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Treated in breast cancer depends on how advanced the cancer is, so the way 
the treatment of the cancer may use drugs, operation, or radiation treatment. 
However, all these lead to unwanted effects including chemotherapy and 
radiation. It is critically essential to recognize new therapeutic targets and 
produce efficient, targeted therapies. The development of methotrexate-
linked zinc oxide nanoparticles (MTX-ZnONPs) and their potent anti-
breast cancer cell properties are investigated in this study. Using various 
method such as UV visible spectroscopy, Dynamic light scattering (DLS), 
Scanning electron microscopy (SEM) and Scanning electron microscopy 
(SEM) we have confirmed the linking of ZnONPs with MTX. We also 
treated MCF7 cells with MTX-ZnONPs in a laboratory setting in order to 
test the effectiveness of MTX-ZnONPs, and found out how it behaves using 
the MTT assay. Then, to confirm the cytotoxic effect, further investigation 
is needed to investigate the cytotoxic effects and the expression levels of 
two key genes, P53 and COX-2. MTX and MTX-ZnONPs were expressed 
at different levels in both genes and compared to expression of the control 
group. As indicators of oxidative stress, the malondialdehyde (MDA) level 
was also measured. The MTT assay findings demonstrated that both free 
MTX and MTX-ZnONPs were efficient at causing cytotoxic effects on 
MCF7 cells. Increased gene expression of P53 and COX-2 was noted in cells 
when treated with MTX-ZnONPs or MTX instead of the control group, 
possibly indicating potential therapy. As a marker of oxidative stress, levels 
of malondialdehyde (MDA) were also measured and there was a significant 
increase in MTX-ZnONPs and MTX compared to controls, MTX and 
MTX-ZnONPs, respectively. As a result, our findings demonstrated the 
excellent efficacy of MTX-ZnONPs, suggesting that ZnONPs function as 
nanocarriers to deliver the medication intracellularly.
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INTRODUCTION
Breast cancer is the most common malignancy 

diagnosed in women all over the world [1–3]. That 
was the year, 2020, when overall breast cancer 
incidence totaled 2.3 million new cases and 
685,000 deaths. The need for better treatments of 
this illness [1] is critical and immediate; by 2040 
almost 3 million new cases and 1 million deaths 
per year are predicted. Although it is increasing 
globally [3], deaths associated with breast cancer 
seem to be declining in wealthy nations. Although 
fewer, the deaths of countries with lesser income 
and middle classes are more than that of wealthier 
nations [4].

Breast cancer treatment depends on the stage 
of cancer and includes medications, surgery, 
and possibly radiation therapy [1].Currently in 
practice around the world, treatments include 
hormone therapy for hormone positive diseases 
that targets the hormone receptors to slow or 
stop the cancer cell growth, antiHER2 treatment 
for HER2 positive disease to target the HER2 
protein in cancer cells, immunotherapy uses 
the bodies immune system to fight cancer and 
chemotherapy uses drugs to kill cancer cells 
[3]. The breast cancer cells determine how one 
would select the best treatment options. Some 
of these factors are: genomic alterations, immune 
environment markers, hormone receptors and 
the activation of HER2 (6Doctors have categorized 
the key medications used to treat breast cancer 
as essential by the World Health Organization, or 
WHO. The list of these key medicines comprise 
of doxorubicin, cyclophosphamide, paclitaxel, 
docetaxel, tamoxifen, aromatase inhibitors and 
trastuzumab [7]. To achieve the best results in 
treating breast cancer, it is crucial to diagnose the 
disease early and to use a thorough and team-
based approach for patient care, highlighting the 
need for teamwork in managing patients and 
the important roles that we each have in this 
process[2]. The aim of treatment is to reduce 
deaths from breast cancer and reduce the impact 
of the cancer overall [1]. In many cases, local 
therapies such as surgery and radiation, along, if 
necessary, systemic treatments, can treat early 
breast cancer successfully [6]. For stage IV breast 
cancer, the objective is to manage the disease for 
as long as possible, primarily using medications 
[1]. Palliative care focuses on managing patients 
with metastatic disease and should be introduced 
soon after diagnosis, including pain management, 

as well as psychosocial and spiritual support [2].
Current treatments for breast cancer include 

surgery, radiation, and systemic therapies, namely, 
hormone therapy, chemotherapy, targeted 
therapy, and immunotherapy [3,7] and despite 
the positive effect of treatment on survival, its 
effectiveness is far from perfect. This points to an 
equally pressing and urgent need for new, more 
effective ways to fight breast cancer in this field, 
an infographic.

