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Purpose: This study aimed to explain the influence of zein nanosphere (ZN NS) formulation 
on the pharmacotherapeutic profile of PTS in MCF7 cells.
Methods: Liquid–liquid phase separation was used to formulate PTS-ZN NSs. The for-
mulations developed were evaluated for particle-size analysis, encapsulation efficiency, and 
in vitro diffusion. Also, assays of cytotoxicity, uptake, cell-cycle progression, annexin V, 
apoptotic gene mRNA expression and biochemical assays were carried out.
Results: The PTS-ZN NS formulation selected showed 104.5±6.2 nm, 33.4±1.8 mV, 95.1% 
±3.6%, and 89.1%±2.65% average particle size, zeta-potential, encapsulation efficiency and 
in vitro diffusion, respectively. With MCF7 cells, IC50 was reduced approximately 15-fold, 
with increased cellular uptake, accumulation in the G2/M phase, increased percentage of cells 
in the pre-G1 phase, amelioration of early and late apoptosis, raised mRNA expression of 
CASP3 and CASP7, lower expression of cyclin-CDK1, and enhanced oxidant potential 
through decreased glutathione reductase (GR) activity, and enhanced reactive oxygen–spe-
cies generation and lipid-peroxidation products.
Conclusion: PTS-ZN NSs indicated enhanced antiproliferative, proapoptotic, and oxidant 
potential toward MCF7 cells compared to free PTS. Ameliorated results of nanosized 
carriers, cellular uptake, and sustained diffusion may contribute to these outcomes.
Keywords: phototherapy, pterostilbene, MCF7 cells, nanospheres, zein

Introduction
Tumor resistance to traditional pharmaceuticals is a critical problem in cancer therapy. 
In particular, resistance to apoptosis enables tumor cells to evade innate surveillance 
mechanisms and disturb intracellular signaling cascades to initiate tumor promotion 
and metastasis. Disturbance of apoptotic pathways may render cancer cells resistant to 
treatment and promote tumorigenesis. It is widely considered that apoptosis evasion is 
a distinct property of cancer.1 Enhancement of apoptosis has become a focus of 
research in the last few decades to improve clinical management of cancer. While 
limiting concurrent damage to normal cells, apoptosis stimulation in tumor cells is a 
major weapon.2 Also, inhibition of apoptotic responses could be the main reason for 
both treatment resistance and with exclusion of considering apoptosis is the main 
mechanism of anticancer action.3 Desirable tumor response is controlling apoptosis 
inducement with anticancer compounds.4 High mortality rates were exaggerated due to 

Correspondence: Dalia Farag El-Telbany  
Department of Pharmaceutics, Faculty of 
Pharmacy, Modern University for 
Technology and Information (MTI) 
University, El-Hadaba El-Wosta, 5th 
District, Mokatam, Cairo, 11571, Egypt  
Tel +20-11-1996-6617 
Fax +20227294500  
Email dalia.altelbany@gmail.com

International Journal of Nanomedicine 2021:16 3059–3071                                               3059
© 2021 Kutbi et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of Nanomedicine                                                 Dovepress
open access to scientific and medical research

Open Access Full Text Article

mailto:dalia.altelbany@gmail.com
http://www.dovepress.com/permissions.php
http://www.dovepress.com


tumor resistance, resulting in women worldwide being threa-
tened with elevated risk of developing breast cancer. Breast 
cancer was rated >90% in 5-year survival rates for localized 
diseases.5,6

With reduced adverse side effects, the potential of natural 
molecules to manipulate cancer pathways to enhance apop-
tosis constitutes an important approach in global cancer 
confrontation.7 Pterostilbene (PTS; trans-3,5-dimethoxy-4- 
hydroxystilbene) was originally identified in the leaves of the 
grape vine, (Vitis vinifera), of sandalwood (Pterocarpus san-
talinus) heartwood(Pterocarpus marsupium), and the bark of 
Guibourtia tessmannii.8 Anticarcinogenic properties of PTS 
are mainly correlated with its antioxidant activity. PTS 
enhances oxidative stress in breast cancer.9,10 PTS is also 
present in blueberries.11 PTS’s therapeutic profile has been 
studied in breast, prostate, lung, and colorectal cancers.

