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Abstract—Using the colloidal method, and lipoic acid as a stabilizer, ultrasmall gold nanoparticles with an
average size of 2.5 nm were synthesized. They are highly stable, have COOH functional groups, at concen-
trations lower than 100 μg/mL are non-cytotoxic, and the synthesis route is simple and economical. UV–Vis,
FT-IR, Raman, and TEM spectroscopy were used to analyze their stability, composition and morphology.
Furthermore, the cytotoxicity of the gold nanoparticles was evaluated by MTT assay.
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1. INTRODUCTION

Nanogold is probably one of the most fascinating
materials in the nanoscience and nanotechnology
fields due to its physical and chemical properties
[1, 2]. More specifically, due to its relatively simple
synthesis, resistance to corrosion, biocompatibility,
and uncomplicated functionalization, as well as con-
jugation with a great variety of chemical and biological
entities [3]. Gold nanostructures have shown to have
potential applications in many research areas. In med-
icine [4], ultrasmall nanoparticles below 5 nm have
unique advantages in the human body due to their rel-
atively rapid elimination, good uptake, and favorable
interaction with radiation [2, 5]. For instance, gold
nanostructures have been proven as effective sensors
[6], chemical carriers [7, 8], and more recently as ther-
anostic agents [4, 9, 10]. To be successful in any appli-
cation, stability of nanogold has to be strong enough to
resist aggressive conditions, such as laser irradiance,
acid and basic mediums, salty medium, powder form,
as well as biological conditions [11, 12]. Many chemi-
cal or biological entities have been used to give good
stability to gold nanostructures, such as polyvinylpyr-
rolidone (PVP), polyethylene glycol (PEG), xanthan
gum, acacia gum, oleylamine and others [13–18]. In
addition to the high stability, it is desired that the
entity used to produce stability, also create functional

groups. The functional groups are very useful tools to
attach biological entities which give additional
extraordinary physical and chemical properties that
are necessary to achieve specific requirements for a
determined application [19]. However, many entities
used to stabilize do not create remarkable functional
groups, and the processes generally require many
steps, hazardous chemicals and they are time consum-
ing [20–22]; all these entail expensive gold nanoparti-
cles [2]. Furthemore, in biomedical applications, the
interactions between surface funtionalized nanoparti-
cles and cells can damage the integrity of the mem-
brane structure [23], affecting viability or cellular
functions [24, 25]. In this paper, a simple and eco-
nomical method is presented to stabilize ultrasmall
gold nanoparticles using lipoic acid. In medicine
lipoic acid (LA) is used to treat many diseases, due to
its antioxidant properties [26]. Our gold nanoparticles
stabilized with lipoic acid (GNPs@LA) are very stable
under different conditions, and have COOH func-
tional groups on the nanoparticle’s surface which can
be used to conjugate biological entities for specific
applications. UV–Vis, FT-IR, Raman spectroscopies,
and TEM were used to analyze their stability, compo-
sition and morphology. Moreover, the cytotoxicity of
GNPs@LA at different concentrations was tested at
different concentrations giving favorable results.
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2. EXPERIMENTAL DETAILS
2.1. Materials

GNPs@LA were synthesized using: gold chloride
1% solution (Salt Lake Metals), sodium borohydride
powder ≥98% (Sigma-Aldrich), (±)-α-lipoic acid
minimum 99% titration (Sigma), ethyl alcohol 96%
G.L (AZ), and ultrapure water >18 MΩ cm. To pro-
mote the agglomeration sodium chloride NaCl 99.8%
(Bioland Scientific LLC), and PBS 1.X were used. For
the cytotoxicity test the materials used were: hematox-
ylin (Sigma-Aldrich), eosine 99% (Sigma-Aldrich),
PBS 1.X, glutaraldehyde GradeII 25% in H2O
(Sigma-Aldrich) and dimethyl sulfoxide DMSO ≥
99.9% (Sigma-Aldrich).

2.2. Equipment
Laboratory stirrer PC 410 (Corning®), analytical

balance (Ohaus®), water purification system (Water-
Pro PS, Labconco®), rotary evaporator with vacuum
pump and controller (Buchi R-3 Rotavapor), UV/Vis
spectrophotometer 190–1100 ± 1 nm (Zhejiang Hold-
well Group), infrared spectrometer (M 530, Buck Sci-
entific), Raman spectrometer (Horiba Jobin HR 800),
transmission electron microscope (JEOL JEM-
ARM200F), f luorescence microscope 100× (Zeiss
N-Achroplan) and microplate spectrophotometer
(Benchmark Plus) and digital camera SLR D800
(Nikon®).

2.3. Preparation of Bare Gold Nanoparticles and Gold 
Nanoparticles Stabilized with Lipoic Acid

Based on the “bottom-up” methodology and spe-
cifically in the colloidal method, gold nanoparticles
with an average size of 2.5 nm were synthesized and
stabilized using gold chloride as a precursor, sodium
borohydride as a reducer and lipoic acid as a stabilizer.
To prepare 700 mL of aqueous colloidal solution,
6.3 mL of gold chloride solution was added to an
Erlenmeyer f lask contaning water at 10°C and under
vigorous agitation; once the solution was mixed, 85 mg
of sodium borohydride mixed in 7 mL of water were
added. Up to this step, bare gold nanoparticles were
synthesized. Approximately, 30 s after the addition of
sodium borohydride, 100 mg of lipoic acid mixed in a
solution of 7 mL of ethanol-water (1 : 1 vol./vol.) was
added to the colloid to obtain gold nanoparticles stabi-
lized with lipoic acid (GNPs@LA).

