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Abstract: Bovine viral diarrthea virus (BVDV) is an etiologic agent that causes
important economic losses in the world. It is endemic in cattle herds in most parts
of the world. The purpose of this study was to evaluate the in vitro cytotoxic effect
and antiviral properties of several marine natural products obtained from seaweeds:
the indole alkaloid caulerpin (CAV, 1) and three diterpenes: 6-hydroxydichotoma-
3,14-diene-1,17-dial (DA, 2), 10,18-diacetoxy-8-hydroxy-2,6-dolabelladiene (DBI,
3) and 8,10,18-trihydroxy-2,6-dolabelladiene (DB3, 4). The screening to evaluate the
cytotoxicity of compounds did not show toxic effects to MDBK cells. The antiviral
activity of the compounds was measured by the inhibition of the cytopathic effect on
infected cells by plaque assay (PA) and EC50 values were calculated for CAV (EC=2,0+
5.8), DA (EC 2,8+ 7.7), DBI (EC 2,0+9.7), and DB3 (EC 2,3+7.4). Acyclovir (EC50
322+ 5.9) was used in all experiments as the control standard. Although the results
of the antiviral activity suggest that all compounds are promising as antiviral agents
against BVDYV, the Selectivity Index suggests that DB1 is the safest of the compounds
tested.
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Bovine viral diarrthea virus (BVDV) is an
important pathogen of cattle. It is endemic in cattle
herds in most parts of the world. It belongs to the family
Flaviviridae and is the prototype virus of the genus
Pestivirus, which also includes Hog Cholera Virus (HCV)
and Border Disease Virus (BDV), the etiologic agents of
Classical Swine Fever and sheep fever, respectively (Paton
etal., 1995).

BVDV is a small enveloped virus with a diameter
of about 40 nm, with a capsid of icosahedral symmetry that
protects the genomic RNA of about 12.5 kb containing a
positive polarity sequence 5’ untranslated region (5’UTR)

of 381-386 nucleotides (nt) that is conserved among the
Pestivirus and a single large open reading frame (ORF)
that encodes about 4000 amino acids and is flanked by
nontranslated regions (NTR) at the 5” and 3’ ends The
open reading frame is translated into a single polyprotein
(NH2-Npro, C, Erns, E1, E2, p7, NS2, NS3, NS4A, NS4B,
NSS5A, NS5B-COOH) which is co- and post-translationally
processed by cellular and virus-encoded proteases, giving
rise to the structural (C, Erns, E1, E2, p7) and nonstructural
(Npro, NS2/3, NS4A, NS4B, NS5A and NS5B) functional
viral proteins (Lindenbach & Rice, 2000).

The BVDV have been classified as BVDV
genotype 1 (BVDV1) or BVDV genotype 2 (BVDV2),
based on the analysis of the 5’ non-coding region (5’NCR)
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of the genome, which is considered highly conserved
between Pestivirus. Viruses from either the BVDV 1 or
BVDV 2 genotypes have shown characteristic phenotypes
in cell culture and are classified as non-cytopathic or
cytopathic biotypes (Ridpath et al., 1994). The molecular
difference between the cytopathic and non-cytopathic
biotypes is the production in infected cells of the cleavage
product of the gene NS2/3 (p125) in NS3 (p80) and NS2
(p54), while in cells infected with non-cytopathic BVDV
only p125 is detected (Donis & Dubovi, 1987).

BVDV has been associated with significant
economic loss throughout the world. Although several
prevention and control measures for BVDV have been
adopted, the disease remains prevalent and the key for
effective control is to protect the fetus from persistent
infection during the first ninety days of gestation. Bovine
persistently infected by non-cytopathic BVDV are
immunotolerant to the virus. They have infectious virions
in all body secretions and can develop a potentially fatal
form of BVDYV, known as mucosal disease, resulting
from the genetic recombination between non-cytopathic
and cytopathic BVDV. BVDV have been involved in
other clinical disorders such as abortion, teratogenesis,
respiratory diseases, neurological disturbances and
immune dysfunction (Salim et al., 2010). In addition,
BVDV can be an important contaminant in the laboratory.
They have been detected in bovine serum, several cell
lines and human viral vaccines (Bolin et al., 1991).