Establishment of effective treatment strategies based on 
a deep understanding of molecular drug-resistance mechan-
isms is much needed. Pharmaceutical nanotechnology has 
significant potential to enhance chemopreventive profiles of 
therapeutics and anticancer-molecule delivery.12–14 

Nanobiomedicine has attained therapeutic outcomes in 
fighting cancer. Therapeutic delivery is the main objective 
of nanomedicine, and is utilized in cancer therapy with 
promising variant methodologies.15–18 Nanostructured 
safe histocompatible carriers loaded with phytotherapeutics 
support the amelioration of cancer and other diseases.19 

Nanoparticles offer significant enhancements in drug deliv-
ery, and contribute significantly to pharmacotherapy with 
loaded active molecules.19

Green synthesis of natural polymers for biomedical appli-
cation is global recommendation by virtue of its minimized 
toxicity, recyclable properties,20 sustainable purposes, and 
economic trends.21,22 Zein nanospheres (ZN NSs) are pro-
mising delivery systems because of their plant provenance 
and process of preparation. ZN is obtained from corn23 and is 
safe, non-toxic, FDA-approved, histocompatible, and does 
not inducing celiac disease or autoimmune responses.22,24,25

The aim of the current study was to investigate the 
potential of a PTS-ZN NSs formulation in ameliorating 
cytotoxicity proapoptotic and oxidative stress MCF7 cells.

Methods
Materials
PTS, ZN, and ethanol were purchased from Sigma- 
Aldrich. Solvents used were of analytical grade. 
Deionized water was used for preparation of the solutions.

Preparation of PTS-ZN NSs
Five PTS-ZN NS (P1–P5) formulations were prepared by 
liquid–liquid phase separation19,25,26 to diminish the use of 
solvents. The PTS formulations were developed using 
PTS-ZN ratios of 5:1, 3:1,1:1, 1:3, and 1:5, respectively. 
PTS and ZN were dissolved in 10 mL of 85% ethanol with 
the aid of a vortex (ZX3; Velp Scientifica, Usmate Velate, 
Italy) and ultrasonic probe (Vibra-Cell VCX750; Sonics 
and Materials, Newtown, CT, USA). The solution obtained 
was poured into deionized water. The mixture was the 
subjected to 3 hours of 2,000 rpm magnetic stirring at 
room temperature to vaporize ethanol content. Then, the 
dispersion generated was subjected to centrifugation at 
20,000 g speed, followed by freeze-drying, where treha-
lose was utilized as a cryoprotectant.

Evaluation of PTS-ZN NSs
Particle-Size, zeta-Potential, and Polydispersity Index
Average particle-size, zeta-potential, and polydispersity- 
index values of the formulations were calculated using 
laser diffraction. Samples were prepared in disposable 
cuvettes by adding 1 mL to deionized water.

Nanocomposite-Surface Morphology
The surface morphology of the formulations was investi-
gated using SEM (JEM 100-CX; JEOL, Tokyo, Japan). 
Formulations were coated with gold under vacuum after 
being affixed on metal stubs.

Encapsulation Efficiency
Samples were dissolved in ethanol, filtered using 0.22 µm 
filters, then analyzed based on an HPLC method.27 PTS- 
encapsulation efficiency (w/w%) was calculated:

