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Introduction: Cancer is one of the leading causes of death worldwide. In many cases, 
cancer is related to the elevated expression of a significant cytokine known as tumor 
necrosis factor-α (TNF-α). Breast cancer in particular is linked to increased proliferation 
of tumor cells, high incidence of malignancies, more metastases, and generally poor 
prognosis for the patient. The research sought to assess the effect of silver nanoparticles 
reduced with ethyl cellulose polymer (AgNPs-EC) on TNF-α expression in MCF-7 
human breast cancer cells.
Methods: The AgNPs-EC were produced using the green synthesis reduction method, and 
their formation was proofed via UV–VIS spectroscopy. Furthermore, AgNPs-EC were 
characterized for their size, charge, morphology, Ag ion release, and stability. The MCF-7 
cells were treated with AgNPs-EC. Then, the expression of TNF-α genes was determined 
through PCR in real time, and protein expression was studied using ELISA.
Results: The AgNPs-EC were spherical with an average size of 150±5.1 nm and a zeta- 
potential of −41.4±0.98 mV. AgNPs-EC had an inhibitory effect on cytokine mRNA and 
protein expression levels, which suggests that they could be used safely in the fight against 
cancer. AgNPs-EC cytotoxicity was also found to be non-toxic to MCF-7.
Conclusion: Our data determined AgNPs-EC as a novel inhibitor of TNF-α production. 
These results are promising for developing novel therapeutic approaches for the future 
treatment of cancer with safe materials.
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Introduction
Cancer is an extremely threatening disorder which is spread all over the world. It 
needs rapid and effective treatment to decrease its severity and improve the 
patient’s outcome finally. Undoubtedly, nanotechnology has a significant impact 
on finding numerous outstanding pathways to overcome this disorder and elevate 
conventional chemotherapeutic agents’ drawbacks.1 Tumor necrosis factor-α (TNF- 
α) is a part of the TNF superfamily. It was the primary cytokine to be assessed for 
cancer biotherapy. In many studies, TNF-α was utilized systemically to control and 
treat solid tumors, but it has shown severe toxicities like severe hypotension and 
organ failure. A lot of evidence indicates that pathophysiological concentrations of 
endogenous TNF-α act to stimulate tumor genesis and growth.2 Generally, in breast 
cancer treatment, TNF-α plays a dual function as it may be a target and a medicine. 
TNF-α acquires both pro- and anti-tumor actions, conditional on the cellular 
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environment, tumor cell characteristics, and the TNF-α 
origin. TNF-α is produced physiologically in the tumor 
microenvironments by tumor cells and stromal cells.1

TNF-α is responsible for the stimulation of natural 
mammary gland tissue proliferation, morphogenetic 
branching, and differentiation. TNFR1 is the receptor for 
the proliferation of typical epithelial cells, and TNFR2 
modifies the casein build-up.3 Elevated TNF-α in blood 
serum has been reported in patients diagnosed with 
retarded breast cancer and is associated with increased 
metastatic site number and size.4 The elevated TNF-α 
level may have been related to the activation of nuclear 
factor kappa-light-chain-enhancer of activated B cells 
(NF-#x1D6CB;B), which plays a vital role in carcinogen-
esis and inflammation.5 According to a study performed by 
Wenliang et al,6 the elevated TNF-α expression showed 
poor outcomes of using Sorafenib after surgery for hepa-
tocellular carcinoma (HCC) patients. However, the invitro 
experiments indicated the function of TNF-α in promoting 
the HCC cell resistance to Sorafenib via stimulating 
epithelial–mesenchymal transition (EMT). The premeta-
static role of TNF-α and its involvement in the EMT 
process essential for tumor cell migration to create metas-
tasis have recently been shown in several studies. 
Prolonged exposure to TNF-α by breast cancer cell lines 
induces Twist1 upregulation by activating IKKβ and NF- 
#x1D6CB;B transcriptional repressor. It stimulates EMT 
and stem cell carcinoma.3 Another study mediated by Wu 
et al7 investigated if TNF-α could improve the effect of 
chemotherapy and radiology on breast cancer cells. The 
study confirmed that TNF-α presented radiotherapy- and 
chemotherapy-sensitizing impact against cells of breast 
cancer. TNF-α leads the cells out of phase G0/G1 and 
moves into the proliferation phase. Thus, after irradiation, 
TNF-α created more DNA damage and increased 
Docetaxel and Cisplatin-induced G2/M and S phase cell 
cycle arrest, respectively. Fehaid and Taniguchi examined 
the impact of silver nanoparticles (AgNPs) on the pulmon-
ary epithelial cell’s response to TNF-α as a molecular 
mechanism. The study showed increased cellular uptake 
of AgNPs was induced by TNF-α and low AgNP concen-
tration increased the TNF-α protective effect against 
apoptosis.8 Amongst them, metallic nanoparticles have 
shown promise to fight cancer and improve patient’s 
health.9–11 AgNPs demonstrated excellent properties for 
various applications, especially in biomedical 
applications.12,13 AgNPs can treat cancer via alterations 
in cells’ morphology, lower metabolic activity, and cell 

