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Abstract. – OBJECTIVE: Silver nanoparticles
(AgNPs) are known to exhibit anti-inflammatory and anticancer activities. They have been reported to reduce the levels of tumor necrosis factor (TNF) – a proinflammatory cytokine involved
in cell proliferation, differentiation, and apoptosis – in cell lines. As patients with breast cancer
have been reported to have higher serum TNF levels, we aimed at developing a novel treatment for
breast cancer by evaluating the effect of Trigonella foenum-graecum extract (TFG)-reduced AgNPs
on the MCF-7 cell line, which serves as a model of
human breast cancer.
MATERIALS AND METHODS: TFG-capped
AgNPs were synthesized using a green reduction method, in which TFG reduced silver nitrate
to generate AgNPs-TFG. The particle size, surface charge, ultraviolet (UV)-visible (VIS) spectra, surface morphology, % yield, and in vitro Ag+
release of the formulated AgNPs-TFG were evaluated. Additionally, the prepared NPs were examined for cytotoxicity using real-time polymerase
chain reaction (real-time PCR), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay, and enzyme-linked immunosorbent assay
(ELISA).
RESULTS: The prepared AgNPs-TFG were
uniform, small, discrete, and non-aggregated
with a particle size of 22.5±0.75 nm and ζ-poten-

tial of -47.45±0.666 mV. The yield of AgNPs-TFG
was 224.545±3.9 µM. Furthermore, the AgNP-TFG
thin film exhibited a prolonged release of Ag+ in
phosphate buffer for up to 11 h. AgNPs-TFG suppressed TNF-α expression at mRNA and protein
levels in MCF-7 cells. Additionally, the formulated
AgNPs-TFG did not exhibit any toxicity toward
MCF-7 cells.
CONCLUSIONS: This study showed that AgNP-TFG could effectively inhibit TNF-α. These results provide significant insights for developing
new therapeutic strategies for cancer and other
inflammatory illnesses.
Key Words:
Silver nanoparticles, Tumor necrosis factor-a, MCF-7
cells, Trigonella foenum-graecum.

Introduction
Nanoparticles (NPs) have various applications
and can enhance active and passive targeting. Silver
NPs (AgNPs) can overcome the limitations associated with conventional NPs by employing passive targeting once the tumor has been located1. AgNPs exhibit effective antitumor activity because they target

Corresponding Authors: Ahmed A. H. Abdellatif, MD; e-mail: a.abdellatif@qu.edu.sa
Abdellatif Bouazzaoui, MD; e-mail: alazzauoi@uqu.edu.sa

5529

A.A.H. Abdellatif, S.K. Osman, M. Alsharidah, O. Al Rugaie, T.M. Faris, A. Alqasoumi, et al

specific types of cells. Furthermore, these NPs can
penetrate solid tumors and eliminate distinct groups
of cells that drive tumor growth. AgNPs function
by absorbing photons, a phenomenon that generates heat that kills cancer cells2. Green NP synthesis
makes the use of plant materials that are safer for
the environment. Currently, the active compounds
present in plants are used for imparting therapeutic
properties to NPs in green synthesis. The medicinal
plant fenugreek (Trigonella foenum-graecum L. –
TFG) has been extensively used in tumor therapy,
and is known to exhibit anticancer, antioxidant, antidiabetic, and antibacterial effects3. Furthermore, as
they are generated in a single step, NPs synthesized
using green technology have several advantageous
properties, including increased stability and acceptable diameters4.
Tumor necrosis factor-alpha (TNF-α) has been
demonstrated to induce hemorrhagic necrosis in
many cancers by interacting with specific cytokine receptors (TNFRs) expressed on the surface
of cells lining the vascular endothelium5. TNF-α
is associated with numerous activities, such as
causing fever, apoptotic cell death, autonomic
dysfunction and inflammation, and prevention of
cancer6,7. Patients with breast cancer have been
reported8 to have higher levels of TNF-α in their
plasma. Moreover, TNF-α has been reported9 to
be closely associated with NF-kβ-related genes in
human breast cancer.
As nanomaterials trigger cytokine signaling,
in vitro studies10 have focused on the anti-inflammatory effects of AgNPs and their function in
wound healing. Moreover, the antibacterial effects
of AgNPs with respect to destruction of the bacterial wall have also been studied. We have previously reported11,12 that AgNPs prepared using
the citrate reduction method and ethyl cellulose
reduction method have an anti-apoptotic effect
and reduce the TNF-α levels in cell lines. TNF-α
has been reported to induce apoptosis by releasing
reactive oxygen species and activating caspases.
AgNPs-TFG have been reported to inhibit TNFα-induced apoptosis in MCF-7 cells10.
In this study, we aimed at synthesizing AgNPs-TFG and examine their effect on TNF-αinduced apoptosis in MCF-7 cells. We hypothesized that AgNPs-TFG have anti-apoptotic and
anti-inflammatory effects in breast cancer. To the
best of our knowledge, no effort has been made
to generate AgNP-TFG via facile green synthesis. We sought to produce colloidal AgNPs, using
inexpensive materials and a facile and straightforward fabrication method. Our results revealed
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that the formulated green AgNPs could decrease
the TNF-α levels in MCF7 cells. Thus, our approach could serve as a new strategy for treating cancer. Such procedures for producing green
AgNPs would enable the commercialization of
anticancer treatments at competitive costs. Therefore, this study was conducted to synthesize and
characterize AgNPs using the aqueous extract
of TFG seeds and investigate the effect of these
green AgNPs on apoptosis, one of the most critical cellular responses.