amount of PTS in the nanospheres
amount of initially added PTS x 100

In Vitro Diffusion
An automated Franz diffusion-cell apparatus 
(MicroettePlus; Hanson Research, Chatsworth, CA, 
USA) using 0.45 μm synthetic nylon membrane (Pall, 
Port Washington, NY, USA) was used to measure PTS 
diffusion obtained from the formulations.28 At a tempera-
ture of 37°C±0.5°C, samples were positioned between 
donor and receptor compartments. PBS (0.01 M, pH 7) 
was used as diffusion medium and stirred at 400 rpm. An 
autosampler was used to withdraw samples at 0.25, 0.5, 1, 
2, 4, 8, 12, 18, 24, and 36 hours, which were analyzed for 
PTS content with HPLC (Agilent 1200; Agilent 
Technologies, Santa Clara, CA, USA).27
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Cell Culture
Two cell lines were utilized — MCF7 and MDA-MB231. 
They were purchased from the International Center for 
Training and Advanced Research (Cairo, Egypt) and sup-
plied by the American Type Culture Collection (Manassas, 
VA, USA). EMEM was used for MCF7-cell culture. 
Leibovitz’s medium was used for MDA-MB231–cell cul-
ture and supplemented with 10% FBS, penicillin (100 U/ 
mL) and streptomycin (100 mg/mL). Cells were incubated 
at 37°C in a humidified 5% CO2 atmosphere (Thermo 
Fisher Scientific Forma series II 3141) using culture plates 
and flasks (SPL Life Sciences). Inverted microscopy 
(Axiovert 40-CFL; Zeiss, Göttingen, Germany) was used 
to examine cells.

Cytotoxicity
At a density of 2×103 cells/well, 96-well plateswere used 
to estimate cytotoxicity activity by seeding MCF7 and 
MDA-MB231 cells according to MTT-assay and Abcam 
(Cambridge, UK) kits. PTS, ZN, and an equivalent amount 
of PTS-ZN NSs were incubated in a CO2 incubator at 37° 
C for 48 hours, applying concentration ranges with refer-
ence to PTS at logarithmic intervals.

Cell-Uptake Analysis
In the presence of 5% CO2 at 37°C and at a density of 105 

cells/dish, MCF7 cells were treated with IC50 values of 
PTS and and an equivalent concentration of PTS-ZN NSs, 
then incubated for 2 and 4 hours. PBS was used to wash 
the monolayers, then a lysis solution (PBS containing 
0.025% trypsin and 1% Tween 20) was added and the 
mixture left for 30 minutes at 37°C. Cell-lysate aliquots 
were analyzed using HPLC.

Cell Cycle–Progression Analysis
MCF7 cells (5×103 MCF7 cells/well) were seeded for 36 
hours in six-well cell-culture plates after treatment with 
the IC50 of PTS, ZN, and equivalent concentration of PTS- 
ZN NSs. An assay was carried out utilizing a CycleTest 
Plus DNA-reagent kit (Becton Dickinson, San Jose, CA, 
USA). Samples DNA index were analyzed in reference to 
cells with already determined DNA content.

Annexin V Assay
MCF7 cells (5×103well) were incubated for 36 hours in a 
six-well plate after treatment with the IC50 of PTS, ZN, 
and PTS-ZN NSs using dual staining (BD Biosciences). 
Cells were centrifuged and resuspended in 500 μL 1× 
binding buffer. After that, we added 5 μL each of annexin 
V–FITC and propidium iodide (BD Biosciences) at room 
temperature for 5 minutes to be kept in dark flow cytome-
try (FACS Calibur, BD Bioscience) applied.

mRNA Expression of Apoptosis-Related 
Genes
RT-PCR was used for this analysis. Using a Qiagen 
RNeasy mini kit, mRNA extraction from MCF7 cells 
was carried out. Reverse transcription with a SuperScript 
III cDNA-synthesis system (Invitrogen, UK) of cDNA 
proceeded in a 20 μL reaction mix. Table 1 displays the 
primer sequences related to CASP3, CASP7, and CDK1. 
ACTB was used as the housekeeping gene. Relative 
expression was obtained with 1 μL synthesized cDNA 
(10 ng/μL) as the template in 5 μL PowerUp SYBR 
green PCR master mix and 0.75 μL of each primer utiliz-
ing an Applied Biosystems 7500 RT-PCR system. Relative 
quantification (ΔΔCt) was used.

