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Abstract Rhenium(I) tricarbonyl complexes inhibited the 3-
chymotrypsin-like protease (3CLpro), a cathepsin cysteine protease,
which is one of the main proteases of the severe acute respiratory
syndrome—coronavirus 2 (SARS-CoV-2 virus), but the antiviral
effect was not studied. On the other hand, a rhenium(I)-diselenoether
complex (Re-diSe), which is a Re(I)tricarbonyl compound with a
diselenide ligand, decreased the production of cysteine proteases B
and S in cancer and normal cells at doses that did not affect the
viability of the normal cells. Objective. To study the effect of Re-diSe
on the viral load of SARS-CoV-2 in infected Calu-3 pulmonary human
epithelial cells in culture. Methods. Cells were infected with SARS-
CoV-2 (European original origin) with one multiplication of infection
(MOI 0.01). The viral load was assayed in the supernatant by RT-qPCR
after an exposure time of 120 h in cells treated at different doses (1, 5,
10, and 20µM) and in non-treated cells (controls). In parallel, viability
of the cells was assayed with Cell Titer Glo technique. Results. A
significant decrease of the viral load was observed at doses of 10 and
20µM without any cytotoxity. Discussion. Further studies are required
to correlate these effects with the activities of host and virus cysteine
proteases, but Re-diSe is already a promising drug for the treatment of
Covid19.

Keywords rhenium (Re); selenium (Se); SARS-CoV-2; viral infec-
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1. Introduction
Karges et al. demonstrated that rhenium(I) tricarbonyl
complexes inhibited the 3-chymotrypsin-like protease
(3CLpro), a cathepsin cysteine protease, which is one of the
main proteases of the severe acute respiratory syndrome—
coronavirus 2 (SARS-CoV-2 virus), but the antiviral effect
was not studied [1]. Metal-based complexes have been
proved as able to inhibit cathepsins cysteine proteases [2,3,
4,5]. Proteases play a critical role in the process of SARS-
CoV-2 entry into the host cells, in viral RNA replication and
translation [6,7]. There are two virus cysteine proteases,
the Papain-Like cysteine protease (PLpro) and the 3C-
Like cysteine protease (3CLpro), also called main protease

(MPro). The host proteases are two cell surface serine
proteases, a furin protease and the TransMembrane Protease
Serine (TMPRSS2) and two cysteine proteases, cathepsin L
and B. Inhibitors of these proteases have been suggested as
promising therapeutic options for the treatment of Covid19
infection [8,9,10,11,12,13,14,15], which is the infection
due to the SARS-CoV-2 virus. We have reported that
a rhenium(I)-diselenoether complex (Re-diSe, Figure 1)
formed by a Re(I)tricarbonyl core chelated with a bidentate
diselenide ligand (two atoms of selenium), decreased the
production of cysteine proteases B and S in cancer and
normal cells at doses that did not affect the viability of
the normal cells [16]. Due to the properties of Re-diSe to
decrease the production of cathepsins cysteine proteases
it is expected that it could be active against the Covid19
infection.

Our aim was thus to investigate the effects of Re-diSe on
the viral load of SARS-CoV-2 in infected Calu-3 pulmonary
epithelial cells in culture.

2. Materials and methods

2.1. Synthesis of the Re-diSe compound

The synthesis of the Re-diSe drug was performed as previ-
ously reported [17]. The full physico-chemical characteri-
zation of the Re complex, was achieved and reported in the
initial publication by Kermagoret et al. [18]. This included
elemental analysis to confirm purity and X-Ray crystal
structure of a related complex definitively establishing the
chemical structure. Since that first report, the new batches
of complex were routinely characterized by 1H NMR, ESI
mass spectrum and IR spectroscopy. A quality control was
also performed by LC-UV-HRMS at 100µg/mL, and the
HRMS analysis was performed using LTQ orbitrap XL.
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Figure 1: Chemical structure of the Re-diSe complex.

2.2. Design of the study
In vitro amplification of pulmonary human epithelial cells
Calu-3 (HTB-55™ from American Tissue Culture Collec-
tion) was performed for seeding 96 well plates. Cells were
grown as monolayer at 37 °C in a humidified atmosphere
(5% CO2, 95% air) into the cell culture medium (MEM +
1% pyruvate + 1% glutamine + 10% fetal bovine serum).

Cells are adherent to plastic flasks. For cell passaging,
cells were detached from the culture flask by a 20 min treat-
ment with trypsin-versene and neutralized by addition of
complete culture medium. Before seeding, the cells were
counted and their viability was assessed by using Vi-cell
counter.

The virus strain (SARS-CoV-2 initial European isolate)
was supplied through the European Virus Archive – Global
(EVAg) platform (https://www.european-virus-archive.com;
reference SARS-CoV-2 strain Slovakia/SK-BMC5/2020).

Cell plates were infected with SARS-CoV-2 virus, with
one multiplication of infection (MOI: 0.01), corresponding
to 100.000 infectious particles per well plate, from the viral
stock assaying 1.500.000 pfu/mL.