Vaccination adopted as a method of control
causes concern due to the viral characteristics of
antigenic and genetic diversity (Kalaycioglu et al., 2007),
so the discovery of new antiviral agent has been the aim
of researchers (Tabarrini et al., 2006; Paeshuyse et al.,
2007; Salim et al., 2010).

The knowledge of the events occurring during
the replication cycle of BVDV is important when studying
the antiviral activity of a compound. The route used by
Pestivirus to enter into cells has been studied and it appears
that the mechanism is by receptor-mediated endocytosis.
The acidic pH in endosomes promotes activation of
protein E, after cleavage of glycoprotein PrM that covers
the fusion peptide, followed by subsequent changes that
provide the energy needed for fusion and release of the
viral genome into the cytoplasm (Krey et al., 2005).

The purpose of this study was to evaluate the in
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vitro cytotoxic effect and antiviral properties of several
marine natural products, the indole alkaloid caulerpin
(CAV, 1), isolated form Caulerpa racemosa (Forsskal) J.
Agardh, and three diterpenes: 6-hydroxydichotoma-3,14-
diene-1,17-dial (DA, 2) isolated from Dictyota menstrualis
(Hoyt) Schnetter, Hornig, and Weber- Peukert; and 10, 18-
diacetoxy-8-hydroxy-2,6-dolabelladiene (DB1, 3) and
8,10,18-trihydroxy-2,6-dolabelladiene (DB3, 4), both
isolated from Dictyota pfaffii Schnetter.

Materials and Methods

Seaweeds, natural products and acyclovir (control
substance)

Caulerpin (1) was isolated from the green alga
Caulerpa racemosa, collected on vertical rock walls
in Sdo Pedro and Sao Paulo Archipelago (00°55°N and
29021°W). Diterpene 2 was isolated from the brown
alga Dictyota D. menstrualis collected at Praia Rasa,
Armagdo dos Buzios, RJ (22° 44°00”N and W 41° 57’
25"W). Diterpenes 3 and 4 were isolated from the brown
alga D. pfaffii, collected at Atol das Rocas reef, RGN
(03°51°03”’S and 33°40°29”W). The algae were collected
and identified by VLT and RCV.

Isolation, purification and structural elucidation
of caulerpin (1) and the diterpenes (2-4) were performed
according to the method established by Ferreira (2009)
and Cavalcanti et al. (2006, 2011).

Acyclovir (ACV) was purchased from Sigma
Chemical Company and used as the standard antiviral
compound for all tested compounds. All compounds
were dissolved in dimethylsulfoxide (DMSO, from
Sigma) to obtain 50 mM stock solutions and then diluted
in culture medium without serum, to obtain the desired
concentration before use. The final concentration of
DMSO was <0.1%.

Virus and cells

The BVDV-1 virus and the Madin-Darbin bovine
kidney (MDBK) cell lineage, originally obtained from
ATCC(CCL-22) and used for virus multiplication and
drug assays, were kindly provided by the virology section
of the Universidade Federal de Santa Maria, RS. MDBK
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cells were cultured in Eagle’s minimal essential medium
(E-MEM) containing Eagle salt, L-glutamine, and 50 pg
of gentamicin per mL and supplemented with 5% heated
inactivated horse serum from Gibco Company. Overlay
medium for the plaque assay consisted of E-MEM 2x
plus 2% horse serum in agarose 2% (1:1) and antibiotic as
described above.

BVDV-1 Singer Virus stocks were propagated in
MDBK cells and the virus titer was determined by plaque
assay and Reed &. Miiench (1938) assay and expressed
as plaque forming units (P.F.U) per mL and TCID50%,
respectively, and stored at -70 °C until use.

Cytotoxicity assay

To determine the cytotoxic effect of the
compounds, confluent MDBK cells were grown in 96
well plates at a density of 3x10° for 48 h at 37 °C and 5%
CO,. Then they were treated with varying concentrations
of the test compounds (25, 50, 250, 500 and 1000 pM)
and cytotoxicity was examined by the ability of the
mitochondrial enzyme succinate dehydrogenase to
cleave the tetrazolium salt MTT [3-(4,5-dimethylthiazol-
2yl)-2,5diphenyl tetrazolium bromide; Sigma-Aldrich]
(Mosmann, 1983). The resulting blue product, formazan,
was further dissolved in dimethylsulfoxide (P.A) and
quantified by spectrophotometry using a plate readerat 520
nm. The cytotoxic concentration (CC50) was determined
by linear regression analysis as the concentration of the
compound that reduced the optical density of MTT by
half in relation to the control.

