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Abstract: In this contribution, we provide an overview of gold compound applications against viruses
or parasites during recent years. The special properties of gold have been the subject of intense
investigation in recent years, which has led to the development of its chemistry with the synthesis
of new compounds and the study of its applicability in various areas such as catalysis, materials,
nanotechnology and medicine. Herein, thirteen gold articles with applications in several viruses,
such as hepatitis C virus (HCV), influenza A virus (H1N1), vesicular stomatitis virus (VSV), coronavirus (SARS-CoV and SARS-CoV-2), Dengue virus, and several parasites such as Plasmodium sp.,
Leishmania sp., Tripanossoma sp., Brugia sp., Schistosoma sp., Onchocerca sp., Acanthamoeba sp., and
Trichomonas sp. are described. Gold compounds with anti-viral activity include gold nanoparticles
with the ligands mercaptoundecanosulfonate, 1-octanethiol and aldoses and gold complexes with
phosphine and carbene ligands. All of the gold compounds with anti-parasitic activity reported
are gold complexes of the carbene type. Auranofin is a gold drug already used against rheumatoid
arthritis, and it has also been tested against virus and parasites.
Keywords: gold nanoparticles; gold complexes; auranofin; biological targets; virus; parasites
Citation: Fonseca, C.; Aureliano, M.
Biological Activity of Gold
Compounds against Viruses and
Parasitosis: A Systematic Review.
BioChem 2022, 2, 145–159.
https://doi.org/10.3390/
biochem2020010
Academic Editor: Buyong Ma
Received: 31 December 2021
Accepted: 12 May 2022
Published: 14 May 2022
Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affiliations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses/by/
4.0/).

1. Introduction
Through the ages in most major civilizations, gold has been the chemical element that
has attracted the most attention and desire, due to its unique characteristics such as its
bright yellow color, corrosion resistance and extraordinary physical properties. In the form
of amulets and medallions, it was used to ward off disease and evil spirits. In many cases,
potions containing gold powders were administered to ill patients. After the alchemists
learned to use aqua regia to dissolve gold, compounds as well as elemental gold were used
in medicinal treatments [1].
Nowadays, the properties of gold are interpreted with the application of the theory of
relativity, hence providing an explanation for a series of properties for the gold complexes
that differ from those of its congeners, such as a preference for linear coordination, a higher
stability of higher oxidation states, the formation of gold compounds and the establishment
of gold–gold interactions with a similar strength to hydrogen bonds [2,3]. All these facts
promoted the research in gold chemistry in different areas from nanotechnology and
material chemistry [4–6] to catalysis [7–15] and medicine [16–19].
Gold compounds are well-known for their biological and medicinal applications, for
instance, in rheumatoid arthritis, antibacterial, antivirus, and anti-parasite activity, as well
as in Alzheimer’s disease [18,20–26]. The mechanisms of action of gold compounds are
mostly unknown; however, several proteins have been studied as possible targets, such
as tyrosine phosphatases, aquaporins and P-ATPases, among others [17,26–29]. However,
the putative pharmacological targets of gold compounds are not the objective of this
review, and the reader should look elsewhere for this topic [17,18,22,27,29]. Herein, we
aim to reviewed recent applications of gold compounds against virus and parasites. It was
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ronafin treatment with concentrations of 2 µ M and 5 µ M resulted in 50% and 40% decreases in type I collagen expression, respectively. Ph3PAuCl also reduced type I collagen
expression, but less dramatically, with only a 10% and 20% reduction at 2 µ M and 5 µ M,
respectively. Next, two proteins, STAT3 and SMAD2, which play roles in type I collagen
were determined. At both 2 µ M and 5 µ M concentrations, auranofin showed a complete
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Cagno, V. et al. designed two compounds: in the first compound named MUST: OT
As a preliminary screen for anti-fibrotic activity, we used the Lx-2 cell morphology. AuNP (Table 1), the moiety was fixed on gold nanoparticles (4 nm gold nanoparticles (NPs)
ranofin and Ph3 PAuCl with 2 µM and 5 µM concentrations were the only active compounds,
coated with a mixture of octane thiol (OT) and mercapto-undecane sulfonic acid (MUST)
as they revert back to a quiescent state of the cells.
