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Potential Use of DMSA-Containing Iron Oxide
Nanoparticles as Magnetic Vehicles against
the COVID-19 Disease
Elisama S. Martins,[a] Ariane Espindola,[a, b] Tatiane N. Britos,[a] Camila Chagas,[c]

Emerson Barbosa,[c] Carlos E. Castro,[d] Fernando L. A. Fonseca,[a, c] and Paula S. Haddad*[a]

Iron oxide magnetic nanoparticles have been employed as
potential vehicles for a large number of biomedical applica-
tions, such as drug delivery. This article describes the synthesis,
characterization and in vitro cytotoxic in COVID-19 cells evalua-
tion of DMSA superparamagnetic iron oxide magnetic nano-
particles. Magnetite (Fe3O4) nanoparticles were synthesized by
co-precipitation of iron salts and coated with meso-2,3-
dimercaptosuccinic acid (DMSA) molecule. Structural and
morphological characterizations were performed by X-ray

diffraction (XRD), Fourier transformed infrared (FT-IR), magnetic
measurements (SQUID), transmission electron microscopy
(TEM), and dynamic light scattering (DLS). Our results demon-
strate that the nanoparticles have a mean diameter of 12 nm in
the solid-state and are superparamagnetic at room temper-
ature. There is no toxicity of SPIONS-DMSA under the cells of
patients with COVID-19. Taken together the results show that
DMSA- Fe3O4 are good candidates as nanocarriers in the
alternative treatment of studied cells.

Introduction

COVID-19 is a disease caused by a new strain of coronavirus.
Previously, this disease was referred to as “2019 novel
coronavirus” or “2019-nCoV”. The incubation period of virus
infection ranges from 1 to 14 days, being more evident from 3
to 7 days. Fever, dry cough, and fatigue are the main clinical
manifestations.[1] However, the most affected organs are the
lungs. With this in mind, developing a vehicle that can carry a
drug directly to the lungs is quite interesting hence, a more
effective treatment is possible. In this context, new drug
delivery nanomaterials that improve the treatment of the
COVID-19 consequences are of crucial importance to establish
systematic investigation.

Many nanopharmaceuticals has entered clinical practice
and even more, are being investigated in clinical trials for a

wide variety of indications.[2,3] The use for the treatment of viral
infections has been observed with promising results.[4,5] There-
fore, the aim of this work was the investigation of nanoparticles
for the treatment of COVID-19.

In the last decades, the use of superparamagnetic iron
oxide nanoparticles (SPIONs) in biomedicine and pharmaceut-
ical sciences were carefully investigated, especially magnetite
nanoparticles (Fe3O4), once they have been successfully used in
different biomedical applications such as drug delivery, con-
trast agents for imaging, controlled drug release, hyperthermia,
among others[6–9] SPIONs present superparamagnetic behavior
and act as a single magnetic domain[10] providing fast response
under an external magnetic field and consequently can be
guided to a specific target.[8] In addition, when the magnetic
field is removed, no residual magnetization remains, avoiding
agglomeration of the nanoparticles in vivo.[11] This feature
permits the guided administration of these nanoparticles to the
target tissue/organ with minimum side effects.[8,12] Bare Fe3O4

nanoparticles tend to agglomerate due to magnetic dipole-
dipole attractive forces.[13] Besides that, a high iron concen-
tration in the body affects cell viability, oxidative stress, and
other harmfulness.[14] Therefore, surface functionalization of
these nanoparticles with biocompatible molecules is a helpful
methodology to avoid nanoparticle agglomeration and permit
the conjugation of therapeutic molecules to nanoparticles.[15–19]

A wide range of works in the literature show that fatty acids
such as oleic acid is used to prevent this agglomeration and
increase the stability of nanoparticles. Besides that, oleic acid is
usually used in iron nanoparticles synthesis due to a protective
monolayer formation which induces uniform systems as
products.[20] However, the functionalization with oleic acid
generates particles that are dispersed mainly in organic
solvents which are generally toxic. Therefore, to propose safe
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biomedical applications of iron-based magnetic nanoparticles,
it must study the biocompatibility of these nanoparticles.[12,21]

