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Abstract. Due to their fundamental applications in medicine, preparation of silver

1. Introduction

ratios as well as their unique physical, chemical, and
biological properties. Di erent methods have been
proposed to prepare nanoparticle [1{3]; however, the
chemical and physical techniques used to synthesize
the nanoparticles are often very expensive. They
also release residual toxic in the environment and
sometimes make carcinogenic reactions. Under these
conditions, the possibility of using these nanoparticles
in medical applications is severely restricted. In
some cases, reaction by-products tend to agglomerate
nanoparticles and deteriorate their properties [4,5].
Therefore, the need for a low-cost method without
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nanoparticles (AgNPs) has recently improved using green technique. In this study,
methadone syrup (ME) was used for preparing AgNPs as a reducing and stabilizing
agent with the objective of in vitro cytotoxicity e ect against human breast cancer
cells. The characteristics of the prepared particles were investigated using Transmission
Electron Microscopy (TEM), Environmental Scanning Electron Microscopy (ESEM),
Energy-Dispersive X-ray Spectroscopy (EDS), Dynamic Light Scattering (DLS), UVVisible (UV-Vis) spectroscopy, Fourier Transform Infrared (FT-IR) spectroscopy, and XRay Di raction (XRD) studies. AgNPs (about 18 nm) were synthesized in a spherical and
uniform distribution. The mechanism of ME through the synthesis was proposed based on
FT-IR analysis and Density Functional Theory (DFT). To investigate the cytotoxicity of the
prepared AgNPs using ME, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay was employed in the range of 0{100 g/mL. As a function of its dosage, the
green synthetic AgNPs exhibited anti-proliferative activities against MDA-MB-468 cells
with respect to ME. The results pointed to the feasibility of producing AgNPs in a simple,
rapid, and green manner using ME, which has an important function in inhibiting the
growth of breast cancer cells.
© 2021 Sharif University of Technology. All rights reserved.

In recent years, metal nanoparticles have received
signi cant attention in di erent medical and pharmaceutical elds owing to their low volume-to-surface
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producing toxic substances and causing environmental
issues is strongly recommended. Green synthesis is a
good alternative to conventional physical and chemical
preparation techniques and enjoys several advantages
such as biocompatibility and low production cost.
Algae, fungi, plants, and bacteria are extensively used
for preparing nanoparticles through green synthesis [68]. Among metallic nanoparticles, silver nanoparticles
(AgNPs) are one of the most important materials
that are extensively used in di erent pharmaceutical
and healthcare industries. These nanoparticles remain
in the solution with remarkable chemical stability in
shape and size. The main reason for the widespread
usage of these nanoparticles is their inherent antimicrobial, antifungal, antioxidant, and anticancer potential
[9{11].
Cancer is a fatal disease with a high mortality
rate. Genetic and environmental factors are important
factors in cancer development. However, new targets
for the treatment can be provided with the help of
genetic, molecular, and cellular basis knowledge. One
of the main purposes of delivering anti-cancer drugs is
to deliver the drug to the cancer tissue and use the
minimum concentration of drugs to reduce the toxic
e ects of drug on the normal cells. Therefore, it is
possible to take advantages of the new drug delivery
method with the help of nanoparticles [12]. Recently,
use of methadone syrup (ME) in patients su ering from
cancer has been considered. According to the studies
conducted on cancer, ME can kill the cells; however,
there has not been any clinical study on increasing
survival possibility in cellular patients so far. ME is
a drug with analgesic properties similar to morphine,
which is also regarded as an analgesic in adult patients
su ering from cancer. In addition, it is used in cancer
patients who do not respond to morphine or opioids.
The main contributions of the current study are: (i)
preparation of AgNPs using green reduction technique
with ME; (ii) investigation of cytotoxic activities of
the nal products against the human breast cancer
cells (MDA-MB-468), and (iii) application of Density
Functional Theory (DFT) to study the mechanism of
Ag+ reduction using ME.