Table 1 Primer sequences used for mRNA expression of apoptosis-related genes using RT-PCR

Sequence (5′–3′)

CASP3 Forward primer TTC ATT ATT CAG GCC TGC CGA GG
Reverse primer TTC TGA CAG GCC ATG TCA TCC TCA

CASP7 Forward primer GGACCGAGTGCCCACTTATC
Reverse primer TCGCTTTGTCGAAGTTCTTGTT

CDK1 Forward primer TGGATCTGAAGAAATACTTGGATTCTA
Reverse primer CAATCCCCTGTAGGATTTGG

ACTB Forward primer TCCGTCGCCGGTCCACACCC
Reverse primer TCACCAACTGGGACGATATG

International Journal of Nanomedicine 2021:16                                                                                    http://doi.org/10.2147/IJN.S303975                                                                                                                                                                                                                       

DovePress                                                                                                                       
3061

Dovepress                                                                                                                                                            Kutbi et al

http://www.dovepress.com
http://www.dovepress.com


GR-Enzyme Assay
Abcam kits (Cambridge, UK) and a microplate reader 
were used for this assay. GR was calculated for PTS, 
ZN, and PTS-ZN NS samples to measure oxidative stress. 
MCF7 cells were inoculated into six-well plates at 106 

cells/mL and treated with the IC50 of formulations for 
48 hours. PBS was used to wash cells after harvesting. 
GR content was analyzed with cell extract–absorbance 
measurement at 412 nm.

ROS and MDA Assays
At a cell density of 5×103/well in 96-well plates, MCF7 
cells were treated with the IC50 of PTS, ZN, and PTS-ZN 
NSs for 48 hours, after which 10 μM 2.7-dichlorofluores-
cein diacetate was applied for cell staining for 45 minutes 
using the Abcam kits. A lipid peroxidation–assay kit 
(BioVision, Milpitas, CA, USA) was used to estimate 
cellular MDA content.

Serum Stability
Colloidal stability of PTS-ZN NSs was evaluated in FBS 
(Thermo Fisher Scientific).29 PTS-ZN NS suspensions 
(200 µL) were added to 1 mL 70% FBS, then subjected 
to 48 hours’ incubation at 37°C, followed by 600 rpm 
stirring. At selected incubation times, samples were with-
drawn and evaluated for average particle size.

Statistical Analysis
Data are presented as means ± SD of at least three inde-
pendent experiments. Student’s t-test or one-way ANOVA 
followed by Tukey’s test was used, and two-tailed p<0.05 
was taken as significant. The software used was SPSS.

Results and Discussion
The present study aimed to generate a ZN-based nanode-
livery system for PTS with enhanced antiproliferative, 
proapoptotic, and oxidative stress potentials in MCF7 
cells. To address the problem ofresistance to cancer thera-
pies due to apoptosis failure, the promising natural 

molecule PTS is recommended for its anticancer potential 
in breast cancer treatment. The exerted potential via intra-
cellular mechanisms is a promising augmentation for sup-
porting apoptosis. The development of nanocomposites to 
optimize the antitumor potential of PTS is recommended.

Evaluation of PTS-ZN NSs
In this study, we opted to fabricate a potential delivery system 
utilizing a biocompatible natural plant–derived drug and 
polymer instead of synthetic biomaterials. Plant-derived bio-
materials are preferred to even animal-origin candidates by 
virtue of the absence of infection risk, contamination with 
biological vehicles, and possibility of prion infection or 
religious concerns.30 It was logical to use liquid–liquid 
phase separation to reduce the need for variant chemical 
reagents and cross-linkers, in order to avoid possible toxicity 
and accumulation in the fabricated nanocomposites. Also, 
this enhances the use of sustainable resources.

PTS was fabricated as ZN NSs in five formulations; 
P1, P2, P3, P4 and P5. Table 2 displays the characteristics 
of PTS nanocomposites formulation. The obtained reduced 
average particle size in P5 formula (104.5±6.2n) was 
recommended for suggested enhanced absorption and resi-
dence time in biological systems.24 The generated reduc-
tion in particle size could be associated to ZN percent 
raising in the formulation. This was in accordance with 
the enlarge in obtained particle size of P1 formula where 
the reduced quantity of PTS attained on nanocomposites 
exterior surface. Enhanced interfacial tension between 
aqueous medium and particle surface could be induced 
which contribute to increased particle diameter.25 P1 for-
mula showed the largest magnitude of zeta-potential (33.4 
±1.8mV) and the least magnitude of polydispersity index 
(0.16±0.01). Zeta-potential value indicates the potential 
stability of the developed nanostructures. Nanoparticles 
obtained ±30 mV zeta-potential have been recognized 
stable in suspension, as surface charge prevents agglom-
eration of formulated nanostructures.26 Regarding to 
encapsulation efficiency, P5 showed 95.1±3.6% 