viability, increase oxidative stress, and increase the pro-
duction of the DNA damaged reactive oxygen species 
(ROS).14 Asharani et al have studied the cellular and 
molecular mechanism of AgNPs' effects on two types of 
cancer cell lines, normal human lung cells, IMR-90, and 
human brain cancer cells, U251.15 AgNPs can adsorb 
cytosolic protein on their surface which influences the 
function of certain intracellular variables and regulates 
gene expression and pro-inflammatory cytokinesis. 
Another possible mechanism is the autophagy-induced 
cell death induced by AgNPs, a critical cellular degrada-
tion process ending with cell death at an elevated autop-
hagy level.16 Researchers investigated the development of 
AgNPs for effective cancer treatment, investigation, and 
diagnosis. Different drugs, polymers, and nanomaterials 
can be conjugated and/or decorated with AgNPs to 
enhance their selectivity and efficiency toward other can-
cer cells.17,18 Various materials can be used to reduce 
silver nitrate and stabilize the formed AgNPs, such as tri- 
sodium citrate and sodium borohydride. Besides, poly-
meric materials could also develop and stabilize the 
AgNPs, eg, PEG, Chitosan, and cellulosic polymers.19–21 

These materials stabilize the formed AgNPs and enhance 
and improve the characteristic activities of the produced 
AgNPs. Muhammad et al have shown the efficient antic-
ancer activity of PEG capped methotrexate AgNPs against 
MCF-7 cell lines with reduced toxicity compared with 
methotrexate alone.22

The anticancer effect of albumin-coated AgNPs has 
been shown by Azizi et al on MDA-MB 231 human breast 
cancer cells.23 The authors revealed higher cytotoxicity of 
AgNP-coated albumin against cancer cells than normal 
cells and apoptosis-based cell death, and decreased gland 
tumors in mice. Priya et al explored biogenic AgNPs/ 
Chitosan’s anticancer action against human hepatocellular 
carcinoma HepG2 cells.24 Chitosan-coated AgNPs 
enhanced invitro apoptosis activity and have a cytotoxic 
effect against HepG2 cell lines. Fahrenholtz et al explored 
the impact of AgNPs capped with PVP as a single agent or 
in conjunction with cisplatin against ovarian cancer.25 The 
authors delineate that AgNPs-PVP were extremely cyto-
toxic toward A2780, SKOV3 cell lines but less sensitive to 
OVCAR3. However, a combination with cisplatin showed 
a synergistic effect against A2780 and OVCAR3 cells.