2. Experimental
2.1. Material

In this study, silver nitrate (Merck Company, 99.99%
purity) was used as Ag precursor. To provide the
reducing and stabilizer agent, ME (Iranian food and
drug administration) was utilized. HNO3 and NaOH
(Merck Company, 65%, 98% purity, respectively) were
employed to adjust pH. Double distilled water was
used as solvent. Human breast cancer cells (MDAMB-468; IBRC C10095) and human normal cells
(MCF10A, A-375) were purchased from Iranian Bio-

logical Resource Center (IBRC, Tehran, Iran). Further, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylt etrazolium bromide (MTT) was prepared by Sigma-Aldrich
(St. Louis, MO). Gibco (Invitrogen, NY, USA) provided Fetal Bovine Serum (FBS), Trypsin, PenicillinStreptomycin, and RPMI 1640 solutions.

2.2. Preparation of AgNPs by green technique

For green synthesis of AgNPs, 1 mM aqueous solution
of AgNO3 was prepared and used as Ag precursor.
In the next step, 10 mL of ME with the feed rate
of 9 mL/min was added to 90 mL of 1 mM AgNO3
solution at the constant pH of 7, temperature of 40 C
for 30 min, and speed of 130 rpm. The colorless
solution gradually turned light yellow after 30 min,
indicating the complete formation of AgNPs. To obtain
AgNPs, the nal solution was washed three times with
distilled water and centrifuged for 20 min at 15000 rpm.
This step made it possible to remove water-soluble
biomolecules. The puri ed particles were then dried
for 24 h at 60 C on vacuum petri dishes for further
analysis [13].

2.3. Characterization of AgNPs

Since the color change of the reaction mixture is
a criterion for the formation of AgNPs, UV-Visible
spectroscopy (UV-Vis) (Scan Drop, Analytic Jena Co,
Germany) [14] was used to investigate the reduction
process. The surface plasmon vibration of the nal
products at a wavelength of 200{700 nm was also investigated. To determine the biomolecules, from AgNPs
prepared, Fourier Transform Infrared spectroscopy
(FT-IR) (BRUKER, model TENSOR 27, Germany)
was used. Phase determination of the products was
done using X-Ray Di raction (XRD) (Philips, X'pertMPD system by Cu-K ) pattern. Further, scanning
was carried out in the range of 2 = 30 70 C at a
constant time of 2 sec and a scanning rate of 0.02 /min.
Scherrer equation [15] and Warren's method were
employed in conjunction for calculating the size of crystalline AgNPs after the removal of the peak broadening
of X-ray due to the instrumental error [15].
Scanning electron microscope analysis was performed using an Environmental Scanning Electron Microscopy (ESEM) (QUANTA 200, USA). Moreover, the
elemental analysis was done using Energy Dispersive
X-ray Spectroscopy (EDS) (EDS Silicon Drift 2017,
USA), and the ESEM image and EDS spectrum of the
synthesized AgNPs were recorded. The morphological
features of nanoparticles were con rmed by Transmission Electron Microscopy (TEM) (PHILPS EM-208S)
using an accelerated voltage of 200 kV. In addition,
Dynamic Light Scattering (DLS) (Malvern Zetasizer
Nano range instrument) was utilized to determine the
particle-sized distribution of the prepared sample.

A. Shafaei et al./Scientia Iranica, Transactions F: Nanotechnology 28 (2021) 3767{3775

2.4. Cytotoxicity assay

To determine the anti-proliferative activity of AgNPs
and ME, MTT assay was used with consideration
of cell viability as a criterion. RPMI 1640 medium
(Inoclon, Iran) was prepared by a combination of 100
units/mL penicillin, 10% FBS serum, and 100 mg/mL
streptomycin, and it was used to culture the cells in
an atmosphere containing 5% CO2 at a temperature
of 37 C. Consequently, di erent concentrations of ME
and ME-AgNPs (0{100 g/mL) were prepared (0{48
h) and exposed to the cells. The absorbance values
were considered to determine the cell viability using
Eq. (1). Then, IC50, i.e., the drug concentration that
reduced the absorbance of the treated cells by 50%, was
compared with that of the untreated cells, which was
used as a criterion for the comparison of ME-AgNPs
and ME behaviors against the MDA-MB-468 cells after
48 h. Each trial was repeated three times, and mean
 SD was used to obtain the nal results. In case the
value of p is lower than 0.05, it is considered signi cant.
Finally, based on Eq. (1), the e ect of the samples is
expressed as the percentage of cell viability [16]:
% Cell viability =
Absorbance at 570 nm of treated cell
 100:
Absorbance at 570 nm of control cell
(1)

