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Dengue viruses are the most important arthropod-borne viruses in terms of morbidity and mortality in the world. Since there is no
dengue vaccine available for human use, we have set out to investigate the use of chloroquine as an antiviral drug against dengue.
Chloroquine, an amine acidotropic drug known to affect intracellular exocytic pathways by increasing endosomal pH, was used in
the in vitro treatment of Vero and C6/36 cells infected with dengue virus type 2 (DENV-2). Real-time RT-PCR and plaque assays
were used to quantify the DENV-21load in infected Vero and C6/36 cells after chloroquine treatment. Our results showed that a dose
of 50 ug/ml of chloroquine was not toxic to the cells and induced a statistically significant inhibition of virus production in infected
Vero cells when compared to untreated cells. In C6/36 cells, chloroquine does not induce a statistically significant difference in
viral replication when compared to untreated cells, showing that this virus uses an unlikely pathway of penetration in these cells,
and results were also confirmed by the plaque assay (PFU). These data suggest that the inhibition of virus infection induced by

chloroquine is due to interference with acidic vesicles in mammalian cells.

1. Introduction

Dengue viruses (DENV) are single-stranded, positive-sense
RNA viruses that belong to the genus Flavivirus of the
family Flaviviridae. They consist of four serotypes (from
DENV-1 to DENV-4) that are transmitted to humans and
other higher primates by mosquitoes of the genus Aedes
[1]. DENV cause the most important arthropod-borne viral
disease in the world, characterized by a wide spectrum
of clinical manifestations ranging from a flu-like disease
(dengue fever) to a life-threatening disease known as dengue
hemorrhagic fever/dengue shock syndrome (DHF/DSS). The
only available way to control dengue is vector control since
there is neither a vaccine for human use nor an antiviral
drug to inhibit virus replication. Little is known about
the site of flavivirus assembly or the details of maturation,
but a decrease in endosomal pH is necessary for flavivirus
envelope fusion with endosomal membranes leading to

release of the viral capsid into the cytosol and initiation of
virus replication [2]. Weak bases such as chloroquine (CLQ)
accumulate in acidic vesicles and raise the pH therein. By
preventing the low pH-induced fusion of viral envelope and
cell endosome membranes, CLQ is potentially able to block
the entry of certain viruses into the cytosol [3]. The present
study examined the effect of CLQ on the DENV-2 replication
in Vero (mammalian) and C6/36 (mosquito) cells in order to
define whether or not CLQ could be used to reduce viral yield.

2. Materials and Methods

2.1. Cell Cultures. Vero cells (continuous cell lineage orig-
inated from the kidney of African green monkeys) were
grown in Leibovitz-15 (L-15) culture medium (Invitrogen,
New York, USA) supplemented with 10% Fetal Bovine
Serum (FBS), 1% L-glutamine 200 mM, 1% penicillin G
(100 U/mL), streptomycin (100 pg/mL) and 10% triptose
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phosphate. Vero cells were maintained at 37°C and 5% CO,.
C6/36, an Aedes albopictus cell line, was cultured in L-
15 medium supplemented with 10% FBS, L-glutamine, 10%
triptose phosphate, 1% penicillin G (100 U/mL), streptomycin
(100 ug/mL), at 28°C in the absence of CO,.

2.2. Virus Stock. DENV-2 New Guinea C strain, recovered
from the brain of newborn Swiss mice, was used in this study.
The viral stock was prepared by inoculation of C6/36 cells
contained in 75 cm? culture flasks with virus diluted in 1 mL
of L-15-2% FBS. After 1h, 14 mL of L-15 supplemented with
10% FBS was added, and the cells were cultured for 7 days.
Cells culture supernatant was then harvested and centrifuged
at 2,000 Xg for 5 min to removed cell debris. The supernatant
containing the virus was adjusted to 20% FBS, aliquoted, and
stored at —70°C. Virus stock and cell culture supernatants
used in the present study were free of the lipopolysaccharide
and mycoplasma.

DENV-2 was used in the study because it showed the best
of titration in preliminary experiments to assess the antiviral
effect of chloroquine in Vero and C6/36 cells.

