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Abstract: Bluetongue virus (BTV) and African horse sickness virus (AHSV) are vector-borne viruses
belonging to the Orbivirus genus, which are transmitted between hosts primarily by biting midges
of the genus Culicoides. With recent BTV and AHSV outbreaks causing epidemics and important
economy losses, there is a pressing need for efficacious drugs to treat and control the spread of these
infections. The polyanionic aromatic compound aurintricarboxylic acid (ATA) has been shown to
have a broad-spectrum antiviral activity. Here, we evaluated ATA as a potential antiviral compound
against Orbivirus infections in both mammalian and insect cells. Notably, ATA was able to prevent
the replication of BTV and AHSV in both cell types in a time- and concentration-dependent manner.
In addition, we evaluated the effect of ATA in vivo using a mouse model of infection. ATA did not
protect mice against a lethal challenge with BTV or AHSV, most probably due to the in vivo effect
of ATA on immune system regulation. Overall, these results demonstrate that ATA has inhibitory
activity against Orbivirus replication in vitro, but further in vivo analysis will be required before
considering it as a potential therapy for future clinical evaluation.

Keywords: Orbivirus; Arbovirus; Bluetongue virus; African horse sickness virus; aurintricarboxylic
acid; antiviral

1. Introduction

Viruses of the Orbivirus genus in the Reoviridae family are non-enveloped with an icosahedral
capsid formed by three concentric protein layers, enclosing a double-stranded viral RNA genome
formed by 10 segments [1,2]. The viral genome encodes seven structural proteins and six nonstructural
proteins [1–4]. Orbiviruses can infect a wide host range, such as ruminants, equids, camelids,
marsupials, sloths, seabirds, bats, snakes, and in some cases humans [5–9]. The two most relevant
orbiviruses in animal health are Bluetongue virus (BTV) and African horse sickness virus (AHSV),
which are arboviruses transmitted between their mammalian hosts mainly through Culicoides spp.
that function as vectors. BTV is classified as a species of the genus Orbivirus, within the family
Reoviridae, and 29 serotypes have been identified. BTV has a very wide distribution and can cause a
severe hemorrhagic disease in ruminants, principally in sheep [10–14]. In addition, BTV can cause
abortion or deformities in lambs or calves [15–17]. Multiple outbreaks of BTV all over the world
have been documented, causing important economic losses [18–21]. On the other hand, AHSV causes
acute disease in equids, where mortality can reach 90% in susceptible horses [22–24]. There are nine
serotypes distributed mostly in Sub-saharan Africa, although cases have been reported in Asia and
southern Europe [23,25,26].
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Vaccination is considered the most effective approach to protect against BTV or AHSV
infections [12,26–31]. However, the control of these viral infections is a difficult task due to uncontrolled
vector propagation, the number of circulating serotypes in combination with the lack of cross-protection
between them, and the wide host range [5–9,25,32]. Moreover, the impact of BTV and AHSV infections
is increased by the risk of sporadic epidemics in regions where the viruses were not circulating
previously. Although vaccination is an effective approach to prevent infections, this prophylactic
method takes from two weeks to several months to show protection [33,34]. Therefore, vaccination is
not the most suitable method for animals that have already been infected or to control a new outbreak.
Importantly, antivirals for the treatment of infections caused by BTV or AHSV could help in the control
of epidemics, reducing the spread of the disease as well as the economic impact typically associated
with those outbreaks.