[35,48,49]); in the second compound, named CD1, the moiety was linked to the primary
After being treated with auranofin (2 µM and 5 µM) and Ph3 PAuCl (2 µM and 5 µM),
face of -cyclodextrins (CD) [50]. In previous study, it was demonstrated
that gold nanothe HSC were lysed and type I collagen expression and the proteins STAT3 and SMAD2
particles coated with mercapto-undecane sulfonic acid (MUS) inhibit heparan sulfate prowere determined. As compared to DMSO-treated human hepatic stellate cells (HSCs),
teoglycan (HSPG)-dependent viruses irreversibly while retaining the low-toxicity profile
auronafin treatment with concentrations of 2 µM and 5 µM resulted in 50% and 40% de[51]. These compounds display inhibitory activity in the absence of toxicity, with 50% efcreases in type I collagen expression, respectively. Ph3 PAuCl also reduced type I collagen
fective concentrations, (EC50), values between 1.38 and 12.0 µ M/m and for H1N1 stains.
expression, but less dramatically, with only a 10% and 20% reduction at 2 µM and 5 µM,
For vesicular stomatitis virus (VSV), the EC50 value is 0.053 µ M/mL relative to compound
respectively. Next, two proteins, STAT3 and SMAD2, which play roles in type I collagen
MUS:OT-NP; for CD1, the EC50 determined was higher (for VSV, 45 µ M, and for H1N1,
were determined. At both 2 µM and 5 µM concentrations, auranofin showed a complete abbetween
6.28 and
53.2 µ M).
rogation
of STAT3
phosphorylation,
and also a dramatic increase in SMAD phosphorylation.
The antiviral action is irreversible for influenza A virus (H1N1), while for VSV, the
inhibition is reversible. These results further broaden the spectrum of activity of MUScoated gold nanoparticles [35] (Table 1).
Synthesized gold glyconanoparticles [37] (Table 1) were tested against the Influenza
virus H1N1 (A/Puerto Rico/8/34) via a standard protocol [36]. The nanoparticles revealed
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Ph3 PAuCl showed a 60% and 90% inhibition of STAT3 phosphorylation at concentrations of
2 µM and 5 µM, respectively, and also resulted in an increase in SMAD2 phosphorylation,
albeit to a lesser extent than auranofin. None of the gold compounds appeared to have a
significant impact on α-SMA protein levels. The auranofin 2 µM and 5 µM concentrations
show an 80% and 98% decrease, respectively, in type I collagen mRNA, while the α-SMA
mRNA levels decreased 80% and 96%, respectively. Meanwhile, for Ph3 PAuCl, the decrease
in collagen-I mRNA expression is not noticeable, while α-SMA expression is nearly 70%
and 50% lower, respectively. A decrease in NS3 and NS5a expression in Huh7 K2040 cells
was observed after being treated with auranofin and Ph3 PAuCl. Auranofin at 5 µM inhibits
60% of HCV-NS5a, while it causes 50% inhibition of HCV-NS3 and a complete abrogation
of STAT3 phosphorylation. In conclusion, these results indicate the inhibitory potential of
these drugs against HCV protein expression [24].
Cagno, V. et al. designed two compounds: in the first compound named MUST:
OT NP (Table 1), the moiety was fixed on gold nanoparticles (4 nm gold nanoparticles
(NPs) coated with a mixture of octane thiol (OT) and mercapto-undecane sulfonic acid
(MUST) [35,48,49]); in the second compound, named CD1, the moiety was linked to the
primary face of β-cyclodextrins (CD) [50]. In previous study, it was demonstrated that
gold nanoparticles coated with mercapto-undecane sulfonic acid (MUS) inhibit heparan
sulfate proteoglycan (HSPG)-dependent viruses irreversibly while retaining the low-toxicity
profile [51]. These compounds display inhibitory activity in the absence of toxicity, with
50% effective concentrations, (EC50 ), values between 1.38 and 12.0 µM/m and for H1N1
stains. For vesicular stomatitis virus (VSV), the EC50 value is 0.053 µM/mL relative to
compound MUS:OT-NP; for CD1, the EC50 determined was higher (for VSV, 45 µM, and
for H1N1, between 6.28 and 53.2 µM).