Changing the surface of these nanoparticles with biologically
active compounds allows the transport of therapeutic agents
into specific target cells, increasing specificity and preventing
the access of cytotoxic agents to non-target tissues during the
delivery process.[22] Among the biocompatible molecules,
meso-2,3-dimercaptosuccinic acid (DMSA) (Figure 1)[23] is a
molecule widely used in the surface coating of magnetite
nanoparticles[24] increasing biocompatibilit.[25]

Studies show that DMSA-coated iron oxide nanoparticles
can greatly enhance the rate of cellular acceptance, leading to
nonspecific adsorption to the cell surface, followed by
endocytosis.[8,26,27]

Taking advantage of DMSA-SPIONs, in this study, we
obtained Fe3O4 nanoparticles by the co-precipitation method
using ferrous and ferric chlorides in an aqueous solution. Fe3O4

magnetic nanoparticles were coated with DMSA (in different
mass ratio Fe3O4:DMSA) leading to thiolated nanoparticles as
potential carried vehicles to COVID 19 treatment to lungs. The
physical-chemical and magnetic properties of the nanomate-
rials were characterized by different techniques. To investigate
a possible biomedical application for DMSA-SPIONs, the
cytotoxicity in healthy cells and the action on cells of patients
with a positive result for Anti-SARS-CoV-2 IgA were analyzed.

Results and Discussion

Among several procedures to obtain superparamagnetic iron
oxide nanoparticles,[28–30] the co-precipitation method is one of
the most used[31–33] since it allows acceptable size distribution
of water-dispersed SPIONs at room temperature and it is a low-
cost method.[28] It is based on the precipitation of iron salts
upon the addition of a weak base in an aqueous solution.[34]

The most common are chemical methods and among those,
co-precipitation is widely used to obtain large amounts of
hydrophilic nanoparticles. However, SPIONs containing hydro-
philic ligand (DMSA) produced directly by this method have a
broad size distribution and tend to easily aggregate and
become colloidally unstable. Capping agents such as oleic acid
are often used because they form a protective monolayer,
which is strongly bonded. This is necessary for making
monodisperse and highly uniform nanoparticles. Therefore,
nanoparticles with less aggregations are obtained in the
presence of oleic acid.[35,36,37,38,39] The transfer of NPs from the
organic to the aqueous phase provides biostability to the
particles at physiological pH. Synthetic NPs are generally
surface modified with hydrophobic ligands, becoming unstable
in aqueous suspension. In this work, the nanoparticles were
initially coated with oleic acid and were therefore insoluble in
water.

The transfer of nanoparticles from the organic to the
aqueous phase offers biostability to the particles at physiolog-
ical pH.

Figure 2 shows the scheme for the formation of thiolated
Fe3O4 nanoparticles coated with meso-2,3-dimercaptosuccinic
acid (DMSA). It had been used an excess of thiolated ligand in
different mass ratios Fe3O4:DMSA to total coverage of the Fe3O4

surface.
Replacement of oleic acid by DMSA led to SPIONs

containing thiol groups on the surface. The amounts of free
thiol (� SH) groups on the surface of DMSA-SPIONs (1 :5; 1 : 10
and 1 :30) were determined by the reaction of the thiolated

Figure 1.meso-2,3-dimercaptosuccinic acid (DMSA) molecule.[12]

Figure 2. Schematic of the formation of thiolated Fe3O4 nanoparticles coated with DMSA.
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nanoparticles with a thiol-specific reagent, DTNB.[16] Values
around 0.060�0.008 mmol SH.g� 1 of DMSA-SPIONs were
found, confirming the presence of free SH groups.