Limitations of Current Treatments
Chemotherapy and radiation can deliver side 

effects like neutropenia, lymphedema, hair loss, 
nausea and cognitive impairment [2, 8].

Breast cancer cells can develop resistance 
to endocrine therapy, anti-HER2 therapy, and 
chemotherapy [9, 10]. Mechanisms that cause 
drug resistance lead to the development of vital 
new treatments. However, these mechanisms 
have complexities that make the challenge of 
fighting breast cancer more difficult.

Therefore, Triple-negative breast Cancer (TNBC) 
has ill defined molecular target limiting effective 
use of targeted therapies. TNBC has higher 
metastasis and recurrence rates [11], so currently 
chemotheraphy is the primary systemic treatment.

Unfortunately, current treatments have some 
disadvantages, such as incomplete surgical 
removal of tumors, toxic effects to healthy tissues, 
inadequate drug concentration at the tumor site, 
and poor drug penetration into tumors because of 
abnormal blood vessels [12].

Access to essential medicines and treatment 
facilities is limited in low- and middle-income 
countries (LMICs), which adversely affects breast 
cancer survival for these patients [2].

It revealed a higher level of COX2 mRNA in 
breast cancer and various other solid tumors in 
humans. These include cancers of the colorectal 
region, lung, stomach, bladder, pancreas, uterus, 
and prostate [13]. The overactivity and high levels 
of COX2 have been proven in research rats with 
breast cancer caused by carcinogens, as well as in 
genetically modified mice that produce too much 
HER2 [14]. The most known targets of NSAIDs 
are the cyclooxygenase (cox) enzyme. It is this 
enzyme that shrolls prostaglandins (PGs) from 
arachidonic acid. Two isoforms of Cox gene have 
been identified. Cyclooxygenase1 (cox1) has been 
proven in normal tissues to be in cell membranes 
and to participate in many of the physiological 
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roles, such as protecting the stomach and 
regulating platelet aggregation. On the other hand, 
cyclooxygenase2 (cox2) is located in the cytoplasm 
and is not usually found in most normal tissues; it 
only appears when there is inflammation or other 
stimulating factors. Additionally, the expression 
of cox2 can be increased by oncogenes, growth 
factors, cytokines, and tumor promoters, and it 
has been shown to prevent apoptosis. In various 
tumors, including those of the colon, esophagus, 
stomach, cervix, and breast, cox2 is associated 
with cancer development and the progression 
of tumors [6]. COX2 is an enzyme that promotes 
inflammation. It is commonly associated with 
the expression of NOS2 in situations where there 
is inflammation. Additionally, COX2 has been 
connected to negative results in cancer [15]. 

The tumor suppressor p53 is one of an essential 
transcription factor that controls numerous cellular 
function. Although there are many conditions that 
p5₃ can stop cells from growing in cancer, should 
they be triggered, p53 limits cell growth helping to 
prevent tumours developing.  This function causes 
it to be called ‘the guardian of the genome’. p53 
undergoes several changes after translation when 
cells are stressed to including 1) phosphorylation 
which stabilizes p53 by changing its interaction 
with MDM2, 2) DNA binding to specific sites, 
and 3) transactivation by p53 via gene either 
manipulation, stimulation, or inhibition of gene 
that regulate the cell cycle, DNA repair, and aging 
and how cells die [16]. 

Need for New and Effective Therapies
Currently, there is no good treatment strategy 

for metastatic breast cancer with a good survival 
rate, which is not sufficient.16 Metastatic TNBC 
needs new solutions [10]. Future therapeutic 
concepts are designed around de-escalation or 
escalation of treatment based on cancer biology 
and early response to therapy and to individualize 
therapy. Treatment de-escalation refers to 
reducing the intensity of treatment, if the cancer 
responds well, whereas treatment escalation 
implies increasing the intensity of treatment if the 
cancer does not respond well [3]. However, new 
therapeutic targets and effective targeted agents 
are urgently needed, especially for TNBC [11]. To 
identify emerging treatments and repurposed 
drugs, new drugs are used to mark tumor driving 
pathways in TNBC [17]. Novel therapeutic agents 
with diverse modes of action are needed to treat 

HR+ breast cancer more professionally and to 
overcome resistance [8].