2.3. Dose-effect of Re-diSe on the viral infection
Re-diSe was added simultaneously with the SARS-CoV-
2 virus in the medium of culture and 4 concentrations
(20, 10, 5, and 1µM) were tested for an exposure time
of 5 days (120 h). Controls corresponded to Calu-3 cells
infected by virus without any treatment. 120 h post-infection
supernatant was collected to assay viral load by RT-qPCR.

Quantification of viral load by RT-qPCR has been done
from cell supernatant using viral ORF1ab gene. Extraction
of viral RNA has been performed using the Macherey Nagel
NucleoSpin 96 RNA, 96-well kit for RNA purification (ref.
#740709.4). RNAs has been frozen at −80 °C until qRT-
PCR. RT was performed with the High Capacity cDNA
Reverse Transcription Kit from Applied Biosystem (ref.
#4368813). cDNA quantification by quantitative PCR was
performed with primers conditions targeting ORF1ab gene.
Amplifications were performed using a QuantStudio 7 Flex
from Applied Biosystem and adjoining software.

Primers and probes
Name Sequences (5′-3′)

ORF1ab gene/nCoV
ORF1ab_Fw CCGCAAGGTTCTTCTTCGTAAG
ORF1ab_Rv TGCTATGTTTAGTGTTCCAGTTTTC

Figure 2: Dose-effect of Re-diSe on the % of infected cells
(*P < .05, **P = .0033).

2.4. Dose-effect of Re-diSe on the viral infection
In parallel, to determine the cytotoxic effect of Re-diSe, the
4 concentrations of Re-diSe were incubated on Calu-3 cells
for 120 h without virus, and cell viability assay was done
with CellTiterGlo technique.

2.5. Statistical analysis
The statistical analysis was performed using GRAPH PAD
(T-test classic, non-paired data) on triplicate experiments
(n = 3). Results were considered statistically significant
when P < .05.

3. Results

3.1. Quality control
The good quality of the synthesis was verified corresponding
to the already described structure of the Re-diSe compound
with a degree of purity of 80%.

The schematic structure is depicted in Figure 1.

3.2. Cell viability
No toxicity was observed on non-infected pulmonary cells
exposed for 120 h even at the highest dose of 20µM Re-diSe
with a cell viability of 100%.

3.3. Dose-effect on the % of infected cells
There was a significant decrease on the % of infected cells
in cells treated at doses of 10 and 20µM of Re-diSe by
comparison with non-treated infected cells. At the dose of
20µM, the Re-diSe compound prevented the infection in
60% of the cells while 100% of the untreated cells were
infected by the SARS-CoV-2 virus (P = .0033). The results
are presented as Figure 2.

4. Discussion
SARS-CoV-2 is an enveloped, single-stranded positive-
sense RNA virus with the largest known genome size [19].
The best treatment of the pandemic Covid19 infection is
preventive through the vaccinations. Still now, they have not

https://www.european-virus-archive.com
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been able to definitively stop it. The main target of vaccines,
but also of monoclonal antibodies, is the spike protein (S).

Variants of the spike protein may decrease the binding
affinity of monoclonal antibodies reducing their efficiency
and also decrease the efficacy of the vaccines.

The architecture of the proteases is conserved among all
coronavirus (CoVs).Therefore, mutations do not affect them.
However, mutations affect the mode of entry of the virus.

The Omicron SARS-CoV-2 variant could be more
dependent on cathepsin L than TMPRSS2 for entry into cell,
while during the initial phase of the COVID19 pandemic
TMPRSS2 was the most important host factor mediating
SARS-CoV-2 entry [20].

4.1. Proteases inhibitors

4.1.1. Serine proteases inhibitors

TMPRSS2 is widely expressed in epithelial cells of the
respiratory, gastrointestinal, and urogenital tract [21].
Inhibitors of the serine protease TMPRSS2 are camostat
mesylate and nafamostat mesylate. They are especially used
to prevent the pulmonary complications [22,23]. However,
a single treatment by the TMPRSS2 inhibitor camostat
mesylate did not affect time to clinical improvement,
progression to intensive care unit admission, or mortality in
a randomized clinical trial [24].

4.1.2. Cysteine proteases inhibitors

It has been shown that SARS-CoV-2 induced a pro-oxidative
status with an excessive use of cysteine in viral protein syn-
thesis and to endoplasmic reticulum (ER) stress pathway
activation [25].

There are two virus cysteine proteases involved in the
entry of the SARS-CoV-2 in host cells, the papain-like
protease (PLpro), the 3C-Like cysteine protease (3CLpro),
also called main protease (Mpro). The host proteases
involved into the entry of the virus are cathepsins B and L.
Another cysteine protease, cathepsin C, is involved in the
alveolar lung damages through the activation of immune
cell-associated serine proteases such as proinflammatory
neutrophil elastase-related serine proteases (elastase,
proteinase 3, cathepsin G, and NSP4) by the removal
of their N-terminal dipropeptide [26].

Inhibitors of PLpro

Inhibitors of PLpro are under investigation [27]. Metallo-
drugs are among the candidates, notably gold com-
plexes [28].

