
Introduction

Gold nanoparticles (GNPs) are good biocompatible
materials due to their special physical and chemical
properties1). There is more and more research where
GNPs are used in the medical imaging and in the cancer
therapy. Nanotechniques, the usage and production of
nanomaterials, have been developed in our team for many
years2–4). Furthermore, we synthesise various compounds
which have anticancer activity and can be developed into
novel anticancer treatment drugs5, 6). Therefore, it is not
surprising that we decided to combine these two paths of
our studies.

Indeed, there are many examples described in the
literature of chemically7, 9) and biologically8, 10)

functionalized GNPs; however, these conjugates are very
often instable. Although GNPs are rather stable within the
period of many months, modified nanoparticles –
conjugates GNPs to drug, dye or antibody are often
instable within a long period, particularly in the presence
of high salts and proteins, which is the essence of the
human body8, 11).

There exist some reports where glycerol is used as an
efficient reducing agent12–14). Glycerol is an
environmentally friendly and completely biocompatible
reagent. Thus we decided to use glycerol and to synthesise
GNPs with various concentration of cross-linked
polyvinylpyrrolidone (PVP) as the stabilizing agent. We
also wanted to determine the size, shape, dispersity and
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stability of the obtained GNPs. Our aim was to obtain
stable GNPs with diameters smaller than 60 nm because
these GNPs have the most appropriate physical and
biological properties1). The next step will be coupling
nanoparticles with our potential drugs. These
bioconjugates will be examined in the in vivo biological
studies. 

Experimental methods

Preparation of gold nanoparticles
Gold nanoparticles were obtained using wet bottom-up

approach. All glassware was cleaned in aqua regia, rinsed
with water and dried prior to the use. All solution was
prepared with ultrapure water. A mixture (10 ml)
containing glycerol : H2O solution (1 : 4 v/v) and various
amounts of cross-linked (i.e. crospovidine) PVP (0%,
0.015%, 0.03%, 0.05% and 0.1% w/v) were prepared.
Then, 20 µl of tetrachloroauric acid (HAuCl4) was added
(final concentration: 0.5 mM). After 2-hour pre-
incubation, NaOH was added (1 mM) and the reaction
was left to react overnight (16 hours). The mixture was
kept in the room temperature and mixed during the whole
process of preparation. 

Characterization of gold nanoparticles
The transmission electron microscopy (TEM) images

of the resultant GNPs were obtained on a JEOL 2000 FX
microscope and for GNP-conjugates they will be also
obtained on a high resolution (HRTEM) JEM3010
microscope (both equipped with a EDS detector). The
UV-Vis absorption spectra of the GNPs were obtained by
using a UV-Vis V-530 spectrophotometer (Jasco). The
size distribution profiles (by DLS) of GNPs were received
by a Zetasizer Nano ZS (Malvern) (light source – 633
nm).

Preparation of nanoparticles-drug conjugates
Gold nanoparticles-drug conjugates will be obtained by

mixing GNPs (dissolved in a water:glycerol solution) and
the drug solution in a proper ratio at room temperature.
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Conjugation time was previously fixed as 1 hour.
Thiosemicarbazones will be the most common group
amount of used drugs. They will be both obtained in our
group of novel compounds and the others, investigated in
clinical or preclinical trials such as Dp44mT or triapine.
Because of their lack of solubility in water,
thiosemicarbazones will be dissolved in DMSO. 

Biological tests in vivo 
For GNP-drug conjugates the biological tests will be

conducted. In this study the bare GNP and the drug alone
will be used as the reference. The conducting of GNP-
drug combination studies will provide a possibility to
observe a potential synergistic effect. Biological studies of
obtained nanoparticles and theirs conjugates will be
carried out by using cell cultures and the MTT assay. 

Two groups of cell line culture will be used. Firstly, the
group of cancer cells consisting of HCT116 (human colon
adenocarcinoma cells), CT26-CEA (murine colon cancer
cell line with stable expression of carcinoembryonic
antigen) and T41 (murine breast cancer cell line);
secondly, the group of normal cells such as human
fibroblasts (NHDF), hCMEC/D3 (human model of the
blood brain barier) and RAW 264.7 (murine macrophages
from blood). The comparison between these two groups
of cells will make it possible to determine not only
cytotoxicity but also therapeutic index of the examined
conjugates. 

