
Research Article
Synthesis of Silver-Doxycycline Complex Nanoparticles and Their
Biological Evaluation on MCF-7 Cell Line of the Breast Cancer

Vahid Mohammadkarimi,1 Negar Azarpira,2,3 Zahra Ghanbarinasab,4 Pezhman Shiri,5,6

Fatemeh Sadat Dehghani,5 Amin Nakhostin-Ansari,7 Fatemeh Tayyebi-Khorrami,4

Amir Atapour,8 and Ali Mohammad Amani 5,6

1Department of Internal Medicine, School of Medicine, Shiraz University of Medical Sciences, Shiraz, Iran
2Department of Pathology, Shiraz University of Medical Sciences, Shiraz, Iran
3Transplant Research Center, Nemazi Hospital, Shiraz University of Medical Sciences, Shiraz, Iran
4Student Research Committee, Shiraz University of Medical Sciences, Shiraz, Iran
5Department of Medical Nanotechnology, School of Advanced Medical Sciences and Technologies,
Shiraz University of Medical Sciences, Shiraz, Iran
6Pharmaceutical Sciences Research Center, Shiraz University of Medical Sciences, Shiraz, Iran
7Sports Medicine Research Center, Neuroscience Institute, Tehran University of Medical Science, Tehran, Iran
8Department of Medical Biotechnology, School of Advanced Medical Sciences and Technologies,
Shiraz University of Medical Sciences, Shiraz, Iran

Correspondence should be addressed to Ali Mohammad Amani; amani_a@sums.ac.ir

Received 15 March 2021; Revised 24 July 2021; Accepted 2 August 2021; Published 10 August 2021

Academic Editor: Joaquin Campos

Copyright © 2021 Vahid Mohammadkarimi et al. (is is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in anymedium, provided the original work is
properly cited.

In the current study, we aim to evaluate the effect of the combination of silver and doxycycline (silver-doxycycline complex) on the
viability of the MCF-7 cell line of the breast in comparison with each of them. (e Ag-doxycycline NPs were synthesized using
silver nitrate and doxycycline solutions. (e synthesized Ag-doxycycline NPs were characterized with several analyses. Ag-
doxycycline NPs with a concentration of 25 μM is significantly more effective in decreasing the viability of MCF-7 cells than Ag
with the same concentration (P< 0.05). Doxycycline with a concentration of 6.25 μM also has a more potent effect on the viability
of MCF-7 cells than Ag with the same concentration (P< 0.05). Ag-doxycycline NPs with a 25 μM concentration is more effective
than the concentration of 3.125 μM (P< 0.05). Ag-doxycycline NPs were found to be more effective than AgNPs alone in
inhibiting the growth of the MCF-7 cells. Also, the increasing utility of nanotechnology in multiple aspects of medicine can lead to
using this technology in the treatment of different types of cancer in the future.

1. Introduction

Breast cancer is one of the most common types of cancer
worldwide and is one of the leading causes of cancer
mortality among women [1, 2]. In 2018, 266,120 females
were diagnosed with breast cancer across USA, and 41,400
deaths were reported between two genders [3, 4]. An
investigation in 2017 revealed a raise of cases by 33% from
2005 to 2015, while the increase in population was the
reason for 12.6%. More than 19 million new cancer cases

and approximately 10.0 million cancer deaths were di-
agnosed in 2020 [5, 6]. (ere are different treatment
strategies against breast cancer, including chemotherapy,
radiation therapy, surgery, hormone therapy, and targeted
therapy [7].

As a conventional treatment method, chemotherapy has
less impact on slow-growing tumors; furthermore, its se-
rious side effects such as hematological, dermatological, and
gastrointestinal toxicity influence patients’ quality of life and
compliance [8]. Moreover, chemotherapeutic agents are
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considered carcinogens and a leading cause of recurrence
[9]. It is demonstrated that cancer precursor cells resist DNA
damage caused by radiotherapy due to increased DNA repair
pace in cells [10]. Surgery has also some drawbacks such as
the inability to kill microscopic disease around the edges of
the tumor and damage to near normal tissues.

(e nanoparticles of silver (AgNPs) have been employed
as an antimicrobial, disinfectant, and anticancer agent.
Previous investigations suggested that they might also be a
possible alternative tool for the treatment of human breast
cancer. Besides, recent studies are in favor of their che-
motherapeutic benefit against tumor cells. According to
nanotechnology science [11–13], AgNPs could enter the cells
and suppress tumor cells through activating P53 enzyme,
DNA breakage through an increase in reactive oxygen
species amount, and apoptosis in the absence of P53 [14–17].

