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Introduction

Abstract

Aims: To investigate the anti-HSV and anti-inflammatory effects of a
standardized ethyl acetate extract (SEAE) prepared with the stem bark of
Strychnos pseudoquina, along with two isolated compounds: quercetin 3-O-
methyl ether (3MQ) and strychnobiflavone (SBF).

Methods and Results: The mechanisms of action were evaluated by different
methodological strategies. SEAE and SBF affected the early stages of viral
infection and reduced HSV-1 protein expression. Both flavonoids elicited a
concentration-dependent inhibition of monocyte chemoattractant protein-1
(MCP-1), whereas 3MQ reduced the chemokine release more significantly than
SBE. Conversely, both compounds stimulated the production of the cytokines
TNF-o. and IL-1-f in LPS-stimulated cells, especially at the intermediate and
the highest tested concentrations.

Conclusions: SEAE and SBF interfered with various steps of HSV replication
cycle, mainly adsorption, postadsorption and penetration, as well as with f§ and
y viral proteins expression; moreover, a direct inactivation of viral particles was
observed. Besides, both flavonoids inhibited MCP-1 selectively, a feature that
may be beneficial for the development of new anti-HSV agents.

Significance and Impact of the Study: The results indicated that the samples
present anti-HSV and anti-inflammatory activities, at different levels, which is
an interesting feature since cold and genital sores are accompanied by an
inflammation process.

immunodeficiency virus (HIV), which is three times
higher in people with HSV-2, indicating that it is a cofac-

Currently, it is estimated that 60-95% of worldwide adult
population is infected with at least one Herpes Simplex
Virus (HSV-1 or HSV-2). HSV-1 is generally associated
with orofacial infections and HSV-2 with the genitouri-
nary tract infections; nevertheless, although this anatomi-
cal distinction is no longer as strict as it was. Hence,
HSV infections are an important public health problem,
especially due to HSV ability to cause acute and recurrent
infections as well as to become resistant to commonly
used antiherpes drugs. Furthermore, HSV genital infec-
acquiring  human

tion increases the risk of
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tor for HIV spreading (Reynolds and Quinn 2005; Roiz-
man et al. 2013).

HSV-1 and HSV-2 are alphaherpesviruses with double-
stranded DNA packed in an icosahedral capsid, which
is surrounded by the tegument, and lastly by a lipid
envelope containing various glycoproteins. For replication,
it is necessary that the viruses adsorb to and penetrate host
cells, and express o« genes (immediate early phase) that
mainly regulate the viral replication, such as ICP27;
p genes (early phase) that synthesize and package DNA,
such as UL42; and 7y genes (late phase), which are mostly
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responsible for the structural components of the virions,
such as gB and gD. Therefore, these steps can be
considered potential targets for antiviral therapy, as inhibi-
tion of any one of them could lead to the blockage of HSV
replication (Roizman et al. 2013; Kukhanova et al. 2014).

Natural products provide an important source of bio-
logically active substances, playing a key role in the
research and development (R&D) of novel antiherpes
therapies. Actually, natural products and natural-derived
scaffolds account for 70% of the new chemical entities
introduced in the pharmaceutical market (Newman and
Cragg 2016). Our research group has been working in the
last years with different taxa of the Brazilian biodiversity
to contribute to the search for new antiviral agents
(Bettega et al. 2004; Freitas er al. 2009; Silva et al. 2010;
Cardozo et al. 2011; Luckemeyer et al. 2012; Da Rosa
Guimaraes et al. 2013; Caon et al. 2014).

The Strychnos genus (Loganiaceae) contains about 200
species distributed through Africa, South America and
Australasia (Thongphasuk et al. 2003; Philippe ef al.
2004; Adebowale et al. 2014). Strychnos pseudoquina A.
St. Hil., popularly known as quina-do-cerrado, is a native
cinchona-like tree of Brazilian savanna. This plant is used
in folk medicine as a bitter tonic and against fevers, as
well as to alleviate spleen, liver and stomach troubles
(Lorenzi and Matos 2008; De Saint-Hilaire 2009). In fact,
phytochemical studies carried out with S. pseudoquina
have demonstrated the presence of alkaloids and flavo-
noids (Monache et al. 1969; Nicoletti et al. 1984), while
pharmacological studies have reported its antiulcer (Da
Silva et al. 2005), antileishmanial (Lage et al. 2013),
hypoglycaemic (Honorio-Franca et al. 2008) as also its
genotoxic potential (Santos et al. 2006).