Materials and Methods
Materials
Hydrogen tetrachloroaurate trihydrate was
purchased from Sigma-Aldrich (Steinheim, Germany). Trigonella foenum-graecum L. seeds were
purchased from a Saudi market (Buraidah, Qassim, KSA). Sodium chloride, sodium hydroxide, nitric acid, hydrochloric acid, triethylamine,
sodium dihydrogen phosphate, disodium hydrogen phosphate, ethylenediaminetetraacetic acid,
dimethylformamide, ethanol (100%), isopropanol, and chloroform were purchased from Merck
(Darmstadt, Germany). 2,2-diphenyl-1-picrylhydrazyl (DPPH) was purchased from Sigma-Aldrich (St. Louis, MO, USA). Iscove’s Modified
Dulbecco’s medium was purchased from Invitrogen (Carlsbad, CA, USA), and iron-supplemented calf serum was obtained from HyClone
Laboratories (Logan, UT, USA). Antibodies were
purchased from Cell Signaling Technology Inc.
(Danvers, MA, USA) and Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). The kits
for performing cytokine-specific enzyme-linked
immunosorbent assays (ELISAs) were purchased
from R&D Systems (St. Paul, MN, USA). A kit
for assaying the IKK activity was purchased from
Cell Signaling Technology Inc. MCF-7 cells were
obtained from the ATCC (Manassas, VA, USA).
All chemicals were of analytical grade. All glassware was washed with distilled water and dried
in an oven at 40oC.
Preparation and Characterization
of AgNPs-TFG
Preparation of AgNPs-TFG
Colloidal AgNPs-TFG were produced via
green reduction 3. The seeds were washed and
steeped for one hour to remove the outermost
layer of dust. The seeds were rinsed a second
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time and cooked in 100 mL sterile distilled water
for 30 min. The mixture was then centrifuged at
1000 rpm for 15 min in an Optima™ Max-E Ultra
Cooling Centrifuge (Beckman Coulter, Pasadena, CA, USA), and the supernatant was collected.
The supernatant was placed in a brown bottle and
stored in the dark for 24 h. Following incubation,
the supernatant was mixed with fresh 1 mM silver
nitrate and incubated with continuous stirring at
600 rpm for 12 h. During incubation, the color of
the solution changed from yellow to red, indicating the formation of AgNPs. Drying and centrifugation were performed to remove contaminants;
all these procedures made the fluid an effective
nutrient solution.
Size and zeta potential determination
The size, polydispersity index (PDI), and
zeta potential (ζ-potential) of the obtained AgNPs-TFGs were evaluated using a Zetasizer Nano
ZS (Malvern Instruments GmbH, Herrenberg,
Germany). The samples were pre-equilibrated at
25°C, and each sample was exposed to a laser
beam (633 nm) at a scattering angle of 90°. Three
measurements were conducted for each sample,
and each reading was the mean of ten internal
sub-runs of the Nano ZS. The backscattering was
173°, and the measurement location was set at
4.65 mm. The duration between each run was 60
s with equilibration of 180 s. The measurements
were conducted in water. The readings were averaged, and each measure was tested 20 times
(which equated to 10 s)11-15.
UV-VIS spectroscopy
The absorbance spectra of AgNPs-TFG were
measured using a Uvikon 941 UV-VIS spectrophotometer (Kontron Instruments GmbH, Tokyo,
Japan)11,12,15.
Scanning electron microscopy
AgNPs (~20 µL) were placed on the surface of
a double-sided copper conductive tape and allowed
to dry. The NPs were then sputter-coated (JOEL
JFC-1300, Augsburg, Germany) with a thin layer
of platinum in a vacuum chamber for 1 min at 25
Å to make them electrically conductive before imaging. Scanning electron microscopy (SEM) was
used to examine the shape and size of the produced
AgNPs (JEOL JSM-550, Tokyo, Japan)16.
AgNP percentage yield
The amount of Ag+ converted into Ag0 was
calculated using a previously described approach