2.5. Quantum chemical studies

The optimization of the geometry of the ME species
was performed using the CP2K quantum chemistry
package [17]. The Gaussian augmented plane waves
[18] with a 300 Ry cut-o were also used. Calculations were completed using Goedecker-Teter-Hutter
pseudopotentials [19] for core electrons along with the
MOLOPT basis set of double zeta valence plus polarization [20]. Perdew-Burke-Ernzerhof (PBE) exchangecorrelation functional [21] was adopted for each calculation, as implemented in the CP2K package. The
convergence limit for the self-consistent eld calculation was set to 10 6 . A consistent and accurate ab
initio parametrization of Density Functional Dispersion correction (DFT-D) for 94 elements H-Pu was
considered [22]. The optimization of the geometry
was done using Broyden-Fletcher-Goldfarb-Shannon
(BFGS) algorithm [23{26] until the maximum force on
each atom was lower than 10 meV/
A with a maximum
step size of 0.002 B. Partial Density Of States (PDOS)
of all optimized geometries was obtained to de ne each
atom type contribution at the energy levels.
The di erence between the energies of Highest
Occupied Molecular Orbital (HOMO) and Lowest Unoccupied Molecular Orbital (LUMO) is called HOMOLUMO gap or frontier orbital energy gap. LUMO
and HOMO are often regarded as frontier orbitals. In
organic semiconductors, the former is similar to the
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conduction band level, while the latter is similar to
the valence band level. Frontier orbital energy gap
is indicative of the interaction between the molecules
that can be considered as a criterion for the chemical
reactivity of the molecules. In this study, the quantum chemical parameters such as Dipole moment (D),
energy gap (E ), Energy of LUMO (ELUMO), and
Energy of HOMO (EHOMO) were calculated using
VESTA software (Ver. 3) [27].

3. Results and discussion
3.1. UV-Vis Spectra

First, AgNPs were synthesized by adding 9 mL ME to
90 mL of 1 mM AgNO3 solution at a stirring rate of
130 rpm, pH=7, and temperature of 40 C. The rst
sign of the preparation of AgNPs is the discoloration
of the solution. The bright yellow color obtained
after 30 min con rmed the reduction of AgNPs in
the solution. The results of UV-Vis spectroscopy of
nanoparticles synthesized by ME are illustrated in
Figure 1. The maximum absorption peak (415 nm) in
the curve obtained from the extract after the synthesis
of AgNPs in the range of 400 to 450 nm con rmed the
formation of AgNPs [28].

3.2. Determination of functional groups in
bio-reduction of AgNPs based on FT-IR
spectrum

To identify the functional groups responsible for limiting and stabilizing the AgNPs, infrared spectroscopy
analysis was carried out in the range between 400 and
4000 cm 1 . The FT-IR spectra of ME and green
synthesized AgNPs are shown in Figure 2. As shown in
the FT-IR spectrum of ME, there are strong absorption
bands at 2931, 2369, 1636, 1351, and 1062 cm 1 . The
spectra of ME and synthesized AgNPs show a shift in
the peaks. The peak at 2931 cm 1 is probably driven
by asymmetric and symmetric stretching vibrations of
the C-H groups such as CH2 and CH3 . The presence

Figure 1. UV-Visible (UV-Vis) spectra of the synthesized
AgNPs.
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Figure 2. Fourier Transform Infrared (FT-IR) spectrum for ME and AgNPs; ME: methadone syrup.
of a peak at 2369 cm 1 in the AgNPs spectrum is
indicative of the binding of some C=O groups at
the shell of the AgNPs resulting from the inherent
characteristics of green synthesis with ME [29]. According to the literature [30], the peak at around 1636
cm 1 corresponds to the groups C=C (around 1635
cm 1 ). The presence of the NO 3 ion is con rmed
by the band located at 1351 cm 1 [31]. On the
other hand, this peak is attributed to C-N stretching
(aromatic tertiary amines) [32,33]. The strong peak at
1062 cm 1 results from the C-N stretching vibration of
the amine group [34]. According to these data, the
synthesized AgNPs contain the functional groups of
tertiary amines, phenyl group, and ketone; therefore,
immediately after the reduction of silver ions to Ag,
these groups are absorbed into the nanoparticles, thus
making them stable. Hence, the ME can e ectively
reduce silver ions to AgNPs.