Aurintricarboxylic acid (ATA), which is a polyanionic aromatic compound with the chemical
formula C22H14O9 (Figure 1) [35], has been shown to have multiple effects at the cellular level, such as
being an antagonist of type 1 insulin growth factor receptor (IGF-1) [36,37], blocking the binding
site of ribonuclease enzymes and topoisomerase II to nucleic acids [38,39], inhibiting the initiation of
protein synthesis and apoptosis [40–42], among others [43,44]. Interestingly, it has been described
that ATA, through different mechanisms of action, is able to inhibit the infection of multiple RNA
and DNA viruses, including Human Immunodeficiency Virus (HIV) [45], Enterovirus 71 (EV71) [46],
Severe Acute Respiratory Syndrome coronavirus (SARS-CoV) [47,48], influenza A and B viruses [49,50],
Dengue virus (DENV) [51,52], Zika virus (ZIKV) [35], Hepatitis C virus (HCV) [53–55], and Vaccinia
virus (VV) [56–58]. Because ATA possess a broad-spectrum antiviral activity, we have evaluated this
compound as a therapeutic alternative against different members of the genus Orbivirus. Our data
indicate that ATA efficiently inhibits the replication of BTV and AHSV in mammalian and insect cells,
although it cannot prevent the infection when used as prophylactic measure. When we evaluated the
antiviral activity of ATA in a mouse model of infection, the compound exacerbated the viral disease,
most probably because of its toxicity, which could be associated with changes in immune system
homeostasis. Overall, our results suggest that ATA could be a suitable alternative to control Orbivirus
infections, but further studies should be conducted to understand and reduce its in vivo toxicity.

Figure 1. Chemical structure of aurintricarboxylic Acid (ATA). Molecular weight = 422.3 g/mol.
Compound ID in PubChem 2259.
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2. Results

2.1. Inhibitory Effect of ATA on Viral Replication

Before examining the inhibitory effect of ATA (Figure 1) against BTV or AHSV infection, we first
determined the toxicity of ATA in Vero cells (Figure 2a). To do this, we treated cells with serial (two-fold)
dilutions of ATA and measured cell viability at 24 h post-treatment using the MTT colorimetric assay.
As expected and based on previous reports [35], we did not observe any toxic effect of ATA, even at
the highest concentration tested (1000 µM). We found that the 50% cytotoxic concentration (CC50)
was >1000 µM.

Figure 2. Inhibition of Bluetongue virus (BTV) and African horse sickness virus (AHSV) by ATA.
(a) Cytotoxicity of ATA. Vero cells were treated with the indicated doses (two-fold dilutions, starting
concentration 1000 µM) of ATA. Cell viability was analyzed at 24 h after treatment. Data are expressed
as mean and SD. (b) Schematic representation of the experimental design. Vero cells were infected
(multiplicity of infection (MOI), 0.01) with BTV-4 (c) or AHSV-4 (d), and after 90 min of viral adsorption,
the indicated concentrations (two-folds dilutions, starting concentration 1000 µM) of ATA were added
to the infection media (0 h.p.i.). At 24 (left) and 48 (right) h post-infection (h.p.i)., tissue culture
supernatants were collected for virus titration by the plaque assay. The IC50 is indicated. Data are
expressed as mean and SD. Dotted lines indicate the limit of detection.
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To determine the therapeutic activity of ATA, Vero cells were infected with BTV-4 or AHSV-4
using a multiplicity of infection (MOI) of 0.01. After 90 min of viral absorption, the virus inoculum was
replaced with infection medium containing two-fold serial dilutions (starting concentration of 1000 µM)
of ATA. At 24 or 48 h post-infection (h.p.i), tissue culture supernatants were collected, viral titers were
measured by the plaque assay, and the 50% inhibitory concentration (IC50) for each virus was calculated
(Figure 2b). Viral replication was inhibited in a dose-dependent manner, and the calculated IC50 values
for BTV-4 were 0.1 and 2.7 µM, at 24 or 48 hpi, respectively (Figure 2c). In addition, the IC50 for
AHSV-4 at 24 and 48 h.p.i were 0.23 and 0.15 µM, respectively (Figure 2d). Importantly, the IC50 values
obtained are similar to those reported for other viral systems [35,45–48,51,53–58]. These data indicate
that ATA exhibited an effective and potent inhibition of BTV-4 and AHSV-4 infections, suggesting a
potential use of ATA as a therapeutic method to treat animals infected by orbiviruses.