with some minor modifications15,17. The produced
AgNPs-TFG were centrifuged at 2000 rpm for 5
min to separate the large particulates and remove
impurities. The supernatant was evaluated using
inductively coupled plasma optical emission spectrometry (ICP-OES; iCAP 6000, Thermo Scientific,
Washington, USA) to calculate the amount of Ag0 in
the AgNPs. Each solution was scanned five times.
The percentage yield of the produced AgNPs was
calculated by dividing the obtained concentration of
Ag0 by the initial concentration of AgNO3, and then
multiplying the same per 100 (Eq. 1).
% AgNP Yield =

[

]

Concentration of each sample by ICP OES
x 100 Eq. 1
Initial Concentration of AgNP3

Silver ion release
Silver ions were released by the formulated AgNPs-TFG 18. Thin films of AgNPs-TFG
were produced using roughly 2.0 cm2 of the AgNPs-TFG and incubated in 50 mL deionized water
for 24 h at 25°C. After rigorous calibration with the
reference silver solution, samples were obtained at
various time points to measure silver cation utilization (ICP-OES). The experiment was conducted in
triplicate at room temperature (25oC) in a shaking
incubator (WiseShak, SHO-2D, Korea), rotating
at 100 rpm.
Cell Culture
MCF-7 cells were obtained from the American
Type Culture Collection (ATCC, Manassas, VA,
USA) and were cultured in RPMI-1640 medium
supplemented with 10% heat-inactivated fetal
bovine serum (FBS) and 1% penicillin-streptomycin at 37°C in an atmosphere containing 5%
CO 2. MCF-7 cells that were not treated with
AgNP-TFG served as the negative control, and
MCF-7 cells treated with AgNO3 served as a positive control11,12.
Treatment of MCF-7 Cells with AgNPs-TFG
MCF-7 cells (1´106 cells/mL) were seeded in
35-mm culture plates (Becton-Dickinson, Franklin
Lakes, NJ, USA) and serum-starved for 24 h in
RPMI medium. Following which, the cells were
treated with various concentrations of AgNPs-TFG
for 24 h, after which cytotoxicity was assessed using the CytoTox-GloTM Cytotoxicity Assay Kit
(Promega, Madison, WI, USA), as previously described19. Cells treated with AgNO3 (0.1-200 µM)
served as a positive control. In other sets of experiments, MFC-7 cells were treated for 48 h with 200
µM AgNPs-TFG11,12.
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Quantitative Real-Time PCR
As previously stated, real-time quantitative
PCR was used to evaluate the expression of TNFα, with GAPDH serving as an internal control11,12.
In accordance with the manufacturer’s instructions,
total RNA was isolated using the mirVana RNA
isolation kit (catalog #AM1560; Ambion Inc.,
Foster City, CA, USA). One to two milligrams of
total RNA were reverse-transcribed into cDNA
using a SuperScript First Strand cDNA Synthesis Kit (Catalog #4368814, Applied Biosystems,
Foster City, CA, USA). TaqMan gene expression
arrays (Applied Biosystems) were used to measure the amount of TNF mRNA in the blood. The
Step One Real-Time PCR System was used for real-time PCR and data collection (Applied Biosystems). The following primers were used for PCR
amplification: IL-1 beta (NM 000595): forward,
5’-AGG ACG AAC ATC CAA CCT CAA-3’; reverse, 5’-TTTGAGCCAGAAGGGGGGGGT-3’
and GAPDH (NM 002046.3): forward, 5’-ACCAAATCCGTTGACCTTGACCTT-3’). Melt
curve analysis was performed using the following
cycle: 96°C for 10 min, followed by 40 cycles of
96°C for 15 s and 64°C for 65 s. The expression of
target mRNA was normalized to that of GAPDH
and then compared with its expression level in the
untreated sample20.
TNF-α ELISA
MCF-7 cells were pretreated with various concentrations of AgNPs-TFG (1-200 µM). TNF-α
levels in the culture media were measured using
a TNFα-specific ELISA kit (R&D Systems, Minneapolis, MN, USA). Absorbance was read using
an automated microplate reader (Anthos Zenyth
3100 Multimode Detectors, Salzburg, Austria), in
accordance with the protocol provided along with
the ELISA kit11.
Statistical Analysis
Data are expressed as means of at least three
experiments with standard deviations. The SPSS
software was used to perform one- or two-sample t-tests (IBM, Armonk, NY, USA). *p<0.05,
**p<0.01, or ***p<0.001 was considered statistically significant.