Table 2 PTS-ZN NS particle-size analysis and encapsulation efficiency

Formula PTS:ZN ratio Mean particle size (nm) Zeta-potential (mV) Polydispersity index Encapsulation efficiency (%)

P1 5:1 246.4±18.1 22.6±1.8 0.67±0.02 81.4±4.9

P2 3:1 173.2 ±12.4 19.2±1.3 0.51±0.01 87.6±2.8

P3 1:1 158.8±11.2 31.4±1.2 0.38±0.02 88.3±2.3
P4 1:3 108.1±5.9 33.1±0.9 0.42±0.02 90.7±4.1

P5 1:5 104.5±6.2 33.4±1.8 0.16±0.01 95.1±3.6
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encapsulation efficiency as the highest results. This could 
be explained31 as the binding affinity of PTS on ZN 
increased with the raise of their polymerization degree. 
The capacity of nanoparticles to enclose elevated amounts 
of payloads was already investigated.19,24,25,32 The utilized 
method of formulation was successful in obtaining high 
encapsulation efficiency values. This could be as related26 

to the physical unfolding of ZN moiety at alkaline pH 
which enhance interactive sites for supported crosslinking 
which augment delivery, bioavailability and consequently 
the pharmacological profile.33,34 As explained, P5 formula 
was selected for extended investigations.

The images of SEM showed the morphology of the 
selected formula (P5). PTS-ZN NSs were appeared as 
discrete regular spheres with clear surfaces free of pores 
or cracks (Figure 1).

PTS diffusion from PTS-ZN NSs is exhibited in 
Figure 2. At 36 hours, PTS diffusion showed biphasic 
sustained permeation manner with maximum magnitude 
of 89.1±2.65%. The sustained diffusion could be due to 
the hydrophobic nature of ZN. PTS diffusion showed pat-
tern. Specifically, the diffusion exhibited initial burst action 
due to fast diffusion of PTS enclosed towards surface of 
nanospheres. After that, diffusion was slowed and expanded 
as PTS take prolonger pathway of more enclosed PTS in 
core matrix.35,36

Cytotoxicity Estimation
Cytotoxicity estimation of PTS-ZN NSs against two cell 
lines exhibited distinguished amelioration of the PTS-ZN 
NSs antiproliferative activity in comparison of free PTS 
(Figure 3). In MCF7 cells, PTS-ZN NSs obtained IC50 of 
4.16 µg/mL and reflected augmented antiproliferative 
action by approximately 15-folds in comparison to free 
PTS (63.1 µg/mL). In MDA-MB361 cells, IC50 of PTS- 
ZN NSs was 11.3±0.7 which revealed parallel ameliorated 
cytotoxic profile by approximately 10-folds in comparison 
to free PTS. Similar enhanced toxicity to MCF7 cells was 
generated when ZN nanoparticles utilized for exemestane 
and resveratrol combined delivery37 and exemestane and 
luteolin codelivery.38 Loading of PTS in ZN NSs caused a 
significant augmentation of cytotoxicity. This augmented 
antiproliferative could be related to the nano-size obtained 
in the developed NSs which facilitates interaction with 
biomolecules on cellular level, semi-maximum encapsula-
tion of ZN NSs and integral PTS diffusion.39,40 Cytotoxic 
effect of ZN is studied against MCF7, MDA-MB361 and 
MDA-MB231 cells.13,19,41,42 The obtained ZN cytotoxi-
city may illustrate the superior proliferation-inhibiting 
activity of PTS-ZN NSs formula and consequently global 

Figure 1 SEM of PTS-ZN NSs (P5 formula).

Figure 2 In vitro diffusion of PTS-ZN NSs. Data expressed as means ± SD (n=6).
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health benefits in treating breast cancer. MCF7 cells were 
selected for further assays of PTS-ZN NSs due to the 
highest obtained antiproliferative activity.