Next, we assessed the feasibility of using ATA for the prevention of infection caused by BTV-4
or AHSV-4 (Figure 3a), which could be important for the rapid control of potential epidemics, or as
a preventive measure when animals are moved to regions where these viruses are endemic. To that
end, Vero cells were pre-treated with different concentrations of ATA for 24 or 48 h prior to infection
(MOI, 0.01) with BTV-4 (Figure 3b) or ASHV-4 (Figure 3c). At 24 h.p.i, viral replication from tissue
culture supernatants was evaluated by plaque assay. No significant differences in BTV-4 or AHSV-4
viral titers were detected in ATA-treated cells compared to control cells, indicating that ATA was not
able to prevent infection by BTV-4 or AHSV-4 and, thus, that ATA is not an effective prophylactic
alternative chemical against orbiviruses.

Figure 3. Pre-treatment with ATA did not prevent infection by BTV or AHSV. (a) Schematic
representation of the experimental design. Vero cells were pre-treated with the indicated concentrations
of ATA for 24 or 48 h before infection (MOI, 0.01) with BTV (b) or AHSV (c). At 24 h.p.i, tissue culture
supernatants were collected for virus titration by the plaque assay. Data re expressed as mean and SD.
Dotted lines indicate the limit of detection.
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2.2. ATA Testing in Mice

Even if it has been shown that ATA has in vitro inhibitory activity against multiple RNA or DNA
viruses [35,45–48,51,53–58], its antiviral efficacy in in vivo models has not been demonstrated [58],
and there is a limited number of studies showing the effect of ATA in vivo [41,59,60]. Therefore, prior to
conducting antiviral experiments in IFNAR (−/−) mice, a well-accepted mouse model to study BTV and
AHSV infections [61,62], the effect of ATA in this animal model was assessed. For that, three groups of
animals were treated daily for eight days with 600 µg of ATA diluted in PBS, DMSO diluted in PBS,
or PBS. The indicated solutions were injected intraperitoneally (i.p.), and mice were daily evaluated for
clinical signs of toxicity and mortality. All animals survived the different treatments and did not display
behaviors or clinical signs that could suggest drug toxicity. In addition, at 3 and 7 days post-treatment,
blood samples were collected, and a hematological analysis was performed (Figure 4). A significant
increase in white blood cells (Figure 4a) and a significant reduction in neutrophils (Figure 4b) and
lymphocytes (Figure 4c) were observed at 7 days post-treatment in mice treated with ATA. Thus,
data suggest that ATA could have an effect on the physiology and immune response of animals as
it causes leukocytosis, neutrophilia, and lymphopenia, even if the mice do not show clinical signs
of toxicity.

Figure 4. Toxicity of ATA in uninfected mice. Evaluation of blood parameters in samples taken from
IFNAR (−/−) mice treated with ATA (red), DMSO (green), and PBS (purple) to determine the number of
white blood cells (WBC) (a), neutrophils (Neu) (b), and lymphocytes (Lym) (c). Samples were evaluated
with a multiparameter autohematology analyzer at 3 and 7 days post-treatment. * p < 0.05, ** p < 0.005,
*** p < 0.0005, using two-way ANOVA. Horizontal lines indicate the means. Gray shadows indicates
reference values for selected hematological parameters.