Results
Synthesis of AgNPs-TFG
AgNPs-TFG were synthesized using the onestep reduction approach. A color change was
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observed when the TFG extracted from sees
was mixed with AgNO3. The reaction medium
showed a yellow color that turned crimson after complete synthesis. The produced NPs were
characterized for particle size (hydrodynamic
diameter), PDI, and charge 21,22. Our results revealed that the AgNPs-TFG were tiny and homogenous in size (22.5±0.75 nm) (Figure 1A).
Furthermore, the mean count rate was recorded
as (188 kpcs), which is high enough, indicating
that the concentration of AgNPs-TFG was sufficient for the measurements to be made. Figure 1B shows that the AgNPs-TFG had a significant negative surface charge (-47.40.666 mV),
also the PDI was relatively modest and accepted
which recorded (0.16).
The UV-VIS spectra of the AgNPs-TFG revealed a surface plasmon resonance peak at 386.6
nm, corresponding to the material’s highest absorbance (Figure 2A). The AgNP formulations were
often detected as small discrete entities, either
singly or as clustered lumps of NPs with regular
or irregular shapes (Figure 2B). Moreover, AgNPs. TFG were highly spotted NPs with more
uniform and non-aggregated particles (Figure
2B), confirming the findings of the dynamic light
scattering investigation23.
The Percent Yield of Synthesized AgNPs
Table I shows the initial Ag+ and Ag0 concentrations in the AgNPs following NP formation, as
measured by ICP-OES. The percent yield was calculated for Ag0 synthesized in the AgNPs-TFG at
224.57±3.9 µM (41.28%).
Silver Ion Release
Figure 3 shows the release of Ag0 from the
synthesized AgNPs-TFG in deionized water. Ag0
was released continually in aqueous solutions for
approximately 11 h; it was slowly released from
AgNPs-TFG owing to the weak solubility of TFG
in water24,25.
Effects of AgNPs in MCF-7 Breast Cancer Cells
MCF-7 cells were treated with AgNPs-TFG
or AgNO3 at concentrations of 0.1-200 μM for
24 h (Figure 4). After 24 h, MCF-7 cells were
examined using MTT assays to determine cytotoxicity. Various incubation times, i.e., 6-48
h were used in the presence of 200 µM AgNPs-TFG. MTT assays demonstrated that the
formulated AgNPs-TFG were not cytotoxic
compared with the starting material AgNO3; the
control showed higher toxicity toward MCF-7
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Figure 1. Particle size distribution and ζ-potential measurements of AgNPs-TFG. A, Particle size distribution of AgNPs-TFG.
B, ζ-Potential of AgNPs-TFG having a negative surface charge. Each measure was the average of three trials.