In this context, due to the popularity and medicinal
potential of S. pseudoquina, this study was performed in
order to evaluate the effects of a standardized ethyl
acetate extract (SEAE) prepared with the stem bark of
this plant, along with two isolated compounds obtained
from SEAE, namely: quercetin 3-O-methyl ether (3MQ)
and strychnobiflavone (SBF) against herpesviruses, as well
as to elucidate the mechanism of action of the most
active tested compounds by using different methodologi-
cal strategies. In addition, we also evaluated the effect of
3MQ and SBF on inflammatory mediators produced
during HSV infection.

Materials and methods

Plant material

Stem bark of S. pseudoquina A. St. Hil. was collected in a
Brazilian savanna region, more precisely at Uberlandia
(Minas Gerais State, Brazil). A voucher specimen (code
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HUFU 10936) was deposited in the Herbarium of the
Federal University of Uberlandia (UFU). Preparation and
fractionation of the ethyl acetate standardized bark
extract (SEAE), and the isolation, purification and struc-
ture elucidation of its compounds quercetin 3-O-methyl
ether (3MQ) and strychnobiflavone (SBF) (Fig. 1) were
performed by Lage et al. (2013) (as detailed in the sup-
plementary material).

Viruses and cell lines

All biological assays were performed on Vero cells
(ATCC: CCL81), grown in Eagle’s minimum essential
medium (MEM; Cultilab, Campinas, Brazil) supple-
mented with 10% fetal bovine serum (FBS; Gibco, Carls-
bad, NM) and maintained at 37°C and 5% CO,. Vero
cells are permissive for in vitro replication of HSV-1 and
HSV-2, and demonstrate visible cytopathic effect (Hu
and Hsiung 1989).

HSV-1 (KOS and 29-R strains, which are acyclovir
(ACV) sensitive and resistant, respectively; Faculty of
Pharmacy, University of Rennes I, Rennes, France) and
HSV-2 (333 strain; Department of Clinical Virology,
Goteborg University, Sweden) viral stocks were prepared,
titrated based on plaque-forming units (PFU), counted
by plaque assay as previously described by Burleson et al.
(1992), and stored at —80°C. Throughout the study, two
viral passages were performed from the original viral
stock suspension.

Cytotoxicity and antiherpes evaluation

The extract and its isolated compounds were dissolved in
1% dimethylsulfoxide (DMSO; Merck, Darmstadt,
Germany) and further diluted in culture medium prior
to the biological evaluation. DMSO stock solutions were
stored at —20°C. Cytotoxicity of the SEAE, 3MQ and
SBF was determined by sulforhodamine B (SRB) assay
(Vichai and Kirtikara 2006). In brief, Vero cells
(25 x 10 cells per well) were exposed to different con-
centrations of the extract and isolated compounds for
48 h. The 50% cytotoxic concentration (CCsy) was
defined as the concentration that reduced cell viability by
50% when compared to untreated controls.

Subsequently, the potential antiherpes activity was
evaluated by plaque number reduction assay as described
previously by Silva et al. (2010). Briefly, confluent cell
monolayers (2-5 x 10° cells per well) were infected with
approximately 100 PFU of each virus strain for 1 h at
37°C. The nonattached particles were removed by wash-
ing with phosphate-buffered saline (PBS) and the treat-
ments were performed by adding nontoxic concentrations
of the isolated either

extract and compounds
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Figure 1 Chemical structures of quercetin 3-O-methyl ether (3MQ) and strychnobiflavone (SBF).

simultaneously with the virus (simultaneous treatment)
or after virus infection (postinfection treatment). Cells
were then washed with PBS and overlaid with MEM con-
taining 1-5% carboxymethylcellulose (CMC; Sigma-
Aldrich, St. Louis, MO) in the presence or absence of dif-
ferent concentrations of the SEAE, 3MQ and SBF, and
incubated for 48 h at 37°C for both treatments. Cells
were fixed and stained with naphthol blue-black (Sigma-
Aldrich) and viral plaques were counted by using a
stereomicroscope. The concentration of each sample that
reduced viral replication by 50% (ICsy), when compared
to untreated controls, was estimated. The ratio between
CCs and ICs, values was calculated to obtain the selec-
tivity index (SI) of each sample. Acyclovir (ACV; Sigma-
Aldrich) was used as positive control.