Up to date and according to our search in the literature, 
the impact of EC-coated AgNPs against cancer cells has 
not been investigated earlier. This work aimed to study 
AgNPs-EC against MCF-7 breast cancer cell lines. AgNPs 
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were prepared via the reduction of silver nitrate using EC 
as a reducing agent and stabilizer. The prepared AgNPs- 
EC were characterized using UV–VIS spectrophotometry 
to confirm their formation. Moreover, AgNP size, charge, 
and morphology were also investigated. The invitro 
release of silver cations from AgNPs and physical stability 
was also evaluated for 3 months. AgNP-EC cytotoxicity to 
MCF-7 cells after 24-h treatment using an MTT assay was 
investigated. Besides, the effects of AgNP-EC MCF-7 
proliferation, gene expression, and TNF-α production 
was estimated using real-time PCR and ELISA.

Materials and Methods
Materials
Sodium chloride, sodium hydroxide, nitric acid, hydro-
chloric acid, sodium dihydrogen phosphate, and disodium 
hydrogen phosphate were purchased from Merck 
(Darmstadt, Germany). 2,2-Diphenyl-1-picrylhydrazyl 
(DPPH), MTT assay reagent, and human TNF-α antibo-
dies were purchased from Sigma Aldrich (Steinheim, 
Germany). Cytokine-specific enzyme-linked immunosor-
bent assays were purchased from Santa Cruz 
Biotechnology Inc. (Bergheimer, Heidelberg, Germany). 
MCF-7 cells were purchased from American Type 
Culture Collection (ATCC, Manassas, VA, USA). All 
chemicals were of analytical grade. All glassware was 
washed with distilled water and dried at 40 °C in the 
oven.

Synthesis of AgNPs-EC
AgNPs with EC stabilization were prepared using the 
previously reported method by Abdellatif et al.26–28 

Simply, EC standard 1% solution was prepared in dis-
tilled water, and AgNO3 aqueous solution 1 mM was 
also prepared and adjusted for its pH (8.0) and ionic 
strength using 1 mL/mol NaOH. The prepared AgNO3 

solution was heated to boiling over a hot plate and kept 
stirring after addition of 2 mL of the prepared EC 
solution. After approximately 20–30 min, the solution’s 
color changed to dark brown, indicating the formation 
of AgNPs-EC. The solution was cooled to laboratory 
temperature. Finally, the solution was filtered for 5 
min via centrifugation at 3000 rpm to extract concrete 
aggregate NPs. The remaining filtrate was kept at 4.0 °C 
for further NP analysis.29

Characterization of AgNPs-EC
UV–VIS Spectrophotometry
To check the formation of AgNPs, we used UV–VIS 
scanning. A double beam spectrophotometer was used in 
the range of 300–600 wavelength (lambda 25 UV–VIS 
Spectrophotometer, PerkinElmer, Singapore) compared 
with a blank AgNO3 solution.

Size and Charge
As previously reported, the size and charge of the gener-
ated AgNPs-EC were calculated using a Malvern Zetasizer 
Nano Z.S. (Malvern Instruments GmbH, Herrenberg, 
Germany).26 Data were presented as the average of three 
different measurements of the same NP batch.

Particle Morphology
A transmission electron microscope was used to investi-
gate AgNP-EC morphology (JEM-1230, Joel, Tokyo, 
Japan). AgNPs were fixed on carbon-coated 300-mesh 
copper grids, followed by drying overnight. AgNPs-EC 
were observed using 10–100 K magnification power and 
an accelerating voltage of 100 kV.30,31 A scanning electron 
microscope (SEM) (Sputter coater, JOEL JFC-1300) was 
also used to investigate the AgNPs-EC. AgNP-EC solution 
was spotted onto a carbon-coated 300-mesh copper grid 
and left to stick with the carbon substrate. With the help of 
filter paper, excess solution was removed, followed by 
rinsing the copper grid twice in distilled water for 2–4 
s. Uranyl acetate 2% aqueous solution was then applied 
and the excess solution was removed; finally, the sample 
was left to dry at room temperature.30 A 10–100 
K magnification microscope power and an accelerating 
voltage of 100 kV were used to display samples.