Such new methods include antibody drugs 
conjugates, immunotherapy, and the treatment 
in distant pathways [18]. In the future, effective 
therapeutic methods include caspase independent 
cell death programs and lysosome dependent cell 
death (LDCD) [19]. For patients with metastatic 
BC, the clinical trials check out the PROTAC system, 
which represents proteolysis targeting chimera. It 
can improve current strategies for treatment of 
cancer [20].

Methotrexate, usually known as MTX, interrupts 
the creation of nucleic acids and reduces the 
development of cancer cells. Is a chemotherapy 
medication frequently utilized in the treatment 
of diverse forms of cancer. This drug works 
well because it blocks the role of dihydrofolate 
reductase or DHFR. MTX works by binding to folate 
receptors located on the outer layers of tumors 
and cancerous cells [21].

But it has drawbacks that include severe toxicity 
on healthy cells [22, 23], non specific delivery of 
drugs [21], drug resistance [22], low permeability 
and solubility [24], drug efflux from cells, hemolytic 
toxicity [24] and short blood circulating half life 
[25]. Therefore, researchers have explored the use 
of nanoparticles (NPs) for targeted drug delivery 
which would help in overcoming these restrictions 
[26]. Conjugating MTX with NPs enhances toxicity 
of even lower doses of MTX than free MTX [21].

ZnONPs have attracted attention for their 
potential use in medicine due to their physical 
and chemical properties. These uses of interest 
to the practitioner are antibacterial, regenerative, 
mechanical antiinflammatory, anti demineralizing 
and remineralizing and may also empower 
antitumor uses [27]. There are various techniques 
by which zinc oxide nanoparticles are made, 
including chemical, physical and green (biological). 
The United States Food and Drug Administration 
considers ZnO generally safe. They are considered 
less toxic than other metal oxide nanoparticles [28]. 
ZnO nanoparticles have customized properties 
relating to optics, magnetism, shape, electricity, 
catalysis, mechanics, and photochemistry that 
can be tailored for particular uses. A large surface 
area is derived from small size of nanoparticles 
which makes them useful for carrying drugs and 
engage with biological systems [27]. Zinc oxide 
nanoparticles can trigger the formation of reactive 
oxygen species, which plays a vital role in their 
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properties that fight bacteria and cancer [29]. Zinc 
oxide nanoparticles are more likely to dissolve 
in low-pH environments. This property makes 
them ideal for delivering drugs directly to tumors 
and releasing them inside cells within the acidic 
conditions in tumor microenvironments [28]. ZnO 
nanoparticles have great potential for delivering 
drugs directly to certain areas. This is because 
they can move through tiny blood vessels, be 
absorbed by cells, and help concentrate medicines 
effectively where needed [28]. The ability of these 
materials to break down naturally supports the 
gradual release of medications [29]. Essential 
features of ZnO nanoparticles in precise drug 
delivery consist of:

Zinc oxide nanoparticles can be combined 
with a variety of treatment substances, such as 
cancer medications, active biological molecules, 
genetic material, proteins, and agents used for 
imaging [28]. To improve how ZnO NPs deliver 
substances to specific cells and get absorbed, their 
surface can be changed by adding ligands, linker 
chains, medications, and markers that connect 
with receptors found on the intended cells, like 
cancer cells [27]. As an example, ZnO nanosheets 
that have folic acid attached have been utilized 
for the directed delivery of doxorubicin to cells 
in breast cancer [28]. Encapsulating drugs in ZnO 
nanoparticles can enhance their efficacy, stability, 
and bioavailability in the body because these drugs 
can be designed to release their medication under 
specific conditions, such as acidic pH in the tumor 
vicinity, thereby reducing damage to normal cells 
[28]. 