Cellular Uptake Analysis
Figure 4 shows exhibited MCF7 cellular uptake of PTS and 
PTS-ZN NSs after exposing MCF7 cells to IC50 value of PTS 
and equivalent amount of PTS-ZN NSs. The results of free 
PTS uptake were estimated as 14.5±0.6% and 31.6±1.3% at 2 
and 4 hours after initiating of incubation, respectively. 
Ameliorated PTS uptake was generated with PTS-ZN NSs 
treatment, which yielded 31.9±2.2% and 60.7±4.2% at after 
2 and 4 hours of incubation, respectively. As clear, significant 
ameliorated PTS cellular uptake by PTS-ZN NSs was obtained 
in comparison with free PTS. This confirmed the promising 
functionality of ZN as effective biomaterial for augmentation 
of antiproliferative activity and improved cellular uptake. 
Regarding to nanocomposites particle size, it was concluded 
that cellular uptake of polymeric nanoparticles of <200 nm 

mean diameter is recognized by mechanism of endocytosis.43 

Positively charged nanostructures yielded an enhanced rate of 
membrane internalization compared to negatively charged 
ones.19 Also, the controlled PTS diffusion might have contrib-
uted to this result. Ability of ZN nano-sized dispersions to 
enhance cellular uptake of variant therapeutics like vorinostat 
and bortezomib,44 hydroxycamptothecin45 and methotrexate46 

was investigated. The ameliorated internalization was corre-
lated to enhanced adsorptive-mediated transcytosis stimulated 
by electrostatic interaction between ZN positively charged 
moieties and negatively charged cellular membrane.19,47

Cell Cycle Progression Analysis
Fast growth was obtained in MCF7 untreated control cells, 
with 56.44±3.2%, 38.15±2.3%, 5.41±1.2% and 1.53 
±0.06% at the G0/G1 phase, S phase, G2-M phase, and 
pre-G1 phase, respectively (Figure 5A). Other incubations 
related to PTS, ZN and PTS-ZN NSs groups exhibited 
reduced proliferation and yielded accumulation of MCF7 
cells in G0/G1 and pre-G phases (Figure 5B–D). PTS 
Ability to induce apoptosis and cell cycle arrest in both 
Bcap-37 and MCF7 cell lines was demonstrated.48,49 

Also, PTS has been shown to cause a transient accumulation 
of cells in the G0/G1-cell cycle phase followed by the 
S-phase arrest in MOLT4 human leukemia cells.50 Almost 
the same observations were reported by10 PTS-induced 
apoptosis due to ROS generation in MCF7 and nitric 
oxide over production in PC3 cells. It was concluded pre-
viously that PTS exerted its anticancer action in breast 
cancer by arresting cells in G0/G1, G2/M or S phase.51 

Also, it was reported that PTS primary mechanism is mito-
chondrial-dependent apoptosis via the release of Smac/ 
DIABLO in conjunction with cytochrome C.51,52 PTS 
anticancer activities are postulated to be related to hydro-
xylated stilbene moiety that was able to develop hydrogen- 
bonds and stable resonance structures in the biological 
system.53 Accumulation values of cells in pre-G phase 
was estimated as 11.38±0.5%, 13.59±1.1%, and 27.52 
±1.9% for PTS, ZN, and PTS-ZN NSs incubations, respec-
tively. Graphical statistics of changes in cell cycle phases 
are presented in Figure 5E.

Annexin V Staining Assay
For additional revealing of apoptotic action, control, PTS, 
ZN and PTS-ZN NSs incubations were subjected to posi-
tive annexin V staining analysis (Figure 6A–D). PTS-ZN 
NSs enhanced to a great extent early, late, and total cell 
death compared to all of other incubations. Figure 6E 

Figure 4 MCF7-cell uptake of PTS at 2 and 4 hours. 
Note: *p<0.05.

