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ABSTRACT
Objective(s): Nowadays, nanotechnology has offered great success in resolving concerns in cancer therapy 
and created a new interdisciplinary field of study incorporating various sciences, such as biology, chemistry 
and medicine. Apoptosis is a conserved and controlled strategy in regulating cellular growth and proliferation, 
as well as preserving development and general homeostasis of the body. Zinc oxide nanoparticles (ZnO-NPs) 
are the most important and widely used nanoparticles. This study aimed to evaluate the apoptosis-inducing 
properties of the synthesized ZnO-NPs by aqueous extract of Rubia tinctorum against the MCF7 breast 
cancer cell line. 
Materials and Methods: Zinc oxide nanoparticles were synthesized using Rubia tinctorum extract and 
characterized by some methods including dynamic light scattering (DLS), field emission scanning electron 
microscopy (FESEM) and x-ray diffraction analysis (XRD). Apoptosis was measured by the Hoechst and 
Acridine-Orange/Propodium Iodide staining, as well as flow cytometry. 
Results: The results of this study showed that the particle size of biosynthesized ZnO-NPs using R.tinctorum 
extract was about 40 nm and had a spherical morphology. The obtain results of  the Hoechst and Acridine-
Orange/Propodium Iodide staining, as well as flow cytometry showed that biosynthesized ZnO-NPs 
effectively and dose-dependently induced apoptosis in the MCF7 breast cancer cells.
Conclusion: Therefore, the biosynthesized ZnO-NPs by watery extract of R. tinctorum can be used in the 
treatment of many diseases, including cancers.
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INTRODUCTION
Nanotechnologies are supplying a long range 

to define the qualities of the material in a novel 
technique of eco-friendly and biologic-synthetic 
way [1-5]. Zinc-Oxide nanoparticles (ZnO-NPs) 
are well-known for their safe and biologically 
compatible properties [6]. They can be utilized 
as anticancer factors [7], drug delivery agents [8], 
antimicrobials [9], and bio-sensors [10] due to 
their remarkable physicochemical assets. Zinc is a 
biologically compatible element in humans, which 
plays several roles in the body. There are various 

fabrication ways of metal-oxide NPs, the majority 
of which are toxic and expensive [11, 12]. The 
ZnO-NPs have extensive applications particularly 
in the field of sensors, wastewater treatments, 
and biomedical tools [13-15]. 

The utilization of plant materials for the green 
synthesis of nanoparticles has evolved in the 
last decade [16]. Plants contain certain bioactive 
compounds, such as flavonoids, phenols, alcoholic-
sugars, terpenes, alkaloids, and reductase, which 
act as reducing agents [17-19]. Plant-mediated 
synthesis of nanoparticles is a very promising 
area of nanotechnology since the plant itself acts 
as both a reducing and capping agent [20, 21]. 
The plant system can synthesize nanoparticles 
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both intracellularly and extracellularly [22]. 
Green approaches of the ZnO-NPs synthesis are 
environmentally friendly, cheap, and easy to 
administer [23-25]. It is recognized that medicinal 
plants are rich in phenols, flavonoids, and 
carbohydrates which have antioxidant potential 
[17, 18, 20, 26]. Additionally, it is described that 
synthesized NPs using herbal medicine exhibited 
extra antioxidant properties [27, 28]. Various 
plants, such as Deverra tortuosa [29], Aloe 
socotrina [30], Eucalyptus globules [31], and Melia 
azedarach [32] have been used in the synthesis of 
zinc oxide nanoparticles so far.

Apoptosis is a conserved and controlled 
strategy to eliminate unnecessary and potentially 
harmful cells in living organisms. This process 
interacts with the immune system and participates 
in the pathogenesis of many diseases [33]. 
Apoptosis also shows a key role in imperative bio-
processes, such as evolution, homeostasis, as well 
as the removal of virus-infected and self-reactive 
immune cells, especially T lymphocytes [34]. This 
process is very important in regulating cellular 
growth and proliferation, as well as preserving 
development and general homeostasis of the body 
[35]. Apoptosis is involved in the pathogenesis 
of many autoimmune diseases, cancers, and 
infections, as well as tissue repair and regeneration 
[36]. A decreased rate of apoptosis can lead to 
the growth of cancer cells or the development of 
autoimmune disorders. Conversely, an increased 
rate of apoptosis is observed in diseases, such 
as neurodegenerative disorders and acquired 
immunodeficiency syndrome [37]. 