3.3. ESEM, TEM, EDS, and DLS studies

The ESEM images of AgNPs con rm the spherical
morphology of the prepared particles (Figure 3(a)) with
the average particle size lower than 20 nm. In addition,
EDS point chemical analysis (Figure 3(a)) con rms
the formation of Ag. Moreover, EDS mapping of the
prepared sample shows the homogenous distribution of
AgNPs (Figure 3(c)). This can be concluded from the
weaker signals of nitrogen, carbon, and oxygen with respect to Ag, especially at 3 keV [35]. Such observations
revealed that the synthesized AgNPs tted successfully
inside the nanoscopic ME templates through the green
method. The images obtained from TEM of AgNPs
also show that these nanoparticles have a relatively
homogeneous spherical morphology with the mean size
of about lower than 20 nm (Figure 3(b)). A closer look
at the images of the TEM reveals that the edges of the

nanoparticles are brighter than their core (Figure 3(b)).
Based on Figure 3(c), it can be concluded that the
edges of nanoparticles are surrounded by a layer of
organic materials such as nitrogen, carbon, and oxygen.
This layer acts as a stabilizing agent on the surface
of green synthesized particles. Therefore, in addition
to its reducing role, ME prevents the accumulation of
particles (Figure 3(b)). The particle size distribution is
given in Figure 3(e). The results from the DLS analysis
indicate that the average size of the prepared particles
is approximately 10 nm.

3.4. XRD studies

The XRD pattern of AgNPs is depicted in Figure 4.
The peaks at 2 = 32:29 , 38.27 , 44.48 , and 64.53
correspond to the crystalline plates (111), (200), and
(220) of the Ag phase with FCC structure, respectively.
It should be noted that the di raction peak at 32.29
results from the crystalline and amorphous organic
phase [36]. The average particle size of AgNPs was
estimated to be about 18 nm with the consideration of
the average value of (111), (200), and (220) peaks in
Scherrer equation [37].

3.5. Short term in vitro cytotoxicity assay

The e ects of the synthesized nanoparticles on the
breast cancer were evaluated after 48 h at di erent
concentrations using MTT assay and cell viability. The
analysis of cytotoxic results showed that after 48 h
incubation, ME and ME-AgNPs signi cantly prevented
the growth of the MDA-MB-468 cell, i.e., cancer cells,
as a function of ME/AgNPs dosage (Figure 5(a)). Also,
the percentage of ME viability with AgNPs treated
cells was lower than that of the ME treated cells at
the same dosages. As shown in Figure 5(b), at low
concentrations, the prepared nanoparticles (IC50=26.9
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Figure 3. (a) Environmental Scanning Electron Microscopy (ESEM), (b) Transmission Electron Microscopy (TEM)
image, (c, d) Energy-Dispersive x-ray Spectroscopy (EDS) mapping, and (e) Dynamic Light Scattering (DLS) of the
synthesis of AgNPs using ME; ME: methadone syrup.

g/mL) kill about 50% of cancer cells, which is 2.5
times less than the e ect of ME at the same concentration. However, these treatments do not change
the proliferation of MCF10-A cells, i.e., normal cells
(Figure 5(c)).

3.6. Quantum chemical study for the reduction
of AgNPs
The optimized structures of the materials along with
their HOMO and LUMO isosurfaces are depicted in
Figure 6(a). The reaction mechanism can be explained
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Figure 4. X-Ray Di raction (XRD) pattern of the
synthesis of AgNPs using ME; ME: methadone syrup.
through molecular orbital theory. Two molecules
react when the electronic repulsion caused by charge
attraction or orbital overlap is overcome by the amount
of activation energy [36,38]. This energy is de ned by
the minimum di erence between the energies of HOMO
of a molecule and LUMO of the other. The orbital
overlap is a necessary condition for a reaction to occur
[38], and the closer the HOMO-LUMO energy of the
two molecules is, the faster a reaction can start. In
a green synthesis of AgNPs using ME, the minimum
energy di erence of the HOMO-LUMO of the AgNO3
and other compounds of ME are de ned, and their
energy levels are shown in Figure 6(b). The diagram
shows that the HOMO of ME molecule is closer to the
LUMO of AgNO3 in terms of energy (Figure 6(a)).
The amount of this energy is about 0.26 eV,
indicating that the required energy to start the Ag
reduction is small (Figure 6(b)). The minimum amount
of energy needed for starting the Ag reduction through
a reaction of AgNO3 and ME molecule is equivalent to
the energy of an electromagnetic wave with the wavelength of about 4768 nm that lies in the infrared realm,
indicating that the reduction can be performed even in
case of sunlight with higher energy than the infrared
waves. To determine which atoms contribute to the
AgNO3 reaction with ME, one should obtain the PDOS
of the HOMO and LUMO energy levels, as shown in
Table 1. As discussed earlier, the interacting orbitals of
the reaction between AgNO3 and ME molecules were
the HOMO of ME and LUMO of AgNO3 .
As shown in Table 1, the LUMO of AgNO3 is
mainly composed of an oxygen atom with a contribution of about 87%, and the main contributor of
the HOMO of ME is N and C atoms with about
57% and 27%, respectively. It should be emphasized
that ME is responsible for providing electrons, and
the acceptable form is the Ag+ ions in aqueous silver
nitrate solutions. Based on the interactions between
the donor and acceptor, the occurrence of the reduction
of Ag+ ions into Ag0 can be proven. This indicates
that the AgNO3 molecule has an approximate ionic
character and con gures an ionic bond between the Ag
atom, and the two other oxygen atoms are shown in