FTIR spectra (Figure 3) show the most important stretching
vibrations for the Fe3O4 and for the molecules attached to the
particle surface. Figure 3A shows the spectra for F3O4 and OA-
Fe3O4 nanoparticles. Band assigned to the iron oxide core can
be observed at 590 cm� 1 (νFe� O). The presence of broadband
at 3415.7 cm� 1 (νO� H) is attributed to hydroxyl groups on the
surface of the nanoparticle. The H� O-H bending and low-
intensity band at 1622 cm� 1 are indicative of the existence of
adsorbed water in surface nanoparticles. On the other hand, for
nanoparticles containing oleic acid, the stretching at 1701 cm� 1

(νOH), 1611 cm� 1 (νassymCOO), and 1424 cm� 1 (νsymCOO) are
assigned to the carboxylic group.

In addition, Figure 3B shows the spectra for the DMSA-
Fe3O4 nanoparticles and it is possible to note that besides
carboxylate groups, two small bands at 2920 and 2980 cm� 1

that are attributed to C–H stretching (νC� H) of the DMSA
ligand, a band at 931 cm� 1 attributed to –CH out of plane
bending vibrations of DMSA (δC� H) were observed.[40,41] The
main band of free S–H bond should be observed around
2550 cm� 1,[42] however, it is also possible to observe a
dimerization of thiol groups for sample DMSA-Fe3O4 (1 : 10).
This fact is in agreement with low values around 0.060�
0.008 mmol SH.g� 1 of DMSA-Fe3O4 nanoparticles.

The X-ray diffractograms for functionalized nanoparticles
are shown in Figure 4. The Figure shows the X-ray diffracto-
grams from Fe3O4 coated with oleic acid followed by DMSA
exchange at molar ratio 1 :5; 1 : 10 and 1 :30, respectively, along
with their characterization as the inverted spinel structure.[43]

The diffraction peaks refer to a face-centered cubic crystalline
structure of the magnetite (Fe3O4) (JCPDS#: 110614).

[44] Crystal-
lite sizes from 12 nm were obtained from Scherrer’s
equation[30,44] by taking into account the (311) Bragg’s reflec-
tion.

The morphology of the DMSA-SPIONs (1 :5) was analyzed
by transmission electron microscopy (Figure 5). It can be
observed that the nanoparticles exhibit spherical continuous,
however, they present aggregation. The analysis of the TEM
image displayed in Figure 5 reveals a broad size distribution
with an average size diameter of 14 nm, in agreement with the
DRX technique.

Hysteresis isothermal magnetic data (Figure 6) confirmed
the superparamagnetic behavior of all nanoparticles. It is
observed that the residual magnetization and coercive force
were found to be zero for all samples.

The saturation magnetization (Ms) values observed were
around 80 emu.g� 1 for OA-Fe3O4 nanoparticles and 60 emu.g� 1

for DMSA- Fe3O4. It was possible to note a lower magnetization
value for the Fe3O4: DMSA (1 :5) nanoparticles corroborant the

Figure 3. A) FT-IR spectra of Fe3O4 nanoparticles (black line) and OA-SPIONs
(orange line); B) DMSA-Fe3O4 (1 : 30) (blue line); DMSA-Fe3O4 (1 : 10) (green
line); DMSA-Fe3O4 (1 : 5) (red line). in the range of 400–4000 cm� 1. The spectra
are vertically displaced for better visualization.

Figure 4. X-ray powder diffraction patterns of OA-Fe3O4 nanoparticles (black
line), DMSA-Fe3O4 nanoparticles (1 : 5) (red line), DMSA-Fe3O4 nanoparticles
(1 : 10) (green line) and DMSA-Fe3O4 nanoparticles (1 : 30) (blue line). The
diffractograms were normalized by the maximum peak intensity and
vertically displaced for better visualization. Figure 5. TEM image of DMSA-Fe3O4 nanoparticles.
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smaller functionalization of DMSA onto SPIONs surface leaves
the core more exposed decreasing the magnetization value.

The synthesis of DMSA-Fe3O4 produced a system with a low
degree of aggregation when in dispersion, thus resulting in
high stability. The quantitative data related to the scattering
characterization is displayed in Table 1.