Evaluation of antiherpes mechanism of action

The mechanisms of antiherpes action of SEAE and SBF
were studied by using different methodological strategies.
The KOS strain of HSV-1 and the 333 strain of HSV-2
were used since the best preliminary results were obtained
with these viruses.

Virucidal assay

This assay followed the procedures described by Silva
et al. (2010). Mixtures of equal volumes of the extract

and isolated compound at different concentrations and
4 x 10* PFU of HSV-1 or HSV-2 in serum-free MEM
were co-incubated for 15 min at 4°C or 37°C. SEAE and
SBE were then diluted to noninhibitory concentrations
(1:100) to determine the residual infectivity by plaque
number reduction assay as described above.

Pretreatment

This assay was conducted as described by Bertol et al.
(2011). Confluent cell monolayers were pretreated with
different concentrations of the extract and the isolated
compound for 3 h at 37°C. Then, cells were washed with
PBS, infected with 100 PFU per well of HSV-1 or HSV-2
and treated as described earlier for plaque number reduc-
tion assay. ACV was used as positive control.

Adsorption, postadsorption and penetration assays

These assays were performed following the general proce-
dures described by Silva et al. (2010), and dextran
sulphate (DEX-S; Sigma-Aldrich) was used as a positive
control throughout the different assays. For the attach-
ment assay, confluent cell monolayers prechilled at 4°C
for 30 min were exposed to a mixture of 100 PFU per
well of HSV-1 or HSV-2 in the absence (viral control) or
presence of the extract and isolated compound, and incu-
bated at 4°C for additional 2 h. Unabsorbed viruses were
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removed by washing with cold PBS, cells were overlaid
with CMC medium and treated as described earlier for
plaque number reduction assay.

For the postattachment assay, confluent cell monolayers
prechilled at 4°C for 30 min were incubated with 100 PFU
per well of HSV-1 or HSV-2 at 4°C for additional 2 h in
order to allow stable attachment of viruses without fusion
with cell membranes. Following, SEAE and SBF were
added at different concentrations, and the infected cells
were incubated again at 4°C for 2 h and treated as
described earlier for plaque number reduction assay.

For penetration assay, 100 PFU per well of HSV-1 or
HSV-2 were adsorbed for 2 h at 4°C on confluent cell
monolayers prechilled at 4°C for 30 min (at this tempera-
ture the virus can bind, but cannot penetrate the cells).
Then, the temperature was shifted to 37°C for 5 min, to
allow viruses penetration, and cells were treated with dif-
ferent concentrations of the extract and isolated com-
pound, and incubated for 1 h at 37°C. After incubation,
unpenetrated viruses were inactivated with citrate buffer
(pH 3-0) for 1 min. Cells were washed with PBS and trea-
ted as described earlier for plaque number reduction assay.

Western blot analysis

To evaluate whether the SEAE and SBF interfere with
HSV-1 (KOS strain) protein expression, Western blotting
experiments were performed following the procedures
described by Argenta et al. (2015). Briefly, confluent cell
monolayers were infected or not with HSV-1 at multipli-
city of infection (MOI) of 0-2 for 1 h at 37°C. In next,
residual viruses were removed with PBS and cells were
treated with three different concentrations of SEAE and
SBF (20, 40 and 60 ug ml™') or 20 ug ml™' of ACV
(positive control) for 18 h (one viral replication cycle).
Then, the cells were lysed and protein quantification was
carried out (Bradford 1976). The protein content was
separated electrophoretically in a 10% SDS-polyacryla-
mide gel and electroblotted onto nitrocellulose mem-
branes (Schleicher & Schuell, Dassel, Germany). After
blocking, membranes were incubated overnight with anti-
ICP27 (1 :1000; Millipore, Billerica, MA), anti-UL42
(1 : 1000; Millipore), anti-gD (1 : 1000, Santa Cruz
Biotechnology, Santa Cruz, CA), and anti-f-actin anti-
bodies (1 : 5000; Millipore); the last one was used as a
control for total protein loading. After washing, mem-
branes were incubated with the respective secondary anti-
bodies conjugated to horseradish peroxidase for 1 h.
Protein bands were revealed using Pierce Enhanced
Chemiluminescence ECL Western Blotting substrate
(Thermo Scientific, Rockford, IL) according to the manu-
facturer’s instructions. The images were acquired using a
ChemiDocTM MP System (Bio-Rad, Hercules, CA, USA)
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and digitalized using the Image Lab program, version 4.1
(Bio-Rad, Hercules, CA, USA). Relative densitometry data
for the blots were analysed with Image] free software
(National Institutes of Health, Bethesda, USA).