Figure 3 IC50 estimation of PTS-ZN NSs against MCF7 and MDA-MB231 cell lines. 
Dara presented as means ± SD (n=6). 
Notes: *p<0.05 vs Pts; #p<0.05 vs ZN.
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displayed graphical presentation for each type of cell 
death. PTS-ZN NSs obtained the most potent action in 
ameliorating pre-G phase that illustrates apoptotic cell 
death. Additional confirmation was carried out by annexin 

V staining, which displayed the highest apoptotic-enhan-
cing action of ZN in the PTS-ZN NPSs compared to free 
PTS. This was an evidence of early and late apoptotic 
death, in addition to total cell death. The generated results 

Figure 5 PTS-ZN NS impact on cell-cycle phases. (A) Control; (B) PTS; (C) ZN; (D) PTS-ZN NSs; (E) graphic representation of each phase. 
Note: *p<0.05 vs control.
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Figure 6 PTS-ZN NS impact on annexin V–FITC positive staining of MCF7 cells. (A) Control; (B) PTS; (C) ZN; (D) PTS-ZN NSs; (E) graphic representation of early and 
late apoptotic, necrotic, and total cell death. 
Note: *p<0.05 vs control.
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were in accordance with previous works examining PTS 
effect on cell cycle phases.54 PTS capacity to stimulate 
apoptosis was illustrated as revealed by increasing annexin 
V staining of T24, T24R cells55 and HL-60 cells.56

mRNA Expression of Apoptotic Genes
Figure 7 displays the statistically variant ratios of gene 
expression of two proapoptotic genes (CASP3 and 
CASP7) and one anti-apoptotic gene (CDK1) of PTS-ZN 
NSs treated cells. PTS-ZN NSs obtained the highest 
expression of CASP3, CASP7 and CDK1 genes for 
MCF7 cells compared to free PTS. ZN-NSs ameliorated 
the expression of the utilized apoptotic markers, which 
confirmed synergistic anticancer profile in the treated cells.

CASP3 activation is essential for apoptosis induction 
mediated by chemotherapeutic drugs; thus, it can be used 
to predict cancer cells sensitivity to chemotherapeutic 
agents. PTS, ZN and PTS-ZN NSs groups obtained folds 
change of 2.37, 3.54 and 4.2, respectively. PTS-ZN NSs 
generated enhanced apoptotic action compared in compar-
ison to untreated positive control. PTS-ZN NSs obtained 
1.77-fold raising in CASP3 level in comparison to free 
PTS. Caspases initiate apoptosis process to control cell 

regulatory function which was essentially considered a 
critical feature of therapeutics that target cancer.57 

CASP3 insufficiency might be the reason for MCF7 cells 
insensitivity to many chemotherapeutic agents.58

Although the overlapping incidence of CASP3 and 
CASP7, they also have distinct roles in apoptosis.59 

Regrading to importance of caspases, CASP7 expression 
was studied also. Several substrates are selectively cleaved 
by CASP7.59 PTS, ZN and PTS-ZN NSs treated groups 
displayed folds change of 4.54, 5.89 and 11.61, respec-
tively. PTS-ZN NSs generated raised apoptotic action in 
comparison to untreated positive control. PTS-ZN NSs 
obtained 2.55-fold increase in caspase 7 level in compar-
ison to free PTS. Our results concluded that caspases are 
decisive for apoptosis progression when breast cancer 
MCF7 cells are exposed to PTS.

PTS, ZN and PTS-ZN NSs treated groups of CDK1 
expression exhibited 0.46, 0.4 and 0.24-folds change, 
respectively. PTS-ZN NSs exhibited higher apoptotic 
effect in comparison to untreated positive control. PTS- 
ZN NSs revealed 1.9-fold decrease in CDK1 level com-
pared with free PTS. These results confirmed the apoptotic 
role of PTS in cancer progression through modulation of 

Figure 7 PTS-ZN NS impact on mRNA expression of CASP3, CASP7, and CDK1 in MCF7 cells. 
Notes: *p<0.05 vs control; #p<0.05 vs Pts; $p<0.05 vs ZN.
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CDK1. The down-regulated CDK1 activity might be give 
rise to broken G2/M progression which affect mainly 
DNA damage-induced apoptosis as reported by.60 

Regarding to the known role of cyclin-dependent kinases 
in controlling progression of cell cycle from G2 to M 
phase,61 CDKs dysregulation is related to formation of 
different tumors especially breast cancer.62

As a conclusion, our study indicated that apoptosis in 
MCF7 cells was confirmed and augmented through cas-
pases dependent signaling pathways and inhibition of 
CDK1 activity due to use of ZN-NSs in delivery of PTS 
in comparison with free PTS.