Inhibitors of cathepsin L

It has been shown that the cathepsin L cleavage site was con-
served in envelope proteins of different families of viruses
such as SARS-CoV and Ebola, Hendra, and Nipah viruses,
and inhibition of cathepsin L could led to inhibition of entry
of these viruses into host cells [29].

Inhibitors of Mpro

It is through its binding with a cysteine in the active site
of this main cysteine protease of SARS-CoV-2 that Re-
tricarbonyl compounds were able to inhibit its activity [1].

Several inhibitors of MPro have been described, as for
example Bepridil® which is a calcium channel blocker used
to treat cardiovascular patients with chronic stable angina-
pectoris [30], Ebselen®, an organoselenium compound [31,
32], Disulfiram® [33] which is an FDA-approved drug
for the treatment of alcohol dependence, and Carmofur®
which is an approved antineoplastic drug, derived from
5-fluorouracil (5-FU) [34], but these drugs have not been
tested in randomized clinical trials in Covid19 infected
patients.

Nirmatrelvir/ritonavir (Paxlovid®) received the FDA
and EMA agreements as antiviral drugs against SARS-
CoV-2 Mpro [35]. In this combination, nirmatrelvir
is the inhibitor of the protease, but ritonavir is added
as a cytochrome P450 inhibitor to increase the plasma
concentrations of nirmatrelvir. Therefore, interactions with
many drugs will occur, resulting in many contraindications.
Moreover, the indications are limited to patients with a high
risk of evolution towards a severe Covid infection and often
these patients are already receiving these contraindicated
common drugs. Finally the treatment must begin very
early from the first signs of infection and patients must not
need an oxygen therapy treatment. A great advantage is
nevertheless the oral administration and this was taken into
account for an early access.

4.1.3. Dual proteases inhibitors

Dual inhibitors of both MPro and cathepsin L are under
investigation [36], as well as the combination of cysteine
and serine protease inhibitors [37].

4.2. Rhenium complexes selected as metal complexes
against cysteine proteases

Cathepsin cysteine proteases are targets of metal transition-
based drugs [4], by substitution with the cysteine thiolate at
the enzyme active site.

It is known since 2006 that Re complexes could inhibit
cysteine protease B [38] and the mechanism of action
was attributed to a nucleophilic displacement with the
highly nucleophilic cysteine residue in the active site of
the cathepsin. It was already suggested in 2004 that metal-
conjugated complexes could inhibit the 3C-Like cysteine
protease [2], but it is only recently that Karges and al.
showed for the first time that Re(I) tricarbonyl complexes
were able to inhibit the enzymatic activity of the main
protease MPro [1]. They identified a (CO)3Re-bipyridine
complex that bound covalently to Cys145 amino acid
within the catalytic active site of the enzyme through a
metal-cysteine bond.
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Docking studies may be helpful to identify the binding
of metal complexes with the targeted proteases [39].

4.3. Rhenium(I)-diselenoether: a combination of rhenium
with selenium against Covid19

Rhenium(I)-diselenoether is a Re(I)tricarbonyl-diselenide
compound (Re-diSe), able to decrease the production of
cathepsins cysteine proteases B and S in cancer cells [16].
The selenium (Se) component in this Re-diSe complex may
provide additional properties, as Se compounds are under
investigation against both cancer and viral infections [40,
41]. Changes in redox homeostasis in infected cells are
one of the key events that is linked to infection with
respiratory viruses and to inflammation and subsequent
tissue damage [42]. There is an overproduction of reactive
oxygen species (ROS) and reactive nitrogen species (RNS)
induced by the virus and many intracellular signaling
pathways exploited by viruses for their own replication
are regulated by the oxidoreductive (redox) state of the
host cell [43,44]. An antioxidant treatment reduced virus
production, reduced the viral positive-to-negative strand
RNA ratio, and resulted in the accumulation of uncapped
positive-sense viral RNAs [45].

Re-diSe also has anti-oxidant properties, decreasing
the production of reactive oxygen species (ROS) [46] and
therefore could decrease the oxidative stress induced by
SARS-CoV-2. In contrast, silver nanoparticles showed
antiviral effects inhibiting extracellular SARS-CoV-2
at concentrations ranging between 1 and 10 ppm while
cytotoxic effect was observed at concentrations of 20 ppm
and above, but with an increased production of free radicals
and reactive oxygen species (ROS) [47,48]. However, the
silver nanoparticles cleaved the disulfide bonds of the spike
and ACE2 proteins of the virus to affect the viral infectivity.

5. Conclusion
We demonstrated that the Re-diSe compound significantly
decreased the viral load of SARS-CoV-2 virus in Calu-3
epithelial pulmonary infected cells in culture without
affecting the viability of the normal pulmonary cells. It will
be necessary to determine in further studies if it is correlated
with the inhibition of cysteine proteases of the host and of
the virus, as expected. Physiological levels of cysteine
proteases are also essential for regulating the functions of
immune cells and the doses should be managed to respect
their activities.
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