Next, antiviral studies were conducted in mice infected with BTV-4 or AHSV-4 (Figure 5). To that
end, IFNAR (−/−) mice were divided in four groups: groups 1 and 3 were treated with 600 µg of
ATA dissolved in PBS, and groups 2 and 4 (controls) were administered DMSO dissolved in PBS.
Inoculations were carried out for eight days or until the mice died, starting one day before infection.
Groups 1 and 2 were subcutaneously infected with BTV-4 (10 PFU/mouse), and groups 3 and 4 were
subcutaneously infected with AHSV-4 (5 × 105 PFU/mouse). Mortality and the appearance of clinical
signs were evaluated daily. The treatment with ATA did not prevent death of the animals infected with
BTV-4 (Figure 5a), and usually animals that received the drug died earlier, although differences were
not significant. This pattern was most evident for AHSV-4, as mice in the control group succumbed
to infection about five days later than animals treated with ATA (Figure 5b). The observation of
clinical signs of infection correlated with the mortality rates. To evaluate viral replication, the presence
of the virus in the blood was measured by RT-qPCR at 3 d.p.i (Figure 5c,d). Contrary to what was
expected based on the observed mortality rates, in general, animals in control groups, which were
not treated with ATA, showed higher levels of viremia for AHSV-4 (Figure 5d). However, differences
were not observed between groups of mice inoculated with BTV (Figure 5c). These results suggest that
ATA could be able to inhibit viral infection in IFNAR (−/−) mice. However, due to the observed toxic
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effect of ATA in vivo (Figure 4), which jeopardizes the physiology and immune response of animals,
this compound is not a therapeutic option, at least in the current formulation.

Figure 5. Analysis of ATA activity in mice. Groups of IFNAR (−/−) mice were treated with ATA or
DMSO and challenged with a lethal dose of BTV-4 (a,c) or AHSV-4 (b,d). Treatments began 24 h before
virus exposure and were administered i.p once daily for 8 days or until the mice died. (a,b) Effect of ATA
on survival. Mortality of ATA- or DMSO-treated mice challenged with BTV-4 (a) or AHSV-4 (b) was
evaluated. Log rank (Mantel–Cox) test was used to compare groups. ** p < 0.005 ns, not significant.
(c,d) Effect of ATA on viral replication. Blood samples were collected on day 3 post-infection for
subsequent analysis of viremia by real-time RT-qPCR. Horizontal lines indicate the means. Dotted lines
indicate the threshold of a Ct of 38 for BTV-4 or 40 for AHSV-4, above which viremia is considered
absent. * p < 0.05, using Student’s t-test.

2.3. Therapeutic Activity of ATA in Insect Cells

BTV and AHSV are arboviruses transmitted between their animal hosts via the bites of
hematophagous midges of the genus Culicoides. Like all arboviruses, these viruses have the ability to
infect and propagate in multiple cell types, which allows them to productively infect both mammalian
and insect hosts. Given that ATA was able to inhibit BTV-4 and AHSV-4 replication in mammalian
cells, we evaluated whether the drug could inhibit viral growth in insect cells, which may be important
to control the spread of BTV and AHSV through their insect vectors. Even at the highest concentration
tested of ATA (1000 µM), we did not detect any toxicity in KC insect cells (Figure 6a). Therefore,
KC cells were infected with BTV-4 or AHSV-4 (MOI, 0.01), and after 90 min of viral absorption, the viral
inoculum was replaced by fresh medium containing different concentrations of ATA. Samples of the
supernatants were collected at 48 and 72 h.p.i to assess viral replication by the plaque assay (Figure 6b).
The compound showed antiviral activity against BTV-4 (Figure 6c) and AHSV-4 (Figure 6d) at different
times, demonstrating a dose-dependent inhibition of viral replication. The IC50 calculated for BTV-4
at 48 and 72 h.p.i were 7.38 and 3.98 µM, respectively. On the other hand, the determined IC50 for
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AHSV-4 at 48 and 72 h.p.i were 8.03 and 5.92 µM, respectively. These data indicate that ATA exhibits
an effective inhibition of BTV and AHSV infection in insect cells.

Figure 6. Antiviral activity of ATA in insect KC cells. (a) Cytotoxicity of ATA. KC cells were treated
with the indicated doses (two-fold dilutions, starting concentration 1000 µM) of ATA, and cell viability
was analyzed. Data are expressed as mean and SD. (b) Schematic representation of the experimental
design. Cells were infected with BTV-4 (c) or AHSV-4 (d) at MOI of 0.01 and treated with the
indicated concentrations of ATA. At 48 and 72 h.p.i, viral replication was evaluated by the plaque assay.
Dotted lines indicate the limit of detection.