(ere are diverse chemical, physical, photochemical, and
biological approaches for synthesizing AgNPs [18]. In
physical processes, metal nanoparticles are generally syn-
thesized by evaporation condensation, which could be done
using a tube furnace at atmospheric pressure [18] or laser
ablation. However, these methods contain significant dis-
advantages such as sizeable space occupation, high energy
consumption, prolonged procedure, vacuum condition, and
high-cost instruments [19–21]. On the other hand, physical
synthesis facilitates producing AgNPs with narrow size
distribution and immense quantities of particles in one
single process. (e photochemical technique comprises
several drawbacks, among which expensive equipment and
vacuum state could be mentioned [18]. Biosynthetic
methods are carried out using naturally reducing agents.(e
nanoparticles acquired from biological microorganisms
such as bacteria, fungi, algae, plants, and their components
seem to be environment-friendly because poisonous ma-
terials are not employed in their production. It is considered
an affordable and green route. However, the small amount of
AgNPs obtained in the biosynthetic procedures is a no-
ticeable obstacle [18].

(e most common approach for the synthesis of AgNPs
is chemical reduction of metal ions due to its convenient
operation and simple supplies required. In chemical syn-
thesis, a restricted control over metal nanoparticles’ growth
is required to achieve AgNPs of small size, spherical shape,
and narrow diameter distribution. (e chemical routes
permit the production of nanoparticles in high yield with
three major components: (a) metal precursors, (b) reducing
agents, and (c) stabilizing agents. To achieve colloidal so-
lutions out of silver salts, two stages, namely, nucleation and
subsequent growth, by which the size and the shape of
synthesized AgNPs are strongly dependent, should be
considered [22–24].

Doxycycline, a semisynthetic tetracycline, prohibits
matrix metalloproteinase (MMP) activation and cellular
proliferation [25]. It interferes with protein synthesis in
cancer cells [26–28]. Selective permeability of different cell
lines from different cancers to doxycycline led to the
emergence of a hypothesis that asserts its influence in cancer
treatment. Furthermore, the combination of doxycycline
with targeted drugs has been applied in clinical tests of cases

with advanced cancer [29]. Affordability, accessibility, and
selective impact on cancer cells could also be mentioned as
some advantages of doxycycline [30–34].

In this study, we aim to combine AgNPs with doxycy-
cline and compare its effect with each of doxycycline-hy-
drochloride and AgNPs on MCF-7 breast cancer cell line.

2. Materials and Methods

2.1. Materials. Silver nitrate and sodium citrate were pur-
chased from Sigma-Aldrich (Missouri, United States).
Doxycycline monohydrate was supplied by the RAZAK
laboratory (Tehran, Iran). Transmission electronmicroscopy
(TEM), Fourier transform infrared spectroscopy (FTIR),
and X-ray powder diffraction (XRD) were used for the
characterization of Ag-doxycycline complex nanoparticles.

2.2. Synthesis of Ag-Doxycyclin Complex. In order to reach
the optimized condition for the synthesis of Ag-doxycycline
complex, different concentrations of doxycycline mono-
hydrate and silver nitrate were tested. (e most effective
value of these factors which led to themost efficient synthesis
was found and used for the subsequent experiments. For
this, 1mM of AgNO3 in the solution of 0.176 g doxycycline
in 250mL deionized stilled water was stirred with 400 rpm at
40°C and pH� 6.4 for 1 h. (e homogenous color change of
solution into gray-black was the indicator of forming par-
ticles with nearly same size and shape throughout the
sample. (en, the solution was centrifuged, and deposited
particles were dehumidified and weighted.

2.3. Synthesis of Control Groups. 0.176 g of doxycycline
monohydrate in 250mL deionized stilled water and 1mM of
AgNO3 with 1% sodium citrate solution with continuous
stirring and boiling for 10min were considered as group 1
and 2 of control, respectively.

2.4. Synthesis of AgNanoparticles. A solution of AgNO3 with
a concentration of 2mMwas provided. A solution of sodium
citrate with a concentration of 7mM was then provided
which was fixed at pH 9. In continuation, the first solution
(20mL) was added dropwise to the second solution (100mL)
to form a yellow solution, indicating the formation of Ag
nanoparticles. Finally, Ag nanoparticles were collected via
centrifugation and washed with water several times [35].

