concentrations.

Pec-gg-ZnO nanocomposite exhibited anti-cancer activity towards A549, HelLa and
PC-3 cells. Earlier, heat-modified Citrus pectin has been shown to induce cell death in HepG2
and A549 cells through the process of autophagy [36]. Guar seeds extract been shown to
possess anti-cancer potential towards PC-3 and human colorectal carcinomas (HCT116 and
CACO-2) [37]. The enhanced cancer cell death via Pec-gg-ZnO suggested that the interaction
between Pec, gg and ZnO at the nano level has enabled the Pec-gg-ZnO formulation mediated
cancer cell death under in vitro conditions.

One of the hallmarks of cancer is uncontrolled cell division [38] and inhibition of the
cell cycle progression is considered as a practical approach to eradicate cancer cells [39]. Cell
cycle analysis showed that Pec-gg-ZnO nanocomposite induced S phase arrest leading to
apoptotic of cancer cells. Mitochondrial dysfunction has been shown to play a central role in
apoptotic induction [40, 41]. Similarly, elevation in ROS levels causes cancer cell death
selectively without affecting normal cells. N-ethyl-4-(2-isothiocyanatoethyl) benzamide
(LBL21) is a ROS-modulating agent which resulted in the anti-cancer activity of LBL21
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towards stem-like cancer cells and mice bearing A549 lung cancer xenografts [42]. The current
data indicated that the Pec-gg-ZnO nanocomposite caused mitochondrial damage and ROS-
mediated Killing of cancer cells [43]. Earlier studies have shown that a minor increase in ROS
can induce cell proliferation, whereas a significant increase in ROS enhances apoptosis in
prostate cancer cells [44]. ZnO NPs have been shown to enhance intracellular ROS levels up
to 30-40%, which led to apoptosis induction in human pulmonary adenocarcinoma cells [45].
Pec-gg-ZnO has been shown to activate caspase-3 and PARP1. The downstream activation of
various cytoplasmic or nuclear proteins, including PARP, is initiated by activating effector
caspases such as caspase-3 [46]. PARP1 is one of the well-known cellular substrates of
caspases, which is a distinct feature of apoptosis. In apoptosis, PARP1 (116 kDa) is cleaved by
activated caspases-3 into two fragments of 89 kDa and 24 kDa, resulting in the activation of its
catalytic activity [47].

5. Conclusions

The current study deals with the evaluation of the Pec-gg-ZnO nanocomposite as a
novel anti-cancer agent. The hemolytic assay confirmed biocompatibility of the nanocomposite
and the cytotoxicity assay revealed the promising anti-cancer activity of Pec-gg-ZnO
nanocomposite against A549, Hela and PC-3 cancer cells. Cell cycle analysis revealed S-phase
arrest and apoptotic induction in A549 cells treated with Pec-gg-ZnO nanocomposite. Further,
mitochondrial depolarization, ROS generation and activation of caspase-3 and PARP1
confirmed the commencement of the apoptotic process by Pec-gg-ZnO nanocomposite. Taken
together, the data suggest that Pec-gg-ZnO nanocomposite can be utilized as an anti-cancer
therapeutic.
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