The antiviral action is irreversible for influenza A virus (H1N1), while for VSV, the
inhibition is reversible. These results further broaden the spectrum of activity of MUScoated gold nanoparticles [35] (Table 1).
Synthesized gold glyconanoparticles [37] (Table 1) were tested against the Influenza
virus H1N1 (A/Puerto Rico/8/34) via a standard protocol [36]. The nanoparticles revealed
low cytotoxicity towards the MDCK cells (higher than 100 µg/mL) and high antiviral
activity at concentrations of 3 and 6 µg/mL. The strongest antiviral activity was observed
for the sample with a glycoligand composition GlcNAc:Man:Fuc = 20:75:5% mol.
These preliminary data on the activity against the A/Puerto Rico/8/34 (H1N1) demonstrated the prospects of their further investigation for the search for efficient drugs for the
prevention and treatment of acute respiratory viral infections [36] (Table 1).
Among more than 100 structurally diverse metal complexes, 36 gold(I) and (III)
complexes with different types of co-ligands, including N-heterocyclic carbenes (NHCs),
alkynyls, dithiocarbamates, phosphines and chlorides, were selected for profiling as inhibitors of SARS-CoV-2. The inhibition can occur by means of one of two replication
mechanisms, namely the interaction of the spike (S) protein with the ACE2 receptor and
the papain-like protease PLpro. The chloroauric acid (HAuCl4 ; oxidation state + 3) has
moderate inhibition (about 47% inhibitory activity, the other gold compounds were poorly
active or inactive) [40].
Based on previous results, the chosen inhibitor concentration was 10 µM for assays
with SARS-CoV PLpro, while 1.0 µM was used for SARS-CoV-2 PLpro. Ten gold complexes
were tested against PLpro of SARS-CoV, and the values determined range from 0.3 to
1.2 µM, and against SARS-CoV-2 PLpro, the values determined range from 0.1 to 1.5 µM.
These results confirm the high potential of gold compounds as protease-inhibiting antiviral
drugs. For gold(III) dithiocarbamates, compounds 3 and 4 (Figure 4) had an IC50 of 0.21 µM
and 0.09 µM, respectively. These molecules were the most active SARS-CoV-2 PLpro
inhibitors identified in this study and show strong preference for the enzyme of SARS-CoV2. Compounds 1 and 2 (Figure 4), with an IC50 of 0.35 µM and 0.33 µM, were stronger
inhibitors for the SARS-CoV enzyme.
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were selected for the SARS-CoV-2 antiviral assays. Among these, the gold(I) NHC complex (a) showed very promising activity at low micromolar concentration, and two
gold(III)-dithiocarbamato complexes (b) and (c), Figure 4,were strongly active at the highest applied nontoxic dosage [40].
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The antimalarial activity of the hybrid molecules was tested using P. falciparum strain
F32-TEM and the IC50 determined range from 120 nM to 1465 nM. These values were
determined in comparison with the corresponding proligand, triclosan, and artemether,
the antiplasmodial control drug. Globally, the presence of gold(I) can have opposite effects,
with an improvement in efficacy compared to the corresponding proligand; triclosan
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with increased selectivity in most cases by the coordination of the gold(I) on the NHCs.
by the addition of the triclosan moiety. For compound a (Figure 5), a selectivity index
Auranofin exhibited higher activity and selectivity (IC50(promastigotes) 4.32 µ M; S.I. 2.67
(S.I.) value of 7.5 was determined, which was comparable to 6.0 for triclosan; these low S.I.
and IC50 (amastigotes) 0.07 µ M; S.I. 38.14) and on two stages of L infantum than all comvalues mean that compound a has the same range of activity against normal mammalian
plexes. The results obtained demonstrate that the incorporation of the triclosan derivative
cells and P. falciparum. Concerning Leishmania, the S.I. value of amastigote/promastigote
in complexes could be related to a loss in selectivity, without increasing the activity.
ranged from 4.99 to 14.81 for the proligands, and from 5.50 to 26.65 for the complexes,
However, the cytotoxicity assays suggest a structure modulation to improve the sewith increased selectivity in most cases by the coordination of the gold(I) on the NHCs.
lectivity and the IC50 values too.