The ZnO-NPs are among the most important and 
widely used nanoparticles to cope with different 
infections in many countries and the medical 
and pharmaceutical industries [38]. Therefore, 
the current study aimed to elucidate a green 
methodology of Rubia tinctorum root extract for 
the biosynthesis of ZnO-NPs. The biosynthesized 
nanoparticles were further characterized using 
a particle size analyzer, a field emission scanning 
electron microscopy (FESEM), and X-ray diffraction 
(XRD). In addition, the apoptotic properties of the 
ZnO-NPs using different methods were evaluated 
in this study.

MATERIALS AND METHODS
Materials

Zinc acetate was obtained from Merck, and 
deionized water was employed to prepare all the 

required solutions. Moreover, Rubia tinctorum 
was obtained from a local source (Mashhad-Iran). 

Biosynthesis of ZnO-NPs by aqueous root extract 
of Rubia tinctorum

Initially, 10 g of Rubia tinctorum was put on a 
Hot Plate Stirrer and immersed in 100 ml distilled 
water for 1 hr at 40°C. Subsequently, it was filtered 
through a filter paper, and 10 ml of the plant 
extract was mixed with 100 ml of zinc acetate (9 g 
of zinc acetate with 100 ml of distilled water) and 
placed on a hot plate for 3 hr at 40°C. 

Characterization techniques
The biosynthesized ZnO-NPs were characterized 

by a particle size analyzer, dynamic light scattering 
(DLS), FESEM, and XRD techniques. Briefly, the 
distribution size of the nanoparticles was studied 
by the Zetasizer instrument (Malvern, UK), and the 
FESEM (JEOL, Japan) was employed to detect the 
shape of the ZnO-NPs. The crystal construction and 
purity of the ZnO-NPs were established by XRD. In 
the next stage, the biosynthesized ZnO-NPs were 
centrifuged (8000 rpm, 30 minutes), washed, and 
dried to remove the non-binding. 

Acridine Orange/Propidium Iodide staining
The utilization of Acridine Orange (AO) and 

Propidium Iodide (PI) as fluorescent dyes is an easy 
and fast way to discern living cells from non-living 
ones. This method was performed to determine 
the number of apoptotic cells in nanoparticle-
treated and negative control groups. Initially, 5 
ml cell suspension containing 1 million cells was 
cultured in flasks for 24 hr. Afterward, the medium 
was removed, and the cells were handled with 
diverse concentrations of nanoparticles for 48 h. 
Subsequently, the cells were centrifuged at 2700 
rpm (5 min), and after removing the supernatant, 
the cell pellet was diluted with 1 ml Phosphate 
Buffered Saline (PBS). In the next step, 10 µl of the 
cell suspension was admixed with 10 µl AO and 10 
µl PI and incubated for 5 min at 37ºC. Following 
that, 20 µl of the resulting mixture was poured on 
a slide, and a lamella was placed above the slide. 
Finally, the sample was photographed and studied 
using the fluorescence microscopy [39]. 

 
Hoechst staining

The cells were washed with PBS and fixed 
in 1% formaldehyde solution to investigate the 
morphology of the apoptotic cells by fluorescence 
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microscopy and after treatment with various 
concentrations of NPs for 24 hr. The cells were 
then immersed in pure methanol for 20 min. The 
methanol was removed by centrifugation, and the 
cells were again washed with PBS. After preparing 
slides from the cells, they were examined for 
morphological signs of apoptosis by fluorescence 
microscopy (ZEISS, Germany). Apoptotic cells 
were characterized by morphological changes of 
the nucleus (e.g. the presence of dense chromatin 
fragments) [40, 41].