Silver Ion Release
Silver ions released from the prepared AgNPs-EC were 
carried out, as mentioned before by our research group.26,32 

In vitro release was performed in double distilled water of 
about 100 mL for 48 h. The amounts of silver cations 
released at different time points were calculated using induc-
tively coupled plasma spectroscopy (ICP-OES, iCAP 6000, 
Thermo Scientific, USA) with an emission detector against 
a blank silver metal standard solution. Data were presented as 
the mean of three additional readings.
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AgNP-EC Stability
The physical stability of AgNP-EC dispersion was carried 
out at two different conditions, room temperature at 4.0 
±0.5 °C.33 Fresh samples were prepared and left in the 
conditions, as mentioned earlier, for 3 months. Afterward, 
samples were analyzed for their size, charge, and shape.

Cell Cultures Incubation with AgNPs-EC
The research was conducted on human tumor cell lines in 
the breast (Michigan Cancer Foundation-7 (MCF-7)). The 
cells were cultured with 10% fetal bovine serum in RPMI- 
1640 solution containing antibiotics (100 u/mL penicillin 
and 100 μg/mL streptomycin) and seeded in a 96-well 
plate at 1×104 cells/well density and incubated at 37 °C, 
5% CO2, for 24 h.34 The MCF-7 cell lines were incubated 
with AgNPs-EC at different concentrations (0.1–200 μM). 
The effect of AgNPs-EC on the viability of the MCF-7 cell 
lines was determined invitro. Cytotoxicity was studied 
using the CytoTox-Glo™ Cytotoxicity Assay Kit 
(Promega, Madison, WI, USA).35 Then, various concen-
trations of AgNPs-EC (0.1–20 µM) were incubated with 
MCF-7 cell-lines for 2 h following the methods by 
Abdellatif et al for all formulas.36 The medium was 
removed, and the cells were set at 4 °C for 1 h at 150 
μL/well 10% trichloroacetic acid and subsequently rinsed 
three times with PBS pH 7.4. Wells in the dark at 37 °C 
were stained with 70 μL/well 0.4% SRB for 12 min. The 
unbound dye was removed, and the cells were washed 
with 1% acetic acid then air-dried for 24 h. In a shaker, 
the dye was solubilized at 1600 rpm for 5 min on 50 μL/ 
well 10 mM Tris base (pH 7.4). An ELISA microplate 
reader spectroscopically was used to calculate the optical 
density (OD) of each well at 570 nm (EXL 800 USA). The 
inhibitory concentration was estimated at 50% (IC50) from 
an exponential viability curve versus the norms’ concen-
tration. The viabilities were selected for each compound 
by the variable Sigmaplot software (Systat Software Inc) 
as (A570 of samples/A570 not being treated)×100 and the 
amount IC50 (the concentration required to inhibit cell 
viability by 50%) for each compound. To predict the test 
compounds’ cell viability and growth effects, the data 
were taken and analyzed.

Quantitative real-time PCR was used to measure the 
mRNA expression with GAPDH as endogenous control as 
defined in previous studies.34 A miRNA isolation kit was 
used to test the total RNA (Thermo Fisher Scientific, 
Waltham, MA, USA). The Superscript First-Strand 

cDNA synthesis kit (Sigma Aldrich, Schnelldorf, 
Germany) was used to reverse-transcribe the total RNA 
(0.5–2 μg). TaqMan Gene Expression Assays quantified 
TNF-α mRNA expression (Thermo Fisher Scientific). 
Real-time PCR amplification and data capture have been 
performed using the Phase One Real-Time PCR method 
(Applied Biosystems) with an initial stage of 95 °C, 10 
min, a second step, at 95 °C/17 sec, and 60 °C for 60 sec 
(40 cycles). The target’s mRNA level was normalized to 
GAPDH and compared to the control (untreated sample). 
The obtained data were analyzed using the ΔΔCT 
method.37