Here, we examine the use of methotrexate 
zinc oxide nanoparticles (MTXZnO NPs) as a 
directed treatment for breast cancer. Molecular 
and cellular reaction involving nanoparticulate 
are assessed during this study to see how these 
nanoparticles affect MCF7 cell line. In order to 
improve our understanding of how MTXZnO 
nanoparticles influence the level of cancer cell 
growth and death, the first part of the study looks 
at how MTXZnO nanoparticles affect the level of 
the genes P53 and Cox2, plays a crucial role in 
controlling tumor. In addition, the research has 
studied the obtained oxidative stress by these 
nanoparticles and have measured the amount of 
malondialdehyde (MDA) by using ELISA method. In 
addition we have studied the MTT assay to analyze 
cell viability, viability inhibition, and the amount 
of growth restrained by MTXZnO nanoparticles. 

This research aims at building more effective and 
targeted therapies for breast cancer with the aim 
to improve patient outcomes by focusing on these 
objectives.

MATERIALS AND METHODS 
Synthesis of Zinc Oxide Nanoparticles (ZnONPs)

To create ZnONP, we began with 100 ml of 
deionized water and dissolved 0. 1 grams of zinc 
nitrate in it. After that, we mixed in 1% of bacterial 
supernatant into the solution we had prepared. 
This combination was incubated at 60 degrees 
Celsius for 5 hours while stirring at a speed of 200 
RPM until it completely developed. Following this, 
we rinsed it multiple times with distilled water 
and ethanol to eliminate any leftover substances. 
Subsequently, it was placed in a muffle furnace 
and calcined for 2 hours at a temperature of 
around 350 °C±10 °C. , during which zinc nitrate 
decomposed thermally according to the Eq. 1:

Zn(NO₃)₂·6H₂O+Heat→ZnO+2NO₂↑+½O₂↑+6H
₂O↑                                                                               (1)

In the end, a white powder of ZnONPs was 
produced [30].

Conjugation of MTX with ZnONPs
MTX and ZnONPs were connected. MTXZnONPs 

are created by this linking procedure using an EDC 
coupler that binds to the amino group of MTX 
and the carboxyl groups of ZnONPsThe reaction 
mixture consisted of 800µL of ZnONP suspension, 
50 mM HEPES buffer, MTX (3 mg/ml), and 5 mM 
EDC in a volume of 1 mL.For five hours, this mixture 
had to stay at 30° C. Therefore, centrifugation at 
10,000 rpm for 10 minutes was used to isolate 
MTXZnONPs.

Characterization of MTX-conjugated ZnONPs
A particle size analyzer (Zetasizer NanoZS, 

Model ZEN3600, Malvern Instruments Ltd., 
Malvern, UK) was used to determine the zeta 
potential and particle size (distribution) of 
MTXZnONP. MTXZnONPs [31] were characterized 
with a Shimadzu dual beam spectrophotometer 
(resolution, 1 nm), UV1601 PC, Kyoto, Japan, 
which is a UVvis spectrophotometer. The size of 
the inorganic core was measured using a scanning 
electron microscope (Tecnai™ G2 Spirit BioTWIN, 
FEI, Hillsboro, United States) running at an 
accelerating voltage of 80 kV [32].
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Cell culture
MCF7 cells (from ATCC) were kept in Dulbecco 

Modified Eagle Medium (DMEM) mixed with 10% 
Fetal Bovine Serum (FBS) and a combination of 
Penicillin at 100 units/mL and Streptomycin at 100 
ug/mL (Invitrogen) [DMEM 10% FBSPenStrep]. 
These cells were grown in an environment with 
5% CO2 at 37°C.

Calculation of Cytotoxicity
MTX was analyzed by the MTT tetrazolium 

dye test to determine its effect on cells’ growth 
and survival. Costar cells in Cambridge MA were 
seeded into a 96 well microplate at a concentration 
of 4 x 10 4 cells/ml. They were allowed to stick to 
the plate overnight and then treated with different 
drug levels for either 2 hours or 24 hours. After 
treatment, the drug was taken out by gently 
flipping the microplate, and the cells were rinsed 
two times with a fresh complete medium warmed 
to 37 degrees Celsius. The cells were kept in a 
drug-free medium for an extra 72 hours before 
undergoing a 4-hour incubation in an MTT solution, 
with a concentration of 2 mg MTT/ml in PBS, while 
kept in low light. The formazan blue compound 
formed by mitochondrial succinate dehydrogenase 
activity was extracted from the cells once the MTT 
solution was removed and DMSO was added. An 
EL800 auto microplate reader from Burlington, 
Vermont-based BIOTEK Instruments Inc. was used 
to measure the absorbance at 490 nm.