Flow-cytometry assay
Flow cytometry was applied to determine 

apoptosis by evaluating the changes in the cell 
cycle. This is a method widely used in research 
and clinical settings for identifying cells and 
evaluating their properties. In the flow cytometry, 
various cells are identified based on their light 
scattering and fluorescence emission properties. 
Fluorescence emission can be obtained using 
fluorescent dyes, such as PI. First, the cells were 
cultured in 6-well plates and exposed to various 
concentrations of nanoparticles. Afterward, the 
cells were washed with PBS and treated with PI (30 
min). Finally, the cells were isolated and subjected 
to flow cytometry analysis to determine the ratios 
of the cells in different cell-cycle phases [40].

Catalase gene expression assay
Catalase gene expression was specified in 

the MCF-7 cell line treated with nanoparticles. 
The cells were seeded at 5×103 cells/ml in a 
6-well plate using RMPI media treated with the 
concentrations of nanoparticle including 0, 30, 40, 
and 50 µg/ml, and incubated for 48 hr. The treated 
cells were then washed with PBS. Table 1 tabulates 
the characteristics of the primer. 

Table 1. Primer characteristics employed for the investigation 
of catalase gene expression

Real-Time polymerase chain reaction method 
The catalase gene expression was determined 

using the Real-Time Polymerase Chain Reaction 
method (Qiagen Rotor-Gene Q, Hilden, Germany). 
Amplification status was set as a primary step 
at 95°C (2 min), followed by 30 cycles of 95°C 

(15 sec), 56.4°C (20 sec), and 72°C (30 sec). 
Melting curves were created by monitoring the 
fluorescence of the SYBR green signal from 65°C 
to 95°C. Comparative  ΔCt  normalized  to GAPDH 
(glyceraldehyde 3-phosphate dehydrogenase) 
was used to calculate transcription levels using 
the geNorm algorithm automated in CFX manager 
software (Bio-Rad). 

Statistical analysis
All data collected from this study were analyzed 

in SPSS software using ANOVA. The significance 
was certified by Duncan’s multiple range tests. A 
p-value less than 0.05 was considered statistically 
significant. All tests were performed triplicate, and 
the results are shown as mean±SD.

RESULTS
Characterization of the ZnO-NPs 

The DLS was conducted to define the typical 
size of the ZnO-NPs, and the results are revealed 
in Fig 1. 

Fig 1. Size dispersion of the synthesized ZnO-NPs using Rubia 
tinctorum

Fig 2. FESEM images of the synthesized ZnO-NPs using Rubia 
tinctorum

 

 

 
Gene Sequences (5′ to 3′) 
 
CAT 

F                  CGTGCTGAATGAGGAACAGA 
R                  AGTCAGGGTGGACCTCAGTG 

GAPDH F                 CGTGCTGAATGAGGAACAGA 
R                 AGTCAGGGTGGACCTCAGTG 
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The particle size distribution of the ZnO-
NPs ranged from 10 to 70 nm. Moreover, the 
mean particle size was about 40 nm. The field 
emission and transmission electron microscopy 
were performed to characterize the construction 
things of the NPs. The ZnO-NPs were imagined 
by FESEM, and the results revealed that the ZnO-
NPs had a spherical morphology, and some were 
in an aggregated form (Fig 2). Fig 3 illustrates the 
XRD patterns of the ZnO-NPs synthesized by Rubia 
tinctorum extract. The XRD pattern shows peaks 
at 2θ=31.67°, 34.31°, and 36.14° that assigned to 
(100), (002), and (101), respectively, representing 
the polycrystalline wurtzite structure of the NPs.

Fig 3.XRD pattern of the biosynthesized ZnO-NPs using Rubia 
tinctorum

Apoptotic morphological changes include 
cell contraction, nucleus fragmentation, and 
chromatin condensation, which can be visualized 
by light or fluorescent microscopy.

In this study, AO/PI and Hoechst staining, as 
well as flow cytometry were used to determine 
apoptosis.

Moreover, the up-regulation of the catalase 
gene was utilized to determine the molecular 
mechanism of the apoptotic pathway.