TNF-α ELISA
The MCF-7 cell lines were incubated with different doses 
of AgNPs-EC (0.1–20 μM) for 2 h. The TNF-α in the 
culture medium was measured using the TNF-α-specific 
ELISA in accordance with the instructions of the manu-
facturer (R&D Systems, Minneapolis, MN, USA). The 
ELISA kit (Cayman Chemicals, Ann Arbor, MI, USA) 
was used in compliance with the manufacturer’s instruc-
tions. They were using an automated microplate reader 
(Anthos Zenyth 3100 Multimode Detectors, Salzburg, 
Austria). The microtiter plate was read at 460 nm as stated 
in the literature.34

Results
Preparation and Characterizations of 
AgNPs-EC
A previous study performed by our group showed the 
applicability and usefulness of cellulosic polymers for 
efficient AgNP preparation. EC showed the best in terms 
of higher antioxidant and antibacterial activity as well as 
a superior physical stability, size, and charge. This is why 
EC was chosen in this study.26 Size analysis and zeta- 
potential measurements showed that the produced AgNPs- 
EC had a size of 150±5.1 nm (Figure 1A) and a charge of 
−41.4±0.98 mV (Figure 1B). A high value of zeta- 
potential revealed the produced dispersion’s stability, as 
discussed before from different studies.26 Morphological 
observations of the produced particles were done using 
SEM (Figure 1C) and TEM (Figure 1D). Both techniques 
revealed the non-aggregated nature of the produced 
AgNPs-EC as well as their spherical shape. Moreover, 
TEM demonstrated an NP size of 39.3±5.8 nm, which 
confirms the DLS and SEM results. The lower size 
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observed via TEM compared with DLS is a common 
phenomenon observed by other researchers.30,38,39

The prepared AgNPs-EC was prepared using silver 
nitrate reduction via ethyl cellulose which acts as 

a reducing agent and stabilizing compound for efficient 
AgNP preparation with little aggregation, as investigated 
before by different researchers.26,40 This cellulosic deriva-
tive containing reducing groups and hydroxyl groups could 

Figure 1 AgNPs reduced using ethyl cellulose. (A) Size distribution by the mean diameter as determined by DLS. (B) Apparent zeta-potential as determined by DLS. (C) 
SEM examination. (D) TEM observation.
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offer the reducing properties for silver nitrate to produce 
silver NPs. The negatively charged EC facilitates the attrac-
tion of the positively charged silver cations to the polymeric 
chains followed by reduction with the exciting reducing 
groups. The successful synthesis includes two important 
steps; atom formation and polymerization of atoms as pre-
viously discussed.41 The negatively charged EC 
facilitates the attraction of the positively charged silver 
cations to the polymeric chains followed by reduction with 
the exciting reducing groups. The successful synthesis 
includes two important steps; atom formation and polymer-
ization of atoms as previously discussed.42

Due to the effect of the surface plasmon resonance effect 
(SPR) of AgNPs and the successful reduction of silver ions 
to Ag+ in the aqueous phase, the UV–VIS spectrophotome-
try analysis revealed a high absorption peak at a wavelength 
of about 391±0.16 nm43,44 (Figure 2A). The produced 
UV absorption spectrum is also an excellent indicator of 
efficient NP formulation reported by other researchers.26 

Besides, the presence of a single peak delineates the sym-
metry of the produced NPs (Figure 1A).45 The study demon-
strated EC’s ability to form a coating layer around the NPs, 
hence protecting the NPs from aggregation and eventually 
higher physical stability.46