2.5. Determining the Physicochemical Properties of the
Nanoparticles

2.5.1. Transmission Electron Microscopy. Transmission
electron microscopy (TEM) was used to determine the
morphology and distribution of the sizes of the nano-
particles. (e lower magnifications were utilized to deter-
mine the distribution of the sizes of the nanoparticles. In
contrast, higher magnifications were used to determine the
morphology and structure of the nanoparticles.
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2.6. Fourier Transform Infrared Spectroscopy (FTIR). (e
Fourier transform infrared spectroscopy (FTIR) was used to
obtain the infrared spectrum of transmission or absorption
of materials. In this study, FTIR was used to determine the
structure and molecular components of the nanoparticles.

2.7. X-Ray Powder Diffraction (XRD). (e X-ray powder
diffraction (XRD) was used to determine the crystallization
and the crystal shape of the nanoparticles.

2.7.1. Effect of AgNPs and Ag-Doxycycline NPs on the Via-
bility of MCF-7 Cell Line. Cells were cultured using RPMI-
1640 medium with 10% fetal bovine serum (FBS). Penicillin
and streptomycin were also added in a concentration of 100
unit/ml and 100 µM, respectively. Trypsin was added up to
monolayer cells to make single-cell suspension, and sub-
sequently, the number of viable cells was counted using a
hemocytometer. (en, the cell suspensions were seeded in
96-well plates, and cellular density was 10,000 cells/well.
Plates were then incubated for 48 h at 37°C with 100%
humidity and 5% CO2 to make the cells attach to the bottom
of the wells. Afterwards, wells were classified into four
groups, and the attached cells within them were treated with
a serial concentration of Ag-doxycycline NPs (group no. 1),
AgNPs (group no. 2), and doxycycline monohydrate water-
based solution (group no. 3). Serial dilution was done to
obtain NPs and doxycycline in six different concentrations
(3.125, 6.25, 12.5, 25, 50, and 100 µM). Six wells without any
treatment were considered as a control group (group no. 4).
(e cells were incubated for another 24 h at 37°C, 100%
humidity, and 5% CO2. Next, the solution of 20 µL from
MTT (3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl tetrazo-
lium bromide) was joined in each well, in which 5mg/mL of
PBS (phosphate-buffered saline) was previously added.
Another period of 4 h of incubation at 37°C was also applied
to achieve MTT reduction. (e resulting purple-colored
formazan crystals were solubilized using 100 µL of DMSO
(dimethyl sulfoxide). Finally, the colorimetric study was
conducted at 570 nm using a plate reader (EXL 800, USA).

2.8. Statistical Analysis. A chi-squared test was applied to
compare cell viability among three groups. Data analysis was
carried out using SPSS software (v. 25.0). P value<0.05 was
considered as statistically significant.

3. Results and Discussion

3.1. Synthesis of Ag-Doxycycline Complex. First, doxycycline
monohydrate in the form of oral capsules was prepared and
weighed for determining the optimized conditions of syn-
thesis. (e amounts of 0.176, 0.088, and 0.441 g of doxy-
cycline monohydrate in 250mL stilled water were prepared.
(en, AgNO3 solution with the concentration of 0.5 and
1mM was added to each amount of doxycycline. (e ho-
mogenous color change of solution from white to gray-black
was considered as forming particles into approximately
similar shape and size. According to our observation, 0.176 g

of doxycycline in 250mL distilled water with 1mM of silver
nitrate was stirred with 400 rpm at pH� 6.4 and 40°C
changed color from white into gray-black, indicating the
formation of nanoparticles.

3.2. Characterization. (e size of the Ag-doxycycline
complex was estimated by observing the SEM images. (e
Ag-doxycycline complex was nanoparticles with sizes
ranging below 500 nm in diameter size. According to TEM
images, most of the nanoparticles are of spherical shape
(Figure 1).

(e size and shape of drugs are great factors in im-
proving the primary and secondary properties of medicinal
materials. During the last few decades, interdisciplinary
exploring has focused on expanding biocompatible sub-
stances with different shapes to exhibit high selectivity for
disorder sites [36].

It was proved that the spherical shape of nanomaterials
can efficiently improve the activity of drugs. For instance, An
and coworkers presented that the spherical nanodrug effi-
ciently reduced cell viability with NIR irradiations [37]. In
another study, the in vitro toxicity assay confirmed that
spherical nanodrug shows a more therapeutic benefit than
the helical one [38]. Chan and coworkers also described that
spherical gold nanoparticles had a greater tendency to be
taken up by HeLa cells in comparison with rod-shaped gold
nanoparticles [39, 40] In addition, Fouda et al. reported the
larvicidal activity of spherical AgNPs against the 3rd instar
larvae of the dengue vector Aedes aegypti as well [41].