Oxidative Stress
Contribution of free radicals to carcinogenesis through 
DNA damage and lipid peroxidation. Table 3 displays 
the results of oxidative stress. PTS-ZN NSs significantly 
inhibited GR activity by 34.8% in comparison to control 
and PTS (10.37%). The PTS ability to enhance expression 
of antioxidants catalase, total glutathione, glutathione per-
oxidase, glutathione reductase was reported due to invol-
vement in initiation and pathogenesis of multiple disease 
processes.63,64 Due to the recognized role of ROS in 
apoptosis induction,65 It was concluded that PTS may 
generated raised ROS which in turn catalyse the intrinsic 
apoptotic pathway due to direct action on the mitochon-
drial membrane.66 Generation of ROS was estimated by 
DCFH-DA. PTS-ZN NSs had the largest capacity of green 
fluorescence. ROS production was increased by 1.37-folds 
after incubation with PTS-ZN NSs as a possible fate of 
singlet oxygen or hydrogen peroxide production thus caus-
ing apoptosis related to PTS cytotoxicity.10 PTS stilbene 
deforms the ionic balance of the mitochondria which is 
required for cancer cell growth progression.44 It was 
revealed that the anti-peroxidative effects of hydroxylated 
resveratrol molecules including PTS could be due related 
to the phenolic groups that can scavenge lipid hydroper-
oxyl, hydroxyl and superoxide anion.67 Also, PTS 

generates its anticancer activity through ROS levels reg-
ulation, which stimulates downstream signaling pathways 
as antioxidant or prooxidant.68,69 Also, PTS and PTS-ZN 
NSs reduced MDA levels significantly by 16.48% and 
30.27% compared to control values, respectively. 
Increasing in MDA levels was verification for suppression 
of lipid peroxidation70 that extended oxidative stress activ-
ity due to utilization of ZN NSs.

As a conclusion, our study indicated that oxidative 
stress potential in MCF7 cells was confirmed and augmen-
ted through reduction of GR activity and MDA level in 
addition to increasing ROS formation due to use of ZN- 
NSs in delivery of PTS in comparison with free PTS.

Stability Study
Colloidal stability of the fabricated PTS-Zn NSs was 
expressed by investigation of the average particle size 
related to NSs incubation samples in FBS (Figure 8). 
PTS-ZN NSs exhibited initial increase of the average 
particle size in the first few hours and then reduced to 
non-significant increased value. The prepared nanocompo-
sites indicate satisfied stability profile in serum that recom-
mend there use in in vitro and in vivo protocols without 
considering the possible effect of interacting with biomo-
lecules on colloidal environment of nanocomposites.

Conclusion
The present study revealed that PTS-ZN NSs generated 
ameliorated antiproliferative, proapoptotic and oxidative 
stress potentials against MCF7 cells compared to free PTS. 
Promising research outcomes included nanocomposites with 
high encapsulation efficiency, 36 hours extended PTS diffu-
sion, a synergized cytotoxicity profile, enhanced MCF7 cells 
uptake, ameliorated apoptosis induced potential, enhanced 
mRNA expression of CASP3, CASP7 and CDK1 genes and 
significant oxidative stress. This is mediated, at least partly, 
by influential functionalization of ZN as candidate for 

Table 3 Oxidative stress estimation of PTS-ZN NSs

GR (µU/106 cells) ROS (pg/106 cells) MDA (nmoLl/106 cells)

Control 1.64±0.11 100.21±7.39 1.58±0.13
PTS 1.47*±0.09 126.34*±10.18 1.82*±0.09

ZN 1.55±0.38 102.44±11.92 1.66±0.21

PTS-ZN NSs 1.07± 0.04*#$ 166.83±9.65*#$ 2.53*#$±0.14

Notes: Results expressed as means ± SD (n=6). p<0.05 vs control; #significantly different than Pts p<0.05 vs Pts; $p<0.05 vs Zn.
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successful delivery and supporting of pharmacotherapeutic 
profile of PTS against MCF7 cells.
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