Synergistic effects in combination with acyclovir

Potential synergistic effects of SEAE and SBF with ACV
were evaluated by plaque number reduction assay
following the procedures described by Cardozo et al.
(2011). Briefly, each sample, alone or in combination,
was tested at fixed ratios, based on its corresponding ICs
value (i.e. at ICsq x 0-25, x 0-5, x 1, x 2 and x 4). The
degree of interactions between SEAE, 3MQ, SBF and
ACV were calculated through the combination index (CI)
equation, based on the median-effect principle of the
mass-action law, using the software Carcusy~ (version
2.1; Biosoft, Cambridge, UK). According to Chou (2006),
CI values <1, =1, and >1 indicate synergism, additive
effect and antagonism respectively.

Assay of pro-inflammatory mediators

The potential anti-inflammatory activity of 3MQ and SBF
was evaluated by quantifying TNF-o, IL-1f8 and monocyte
chemoattractant protein - 1 (MCP-1) produced by LPS-
stimulated THP-1 cells employing an immunoassay, as
previously reported (Gusman et al. 2015). THP-1 cells
(ATCC TIB-202) were cultivated in RPMI 1640 medium
(Sigma-Aldrich) supplemented with 0-05 mmol 1™ 2-
mercaptoethanol, 10% FBS (Gibco), 100 U ml™" of peni-
cillin (Sigma-Aldrich), and 100 ug ml™' of gentamicin
(Sigma-Aldrich) at 37°C in an atmosphere containing 5%
CO,. The medium was replaced twice a week, when cell
concentrations reached 1-0 x 10° cells ml™'. The cells
were transferred to a 96-well microplate at a density of
100 000 cells per well, incubated for 18 h and pretreated
with the compounds for 3 h. LPS (Sigma-Aldrich) was
administrated at 100 ng ml™" as inflammatory stimulus.
After incubating the plate at 37°C overnight, it was cen-
trifuged (1800 g, 5 min, 16°C), the supernatant was col-
lected and the pro-inflammatory mediators were
quantified by ELISA, according to the manufacturer’s
instructions (TNF-a¢ duo set, IL-1 duo set and CCL2
duo set, R&D Systems, Minneapolis, MN). Cell viability
was evaluated at the assayed concentrations by the MTT
method (Ferrari et al. 1990), using untreated cells as
reference for viability. The percentages of TNF-o, IL-1f
and CCL2 inhibition were calculated by the ratio between
the amount of mediators secreted by treated cells
(pg ml™") and their baseline level (pg ml™") observed for
solvent control (0-1% DMSO). The compounds were
tested at 10, 30 and 90 umol 1™ and dexamethasone
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(Sigma-Aldrich) was employed as positive control
(0-1 umol 1™1). For the assays, all compounds were solu-
bilized in RPMI medium containing 0-1% DMSO.

Statistical analysis

The mean values + standard deviations are representative
of two or three independent experiments. For the deter-
mination of CCsy and ICsy values, nonlinear regression
of concentration-response curves was used. Statistical
analyses were performed by anova followed by post hoc
tests as indicated.