Figure 2 (A) UV–VIS spectra of AgNPs-EC, which showed the maximum absorbance at 391 nm, refer to the surface plasmon resonance peak. (B) In vitro Ag+ release from 
the prepared AgNPs-EC in deionized water (n=3±SD).
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In vitro Silver Ion Release
A fundamental characteristic reflected in the generated nano-
particles’ behavior is the release of silver ions from the 
prepared AgNPs (Figure 2B). Silver cations released were 
detected in an aqueous medium using ICP-OES. Initially, 
silver ions were calculated in AgNPs-EC and found to be 
300.50±15.5 µM. The release profile showed a continuous 
phase for 48 h. This release performance was attributed to 
EC’s limited water solubility in water.47,48 Previous work has 
shown in our group the prolonged release of silver cations 
from AgNPs-EC compared with other AgNPs prepared using 
MC, HPMC, and PEG.26 It is also interesting to note the slow 
initial release of silver cations related to the shielding effect 
of polymer around NPs, affecting water ingress into the NP 
core.32 In other words, the cellulose fiber chains probably 
acted as a physical barrier to impede the silver cations release 
as demonstrated before. In addition, the hydroxyl groups 
within AgNPs-EC could also capture the released silver 
cations which finally restrict its release.49

Physical Stability
The physical stability of the developed AgNPs-EC was car-
ried out 3 months at two different temperatures. Afterward, 
the size, charge, and morphology were performed and com-
pared with freshly prepared particles. Morphological obser-
vations did not show any significant change in particle shape. 
Besides, a non-significant change in both size and charge was 
noticed, reflecting the higher physical stability of the pro-
duced NPs. Hence the prominent role of EC in the formula-
tion and stability of AgNPs (Table 1).

Incubation of AgNPs-EC with Cell Lines
The cytotoxicity of AgNPs-EC was investigated in MCF-7 
cells after 24 h using the MTT assay procedure. The 
AgNPs-EC were carried out using different concentrations 
(0.1–200 µM). The cells have been incubated at a higher 
concentration of 200 μM for 4 h. AgNPs-EC, as deter-
mined by MTT assay, showed no toxicity to the cells 
(Figure 3). Based on the findings mentioned earlier by 
Yingying et al, we used this concentration.50 They noted 

that the toxicity of AgNPs-citrate increased as the concen-
tration increased above 10 µg/mL, while the concentration 
of 5 μg/mL AgNPs-citrate might be low toxicity.

After treatment with AgNPs-EC, we tested cell prolif-
eration. Cell viability is not affected by the increased 
concentrations of AgNPs-EC (Figure 4). Control cells 
and AgNPs-EC treated cells in concentrations of 5 and 
10 μM for 4 h, demonstrating the proliferation of cells 
treated with AgNPs-EC. Enhanced proliferation also 
underlines AgNPs-EC inhibitory effect on the differentia-
tion of MCF-7 cells. In 10 μM AgNPs-EC, cell viability 
decreased marginally compared to 5 μM AgNP-EC-treated 
cells resulting from stopped proliferation due to increased 
Ag+ concentration. These findings indicate that AgNPs-EC 
cytotoxicity function was primarily linked to the intracel-
lular release of Ag+.50 The release of Ag+ ions from 
nanosilver particles in aqueous solutions has been shown 
to lead to the mass leached or dissolved from its surface by 
one or two oxidized monolayers, depending on the size of 
the AgNPs-EC. This process is much more comfortable at 
low concentrations, and a high concentration of Ag+ could 
be released, causing cell death. And vice versa, the ele-
vated concentration of AgNPs is challenging to be 
ionized.51

MCF-7 cells were pretreated for 2 h with AgNPs-EC 
(0.1–10 μM), and at the dose used there was no cytotoxic 
effect of AgNPs-EC. The TNF-α mRNA level was mea-
sured using a susceptible and exact quantitative RT-PCR 
method and values were compared with the control. To 
assess the effect of inhibition in protein level in gene 
expression, TNF-α-specific ELISA culture supernatants 
have been tested for TNF-α protein. As demonstrated in 
Figure 5A, the result showed that pretreatment with 
a concentration of 20 μM AgNPs-EC showed a reduction 
in the TNF-α mRNA level compared to a lower concen-
tration of AgNPs-EC (0.1, 0.2, 0.5, 5, and 10 μM) (Figure 
5B). The TNF-α production in the culture supernatant in 
MCF-7 stimulated by pretreatment of 0.1–20 μM AgNPs- 
EC decreased significantly. In cultures treated with 20 μM 
AgNPs-EC, maximum removal was observed.