Quantitative real time PCR and RT-PCR
Total RNA was extracted from the collected cells 

with the help of TRIzol reagent from Invitrogen. 
This RNA was then converted into cDNA using 
an oligo(dT) primer, dNTPs sourced from Bioneer 
in Korea, and MMLV reverse transcriptase 
and RT buffer from Promega in the USA. The 
cDNA underwent amplification via PCR, which 
involved a mixture of cDNA, specific primers, 
dNTPs, and Top DNA polymerase. All primers 
and reagents used in this process were obtained 
from Bioneer. The PCR products were analyzed 
through electrophoresis on 1% agarose gels 
that contained ethidium bromide. The following 
primers were used: F: ACAGCGTGGTGGTACCGTAT 
and R: GGAGCTGTTGCACATGTACT for  p53; 
F: AGCTTGTGTGTGAGTGGTAG and R: 
TGAGAGATGGGCTGTTGTGT for  COX2; F: AAG TTC 
AAC GGC ACA GTC AAG G and R: CAT ACT CAG 
CAC CAG CAT CACC for GAPDH. According to the 

manufacturer’s instructions, the quantitative real-
time PCR was amplified using Power SYBR Green 
PCR Master Mix on an ABI StepOnePlus RealTime 
PCR thermal cycler (Applied Biosystems, USA). 
After adjusting the target’s mRNA levels with 
respect to GAPDH, the mRNA expression levels 
were calculated in relation to this normalization.

Statistical analysis
The information is shown as the average 

± SEM from three experiments conducted in 
triplicate. One-way ANOVA with Dunnett’s post 
hoc test, two-way ANOVA with Bonferroni’s post 
hoc test, and paired t-test (using GraphPad Prism 
8. 0) were used to evaluate significance across 
various treatment groups. (Significant differences 
between the mean values of different treatment 
groups are indicated by * p < 0.05, * * p < 0.01, and 
* * * p < 0.001.)

RESULTS AND DISCUSSION
Characterization of MTX.Zn-NP conjugates

The measurement of MTX.ZnONP nanoparticles 
were performed using dynamic light scattering 
(DLS). The size of nanoparticles is 56.63nm was 
observed from the count distribution graph. In 
that graph, a peak means uniform distribution 
of nanoparticles and no aggregation at least in 
the sample. Therapeutic effect is enhanced by 
increased percentage of nanoparticles entering 
the cells (Fig. 1A), due to a uniform distribution 
of nanoparticles. The analysis of the conjugation 
between MTX and ZnONPs involved examining 
the spectra of the drug and nanoparticle solution, 
which revealed a shift in the ZnONPs’ particular 
wavelength. The main peak is at 339 nm (Fig.  
1B). For MTX, the zeta potential was measured.
The ZnONPs value was -19.9 mV, suggesting 
that the drug nanoconjugate is stable (Fig. 1C). 
The intense and main peak in X-ray diffraction 
(XRD) is located around 36-38 degrees (Fig. 1D). 
Scanning electron microscopy (SEM) was used to 
verify the MTX.ZnONPs’ average size and shape. 
The size distribution graph showed that the drug 
nanoparticle conjugates had an average size of 
55.5 nm (Fig. 1E).

Effect of MTX.ZnNP on MCF7 Cell Viability After 72 
Hours

The viability of the MCF7 control group and 
the cells that received sham treatment is at its 
peak, nearly 100%. This demonstrates the original 
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growth ability of the untreated MCF7 cells and 
indicates that the sham treatment does not cause 
any notable toxicity. Treatment of cells with MTX 
50 causes a decrease in cell viability compared to 
the control group. An apparent reduction in cell 
viability depends on the amount of Met. ZnNP 
used can be seen in the different concentrations: 

Viability decreases are not significant at lower 
levels (3. 12 and 6. 25 µM) and are also similar 
to the untreated controls. In their nature, a more 

abrupt decrease in cell viability indicates increased 
toxicity at the moderate level (12.5 µM). Viability 
is greatly decreased with higher amounts (25 and 
50 µM) and, especially with 50 µM Met. The ZnNP 
group, which is most reduced (Fig. 2).