Results

Antiherpes activity

According to the CCsy results shown in Table 1, 3MQ
exhibited the highest toxic effects on Vero cells
(2-32 ug ml™") and SEAE presented moderate toxic effects
(53-77 ug ml™!), while SBF was well tolerated
(267-23 ug ml™"). Regarding the antiviral screening
(postinfection treatment), the most promising results were
obtained with SBF against HSV-2 and HSV-1 (KOS
strain), presenting SI values of 42-33 and 22-61, respec-
tively. Concerning SEAE activity, the ICs, values were sim-
ilar to SBF, but due to the higher toxicity of the extract,
the SI values were significantly lower. 3MQ showed no sig-
nificant antiviral action at the tested concentrations and
experimental conditions employed in this study.

Mechanism of antiherpes activity

The elucidation of the mechanism of antiherpes activity was
conducted with SEAE and SBF against HSV-1 (KOS strain,
ACV sensitive) and HSV-2 (333 strain), since HSV-1 (29-R
strain, ACV resistant) was less sensitive to the extract and
the isolated compounds considered in this study.

Firstly, the virus-inactivating activity of SEAE and SBF
in the absence of cells was evaluated by the classical
virucidal assay. At 37°C, the extract and its isolated
compound caused complete inactivation of HSV-1 and
HSV-2 infectivity, exhibiting ICsy values of 6-07 £ 1-51
and 3-55 + 0-56 for SEAE and SBF against HSV-1,
respectively; and 570 + 1-24 and 9-64 + 2:00 ug ml™"
for SEAE and SBF against HSV-2, respectively. On the
other hand, when the temperature was reduced to 4°C,
the effects of the extract and its isolated compound on
the infectivity of both tested viruses were significantly
reduced, with 1ICs, values of 36:06 + 4-60 and
68-08 4 8-98 ug ml™' for SEAE and SBF against HSV-1,
respectively; and 12-86 + 2-70 and 7-91 + 1-14 ug ml™'
for SEAE and SBF against HSV-2, respectively.

Table 1 Cytotoxicity and antiherpes activity of SEAE, 3MQ and SBF obtained from Strychnos pseudoquina
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Postinfection treatment

Simultaneous treatment
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HSV-2 (333)

HSV-1 (KOS) HSV-1 (29-R)

HSV-2 (333)

HSV-1 (KOS)

CCso (ug mi™")
Vero cells

S

ICs0

S|

ICs0

ICs0

ICso

ICs0

Samples

6-22

3-84 17-62 + 1-53 3-05 8-64 + 0-39
NI NI

14.01 + 256

821
NI

6-55 + 0-25

NT

10-16
NT

5.29 + 156

NT

53.77 + 14-67
2:32 + 0-67

SEAE
3MQ

SBF

NT

42-33

6-31 + 1-42

NT

11.82 + 432 22-61 27-64 + 1-99 9-67
NT NT

27013

0-99 + 0-13
0-19 + 0-05

NI

13110

2:04 + 016
0-17 + 0-06

NI

267-23 + 34.55

>500

>2.631

>2.941

DEX-S
cV

>619

323 + 0-89

NI

>1.449

1-38 £+ 0-46

>2-000

A

CCs0/ICsp); NI, no inhibitory detected activity; NT, not tested; SEAE, ethyl acetate standardized bark extract; 3MQ, quercetin 3-O-methyl ether; SBF, strychnobiflavone;

DEX-S, dextran sulphate; ACV, acyclovir.

SI, Selectivity index (S|

CCso: 50% cytotoxic concentration for Vero cells (ug ml™"); ICso: 50% concentration that inhibited viral replication (ug mi=").