3. Discussion

During the last decades, various members of the Orbivirus genus, including BTV and AHSV,
have expanded their geographical distribution, causing numerous infectious outbreaks in new regions
where they were not endemic. Orbiviruses are transmitted by arthropod vectors, an added difficulty for
their control, as climate change together with globalization contribute to the expansion of these vectors
and to their establishment in new areas [25,63,64]. Orbiviruses, such as BTV and AHSV, cause serious
damage to animal health and have a significant economic impact on society [9,23,26]. Currently,
the best approach to prevent BTV and AHSV infections is vaccination, although this approach presents
multiple limitations, and vaccine strategies need to be improved [12,26–31]. More importantly, although
vaccines can prevent infections creating protective immunity, they are not an effective method to treat
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infected animals, which usually need to be sacrificed causing important economic losses. Therefore,
there is an urgent need to develop new therapeutic strategies, including the identification of antivirals,
for the control of infections by these viral pathogens.

There are no specific antiviral drugs against BTV or AHSV. Li et al., used a cytopathic effect
(CPE)-based high-throughput screening (HTS) assay to identified compounds with antiviral activity
against BTV-10 infection in BSR cells [65]. The authors identified compounds with IC50 lower than
100 µM, including several mononuclear heterocyclic compounds such as thiophene and thiazole
derivatives or bicyclic compounds such as pyrimidines fused to a 1,3,4-thiadiazole, 1,2-4-thiadiazole,
and pyrazole ring systems [65]. Recently, Sekhar et al., synthesized new series of phosphorylated
abacavir derivatives, which were tested for antiviral activity against BTV using embryonated eggs
and BHK-21 cells [66]. The authors identified some drugs with antiviral activity against BTV when
used at high concentrations, and the IC50 were not determined [66]. Notably, in any of these reports,
the authors evaluated the cytotoxicity or the in vivo activity of the identified compounds [65,66].

ATA has shown a potent antiviral activity against numerous RNA or DNA viruses [35,45–48,51,53–58].
Thus, we tested the hypothesis that ATA could also be a potent antiviral candidate against orbiviruses
such as BTV and AHSV. We demonstrated that ATA has an effective therapeutic and dose-dependent
antiviral activity against BTV-4 and AHSV-4 replication (Figure 2) in mammalian Vero cells, showing
similar IC50 to those obtained for other viruses [35,45–48,51,53–58]. However, our results indicated that
pre-treatment with ATA does not inhibit infection by BTV-4 and AHSV-4 (Figure 3). The saliva of Culicoides
may play a role in viral replication and transmission by recruiting leucocytes where the virus can replicate
or by generating infectious subviral particles, thus enhancing particle infectivity [63,64,67]. In this study,
we demonstrated that ATA is able to inhibit viral replication in insect cells (Figure 6), which could be
important to prevent and control the spread of these viruses through their insect vectors. Although ATA
has been reported to affect the function of multiple viral or host proteins [39,40,47,49,55,57], the exact
mechanism by which ATA inhibits BTV-4 or AHSV-4 replication was not identified, and further studies
will be required to determine if ATA is able to interact with viral proteins and block specific steps during
viral infection.