Figure 5. (a) MTT assay showing the cytotoxic e ect of
ME/(ME-AgNPs) on MDA-MB-468 with  P < 0:01, (b)
IC50 value of AgNPs against human breast cancer cells
(MDA-MB-468), (c) MTT assay showing the cytotoxic
e ect of ME/(ME-AgNPs) on human normal cells
(MCF10A) with  P < 0:001; ME: methadone syrup.

Figure 6(a). Therefore, AgNO3 molecules are dissolved
in a polar solvent like water; hence, there is a possibility
that Ag and NO3 components can be separated into
Ag+ and [NO3 ] . Indeed, ME HOMO gets closer to
AgNO3 LUMO and the oxygen atoms in AgNO3 form a

A. Shafaei et al./Scientia Iranica, Transactions F: Nanotechnology 28 (2021) 3767{3775

3773

Figure 6. (a) The optimized structure, Highest Occupied Molecular Orbital (HOMO), Lowest Unoccupied Molecular

Orbital (LUMO), and energy gap of the ME. (b) The HOMO and LUMO energy levels of AgNO3 (black lines) and ME
(blue lines); ME: methadone syrup.

Table 1. Partial Density Of States (PDOS) of each molecule for their Highest Occupied Molecular Orbital (HOMO) and
Lowest Unoccupied Molecular Orbital (LUMO).

Molecule

Energy Level Ag (%) O (%) N (%) C (%) H (%)

Methadone (ME)

HOMO
LUMO

{
{

0
26.31

57.14
0

26.9
67.7

15.89
5.99

AgNO3

HOMO
LUMO

84.40
1.49

15.43
86.84

0.17
11.67

{
{

{
{

bond with the C and N atoms in the solution, meaning
that the NO3 part of AgNO3 is absorbed by ME and
Ag is departed. Of note, the presence of the NO3- ion
is con rmed by the band located at 1351 cm 1 [31].

4. Conclusion
This study discussed the green synthesis of AgNPs
by ME as a reducing agent. Di erent techniques including Transmission Electron Microscopy (TEM), Environmental Scanning Electron Microscopy (ESEM),
Energy-Dispersive x-ray Spectroscopy (EDS), Dynamic
Light Scattering (DLS), UV-Visible (UV-Vis), Fourier
Transform Infraded (FT-IR), and X-Ray Di raction
(XRD) were used for characterization of the prepared
AgNPs. The results illustrated that ME could successfully reduce Ag+ into Ag with an average size of 18
nm. The investigation based on Density Functional
Theory (DFT) revealed that the oxygen atoms in
AgNO3 formed a bond with C and N atoms in the
solution; in other words, NO3 part of AgNO3 absorbed
by ME and Ag+ was reduced. The results from the
MTT cell viability assay revealed that the prepared
AgNPs using ME could e ectively prevent the growth

of human breast cancer cells as a dose-dependent
manner. This study is limited in scope because of
its disregard for animal models or human population
because of addictive aspect or neurological e ects of
this component. In summary, it is possible to synergize
the e ect of ME as a painkiller and anti-proliferation
agent in the presence of AgNPs through the green
synthesis method.
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