2.3. Dengue Virus Titration. Virus production was titrated
by plaque assay using Vero cells. Vero cells were seeded in
12-well (6 x 10> cells/well) plate in L-15 medium with 10%
FBS for 48h at 37°C. Medium was removed, and decimal
serial dilutions of virus stock or supernatant of cells treated
with CLQ, prepared in L-15 medium with 2% FBS, were
added (0.1 mL/well) to the cells, which were then incubated
for 2h at 37°C. Subsequently, L-15 medium containing 5%
FBS and 3% carboxymethyl-cellulose (1 mL/well) (overlay)
was added, and the plate was incubated at 37°C for 7 days.
Overlay was removed on day seven, and cells were fixed with
a solution of 10% formaldehyde in PBS. After 2 hours at room
temperature, the formaldehyde solution was removed, and
cells were washed twice with PBS and stained (15 min) with a
1% crystal violet solution in 20% ethanol. The plaques of cell
lysis were counted, and the virus concentration was expressed
as plaque forming unites (PFU) per milliliter.

2.4. Chloroquine Cytotoxic Assay. Cytotoxicity induced by
CLQ was assayed in Vero and C6/36 cells to determine the
ideal concentration for the experiments. Vero and C6/36 cells
were seeded in 24-well (4 x 10° cells/well) plates. After an
incubation period of approximately 72 hours, the culture
medium was replaced with L-15 medium containing 2% FBS
and different concentrations of CLQ (Sigma-Aldrich, USA).
After incubation periods of 1, 6, 12, 24, 48, 72, and 96 hours
with the drugs, the cells were removed with trypsin, and
viability of Vero and C6/36 cells was confirmed by the Trypan
blue exclusion method (Invitrogen, New York, USA).

2.5. Treatment of DEN'V-2 Infected Cells with CLQ. Monolay-
ers of Vero and C6/36 cells seeded onto 24-well plates were
infected with DENV-2 at a multiplicity of infection (MOI)
of 0.1. At L h postinfection (p.i.) the inoculum was removed.
Vero and C6/36 cells were incubated in the presence of
different concentrations of CLQ (0; 0.05; 0.5; 5; 50 ¢g/mL) at

The Scientific World Journal

defined time intervals, in different experiments: (i) concomi-
tantly, 1 h after infection; (ii) concomitantly, 1 h after infection,
and at 24-hour intervals for 7 days; (iii) concomitantly, 1 hour
after infection and at 12-hour intervals for 7 days. DENV-
2 replication of mock control was 0 pg/mL. Infected cell
supernatants were collected at 0, 6, 12, 24, 48, 72, 96, 120, 144,
and 168 hours postinfection, cleared by centrifugation, and
stored in aliquots at —=70°C until use in real-time PCR and
plaque assays. The experiments were carried out in duplicate,
and the results are shown as the mean values obtained from
three individual experiments.

2.6. Viral RNA Extraction. Viral RNA was extracted from
140 uL of each supernatant sample using the QIAamp Viral
RNA kit (QIAGEN, USA) according to manufacturer’s direc-
tions.

2.7. Real-Time Quantitative Reverse Transcriptase-Polymerase
Chain Reaction (qRT-PCR) Assay. The real-time qRT-PCR
to determine the number of DENV-2 RNA copies present
in each supernatant was carried out as described previously
[4]. Briefly, to construct the standard curve, the number
of DENV-2 particles produced by infected cells was mea-
sured as the number of RNA copies quantitated by qRT-
PCR in serially diluted infected cell supernatants. Each
qRT-PCR contained 12.5 uL of the Sybr Green Master Mix
reagent (Applied Biosystems), 0.5uL of RNase inhibitor,
0.13 uL of multiscribe (50 U/uL), 0.5 uL of primers (20 nM)
DV2U (5'-AAGGTGAGATGAAGCTGTAGTCTC-3'), and
DVLI (5'-CATTCCATTTTCTGGCGTTCT-3") [5] specifi-
cally designed to anneal to the DENV-2 3'untranslated region
(3'-UTR), 5.87 uL of DEPC water, and 5 uL of RNA to a final
volume of 25 L. The amplification protocol consisted of the
following steps: 48°C for 30 min, 95°C for 10 min, followed
by 40 cycles at 95°C for 15 seconds, and finally 60°C for
1 min. The same protocol was used to quantify the DENV-2
RNA copies present in the supernatants of CLQ-treated and
untreated Vero and C6/36 cells infected with DENV-2, col-
lected at defined postinfection intervals, as described above.