ATA has been amply evaluated and characterized in tissue culture cells, but limited findings
have been reported about its potential antiviral activity in vivo [58]. In the case of Vaccinia virus,
the tolerated dose of ATA (~10 or 30 mg/kg) failed to protect BALB/c mice from a lethal challenge. Indeed,
this drug accelerated the time to death compared with a placebo, indicating that ATA exacerbated the
infection [58]. Similarly, in our study, ATA was not able to protect IFNAR (−/−) mice against a lethal
challenge with BTV-4 or AHSV-4, and the drug decreased the survival time of infected mice compared
with untreated infected mice (Figure 5). Interestingly, a significant reduced viremia was observed in
animals treated with ATA and infected with AHSV-4 (Figure 5), suggesting inhibition of viral replication
mediated by ATA. Notably, differences observed for the effect of ATA on the infection for BTV or AHSV
(in vitro and in vivo) could help to determine the mechanism of action of ATA. In addition, the effect of
ATA in IFNAR (−/−) mice was examined, showing changes in several blood parameters. Leukocytosis,
neutropenia, and lymphopenia were observed in ATA-treated animals (Figure 4), which could have
important consequences to fight the viral infection [11,68,69], providing an explanation for the lack
of increased survival rates upon ATA administration. In fact, ATA has been reported to block the
JAK/STAT signaling pathway, which is critical for Th cell differentiation [41]. In this study, the authors
indicated that ATA treatment blocked chemotaxis and accumulation of dendritic cells in the spleen of
mice. In addition, ATA was found to inhibit the functions of many chemokine receptors, which suggests
it may be effective in treating autoimmune diseases [41]. However, additional studies are necessary to
evaluate the toxicity of ATA and its antiviral activity in vivo. Additionally, new analyses using other
animal models, including natural hosts, or ATA-like compounds would be highly desired.



Int. J. Mol. Sci. 2020, 21, 7294 9 of 14

4. Materials and Methods

4.1. Cells and Viruses

African green monkey kidney epithelial Vero cells (ATCC, Cat No. CCL-81) were grown in
Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 50 mg/mL gentamicin, 10 mg/mL
penicillin/streptomycin, 1% non-essential amino acids, 2 mM l-glutamine, and 10% heat-inactivated
fetal bovine serum (FBS) at 37 ◦C in a 5% CO2 atmosphere. KC insect cells, obtained from Culicoides.
sonorensis larvae, were grown in Schneider’s insect medium supplemented as indicated above, at 29 ◦C.
BTV serotype 4 (MOR2009/09) (BTV-4) was isolated from sheep’s blood and raised in KC insect
cells [13,61]. A Spanish isolate of AHSV serotype 4 (Madrid-87) was passaged twice in mouse brain and
three times in BHK-21 [70]. Virus stocks were propagated in Vero cells and titrated by the plaque assay
as previously described [27,28,71]. KC cells and BTV-4(M) were generously provided by Professor
Peter Mertens (IAH-Pirbright, UK).

4.2. Compounds

ATA was acquired from Sigma-Aldrich (Sigma Aldrich, St. Louis, MO, USA. Catalog No. A1895).
The compound was prepared as a 100 mM stock solution in dimethyl sulfoxide (DMSO) [35] and kept
at −20 ◦C until experimental use.

4.3. Cell Viability Assay

Viability of mammalian Vero and insect KC cells was measured using the MTT Cell Proliferation
and Cytotoxicity Assay Kit (Boster Biological Technology, Pleasanton, CA 9, USA) following the
manufacturer’s instructions. Briefly, confluent cells (96-well plate format, 5 × 104 cells/well, triplicates)
were treated with 100 µL of medium containing the indicated concentrations of ATA (two-fold dilutions,
starting concentration of 1000 µM). Plates were incubated at 37 ◦C or 29 ◦C for 24 h. Samples were
treated with 15 µL of Dye Solution and incubated at 37 ◦C in a 5% CO2 atmosphere for 5 h. Next,
the cells were treated with 100 µL of Formazan solubilisation solution for 16 h, and absorbance at
570 nm was read using a microplate reader. The viability of compound-treated cells was calculated as
a percentage relative to values obtained with mock-treated cells. Non-linear regression curves and
the median cytotoxic concentration (CC50) were calculated using GraphPad Prism software v. 8.0.
(GraphPad Software, San Diego, CA, USA).