cells. However, MCF-7 cells showed a reduced
viability of 72.0%±3.66% compared to that of
the untreated control when the concentration
increased to 200 µM. Moreover, the AgNPs-TFG did not result in any marked reduction in the percent viability. The results showed
a reduction of only 94.1%±2.66% compared to
that of the untreated control when treated with
a high concentration of 200 µM AgNPs-TFG
(Figure 4).
In differentiated MCF-7 cells treated with
AgNO 3 or AgNPs-TFG, cell proliferation was
blocked by AgNO 3 and AgNPs-TFG. AgNO 3
showed greater inhibitory effects than AgNPs-TFG. As MCF-7 cells differentiated further,
cells showed non-significant reductions in the
percent viability as the incubation time increased
following treatment with AgNPs-TFG (Figure

5). By contrast, when MCF-7 cells were treated
with AgNO3 for 48 h, the degree of proliferation
was significantly reduced to 63.1% compared to
that of AgNPs-TFG-treated cells, which showed
a reduction to only 92.1% that of the untreated
control.
Next, we evaluated the effects of different
concentrations of AgNPs-TFG (1-200 μM) on
gene expression in MCF-7 cells. Our results
showed that the synthesized AgNPs-TFG stimulated the cells and cause a considerable reduction
in TNF-α mRNA levels. ELISA of cell supernatants showed that the AgNPs-TFG significantly
reduced TNF-α levels when used at concentrations of 5-100 μM (Figure 6A and B, p<0.05).
Maximum reduction was detected in cells treated
with 100 μM AgNPs-TFG (p<0.01), after which
no further significant decrease was observed un5533
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Figure 2. A, UV-VIS spectra of AgNPs-TFG. AgNPs-TFG showed the maximum absorbance at 386.6 nm, consistent with
the surface plasmon resonance peak. B, SEM image of AgNPs-TFG.

til the concentration reached 200 µM (Figure 6A
and B).

Discussion
The prepared AgNPs-TFG were homogenous
in size (22.5±0.75 nm) and showed a significant negative surface charge (-47.40.666 mV),
indicating that the AgNPs-TFG were electrically
stabilized and could resist particle aggregation26.
The PDI was relatively modest (0.16), indicating
that the colloidal AgNPs-TFG were well-controlled and standardized. It has been reported
that PDI may be used to assess stability. Generally, a PDI <0.2 is considered ideal, as this
value indicates that the particle size distribution
falls within a narrow range. The surface charge
of the NPs also plays a significant role in determining NP stability, and the magnitude of the
potential indicates that the structure has been
colloidally stabilized27. Interestingly, the results
confirmed that the AgNPs-TFG were identical to
those obtained in our previous work, ensuring
the production and nucleation of TFG around

the Ag+11,12,15. The significant interactions of Ag+
with TFG were verified in a coated layer. The
AgNPs-TFG contained homogenous AgNPs,
consistent with the findings of He et al28. Such
interactions would reduce metallic cation mobility, inhibit the formation of large particles, and
stabilize the synthesized AgNPs23.
However, the percent yield did not reach 100%
with the current synthesis method, although an
acceptable percent yield was obtained for AgNPs-TFG. Inconsistencies between the reported
and theoretical Ag inputs can also be ascribed to
Ag+ or AgNP adsorption on the centrifuge tubes or
pipets, volume loss, and sample loss during transfer for dilution and quantification procedures17.
Ag0 was released continually and slowly from
AgNPs-TFG owing to the weak solubility of
TFG in water. In previous studies24,25, continual
release of Ag0 has been observed depending on
the degree of solubility of TFG in water. Thus,
the slow release of Ag0 from AgNPs-TFG can be
explained in terms of the film’s coating shielding action, which reduces the water solubility
of NPs. As a result, particle corrosion is first
controlled by coating diffusion into the water,

Table I. The percent yield of Ag0 in AgNPs after conversion of Ag+ to Ag0.

AgNPs-TFG
Ag+ (initial concentration)

Concentration (µM)

% yield (Conversion %)

224.57±3.9
54 ±0.5

41.28±7.6
--------

Notes: Each solution was scanned five times. The % yield of the produced AgNPs was calculated by dividing the obtained Ag0
concentration in the supernatant by the initial concentration of AgNO3.
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Figure 3. In vitro Ag0 release from the prepared AgNPs-TFG in deionized water (n=3; means±standard deviations).