2.8. Statistical Analysis. Statistical analysis was used to assess
the difference in viral yield, at time-defined intervals, pro-
duced in infected cells in contact with CLQ compared to
control cells (without the drug). Data were entered into the
GraphPad Prism software, version 3.0 (GraphPad Software
Inc., EUA), and submitted to one-way ANOVA (nonpara-
metric test) analysis followed by the Bonferroni test. For all
analyses, values of P < 0.05 were considered statistically
significant.

3. Results

3.1 Cytotoxicity of CLQ in C6/36 and Vero Cells. CLQ was
highly cytotoxic to C6/36 and Vero cells when they were
treated with a concentration equal to or higher than
500 pug/mL, while no significant cytotoxicity was observed
when the cells were treated with a concentration equal to
or lower than 50 ug/mL (Figures 1 and 2). Based on these
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FIGURE I: The effect of CLQ on the cytotoxicity in C6/36 cells.
Concentrations equal to or higher than 500 yg/mL (CLQ) were
highly cytotoxic to C6/36 cells, while concentrations equal to or
lower than 50 ug/mL (CLQ) did not induce significant cytotoxicity.
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FIGURE 2: The effect of CLQ on the cytotoxicity in Vero cells.
Concentrations equal to or higher than 500 yg/mL (CLQ) were
highly cytotoxic to Vero cells, while concentrations equal to or lower
than 50 ug/mL (CLQ) did not induce significant cytotoxicity.

data, CLQ was used in concentrations equal to or lower of
50 ug/mL used in the experiments.

3.2. Effect of CLQ on DENV-2 Replication. To determine
whether CLQ would inhibit DENV-2 replication, monolayers
of Vero and C6/36 cells were infected with DENV-2 and
incubated with 2% FBS L-15 medium containing different
concentrations of the drug; then the virus production was
quantified by qRT-PCR and plaque assay. CLQ had no
effect on DENV-2 replication in C6/36 cells (Figure 3), but
showed a dose-dependent inhibition of the virus replication
in Vero cells when analyzed by qRT-PCR (Figure 4). The
viral replication in Vero cells was significantly reduced by
the addition of >5ug/mL of CLQ 1h after infection when
compared to untreated cells; this inhibition was maintained
up to 24 h after infection (Figure 4). The same results were
obtained when the analysis was carried out by plaque assay
with an excellent correlation with the qRT-PCR (data not
shown).

The viral inhibition effect induced by CLQ for only 24 h
may be related to the consumption of the drug. To further
analyze the antiviral effect of CLQ, Vero cells were treated
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FIGURE 3: Action of chloroquine on DENV-2 replication in C6/36
cells. The viral RNA present in the culture supernatants of C6/36
cells infected with DENV-2, both untreated and treated with
chloroquine just after infection, was extracted and analyzed by qRT-
PCR. The results represent the average values of the number of
copies of viral RNA (P > 0.05).
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FIGURE 4: Action of chloroquine on DENV-2 replication in Vero
cells. The viral RNA present in the culture supernatants of Vero cells
infected with DENV-2, both untreated and treated with chloroquine
just after infection, was extracted and analyzed by qRT-PCR. The
results represent the average values of the number of copies of viral
RNA (P < 0.001).

with the drug 1 hour after infection and at 12- and 24-hour
intervals after infection.

The qRT-PCR showed a significant reduction in viral
yield compared to untreated cells up to the 7th day after
infection (Figures 5 and 6). The analysis by plaque assay was
again in agreement with qRT-PCR (data not shown).
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FIGURE 5: Action of chloroquine added at 24-hour intervals on
DENV-2 replication in Vero cells. The viral RNA present in the
culture supernatants of Vero cells infected with DENV-2, both
untreated and treated chloroquine (every 24 hours after infection),
was extracted and analyzed by qRT-PCR. The results represent the
average values of the number of copies of viral RNA (P < 0.05).