These values represent the mean + SD of three independent experiments.
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To investigate the effects of SEAE and SBF directly on 3 -
the Vero host cells, a pretreatment assay was performed; . =& §
when this strategy was tested against HSV-2 infection, the s @ "
extract and its isolated compound exhibited ICs, values z gaal g
of 756 4+ 1-89 and 3-43 & 0-98 ug ml ', respectively. In ) ©—ol®s
contrast, the pretreatment of cells with SEAE and SBF R j H 2 %
did not affect HSV-1 viral replication. 2IJ|354 ¢
A set of different assays was carried out to verify if the %
extract and its isolated compound were able to interfere RN i j
with the early events of HSV infection. The results obtained | > SR
demonstrated that SEAE and SBF inhibited attachment, 7 . ?J_
postattachment and penetration, at different levels, of both _§ é A I
HSV strains tested (Table 2). When the extract and its iso- % : :j j 2 »;;
lated compound were mixed and incubated with viral sus- 3 § j R <£3
pensions, the SEAE was more active against HSV-1 (KOS s
strain) than against HSV-2 (333 strain) exhibiting ICs, val- 50 g ﬁ
ues approximately 2 ug ml™' (HSV-1) and 6 ug ml™' g 3%
(HSV-2). Concerning the SBF, its anti-herpetic activity was 57 ~ ]
not different regarding the tested viral strain, showing ICs o Seg % .
values around 3 ug ml~'. When the cell monolayer was IS R S oo | ¥
infected and then treated with the extract and its isolated g R I :i j i g g
compound, both SEAE and SBF showed no differences in g 2lo|meo S c
intensity of antiviral action against the strains tested, o 5 §§
exhibiting ICs, values approximately 3 ug ml~' (SEAE) and e AR IR
1 ug ml™' (SBF); the SBF affected this step more strongly ‘% | = =% :% (i“;
than SEAE. Finally, the ICs, values obtained from penetra- S 2|2 g s
tion assay were around 7 ug ml~' (SEAE) and 8 ug ml™' E % 3 =2 = 2
(SBF) against HSV-1, and 4 ug ml™' (SEAE) and ?f é % 4 j 3 © %
5 ug ml~"' (SBF) against HSV-2. é % >l 2|9 x g =
The effects of SEAE and SBF on HSV-1 protein expres- 5 slzl2m-0o il i
sion were evaluated by Western blot analyses. Figure 2 E - % -%
shows a representative blot of the results obtained after ; S I o =
18 h of treatment (one viral replication cycle) with the < 5|7 = i s
extract and its isolated biflavone (20, 40 and 2 o axszg|= o\‘: <
60 ug ml™), or ACV (20 ug ml™!). SEAE reduced the § & S oo :*; Q %
expression of (ff) UL42 and (y) gD proteins more effi- % R i j 2 8 S% £
ciently than SBF. Regarding (o) ICP27 protein expression, § 2ld|aRa @ =t
treatment with the extract and its isolated compound led é Al 2 =
to a concentration-dependent inhibition. The SEAE and § 232 ; 2 §
SBF did not interfere with constitutive proteins, as 2 | = NI % o =
f-actin synthesis was unaffected. ST . @ oo | € g E
The potential synergistic effects between SEAE or SBF g i é g Soalgsgs
with ACV were evaluated by a classical combinatorial El3|<€ |z 11 j: $ Z53
experiment. Only SBF showed CI values <1: 0-969 (HSV- ° j g iv j 22|25 pi
1) and 0-987 (HSV-2), indicating nearly additive effects E % § 3
with ACV, according to the CI theorem (Chou 2006). S o 5 A 9 g GEJ
Concerning the effects of SEAE, no synergistic effects 'ﬂi € <& i s =
were detected (data not shown). 2 g % j j C oy 3
b rolmns|tss
Rt O2|"8%| 2T
Effects on pro-inflammatory mediators o i§ B %
N 4] g D >
The effects of the isolated compounds 3MQ and SBF on = e W 218 28
the pro-inflammatory mediators MCP-1, TNF-o¢ and e S1B88lF0E
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Figure 2 Effects of SEAE and SBF obtained from Strychnos pseudoquina on HSV-1 (KOS strain) protein expression. (a) Confluent Vero cells were
infected with HSV-1 (MOI 0-2) and treated with 20, 40 and 60 ug mi~" of the extract and its isolated compound or 20 ug ml~" of acyclovir.
Lysates were collected after 18 h of incubation, run on SDS-10% PAGE gel and analysed using specific antibodies for viral (ICP27, UL42 and gD)
proteins. Equal protein loading was confirmed by probing for B-actin. CC (cell control) = Vero cells uninfected and untreated; VC (viral con-
trol) = Vero cells infected but not treated; ACV (acyclovir). Equal protein loading was confirmed by probing for g-actin. (b) The graph indicates
the ratio of each viral protein (I ICP27; O UL42; M gD) to f-actin protein (*P < 0-01, **P < 0.001, ***P < 0.0001; **pP < 0.0001;
$88p < 0.0001 vs the respective viral controls, two-way Anova, post hoc test Dunnet).