4.4. Antiviral Assays

4.4.1. Therapeutic Activity

ATA-mediated inhibition of BTV or AHSV was evaluated in monolayers of Vero or KC cells (24-well
plate format, 2 × 105 cells/well, triplicates), which were infected with an MOI of 0.01. After 90 min of
viral adsorption, the medium was replaced with 1 mL of infectious medium (containing only 2% FBS)
supplemented with the indicated concentrations (starting concentration, 1000 µM) of ATA, and the
cells were incubated at 37 ◦C (Vero cells) or 29 ◦C (KC cells). At 24 and 48 h.p.i. (Vero cells) or 48 and
72 h h.p.i (KC cells), aliquots of the tissue culture supernatants were collected and evaluated by the
plaque assay as previously described [27,28,71]. Triplicate wells were used to calculate the mean and
SD of the inhibition. The IC50 was determined by use of a sigmoidal dose–response curve (GraphPad
Prism software v. 8.0).

4.4.2. Prophylactic Activity

Vero cells (24-well plate format, 2 × 105 cells/well, triplicates) were incubated with the indicated
concentrations of ATA during 24 or 48 h. Then, the cells were infected (MOI, 0.01) with BTV or AHSV,
and after 90 min of incubation at 37 ◦C, the medium was removed, and 1 mL of fresh infectious medium
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was added to the cells. At 24 h, tissue culture supernatants were harvested and evaluated by the
plaque assay [27,28,71].

4.5. Mouse Experiments

Type I interferon receptor-defective mice (IFNAR (−/−)) on a 129 Sv/Ev background were used for
the experiments. Mice were housed under pathogen-free conditions in biosafety-level 3 (BSL3) animal
facilities at the Animal Health Research Center (INIA-CISA), Madrid (Spain), before use. Male and
female mice were used for the experiment, since previous studies have proved that the two genders
do not show significant differences after infection by BTV-4 or AHSV-4 [72]. Animal experimental
protocols were approved by the Ethical Review Committee at the INIA-CISA and Comunidad
de Madrid (Permit number: PROEX 037/15), in strict accordance with EU guidelines 2010/63/UE
about the protection of animals used for experimentation and the Spanish Animal Welfare Act
32/2007. Animals that showed severe clinical signs such as rough hair, reduced activity, eye swelling,
or hypothermia were euthanized. Blood samples from the submandibular plexus were collected at the
indicated days.

4.6. Analysis of the Effect of ATA In Vivo

Mice were divided in three groups (n = 15, 5 mice/group), and animals were inoculated i.p.
with 200 µL of a solution containing: group 1, 600 µg of ATA (~30 mg/kg) diluted in PBS ([DMSO] 7.1%);
group 2, DMSO diluted in PBS ([DMSO] 7.1%); group 3, PBS. Solutions were administrated once
daily, during 8 days, and clinical signs of toxicity were monitored. After 3 and 7 days, blood samples
were collected into EDTA tubes and evaluated using a multiparameter autohematology analyzer
(BC-5300 Vet; Mindray, Shenzhen, China) [71].

4.7. Study of the Efficacy of ATA In Vivo

Mice were divided in four groups (n = 20, 5 mice/group). ATA or DMSO were administered
once daily by the i.p. route, and treatment was commenced 1 day before infection and continued
until death or day 8. Group 1 and 3 were treated with 600 µg of ATA (~30 mg/kg) diluted in PBS
([DMSO] 7.1%). Group 2 and 4 were used as controls and received DMSO diluted in PBS ([DMSO]
7.1%). One day after the first inoculation, groups 1 and 2 were challenged with 10 plaque-forming units
(PFUs) of BTV, and groups 3 and 4 with 5 × 105 PFUs of AHSV. Mice were subcutaneously inoculated
with the indicated viruses diluted in PBS. After infection, mortality and clinical signs were evaluated
daily. To determine viral replication, whole blood samples in EDTA were collected at 3 d.p.i from
the challenged mice, and RNA was extracted using TRIzol (Invitrogen) following the manufacturer’s
instructions. Viral titers were determined by real-time RT-qPCR specific for BTV segment 5 or AHSV
segment 7, as described by Toussaint et al. [73] and Agüero et al. [74], respectively.

4.8. Statistical Analysis

Statistical analyses were carried out using GraphPad PRISM v. 8 (GraphPad Software, San Diego,
CA, USA).
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