Study of apoptosis using Acridine Orange/
Propidium Iodide staining 

To investigate apoptosis by AO/PI staining, 
the cultured MCF7 cells treated with ZnO-NPs 
were stained with fluorescent AO and PI, and 
the apoptosis was assessed by the fluorescent 
microscopy. 

As illustrated in Fig 4, green cells in the 
control group indicate no apoptosis after 24 hr of 
incubation. In contrast, most nanoparticle-treated 
cells showed yellow, orange, and red colors 
indicating the induction apoptosis in these cells.

The results also showed that apoptosis-
inducing activity was augmented with increasing 
concentration of ZnO-NPs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4. Effect of zinc oxide nanoparticles on the morphological composition of MCF-7 cells treated with concentrations of 40 and 50 
μg/ml, compared to the group control, using the Acridine-Orange test. The green color represents the living cells; however, yellow 

and red cells represent the apoptotic cell (200 x magnification)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5.  Hoechst Staining of MCF-7 cells treated with concentrations of 40 and 50 μg/ml, compared to the control group (200 x 
magnification)
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Evaluation of apoptosis by hoechst staining
The MCF-7 cells were stained with Hoechst 

fluorescent dye after being exposed to various 
doses of ZnO-NPs for 24 hr. Apoptosis was 
examined by fluorescent microscopy. This dye was 
absorbed by apoptotic cells treated with ZnO-NPs 
and brightened their nucleus. As indicated in Fig 
5, no changes were observed in the luminosity of 
the control cells. The apoptosis induction activity 
of the nanoparticles was dose-dependent.

Evaluation of the apoptosis and cell-cycle changes 
by flow cytometry

The MCF-7 cell treatment with concentrations 
of ZnO-NPs was performed for 24 hr using a flow 
cytometer assay. The findings showed a significant 
and dose-dependent increase in the ratio of the 
cells in the SubG1 phase of the cell cycle in the 
cells treated with ZnO-NPs, compared to the 
control group (Fig 6).

Fig 6. Flow cytometry analysis of apoptosis in MCF-7 breast 
cancer cells treated with different concentrations of ZnO-NPs. 
Apoptosis was significantly increased in the cells treated with 
different concentration of ZnO-NPs, compared to the control 

group

As shown in Fig 6, at the dose of 30, 40, and 
50 μg / mL, cells in the SubG1 phase are 32%, 
51%, and 80%, respectively, which also reflects 
the effects of the dosage of the nanoparticle. This 
observation indicated increased apoptosis in these 
cells by increasing the dosage of the nanoparticle. 

Up-regulation of catalase gene expression
Catalase gene expression changes were 

investigated in the MCF-7 cells treated with ZnO-
NPs produced from aqueous extract of Rubia 
tinctorum. The results showed that the expression 
of the catalase gene in the MCF-7 cells treated 
with different concentrations of ZnO-NPs up to 
50 μg/ml was significantly increased. As shown 
in Fig 7, the expression level of the CAT gene at 

a concentration of 50 μg/ml was increased by 
approximately 30-fold, compared to the control 
group. This data suggest that ZnO-NPs induce 
reactive oxygen species (ROS) production within 
the cell resulting in increased expression of 
the catalase gene to remove these species. It 
can be concluded that biosynthesized ZnO-NPs 
may induce apoptosis through increased ROS 
production. 

Fig 7. Expression analysis of the catalase gene in the MCF-7 cells 
upon treatment with 0, 30, 40, and 50 µg /ml of CeO2-NP for 
24 h. ***P<0.001 indicates a significant difference, compared 

to the control group (0)