Viral replication in Vero-infected cells was impaired by
the addition of CLQ at 1 hour after infection and at 12-
hour intervals after infection. With this approach, both the
plaque assay and qRT-PCR showed a statistically significant
reduction in viral yield similar to obtained for cells exposed
to CLQ at 24-hour intervals.

4. Discussion

We report here data showing that CLQ is an effective
antiviral agent for DENV-2 under cell culture condition. The
inhibitory effect was observed when the drug was added
1h after the initiation of infection, probably due to the
increase of the endosomes pH and thus subverting the
ongoing fusion events between virus envelope and endosome
membranes. These results suggest that CLQ could have a
potential for therapeutic use against dengue virus and even
against other viruses that penetrate cells by endocytosis.
In that sense, some studies have shown that CLQ inhibits
SARS coronavirus (SARS-CoV) replication in vitro [6, 7].
In addition, di Trani et al. [8] tested the antiviral effects
of CLQ in vitro against selected human and avian viruses
belonging to different subtypes and displaying different pH
requirements. Those authors found that CLQ had inhibitory
effect against the viruses when the drug had been added at
the time of infection and the effect was lost after 2-hour
postinfection. Finally, Eng et al. [9] reported that CLQ is able
to inhibit influenza A virus replication in vitro.
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FIGURE 6: Action of chloroquine added at 12-hour intervals on
DENV-2 replication in Vero cells. The viral RNA present in the
culture supernatants of Vero cells infected with DENV-2, both
untreated and treated chloroquine (every 12 hours after infection),
was extracted and analyzed by qRT-PCR. The results represent the
average values of the number of copies of viral RNA (P < 0.01).

CLQ is a safe drug with over half a century of use in the
treatment of malaria; therefore, the implementation of a pro-
tocol to use it in dengue treatment would not be a problem.
Since there is a correlation between high viral load and devel-
opment of DHF/DSS [10], the use of CLQ to treat dengue
virus infection as soon as the patients present the dengue
symptoms could prevent the development of the severe forms
of the disease due to the reduction of dengue viremia. Fur-
thermore, due to its interference with TNF-« cytotoxicity [11],
CLQ would probably reduce the inflammatory symptoms,
such as high fever and backache, associated with dengue.

The inhibitory effect of CLQ on virus replication in
mammalian cells has already been studied with other viruses.
This drug has been used to control infection with coronavirus
(SARS-CV), the etiologic agent of severe acute respiratory
syndrome (SARS) in nonhuman primate cells (Vero) [7]. It
was also used to inhibit the replication of human immun-
odeficiency virus (HIV-1) in lineages of monocytes and
lymphocytes [12] and lineages of H9 cells [13]. Furthermore,
CLQ has been used to inhibit Kunjin virus replication in cells
of nonhuman primates (Vero) [14].

Dengue viruses replicate well in C6/36 cells and in
other mosquito lines, they are presently used as sensitive
assays for virus isolation from patients, and Vero are also
permissive cell lines [15]. In the present study, we observed
that in experiments carried out with C6/36 cells infected
with DENV-2 and treated with CLQ did not reduce the viral
load. In 1981, Coombs et al. [16] observed also that CLQ did
not reduce the viral load in experiments carried out with
the Sindbis virus in cells of the mosquito Aedes albopictus.
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Hernandez et al. [17] obtained similar results when they
used CLQ to inhibit replication of the Sindbis virus. Two
explanations are possible for these findings: (i) CLQ does
not block endosome acidification in the cells of the mosquito
Aedes albopictus, or (ii) CLQ blocks endosome acidification
but not the infection of mosquito cells with the Sindbis virus.
These facts suggest that the replication of DENV-2 used in
our experiments in Aedes albopictus cells occurs possibly by
a pathway of intracytoplasmic penetration other than the
endosomal one, which was not blocked by CLQ.

Taken together with the data obtained in these studies,
our results suggest that CLQ interferes in DENV-2 virus
replication in Vero cells culture but not in C6/36 cells.

Thus, as chloroquine is considered a safe and effective
drug, used to treatment many diseases, including malaria,
their therapeutic use is promising because it was shown in
this study that the drug has significant antiviral effect on the
replication of dengue-2 virus in cells culture.
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