which slows cation release. The depletion of the
coating surrounding the AgNPs then enhances
the rate of Ag0 release, in accordance with ICPOES observations18.
MTT assays demonstrated that AgNPs-TFG
were not cytotoxic, compared with the starting material AgNO3 which showed higher toxicity toward
MCF-7 cells. The cytotoxic and harmful effects

of AgNO3 have been demonstrated in vitro in rat
hepatocytes29, human lymphocytes30, and keratinocytes31. Furthermore, AgNO3 has antimicrobial
and anticancer effects, and silver has been shown
to be cytotoxic at both low and high doses32. Notably, silver compounds have exhibited anticancer
properties and inhibitory effects in the context of
L9291 immortalized murine fibroblasts33. AgNO3

Figure 4. Effects of 0.1-200 μM AgNO3 and AgNPs-TFG on the percent viability of MCF-7 cells. Cells were incubated with
AgNO3 or AgNPs-TFG for 24 h, and cytotoxicity was examined using CytoTox-Glo Cytotoxicity Assays.
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Figure 5. Effects of AgNPs-TFG and AgNO3 on the proliferation of MCF-7 cells. Cell viability was determined in the presence
of 200 μM AgNPs-TFG or AgNO3 at 6, 12, 24, or 48 h.

has also been shown to be somewhat cytotoxic
to U937 human leukemic monocyte lymphoma
cells34, and another study35 showed that 100 µg/
mL AgNO3 significantly reduced the viability of
MDA-MB-231 cells. In this study, we used AgNPs-TFG concentrations of 0.1-200 µM, which are
considered safe; this concentration only reduced
the viability of the cells by 6% owing to the effects
of the silver metal. In another study36, researchers
showed that AgNPs-TFG exhibited anticancer effects on A431 skin cancer cells at concentrations
of 600 µM, 1.3 mM, and 2.5 mM, as evidenced
by reduced cell growth by 50%, with concentration-dependent effects.
Moreover, MCF-7 cells showed slightly reduced cell viability in the presence of 200 μM
AgNPs-TFG at 48 h, which may have been
caused by the increased concentration of Ag 0.
These findings revealed that AgNPs-TFG caused
cytotoxicity by releasing Ag0 inside the cells37,
consistent with the results of Krishnaraj et al35,
who confirmed that AgNO3 and HAuCl4 exhibited
cytotoxic activity against MDA-MB-231 human
breast cancer cells.
Further, AgNPs-TFG stimulated the cells and reduced the level TNF-α mRNA. Thus, these findings
demonstrated that AgNPsTFG decreased TNF-α
mRNA and protein expression in MCF-7 cells. As
5536

a result, AgNP-TFG pretreatment may be a feasible therapeutic strategy for breast cancer. The silver
ions contained in the prepared AgNPs-TFG caused
increased intracellular Ag0 release, which was responsible for the inhibitory effects of AgNPs-TFG
on MCF-7 cells at higher concentrations, in addition
to the reduction in TNF-α expression37. Moreover, we
found that AgNPs-TFG significantly downregulated
TNF-α mRNA, consistent with the findings of previous studies38,39, and suggested that AgNPs-TFG could
be used to target various TNF-α-related biological
processes, including immune homeostasis, inflammation, apoptosis, proliferation, and tumor invasion.

Conclusions
In this study, we synthesized novel, homogeneously dispersed AgNPs-TFG with acceptable
size and PDI using a simple and reproducible green
reduction technique. The developed AgNPs-TFG
affected the proliferation and gene expression profile of MCF-7 cells, a model of breast cancer. Thus,
our novel AgNPs-TFG – inhibiting TNF-α expression – may represent a new affordable approach for
anticancer therapy and for the treatment of other
inflammation-related illnesses. Further studies are
needed to investigate the biocompatibility of Ag-
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Figure 6. TNF-α mRNA and protein expression. A, Effects of AgNPs-TFG on TNF-α mRNA levels, as determined by quantitative real-time PCR. B, Effects of AgNPs-TFG on TNF-α protein production in MCF-7 cells as determined by sandwich ELISA.
Results are representative data (means ± standard errors of the means) from triplicate experiments; data without a common letter
differ, *p≤0.05, **p≤0.01, ***p≤0.001.

NPs-TFG in human blood, in addition to the pharmacokinetic and pharmacodynamic parameters of
the developed AgNPs-TFG. Moreover, additional
trials should be conducted to assess the effects of
AgNP-TFG formulations as potential treatment
modalities in various types of cancer.
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