2.4. Cytotoxicity Assay
The cytotoxicity of the GNPs@LA was analyzed

through the metabolic reduction of the fibroblasts to
the MTT reagent, converting it to formazan. To per-
form this test, concentrations of: 20, 40, 60, 80, 100,
250, 500, 750, and 1000 μg/mL of GNPs@LA were
placed in a 24-well plate, as well as a control, which
NANOTECH
were seeded and incubated with 20000 mouse fibro-
blast cells in D-MEM supplemented with fetal bovine
serum (FBS) and penicillin–streptomycin. After 24 h,
the incubation medium was removed and 200 μL of
D-MEM solution, containing 10% FBS, 1% antibi-
otic, and 50 μL of MTT (5 mg/mL in PBS) were
added. Then, it was incubated at 37°C for 2 h. The
resulting formazan product was dissolved in dimethyl
sulfoxide and the absorbance at 570 nm was measured
using a Benchmark Plus, micro-plate spectrophotom-
eter. Positive controls were also prepared for compari-
son purposes. Statistical significant was determined by
Student’s t-test. Significant was described at p < 0.05.
The GNPs@LA cultured with fibroblasts were stained
with hematoxylin and eosin for cell morphology
examination.

2.5. Tests to Analyze the Stability
of the Gold Nanoparticles

To test the stability of bare and stabilized gold
nanoparticles, three different agglomeration promot-
ers were used: NaCl, PBS, and evaporation of the
water. NaCl was added to the colloid to a concentra-
tion of 10 wt %, PBS to 50 vol %, and water of the col-
loid was removed up to obtain powder.

3. RESULTS AND DISCUSSION
3.1. Photographs of the Colloidal Solutions

As we can be seen in Fig. 1 GNPs show a charac-
teristic red-orange color, in contrast, GNPs@LA
exhibit a magenta color. Regarding the stability, it is
observed that GNPs are rapidly destabilized with the
addition of NaCl, PBS, or both, being appreciable due
to the change of color from red-orange to blue-gray
when compared with those stabilized with LA where it
can be seen that there are no significant changes in the
color of the colloids.

3.2. UV–Vis Spectroscopy
GNPs show a characteristic peak around 496 nm

(Fig. 2a). Using the model proposed by Haiss et al.
[27], the estimated particle size from UV–Vis spectra
is lower than 3 nm. After the addition of LA the corre-
sponding peak moves to higher wavelengths (Fig. 2b),
GNPs@LA have a characteristic peak around 498 nm
which is an indicative that the lipoic acid was absorbed
on the gold nanoparticles surface. To analyze the sta-
bility of colloids, NaCl and PBS was used to promote
agglomeration; comparing GNPs + NaCl, GNPs +
PBS, GNPs + NaCl + PBS spectra versus GNPs
spectrum there is a very significant difference, NaCl
and PBS destabilized almost instantly bare gold
nanoparticles, but there is no difference between the
GNPs@LA spectrum with GNPs@LA + NaCl,
GNPs@LA + PBS, and GNPs@LA + NaCl + PBS
spectra, which is an indicative that LA stabilizes gold
NOLOGIES IN RUSSIA  Vol. 14  Nos. 11–12  2019
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Fig. 1. (Color online) Photographs of the colloidal solutions.

GNPs GNPs + NaCl GNPs + PBS GNPs + NaCl + PBS GNPs@LA GNPs@LA + NaCl GNPs@LA + PBS GNPs@LA + NaCl + PBS

Fig. 2. (Color online) UV–Vis spectra of coloidal gold nanoparticles, (a) GNPs and GNPs with agglomeration promoters,
(b) GNPs@LA and GNPs@LA with agglomeration promoters, and (c) GNPs@LA versus GNPs@LA redispersed in water after dried.
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Fig. 3. (Color online) Photographs of (a) GNPs@LA and (b) GNPs@LA + NaCl both in powder form.
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Fig. 4. (Color online) TEM micrographs of GNPs@LA at different magnifications. Scale bars (a) 20 nm, (b) 10 nm, and (c) size
distribution histogram.
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nanoparticles and prevents agglomeration. Addition-
ally, as we can see in the UV–Vis results, powder of
GNPs@LA can be easily redispersed in water without
NANOTECHNOLOGIES IN RUSSIA  Vol. 14  Nos. 11–
relevant effect on nanoparticles properties, where it is
observed that the peak remains in the same position
(Fig. 2c).
12  2019
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Fig. 5. (Color online) Raman spectra of GNPs@LA.
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Fig. 6. (Color online) FTIR spectrum of GNPs@LA and
GNPs@LA + NaCl.
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Fig. 7. Effects of GNPs on cellular viability.*: significant
difference compared to control; +: significant difference
compared to 20; #: significant difference compared to 40,
$: significant difference compared to 60, &: significant dif-
ference compared to 80, %: significant difference com-
pared to 100, ¿: significant difference compared to 250, !:
significant difference compared to 500, λ: significant dif-
ference compared to 750 (p = 0.05, comparison is made
between samples of the same day).
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3.3. Powder of GNPs@LA