IL-1-f were evaluated on a human monocytic cell line
(THP-1) previously stimulated by LPS. The compounds
showed no toxicity to the THP-1 cells at all concentra-
tions assayed (cell viability >90%, data not shown). Both
flavonoids elicited a concentration-dependent inhibition
of MCP-1, whereas 3MQ more significantly reduced che-
mokine release. When tested at 90 umol 17!, 3MQ
induced a similar response to the reference drug
dexamethasone (Fig. 3a). On the other hand, both com-
pounds stimulated the production of the cytokines TNEF-
o (Fig. 3b) and IL-1-f (Fig. 3c) in LPS-stimulated cells,
especially at the intermediate and the highest tested
concentrations.

Discussion

In this study, the antiherpes activities of SEAE, a stan-
dardized extract obtained from S. pseudoquina stem bark,
and two isolated compounds (3MQ and SBF), were
investigated against HSV-1 and HSV-2 replication. SEAE
and SBF showed promising in vitro antiherpes activity
against HSV-1 (KOS strain) and HSV-2 (333 strain). The
isolated compound SBF was slightly more active than the
standardized extract against both viruses, with significant
lower cytotoxicity. Antiherpes activity of other biflavones
has been reported against HSV-1 and HSV-2 (Hayashi
et al. 1992; Andrighetti-Frohner et al. 2005; Freitas et al.
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Figure 3 Effects of 3MQ and SBF on pro-inflammatory mediators. THP-
1 cells were treated with the isolated compounds 3MQ and SBF, or dex-
amethasone (0-1 umol I="; Dexa, positive control), or solvent control
(0-1% DMSO) and stimulated with LPS (100 ng ml~"). Supernatants
were collected for MCP-1, TNF-« and IL-1 measurements by ELISA. Dif-
ferences in the release of the mediators elicited by the compounds in
comparison to the control (cell + LPS) were analysed by one-way anova,
post hoc test Newman-Keuls (*P < 0-01, **P < 0-001, ***P < 0-0001).

2009). Although antiherpes activity of 3MQ has been
reported previously (Bettega et al. 2004), in this work,
our results detected higher toxic effects and no significant
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antiviral action, for all HSV strains, at the tested experi-
mental conditions. For this reason, the study of the
mechanism of antiherpes action was conducted only with
SEAE and SBF.

HSV viral replication cycle can be divided into several
stages: viral entry into the host cells, expression of viral
genes, DNA replication, virus assembly, and egress of the
new generation of viral particles (Kukhanova et al. 2014).
Herein, the initial phases of HSV-1 replication cycle seem to
be particularly affected by SEAE and SBF treatment. The
ICs( values obtained with the simultaneous treatment were
lower than the ones obtained with the postinfection treat-
ment, even if the incubation time of the extract and its iso-
lated compound is significantly shortened in the assay. The
following step was to verify the effects of SEAE and SBF in
the specific early stages of viral infection. Our results showed
that HSV attachment, postattachment and penetration were
inhibited by the extract and its isolated compound, at
different levels, as can be verified by the SI values.

Moreover, a direct inactivation of viral particles by the
extract and its isolated compound was observed. The
virucidal activity was also assessed for another biflavone,
the ginkgetin (Hayashi et al. 1992). Thus, it could be sug-
gested that SEAE and SBE will be active when applied
topically, as they are able to inactivate viral particles
directly. This approach has a great appeal in the therapy
of sexually transmitted diseases, including HSV infection
(Ekblad et al. 2010).

To explore the effects of SEAE and SBF on the host
cells, a pretreatment assay was conducted. The results
suggest that the extract and isolated compound can pro-
tect cells against HSV-2 infection at relatively low con-
centrations. This effect corroborates the potential clinical
application of SEAE and SBF as topical prophylactic/
therapeutic agents. Intriguingly, HSV-1 infection was not
impaired by the pretreatment of cells with both samples.
Additional experiments including mutants strains will be
performed in the future. This will be done to assess the
influence of glycoproteins in the adsorption because we
assume that the differences between HSV-1 and HSV-2
detected in this study are related to glycoproteins.