DISCUSSION
Apoptosis is a well-defined model of cell 

death which varies in morphology, mechanisms, 
and occurrence from the other cell death, such 
as necrosis [42]. Since apoptosis is a controlled 
process, its incidence in cancer therapy has great 
considerations. Because of this, apoptosis is the 
primary target in many cancer treatment strategies 
[43, 44]. Apoptosis is the potential process of the 
MCF-7 cell death after subjecting to the ZnO-
NPs. The ZnO-NPs have been described to have 
apoptotic effects against cancer cells. This study 
investigated the effects of ZnO-NPs on the MCF-
7 breast cancer cell line and showed that these 
nanoparticles could selectively induce apoptosis in 
the cancer cells. Through several experiments, it 
was revealed that ZnO-NPs synthesis via the green 
method by Rubia tinctorum root extract induce 
the apoptosis in the MCF-7 cells after 24 hr. The 
degree of apoptosis is improved by increasing the 
ZnO-NPs concentration. A similar study showed 
that the ZnO-NPs could induce apoptosis in mouse 
neural stem cells [45]. Therefore, ZnO-NPs may 
be potentially helpful in the treatment of breast 
cancer. In another study, the effects of ZnO-NPs 
on the induction of oxidative stress and apoptosis 
were investigated in human colon carcinoma cells 
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[46]. In a recently conducted study, the toxicity 
of the nanoparticles was measured by the MTT 
assay, and apoptosis was evaluated using the flow 
cytometry showing a cell death rate of 98%. In the 
current study, the ZnO-NPs were synthesized by 
the extract of R. tinctorum plant, and the results 
revealed acceptable toxicity against MCF-7 cancer 
cells with an IC50 of about 40 μg / ml at 24 h.

Another study investigated the influence of 
ZnO-NPs on the induction of DNA destruction, 
oxidative stress, and apoptosis in malignant A375 
melanoma cells. The IC50 of the ZnO-NPs was 
estimated at 20 μg/ml using the MTT assay in the 
recent report [47]. On the other hand, the IC50 
of the ZnO-NPs against MCF-7 breast cancer cells 
was obtained at 40 μg/ml in the present study 
indicating lower cytotoxicity against breast cancer 
cells. Furthermore, these nanoparticles were 
comparably effective in inducing apoptosis and 
DNA destruction in breast and melanoma cancer 
cells. In another study, ZnO-NPs were shown to 
induce apoptosis and oxidative stress in human 
lung LTEP-a-2 cells. Apoptosis was identified by 
fluorescent microscopy and Caspase 3 activity 
test [48]. It has been noted that ZnO-NPs promote 
toxicity and apoptosis mainly through inducing 
ROS production in human lung adenocarcinoma 
cells [49]. This observation provides valuable 
information regarding the action mechanism of 
the nanomaterials in cancer therapy. In another 
study, the applicability of ZnO-NPs was analyzed 
in targeted and synergistic (i.e. along with other 
chemotherapeutics) cancer therapies. In this study, 
the biomedical and clinical applications of metal 
and ZnO-NPs have been reviewed in vitro [50]. In 
addition, the benefits, methods, and limitations 
of using metallic oxide NPs in cancer treatment 
and drug delivery have been discussed focusing 
on ZnO-NPs and their cytotoxic mechanisms as 
well as tactics to increase their targeting and cell 
toxicity against cancer cells [51-53]. 

The above-mentioned studies show that 
ZnO-NPs synthesized by plant extracts present 
cytotoxicity against cancer cells and can activate 
apoptosis in them. Therefore, they can be used as 
anticancer compounds. 

CONCLUSION
Nanotechnology refers to the knowledge of 

production and application of materials with 
1 to 100 nm dimensions. Moreover, it is the 
investigation of the exclusive physical, chemical, 

and biological properties to be applied in clinical 
settings. Nowadays, nanotechnology has offered 
great success in resolving concerns in cancer 
therapy and created a new interdisciplinary field 
of study incorporating various sciences, such as 
biology, chemistry, and medicine. The apoptotic 
activity of ZnO-NPs synthesized by aqueous 
extract of R. tinctorum was investigated against 
the MCF7 breast cancer cell line by staining and 
flow cytometry methods. The results showed that 
these nanoparticles were capable of inducing 
morphological changes (e.g. abnormal shape and 
nucleation) in the cancer cells. Flow cytometry 
analysis showed that the ratio of cells in the SubG1 
phase of the cell cycle was increased in cells 
treated with the ZnO-NPs indicating the elevated 
rate of apoptosis.

Regarding the useful properties of the ZnO-NPs 
synthesized by the aqueous extract of R. tinctorum, 
it can be said that these particles can be used in 
the treatment of many diseases, including cancer, 
as well as other biomedical fields.
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