Powder of GNPs@LA and GNPs@LA + NaCl was
obtained using the rotary evaporator. Powders showed
a dark brown color. GNPs@LA powder was like a
sticky paste and darker (Fig. 3a), in contrast
GNPs@LA + NaCl powder was easier to handle, like
a powder (Fig. 3b). Both powders were redispersed in
water without any effort, and without perceptive effect
on their properties.

3.4. Transmission Electron Microscopy

The morphology and dispersion of GNPs@LA
were visualized using TEM. Figure 4 clearly indicates
that GNPs@LA were well dispersed, with almost
spherical shape, not agglomerated, and an average size
of 2.5 ± 1.10 nm. These sizes correspond to the
UV–Vis spectra.

3.5. Raman Spectroscopy

GNPs@LA were analyzed using Raman scattering
(532 nm). The single Raman spectra was used to iden-
tify the synthesis of the GNPs. These spectra was
taken several times and we used long integration times
in order to reduce noise (discard false peaks) and iden-
tify real vibrations. Figure 5 shows two asymmetric

fundamental Raman bands around 400 and 100 cm–1,
which can be deconvoluted in seven Loretzian line
shape signals as shown in Fig. 5, which are observed at

314, 310, 266, 236, 149, 127, and 99 cm–1. Mainly asso-
ciated with Au–S stretching and breathing modes due
to the different nature of the Au–S bonds involved.
Au–S modes have been assigned both experimentally
and theoretically by Varnholt et al. [28].
NANOTECH
3.6. Infrared Spectroscopy

The FTIR spectrum of GNPs@LA is show in
Fig. 6. We compared GNPs@LA and GNPs@LA +
NaCl spectrum and it is found that the principal
absorptions bands are present in both samples which is
an indicative of the high stability of the gold nanopar-
ticles. FTIR spectrum shows six principal absoptions

bands at 3430, 2928, 1571, 1357, 1115, and 1050 cm–1.

The bands present at 3430 and about 2928 cm–1 in the
NOLOGIES IN RUSSIA  Vol. 14  Nos. 11–12  2019
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Fig. 8. (Color online) Fibroblast morphology at different concentrations after 24 h: (a) control, (b) 20, (c) 60, (d) 100, (e) 250,
(f) 500, (g) 750, and (h) 1000 μg/mL.
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spectrum can be attributed to the presence of water on
the surface of nanoparticles and C–H bonds present
in long chain hydrocarbon, respectively [29, 30]. The

peak appearing at 1571 cm–1 corresponds to carbonyl
group [31]. The peak corresponding to the functional

group COOH was perceived at 1357 cm–1 [29]. The

peaks observed at 1115 and 1050 cm–1 were not identified.

3.7. Cytotoxicity Assay

The effect of GNPs@LA on cell viability was eval-
uated by MTT assay (Fig. 7). It can be observed
through mitochondrial activity that concentrations
lower than 100 μg/mL do not present toxic effects at
the cellular level, allowing us to verify that there were
no cellular metabolism affectations after the exposure
to the nanoparticles. On the other hand at higher con-
centrations of GNPs@LA there is a reduction in the
number of viable cells showing a damage in mitochon-
drial activity, presenting a toxic effect according to
ISO 10993-5 [32].

Figure 8 shows images of the fibroblasts, of the dif-
ferent concentrations of GNPs@LA, at 24 h of cul-
ture. More cells were observed in the control and con-
centrations lower than 100 μg/mL, coinciding with the
MTT assay results. Cells of spheroidal (nodular) mor-
phology and f lattened cells that, according to Misra
et al. are due to cell division [33]. In addition, cyto-
plasmic prolongations and extracellular matrix
secreted by the cells are perceived. On the other hand,
in the images of concentrations of nanoparticles
greater than 100 μg/mL, fewer cells are observed, with
changes in cellular morphology and cell membrane
damage very evident at 500 μg/mL. The previous
results show a relationship between the percentage of
cellular viability and concentration of nanoparticles.
NANOTECHNOLOGIES IN RUSSIA  Vol. 14  Nos. 11–
4. CONCLUSIONS

Ultrasmall GNPs stabilized with LA evaluated by
MMT assay dot not present toxic effects at a cellular
level at concentrations lower than 100 μg/mL. LA is
attached to GNPs through Au–S bonds, prevents the
agglomeration and creates COOH groups. These
characteristics are useful for industrial and biomedical
applications. TEM results exhibited that GNPs are
well dispersed, with almost spherical shape, not
agglomerated, and an average size of 2.5 nm. UV–Vis,
FTIR, and Raman spectroscopy confirm that LA is
acting as a capping agent. Finally, we claim that our
proposed route of GNPs synthesis is simple, econom-
ical, and does not require expensive equipment.
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