All cell lines will be cultured in a proper medium
(supplemented according to the requirements of each cell
line) under standard conditions at 37 °C in a humidified
atmosphere at 5% CO2 and will be subcultured every 3–4
days as required. After a 24- or 48-h incubation with the
drug, GNPs or their conjugate (in different
concentrations), the MTT assay will be conducted. 

Results and discussion

The gold nanoparticles were obtained as described
above. During GNPs preparation changes in the colour of
the mixtures from light yellow to light red or even pinkish
violet were observed. Metal nanoparticles (especially Ag,
Au and Cu) exhibit a phenomena known as surface
plasmon resonance. The volume (size) and shape of
a nanoparticle determines, via interactions with light, the
observed colour of the GNPs. A change of size induces
a shift of the peak maximum location and a change of
shape (e.g. spherical nanocrystal into nanorode) causes
the formation of new band at a longer wavelength. Figure
1 shows an exemplary series of changes in the UV-Vis
spectrum during the reaction for the sample with 0.03% of
PVP concentration. 

There were five versions of the
experiment, where different amounts of the
stabilizing agent (PVP) were added. For
each version of the experiment, size
distribution profiles by dynamic light
scattering (DLS) phenomena and TEM
images were obtained. The data from these
two techniques are shown in Table 1 and in
Figure 2.

As it can be observed, PVP was found to

be a very sufficient stabilizer of GNPs. Even with a small
concentration of PVP (0.015%), gold nanoparticles were
created. However, PVP was proved to be indispensable
for obtaining nanoparticles in a similar size (i.e.
monodisperse) (Fig. 2). Moreover, without the stabilizing
agent, the reduction of gold proceeded with very low
efficiency, which could be seen in the UV-Vis spectrum
(data not shown). Otherwise, PVP with the highest
concentration (0.1%) seems to be inappropriate for the
preparation of monodisperse nanoparticles (Fig. 2). It is
probably because of the incorrect ratio between the
polymer and gold ions – the arising nanoparticle is
randomly included into the PVP structure, which stops
further growth of GNP. This hypothesis seems to be
confirmed by TEM images (not shown). Therefore, for
the next GNPs preparation experiments three middle
concentrations of PVP (0.015–0.05%) will be chosen. 

Although we managed to obtain monodisperse gold
nanoparticles, the size of all obtained nanoparticles
occurred to be too big for further medical application and
investigation, where GNPs smaller than 60 nm are
required. Thus, changes in gold nanoparticles preparation
are necessary. The first option to be tested is to use the
straight PVP polymer (povidone) instead of a cross-linked
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Table 1. Summary of GNPs size at different PVP (cross-linked) concentrations

No.
PVP Average particle size

(% w/v) by DLS (nm)  
Dispersity

1 0 none polydispersity

2 0.015 230 nearly monodispersity

3 0.03 340 monodispersity

4 0.05 320 monodispersity

5 0.1 420/ 369/308/137 polydispersity

Fig. 1. Change in UV-Vis spectrum for 0.03% PVP concentration
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one (crospovidone). Other biocompatible polymers such
as polyethylenimine (PEI) or poly-L-lysine (PLL) should
also be investigated. 

Conclusions

In this research, stable gold nanoparticles were
synthesised using polyvinylpyrrolidone (PVP) as the
stabilizing agent. Then, using many different techniques,
size, shape and dispersity of nanoparticles were
investigated. The presented results suggest that the most
appropriate concentration of cross-linked PVP for GNPs
preparation lies within 0.01–0.05% range. The obtained
data showed in which way these investigated physical
properties depend on the concentration of polymers.
However, further examination is necessary because of the
fact that we did not manage to obtain gold nanoparticles
in the required size. 

In further studies, stable gold nanoparticles of an
appropriate size will be conjugated with several approved
or potential anticancer drugs. The chosen promising
conjugates will be examined in a basic anticancer in vivo
study with different cell lines.

These researches seem to be interesting and helpful in
the design and improvement of medical application for
nanoparticles. 
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Fig. 2. Dispersity of the obtained GNPs with different PVP concentration (obtained with DLS technique)
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