Increased oxidative stress and lipid peroxidation in 
MCF7 cells treated with methotrexate-zinc oxide 
nanoparticles

Fig. 3 shows the treated cells with Met. The 

 

 

  

Fig. 1. MTX.ZnONPs’ characteristics under (A) hydrodynamic diameter (56.63 nm), (B) UV-visible spectra (339 nm), (C) zeta 
potential (−20.9 mV), (D) XRD pattern of MTX. ZnO in the 2θ range of 10 to 80 degrees, (E) Scanning electron microscopy 

(size 55.5 nm).
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results show that Zn.NP possesses highest level 
of MDA, which suggests high level of oxidative 
stress. When this group is compared with the two 
groups MCF7 and Sham, we see that they show a 
statistically significant difference (p < 0.0001).  The 
Met group also shows a considerable difference 
compared to the two groups, MCF7 and Sham (p < 
0.01).  The Sham group has the lowest level of MDA 
and shows no significant difference compared to 
the control group.  The two groups Met. Zn.NP 
and Met also have (p < 0.05), indicating a statistical 
difference.

Increased expression of the P53 gene in treatment 
with MTX.ZnNPS in MCF7 breast cancer cells

The MCF7 and Sham were the lowest two 
groups showing expression levels. A score of > 15 
was significantly increased (p <0.01) relative to the 
control and sham groups. The Met.Zn.NP group 
also showed a significant increase (p < 0.001) 

compared to the two groups, MCF7 and Sham. No 
statistically significant difference exists between 
Met and Met. Zn.NP groups. There is no significant 
difference between the two groups, MCF7 and 
Sham.

The effect of MTX and MTX.ZnNPS on COX-2 gene 
expression in MCF7 cancer cells

The COX2 gene expression in the Met group 
is dramatically higher than control (p<0.05).  
Compared to control, the increase of the Met.
Zn.NP group was much higher, p<0.001. There was 
no significant difference between Met and Met. 
Zn.NP groups.  The difference between these two 
groups and the Sham group was also substantial (* 
p<0.05 and  *** p<0.001).

Breast cancer is a varied condition that includes 
different types of tumors. Triple-negative breast 
cancer (TNBC) makes up 15% of cases, is very 
aggressive, and shows strong resistance to 

 

  

  

Fig. 2. The cytotoxic impact of MTX.Zn-NP on MCF7 breast cancer cells depends on the dosage, 
experimental after 72 hours of incubation. Variations in letters signify statistically meaningful 
differences among the groups (p < 0. 05). above the bars represent statistical comparisons between 
different groups: Groups labeled “a” are statistically alike, meaning there is no vital difference in 
viability. Groups labeled “b” have a significantly lower viability than the control. The most negative 
effects of MTX.Zn-NP are shown by the groups identified as “c”, with a great potential of toxicity 

associated with the raised MTX.Zn-NP concentrations.
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treatment (15). Inflammation is a complicated 
process involving biochemistry and the immune 
system in blood vessel tissues when faced 
with different harmful triggers, such as germs, 
abnormal cells, or irritants. The primary objective 
is to set the body into defensive mode against 
infections or injury, thereby helping the body to 
heal. Prostaglandins, essential to inflammation, 
are produced by COX2 and cause blood vessels at 
the injury location to react, starting and keeping 
the inflammatory process [13]. 

Combining traditional chemotherapeutic 
medications with a carrier or delivery agent that 
reduces their side effects can help reduce their 
dosage because these drugs often have severe side 
effects. By combining these drugs with a carrier, 
the medication can be directed straight to the 
cancer cells [33]. In this context, nanotechnology 
provides excellent options for delivering drugs. 
The impressive chemical and physical properties of 
ZnONPs and their compatibility with living tissue 
show great potential for identifying and treating 
various forms of cancer[11]. In the research, 

biological method of creating ZnONPs and 
combining the antifolate drug MTX with the skill to 
terminate breast cancer cells were evaluated. Here 
we demonstrated the combination of ZnONPs 
and MTX by means of UV-vis spectroscopy, DLS, 
XRD, and SEM. MTX was then linked with ZnONPs 
using EDC chemistry. Since the amide bond of 
MTX with ZnONPs is very stable, the drug’s and 
nanoparticles’ connection was very stable.