Auranofin exhibited higher activity and selectivity (IC50 (promastigotes) 4.32 µM; S.I. 2.67
The synthesized molecules were also tested in the context of Plasmodium falciparum
and IC50 (amastigotes) 0.07 µM; S.I. 38.14) and on two stages of L infantum than all comartemisinin-resistance (strain F32-ART), and the results show no cross-resistance induced
plexes. The results obtained demonstrate that the incorporation of the triclosan derivative
between one gold(I) complex and artemisinin [41].
in complexes could be related to a loss in selectivity, without increasing the activity.
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IC50 values less than 50 nM. Auranofin, used as a gold reference molecule, was not active
proligand precursor DHA-C3), were screened in vitro against the P. falciparum, and the
against P. falciparum parasites, with a higher IC50 value of 1.5 µ M. It was possible to estabcytotoxicity on Vero cells was evaluated to determine the selectivity of the most active
lish a structure–activity relationship, and thus the potency of the complexes containing
compounds. Among the 29 complexes compounds tested, an IC value range from 9 to
methyl or benzyl groups on the NHCs increased with the length50of the spacer, whereas
104 nM was obtained, and ten of them showed high antiplasmodial activities, with IC50
no correlation was spotted for the mesityl and the quinoline series. The selectivity indexes
values less than 50 nM. Auranofin, used as a gold reference molecule, was not active against
for the gold(I) complexes were between 8 and 178, with molecules with aliphatic R groups
P. falciparum parasites, with a higher IC50 value of 1.5 µM. It was possible to establish a
(Me, iPr) having the best selectivity with S.I. values of 143 and 178.
structure–activity relationship, and thus the potency of the complexes containing methyl or
Three hybrid molecules with the best selectivity indexes Au-bis(3-Me), Au-bis(4-Me)
benzyl groups on the NHCs increased with the length of the spacer, whereas no correlation
and Au-bis(5-Me) were evaluated in vitro for their efficacy in the context of resistance to
was spotted for the mesityl and the quinoline series. The selectivity indexes for the gold(I)
complexes were between 8 and 178, with molecules with aliphatic R groups (Me, iPr)
having the best selectivity with S.I. values of 143 and 178.
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artemisinins. The results obtained confirm the existence of a cross-resistance between artemisinin and the hybrid molecules, which can be explained by the DHA part of the hybrid, responsible for the quiescence entrance of the parasites and the lack of activity of the
artemisinins.
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NHC part at the mitochondrial level due to limited access or pharmacodynamic proper-

ties. These data are in accordance with previously obtained results which highlighted the
risks of parasite cross-resistance between artemisinins and endoperoxide-based compounds [42,52,54].
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Figure 7. Structures of gold(I) complexes screening against various parasites.
Table 2. Biological activity (worm killing activity; motility inhibition; in vitro activity) of a gold
complex, GoPI-sugar, in different species [43].
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Schistosoma mansoni
Brugia pahangi (worms)

Biological Activity of GoPI-Sugar a
GoPI-sugar = 5 µ M 100% dead in day 1
GoPI-sugar = 2.5 µ M 100% dead in day 5
GoPI-sugar = 10 µ M 100% inhibition in day 3
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GoPI-sugar is 1-thio--D-glucopyranose-2,3,4,6-tetraacetato-S-dervative [55].
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The mechanism of action of these compounds is almost entirely unknown, since the
number of compounds used for these studies is small, not allowing the establishment of a
structure–activity relationship.
Finally, this review demonstrates the diversity of structures and application of gold
compounds in viral and parasites diseases. Additionally, in order for the use of gold
compounds in the treatment of viruses or parasitosis to be considered, further studies are
needed, since different mechanisms of action might be involved. Putting it all together,
taking into consideration its role in biomedical sciences, the future of gold compounds
against virus and parasites could be bright.
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