Table 1 Characterization of Freshly Prepared AgNPs-EC and After 3 Months of Storage

Prepared AgNPs-EC Size (nm) Zeta-Potential pH Wavelength (nm) Physical Observations

Freshly prepared 150±5.1 −41.4±0.98 7.1 391±0.16 Dark brown without any precipitate

Three months storage 159±3.2 −38.23±1.23 7.32 391±0.8 No remarkable change, without precipitate
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Discussion
Green synthesis is a new area of bio-nanotechnology that 
offers economic and environmental advantages over tradi-
tional physical and chemical methods. Non-toxic safe 
reagents such as EC are eco-friendly and biosafe. Plant 
extracts have been investigated for the synthesis of metal 
oxide nanoparticles as safe and non-toxic 
nanoparticles.52,53 The anticancer outcome of AgNPs 
reduced with EC was investigated in this study, and their 
impact on TNF-α levels was also investigated.54 

A sensitive and specific quantitative RT-PCR technique 
has quantified the TNF-α mRNA. Results indicated 
a noticeable considerable decline in the TNF-α mRNA 
levels. This reduction in the level of TNF-α may have 

a positive effect on breast cancer treatment since it is 
a pro-inflammatory cytokine that is regulated in cancer 
of this type. It is also considered an essential performer 
in tumor induction, promotion, angiogenesis, and 
metastasis.55 The elevated TNF-α levels are correlated to 
breast cancer recurrence, progression, and metastasis.56 

This means the suppression of TNF-α could reduce the 
inflammation associated with breast cancer and improves 
the chemotherapeutic effect. It could help in preventing or 
reducing the resistance to the therapy in breast cancer.3

Increased endogenous TNF-α may be documented to 
promote tumor invasion by downregulating progesterone 
receptor expression in breast cancer.57 The AgNPs bind 
non-specifically to TNFR1 when tumor cells are exposed 

Figure 4 Effects of AgNPs-EC on the proliferation of MCF-7. Cell viability of MCF-7 cells treated first with a concentration of 0.1–10 μM.

Figure 3 Effects of AgNPs-EC on % viability of MCF-7. Cell viability of MCF-7 cells treated with a concentration of AgNPs-EC (0.1–200 μM), incubation for 24 h, and then 
cytotoxicity examined using the MTT assay.

https://doi.org/10.2147/DDDT.S310760                                                                                                                                                                                                                               

DovePress                                                                                                                                     

Drug Design, Development and Therapy 2021:15 2042

Abdellatif et al                                                                                                                                                       Dovepress

https://www.dovepress.com
https://www.dovepress.com


to both TNF-α and AgNPs. Specifically, TNF-α binds to 
the same receptor, forming a complex of TNFR1-TNF-α- 
AgNPs that enter the cells via endocytosis mediated by 
TNF-α's receptors. The TNF-α receptor is released and 
causes apoptosis. Receptors which still bind to AgNPs 
caused disruption to the receptor’s profile, molecular 
weight, and features, which caused the disruption in its 
normal pathway for the recycling of cell membrane, fol-
lowed by less TNFR1 within and within the cell mem-
brane. This molecular mechanism explains how TNFR1 
would play a role in enhancing the cellular absorption of 
AgNPs because TNF-α-induced apoptosis would be 
reduced. The mechanism explains that the AgNPs- 
TNFR1 complex obstructs the receptors’ re-expression 
pathway on the cell membrane, triggering a decrease in 
the transduction of the TNF-α signal and its apoptotic 
effect.8