The study built on the success of MTX and 
biologically produced zinc oxide nanoparticles, 
which was found as a potential carrier for the 
medication. UVvis spectroscopy, DLS, XRD, and 
SEM analyses were used to verify this. The amide 
bond formed between MTX and ZnONPs ensures 
stability of the drug nanoparticle conjugates and 
restricts destabilization by surface adsorption of 
acidic molecules.

The results of the MTT test presented that Met. 
Zn.NP has a lethal effect on MCF7 breast cancer 
cells.  While the control and sham groups, which 
did not receive the drug, survived.  Met 50, which 
is a chemotherapy drug, has also caused cell 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

Fig. 3. The malondialdehyde (MDA) concentration in the MCF7, Met, Met.Zn.NP at a concentration 
of 50 ng/ml and Sham groups. The results are presented as mean ± standard deviation (* p<0.05, 

** p<0.01 and **** p<0.0001). 
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death.  Met.Zn.NP at a dose of 50 has a higher 
cytotoxic effect compared to Met (p < 0.05). 
The results of the MTT test presented that Met. 
Zn.NP has a lethal effect on MCF7 breast cancer 
cells.   While the control and sham groups, which 
did not receive the drug, survived.  Met 50, which 
is a chemotherapy drug, has also caused cell 
death.  Met.Zn.NP at a 50 ng/ml dose has a higher 
cytotoxic effect than Met (p < 0.05). The increased 
activity of MTXZnONPs may be due to increased 
MTX entering the cell.  This means drug delivery 
has been carried out correctly, and cancer cells are 
suppressed.  Studies have also shown that human 
folate receptors tend to absorb MTXZnONPs better 
than MTX.  These nanoparticles are also released 
in the acidic environment of lysosomes [34]. 
Because the folate receptor is highly expressed 
in cancer cells, MTXZnONPs may be taken up 
by these cancer cells easily and effectively. Our 
findings matched those of an earlier study in 
which MTX was linked to iron oxide nanoparticles 
(IONPs) functioning as a drug delivery method 
to examine its harmful effects on cancer cells 

[35]. ZnONPs by themselves greatly reduced the 
survival of A549 cells when used at a much larger 
concentration, specifically between 10 and 80 μg/
mL. In comparison, MTXZnONPs and MTX showed 
less effect. This indicates that ZnONPs possess 
inherent toxic qualities toward lung cancer cells 
when present in higher amounts [31]. When MTX 
is combined with ZnONPs, it has greater lethality 
compared to MTX alone. The findings also indicate 
that ZnONPs are not cytotoxic and are a suitable 
nanocarrier for drugs [31]. 

In a study on rats, it was shown that there 
was an increase in MDA and a decrease in 
the antioxidants superoxide dismutase (SOD), 
glutathione (GSH), and catalase (CAT).  In these 
rats that were treated with MTX, an increase 
in lipid peroxidation in the liver was observed 
[36]. Our results also showed that the Met and 
Met significantly increased the malondialdehyde 
(MDA) level as an oxidative stress indicator. Zn.NP 
groups are significantly lower than MCF7 (p < 0.01) 
and sham groups (p < 0.0001).  Especially the Met. 
The level of MDA in MCF7 cells increased further 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

Fig. 4. P53 gene expression in breast cancer cells in 4 groups: MCF7, Met, Met. Zn.NP at a 
50 ng/ml concentration and Sham. The results are presented as mean ± standard deviation 

(** p<0.01 and *** p<0.001).
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with Zn.NP group, revealing more oxidative stress 
and lipid peroxidation. 