As well-established, higher hydrodynamic sizes of nano-
particles measured by DLS, in comparison with the sizes
obtained by XRD and TEM, are attributed to the presence of
extra hydrate layers in aqueous environments.[45] It is worth
noting that a PDI value less than 0.2 indicates a homogenous
and monodisperse population of nanoparticles.[46] The zeta
potential of DMSA-Fe3O4 nanoparticles (� 35.0�0.3) mV in-
dicates high colloidal stability.[47]

Regarding biological assay, several promising studies deal
with the use of nanoparticles in diseases caused by viral
infections.[2] There are studies with iron nanoparticles against
the influenza virus (H1 N1),[48] Rotavirus,[49] and even against the
Dengue virus.[50] Abo-Zeid in 2020,[3] based on his findings,
formulated the hypothesis that SPIONS would have an antiviral
activity through interaction with surface proteins thus interfer-
ing with the virus binding or entering the host cell, resulting in
the neutralization of it. In addition, a study of anchoring iron
oxide nanoparticles in SARS-CoV-2 protein S [50] revealed that
there was an efficient interaction between the nanoparticles,
forming a stable complex, mainly with the S protein of COVID-
19, causing efficient conformational interactions of viral
proteins, inhibiting the entry of the virus into host cells and, as
consequence, limiting replication.[3]

Figure 7 shows the percent mortality of mononuclear
fraction cells (MCF-control) and COVID-19 mononuclear fraction
cells (MCF-COVID-19) containing DMSA-Fe3O4 nanoparticles.

We can observe that in the cell viability assay it was not
possible to detect a significant difference between the control
groups (negative cells) and the contaminated cells containing
nanoparticles in different concentrations. These results show
that in the investigation concentration range there was not of
interaction between SPIONS and viral proteins. In addition,
there is also an increase in mortality rate with the rise of the
iron oxide nanoparticles concentrations, as observed in other
studies carried out by our group.[12]

Therefore, our results demonstrate that there is no toxicity
of DMSA-Fe3O4 nanoparticles under the cells of patients with
COVID-19. Being safe in its application in future studies with
anchoring proteins and/or molecules known in the application
in patients with SARS-CoV-2 in a way effective, in the delivery
of some antiviral substance or in the very act of preventing the
virus from binding to the receptor. Thus, with these results of
non-toxicity, the DMSA-Fe3O4 vehicle is a promising option for
further studies as a drug or protein carrier in new COVID-19
therapies.[2]

Conclusion

This work described the preparation, characterization, and
biological assay of DMSA-Fe3O4 as a potential drug-delivery
platform for COVID 19 treatment. Nanoparticles were prepared
through the co-precipitation method and coated with DMSA
molecule leading to the formation of a stable aqueous
dispersion of thiolated nanoparticles. Free thiol groups of
DMSA can be used as sites to covalently bind antibiotics or
other drugs to the treatment of COVID 19 disease. This drug-
releasing nanomaterial might find important biomedical appli-
cations. The biological assay carried out had the goal of
verifying the cell viability of two different clinical situations.
What has been reported is that there is no difference in cell
mortality when different concentrations are applied in the
evaluated cases.

Taken together the results of non-toxicity showed that
DMSA-Fe3O4 nanoparticles are a promising option for further
studies, with tests for a drug or protein carrier for new
therapies for COVID-19.

Figure 6. Hysteresis isothermal magnetic of OA-Fe3O4 nanoparticles (black
line), DMSA-Fe3O4 nanoparticles (1 : 5) (red line), DMSA-Fe3O4 nanoparticles
(1 : 10) (green line) and DMSA-Fe3O4 nanoparticles (1 : 30) (blue line).

Table 1. Data obtained by dynamic light scattering and zeta potential
techniques.

Sample Hydrodynamic size
(nm)

Polydispersity
index

Zeta potential
(mV)

DMSA-
Fe3O4

51.0�1.1 0.27�0.02 � 35.0�1.5
Figure 7. Analysis of mononuclear fraction mortality.
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Supporting Information Summary

The supporting information file contains all the experimental
procedures describing the synthesis, physicochemical charac-
terizations and biological assays.
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