As previously mentioned, the o genes regulate viral
replication; the f§ genes are responsible for synthesize and
packaging DNA, and the y genes synthesize the structural
components of the virions. By Western blotting assays, a
significant reduction of (f) UL42 and (y) gD protein
expression was detected, which were more affected by
SEAE than by SBF treatment. Therefore, SEAE and SBF
could interfere with the synthesis of DNA and structural
components of the virions. Furthermore, SBF was able to
inhibit the (y) gD and () UL42 protein expression in a
concentration-dependent manner. Concerning the (o)
ICP27, a minor inhibition was observed for SEAE and
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SBE. These results suggest that, at the molecular level, the
extract and isolated compound might interfere more
intensively with expression of early and late proteins, in
comparison with immediate early proteins.

The potential synergistic effects between SEAE or SBF
and ACV were tested at different concentrations. Only
SBF showed nearly additive effects with ACV against
HSV-1 and HSV-2, since the obtained CI values ranged
between 0-90 and 1-10 (Chou 2006).

The inflammatory response plays a crucial role in HSV
infections. Chemokines are essential for the innate and
adaptive immune responses to the viruses, but the out-
comes of these responses may be deleterious to the host
and affect, for example, the preservation of the visual
axis, in the case of ocular HSV-1 infection (Carr and
Tomanek 2006). Thereby, the selective control of chemo-
kine expression during viral infection may be beneficial
to the host. The flavonoids isolated from S. pseudoquina
promoted a concentration-dependent inhibition of MCP-
1 release by LPS-stimulated THP-1 cells, when assayed at
concentrations below 100 umol 17", It is noteworthy that
3MQ and SBF induced a selective MCP-1 inhibition,
whereas they showed no effects or increased the levels of
TNF-o. and IL-1f in LPS-stimulated cells, depending on
the assayed concentrations. In the same way, Lin et al.
(2012) investigated the effects of f-carotene in the pro-
duction of pro-inflammatory mediators by RAW264.7
cells infected with pseudorabies virus. The treatment with
B-carotene bellow 100 umol 17" diminished significantly
the production of NO, IL-1f, IL-6, TNF-o0 and MCP-1,
with clear selective inhibitory effects on IL-1f and IL-6.

The combination of antiviral therapy with anti-inflam-
matory agents seems to be a beneficial strategy for con-
trolling HSV infection, as demonstrated by Boivin et al.
(2013). Such authors reported a significant increase in
the survival rate of mice infected with HSV-1 treated
with a combination of valacyclovir and an anti-TNF-o
antibody, in comparison to antiviral therapy alone. A bet-
ter understanding of the role of pro-inflammatory cytoki-
nes in viral infection, and the outcomes of their
inhibition, may impact positively on the development of
new anti-HSV drugs. Therefore, natural products sharing
antiviral and anti-inflammatory potential are especially
desirable, as reported here for 3MQ and SBF.

In conclusion, our findings suggest that SEAE and SBF
interfere with various steps of HSV replication cycle,
mainly adsorption, postadsorption and penetration, as
well as with f and 7 viral protein expression. Besides, both
flavonoids inhibit selectively the pro-inflammatory che-
mokine MCP-1, a feature that may be beneficial for the
development of new antiherpes agents. These results cor-
roborate the fact that natural compounds still could be
regarded as a promising source of new drugs, especially as
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an alternative for the treatment of herpes simplex. In all
experiments, the biflavone SBF was more active than the
extract. In fact, the HPLC analysis (supplementary mate-
rial) showed that SBF is the major compound detected in
the standardized extract (189-51 ug ml™' of SBF versus
105-8 ug ml™' of 3MQ). Therefore, SBF could be
regarded as the main bioactive compound of SEAE,
although other active constituents cannot be ruled out at
the moment. Note that, these are preliminary results
obtained in vitro, and in vivo assays have to be performed
to verify a successful future applicability.
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Figure S1. HPLC analysis of the standardized ethyl
acetate extract (SEAE) prepared with stem barks of
Strychnos pseudoquina A. St. Hil.
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