Antiviral plaque reduction assay (APRA)

The inhibitory effects on plaque formation were
determined as described previously (Cheng et al., 2004)
with some modifications. MDBK cells at a density of 10*
were seeded in 24 well culture plates and, after 24 hat 37 °C
and 5% CO,, confluent MDBK monolayers were infected
with 200 P.F.U Singer. After one hour for virus adsorption
period, the inoculum was discarded. Overlay medium
containing different concentrations of the compounds was
added and incubated for 48 h. The cell monolayer was
fixed, stained with 1% crystal violet in 10% formalin and
the plaques were counted in a plaque viewer. The minimal
concentration of compound required to inhibit the number
of plaques by 50% (EC50) was calculated by the formula:

Number of control plaques - Number of testes plaques .
Number of control plaques

Percent of inhibition (%) = 100

Results

Cytotoxic assay

Table 1 shows the results of the cytotoxic effects
on MDBK cells treated with different concentrations
(25, 50, 250, 500 and 1000 uM) of the compounds after
48 h, calculated by linear regression analysis. All of the
results represent the mean+SD of triplicates of each
experiment. In the screening assay, all concentrations of
the compounds were somewhat toxic to MDBK cells, but
DBI1 was the safest of all (Table 1).

Antiviral assay

Results of antiviral activities (EC50) within this
group of molecules show that CAV, DA-1, DBI1, and
DB3 are promising compounds, but DB1 was the safest
of all due to the high value of SI arising from the low
cytotoxicity. On the other hand, acyclovir showed only
slight antiviral activity in Singer (BVDV-1) production
(Table 1 and Figure 1).

Table 1. Exposure cytotoxicity, anti-BVDV-1 activity, and
selectivity index (SI) of the compounds on MDBK cells.

Cytotoxicity Antiviral activity ~ Selective Index

Compounds CC50° EC50 (SIy
CAV (1) 1397+10 2,045.8 699
DA (2) 1303413 2,847.7 465
DBI (3) 3249443 2,049.7 1625
DB3 (4) 2548412 2,347.4 1108
Acyclovir 964+2 322+59 3.0

4Data represent the mean+SD of three independent experiments; CC50
is the concentration of compound that was cytotoxic to 50% of the
MDBK cells; *Antiviral activity was assayed by the plaque reduction
assay (PRA); Cell Cytotoxicity was performed by MTT after 48 h;
ECS50 was the antiviral concentration that was effective in inhibiting
50% of the Singer replication “Selectivity Index (SI) is the ratio of
CC50 and EC50.

Discussion

BVDV is an economically important bovine
pathogen. In addition, BVDV may be related to
contamination in the laboratory. It has been detected in
bovine serum and in several cell lines and viral vaccines
(Bolin et al., 1991). We report the inhibitory activity of
caulerpin (1) and three diterpenes on BVDV-1 replication.
The present results from the search for compounds with
antiviral activity against BVDV also suggest that it might
be relevant to evaluate antiviral activity against hepatitis C
virus due to their similar characteristics. The mechanisms
of action of the compounds studied here have not yet been
determined, making it premature to speculate as to which
step of the virus replication is the target for the antiviral
activity of these compounds.
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Figure 1. Comparative activity of the compounds on Singer
(BVDV-1) replication. The antiviral activities of the compounds
were assayed on MDBK cells grown in 24 well culture plates
at a density of 2x10* for 24 h at 37 °C and 5% CO,. The
monolayers were then infected with 200 P.F.U of Singer. After
1h for virus adsorption, the inoculum was removed and various
concentrations of the compound were added and the plates
reincubated under the same conditions above for an additional
48 h. The cell monolayer was fixed and stained with 1% crystal
violet in 10% formalin, the plaques were counted in a plaque
viewer and the percentage inhibition was determined.
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