Spherical AgNPs were prepared via aqueous leaf extract
of Euphorbia prostrata. (ese AgNPs displayed parasitic
property against Leishmania donovani in the amastigotes
and promastigotes stage [42, 43].

(e spherical nanoparticles of silver were also extracted
fromMoringa oleifera which led to a considerable reduction
in the average size of leishmaniasis cutaneous lesions in
comparison with untreated mice [43, 44].

We found two peak absorptions in the FTIR—one at
3437.26 cm−1 and the other at 1619.69 cm−1 (Figure 2). (e
peak in 1619.69 cm−1 may be related to doxycycline’s aro-
matic ring carbonyl group stretch vibration [45]. On the
other hand, the peak at 3437.26 cm−1 is related to OH stretch
vibration in alcohol and phenol [46].

(e XDR of Ag-doxycycline NPs is shown in Figure 3,
which reveals 12 peaks. (e diffraction peaks at θ � 38.268,
44.38, 64.61, and 77.46 are compatible with the XDR of silver
nanoparticles pattern [47]. (e XDR pattern of doxycycline
has been reported by (angadurai et al. in 2005 [48]. (e
X-ray diffraction data for doxycycline was mostly in less than
30°. Due to the higher count times of the silver nanoparticles,
the diffraction peaks of doxycycline were overshadowed in
XDR of the Ag-doxycycline NPs.

(e effect of different concentrations of Ag-doxycycline
NPs, Ag, and doxycycline on MCF-7 cells is shown in
Figure 4. (e Ag-doxycycline NPs with a concentration of
25 μM was significantly more effective in decreasing the
viability of MCF-7 cells than Ag with the same concentration
(P< 0.05). (e doxycycline with a concentration of 6.25 μM
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also displayed a more potent effect on the viability of MCF-7
cells than Ag with the same concentration (P< 0.05). Finally,
the Ag-doxycycline NPs with a concentration of 25 μM have
been found to be more effective than the concentration of
3.125 μM (P< 0.05).

Although several studies have been conducted on the
effects of doxycycline and silver on tumoral cells, the current

study is the first one evaluating the efficacy of Ag-doxycy-
cline NPs on breast cancer cells. (e selective destruction of
tumor cells while showing a minimum effect on the normal
human cells is one of the advantages of AgNPs [49–52].

Jeyaraj et al. found that AgNPs with a concentration of
50 μM can inhibit all MCF-7 tumoral cells [53]. Direct
interaction with the DNA of tumoral cells is one
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Figure 1: (a, b) SEM images of silver-doxycycline complex. (c) TEM image of silver-doxycycline complex.
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Figure 2: Recorded FTIR spectrum of silver-doxycycline complex.
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mechanism that AgNPs deliver their antitumoral effect,
considering their small size and their potential to cross
the nucleus [54]. Inducing apoptosis is another mecha-
nism of action by AgNPs that leads to a decrease in the
viability of tumor cells [53–55]. According to the pre-
viously reported study, AgNPs increase radiotherapy
efficacy [56]. (erefore, we believe concurrent radio-
therapy may enhance the efficacy of Ag-doxycycline NPs.

(e concurrent treatment with both radiotherapy and Ag-
doxycycline NPs leads to a further reduction in breast
cancer cells’ viability. Similarly, it was shown that the
administration of doxycycline and cyclophosphamide in
mice with breast cancer may lead to a more potent re-
sponse to cyclophosphamide [57]. Administration of
cyclophosphamide with Ag-doxycycline NPs may also
enhance the response to this treatment.
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Figure 3: XDR pattern of Ag-doxycycline nanoparticles.
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Figure 4: Effects of different concentrations of Ag-doxycycline NPs, Ag, and doxycycline on the viability of breast cancer cells.
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4. Conclusion

To sum up, the Ag-doxyxcycline NPs were prepared using
silver nitrate and doxycycline solutions. (e synthesized
Ag-doxyxcycline NPs were characterized by different
analyses including scanning electron microscopy (SEM),
transmission electronmicroscopy (TEM), Fourier transform
infrared spectroscopy (FTIR), and X-ray powder diffraction
(XRD). In continuation, the synthesized Ag-doxyxcycline
NPs were evaluated on the MCF-7 cell line of breast cancer.
(e Ag-doxycycline NPs displayed good results in inhibiting
the growth of the MCF-7 cells.
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