The phosphorylation of p53 at Ser15 and 
its acetylation at Lys373/382 was enhanced, 
and the more stable and more expression was 
achieved. Apoptosis and reduced cell viability in 
response to MTX was dependent on p53 and to 
some extent p21 [37]. The treated cells include 
cells with MTX (50 ng/mL) and Met. Zn.NP (50 
ng / mL) significantly exceeded that measured 
in the control group (MCF7 without treatment) 
(p < 0.01 and p < 0.001). This indicates that both 
treatments increase P53 expression and enhance 
apoptosis.  The average expression of P53 in the 
group treated with Met.Zn-NP was slightly higher 
than in the pure MTX group, but this difference 
was insignificant (ns).  This indicates that at a 
concentration of 50 nanograms per milliliter, Met.
Zn-NP does not have a greater effect compared 
to pure MTX, and it might be better to test higher 
concentrations.  These results are consistent with 

our hypothesis that Met. Zn.NP acts as a potential 
therapeutic strategy in breast cancer through 
the initiation of the P53 pathway.  Given the key 
role of P53 in persuading apoptosis, these results 
recommend that Met. Zn.NP could be a promising 
approach for inhibiting tumor growth.

Cox2 is recognized for its role in tumor processes. 
Research indicates that while COX2 usually is absent 
in breast epithelial tissue, its expression rises in 63 
to 85 percent of premalignant breast cancer cases 
like ductal carcinoma in situ. Likewise, around 40 
percent of breast cancers in humans show higher 
levels of COX2, although this percentage can range 
from 5 to 100 percent based on the research 
methods used [5]. These processes include the 
growth and development of tumors, suppression 
of the immune system, the formation of blood 
vessels, and prevention of cell death, all through 
the production of prostaglandins. The importance 
of COX2 overexpression in predicting outcomes in 
breast cancer is notable. There was a strong link 

 Fig. 5. Relative expression of the COX-2 gene in MCF7 cells after treatment with Met and Met. 
Zn.NP at a concentration of 50 ng/ml. The results are presented as mean ± standard deviation (* 

p<0.05 and *** p<0.001).
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between COX2 overexpression and both luminal B 
and triple-negative breast cancer types [18]. The 
relative expression of COX-2 in the group treated 
with methotrexate at 50 ng/ml significantly 
increased compared to the control group 
(untreated MCF7, p < 0.05).  COX-2 expression 
in Met.Zn-NP (50 ng/ml) group was higher than 
met.MX group (ns).  This finding indicates.  In 
MCF7 cells, the Sham group had the lowest level 
of COX-2 expression, which corresponded this 
gene’s baseline level.  This confirms that both 
types of treatment did increase COX-2 expression 
compared to the control state and that there was 
a significant difference between both treatment 
groups and the Sham (p < 0.001).

About because traditional chemotherapy 
drugs usually result in significant side effects, 
their doses can be reduced by combining them 
with a delivery agent or carrier. The combination 
helps the medication to take aim more directly at 
cancer cells. This means that a smaller amount of 
the drug can work better than a normal dose used 
for treatment [39]. Because of their remarkable 
physicochemical properties and biocompatibility, 
nanotechnology has become a useful modality for 
drug delivery and has significantly increased MTX 
within cells [40].

ZnO encasing of MTX can improve the efficacy, 
stability, and bioavailability of MTX in the body. 
Encapsulating MTX in ZnO can enhance its 
efficacy, stability, and bioavailability in the body 
because MTX can be designed to release its drug 
under specific conditions, such as acidic pH in the 
tumor vicinity, thereby inhibiting the growth of 
cancer cells [34]. Because the folate receptor is 
highly present in the cancer cells we are targeting, 
MTXZnONPs may be taken up by these cancer 
cells quickly and effectively. Our findings matched 
those of earlier research that involved linking MTX 
to iron oxide nanoparticles to deliver drugs, which 
aimed to examine its harmful impact on cancer 
cells [41]. 

CONCLUSION
The study combined MTX with zinc oxide 

nanoparticles in the concentration ranging from 1 
to 50 ng/ml, which resulted in varying cytotoxicity 
considering the concentration: for 50 ng/ml the 
cytotoxicity was increased, but at concentrations 
below 50 ng/ml the cytotoxicity decreased. This 
shows that the dosage of MTX-ZnONPs is more 
cytotoxic than the medicinal dosage of MTX. Our 

findings indicate that the MTX-ZnONPs might be 
effective since they can translocate MTX inside 
the cells effectively. Finally, we showed effective 
delivery of methotrexate to breast cancer cells 
using ZnONPs as the carriers for the drug, thus our 
findings.
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