In our study, the cytotoxic effect of the prepared AgNPs- 
EC was assessed on MCF-7 after 2 h via the MTT assay 
procedure. Different concentrations of AgNPs-EC did not 
affect the cell viability. These findings indicate that AgNP- 
EC cytotoxicity function was nearly neglected for the normal 
cell and can be considered safe. It acts only via decreasing the 
TNF-α responsible for the proliferation, progression, and 
tumor metastasis. However, there is no full understanding 
of the mechanism(s) associated with AgNPs cytotoxicity. To 
explain the cytotoxicity, AgNP-EC interaction with the mito-
chondrial inner membrane thiol groups is agreed to occur. 
They proposed that this contributes to the antioxidant defense 
system being depleted, which leads to the development of 
ROS. The result of ROS accumulation is an inflammatory 
response. Mitochondria destruction was triggered by the 
cells’ inflammatory response, which caused apoptogenic fac-
tors that induced cell death.58

Figure 5 Gene expression and production of TNF-α. (A) Effect of AgNPs-EC on the gene expression of TNF-α. (B) Effect of AgNPs-EC on the output of TNF-α in MCF-7 
cells.
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AgNPs generate different biochemical pathways, 
including ROS-mediated mitochondrial dysfunction, 
DNA damage, and apoptosis, that are related to the 
enhanced anticancer activities in MCF-7 cells.53,59 The 
results we obtained in this study are in line with the 
findings of researchers in previous examinations. Mugade 
et al bioengineered (mannan sulfate-capped AgNPs) to 
downregulate TNF-α and IL-6 expression in rats.60 Wong 
et al also studied the AgNPs' anti-inflammatory activity 
and found that AgNPs were able to decrease the TNF-α 
production.61 Furthermore, the study was mediated by Liu 
et al demonstrating that dendrimer encapsulation AgNPs 
(AgNPs-DNC) could suppress TNF-α and IL-6 production 
invitro.62 These findings show that AgNP-EC anticancer 
potential activity could be linked to apoptosis initiation by 
inhibiting the activation and nuclear translocation of 
mRNA and protein expression of TNF-α in MCF-7 cells. 
AgNPs-EC have a strong effect on inflammation and toxic 
effect promoted by TNF-α.

On the other hand, the toxic effect of AgNPs has been 
indicated in several invivo studies. This effect is related to 
many variables such as size, concentration, route of admin-
istration, and internal usage. AgNPs are considered a double- 
edged sword. In this study, the used concentration of AgNPs- 
EC was found to be non-toxic to the normal cells, which is 
a good sign for safety of these cells. According to Fehaid and 
Taniguchi, these prepared nanoparticles are not toxic to nor-
mal cells due to their relatively large diameter. The cytotoxi-
city of AgNPs is size-related. A small size of about 10 nm is 
easily ionized, releasing Ag+ which is toxic to the cell. 
However, cell-based absorption of 150 nm particles prepared 
in this research can occur by endocytosis of their spheres. 
When held in endosomes and not easily ionized they are not 
readily accessible, which results in a low cytotoxic effect.63

However, to determine their potential for anticancer activ-
ity, clinical studies are required in the future. Biologically 
synthesized AgNPs-EC were studied for the treatment of cell 
line breast cancer (MCF-7). The research indicates that these 
AgNPs-EC are non-toxic and successfully penetrate cancer 
cells within the studied range of concentrations (1–100 µg/ 
mL). The previous study also discussed that AgNPs could 
serve as inert medical preparation platforms and as active 
reagents capable of affecting cell systems’ functions bind to 
the endosomal, exosomes, and lysosome depending on size 
and probably charge.64 These studies are supported by 
Hussain et al's study of toxic response in rat-liver cells BRL 
3A of AgNPs (15 and 100 nm). In this type of cell, they 
discovered the toxicity of AgNPs. They also determined that 

mitochondrial function significantly decreased at 5–50 μg/mL 
in cells subjected to AgNPs.65

Conclusions
AgNPs-EC acted as a TNF-α inhibitor at substantial levels 
to support the theory regarding the suppression of cancer 
by physiological and biochemical signals. These findings 
play an important potential role in uncovering novel path-
ways for cancer prevention and care.
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