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ABSTRACT
Background: Herpes simplex virus type 1 (HSV-1) is associated with

orofacial infections and is transmitted by direct contact with infected Stem bark of

secretions. Several efforts have been‘expendedl in thle ;earch fgr s. terebinthifolius _
drugs to the treatment for herpes. Schinus terebinthifolius is used in

several illnesses and among them, for the topical treatment of skin l mechanism of acton of CHE

wounds, especially wounds of mucous membranes, whether infected - ] 1
or not. Objective: To evaluate the cytotoxicity and anti-HSV-1 activity S vewes | — [ oytotoxiiy sssay(cca) }j
of the crude hydroethanolic extract (CHE) from the stem bark of S. ,rajgg;jggjl

terebinthifolius, as well as its fractions and isolated compounds. Vmce"s

Materials and Methods: The CHE was subjected to bioguided m m [ o sy ey ]
fractionation. The anti-HSV-1 activity and the cytotoxicity of the CHE,
its fractions, and isolated compounds were evaluated in vitro by SRB
method. A preliminar investigation of the action of CHE in the virus—host /\kw
interaction was conducted by the same assay. Results: CHE presented JV‘“’MMA
flavan-3-ols and showed anti-HSV-1 activity, better than its fractions and RO
isolated compounds. The class of substances found in CHE can bind to
proteins to form unstable complexes and enveloped viruses, as HSV-1
may be vulnerable to this action. Our results suggest that the CHE
interfered with virion envelope structures, masking viral receptors that
are necessary for adsorption or entry into host cells. Conclusion: The  Abbreviations used: HSV: Herpes simplex virus, CHE: Crude
plant investigated exhibited potential for future development treatment  hydroethanolic extract, WF: Water fraction, AF: Ethyl-acetate fraction,
against HSV-1, but further tests are necessary, especially to elucidate ~ MPLC: Medium-performance liquid chromatography, TLC: Thin-layer
the mechanism of action of CHE, as well as preclinical and clinical ~ chromatography, NMR:Nuclearmagneticresonance, ESI-MS: Electrospray

High-Performance Liquid Chromatography

studies to confirm its safety and efficacy. ionization mass spectrometry, SRB: Sulforhodamine B, CPE: Cytopathic
Key words: Antiviral activity, Aroeira, cytotoxicity, herpes simplex virus, effect, CC: 50% cytotoxic concentration, EC,: 50% effective
herpes simplex virus type 1, Schinus terebinthifolius Raddi colrjcentration, PBS:  Phosphate-buffered Access this article online
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Herpes simplex virus type 1 (HSV-1) is a common human pathogen

associated with orofacial infections and encephalitis."! Antiviral agents

. . . . . For reprints contact: reprints @ medknow.com
currently licensed for the treatment of herpes virus infections include

acyclovir and its derivatives, foscarnet and cidofovir.! The toxic side Cite this article as: Nocchi SR, de Moura-Costa GF, Novello CR, Rodrigues J,
effects and the emergence of virus strains that are resistant to these drugs, | Longhini R, de Mello JC, et al. In vitro cytotoxicity and anti-herpes simplex virus
enhance the need for new effective compounds against viral infectious type 1 activity of hydroethanolic extract, fractions, and isolated compounds from
diseases.!> stem bark of Schinus terebinthifolius Raddi. Phcog Mag 2016;12:160-4.
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A previous screening study evaluated the effects of plant extracts
against HSV-1, in which the effects of Schinus terebinthifolius Raddi
were notable.” S. ferebinthifolius (Anacardiaceae), popularly known as
“Aroeira,” “Aroeira da Praia,” and “Aroeira Pimenteira” is distributed
from the Northeast to the South of the Brazilian coast.”’ Many studies
have experimentally confirmed that this plant has antimicrobial,
anti-inflammatory, and anti-ulcerogenic properties.”'% The extract of
stem bark from S. terebinthifolius is widely used by the Northeastern
Brazilian population for the topical treatment of skin wounds, especially
wounds of mucous membranes, whether infected or not, in the cases
of inflammation of the gums and throat in the form of gargle and
mouthwash."" Several factors can lead to skin and mucous lesions,
including infections by Candida albicans and HSV-1. Because of the
difficulties with diagnoses and because sometimes it is the only treatment
available, some people use this plant for any injury they sustain, even
without knowing its cause. Despite the traditional uses and various
biological studies, few phytochemical and antiviral studies of this plant
have been performed.

MATERIALS AND METHODS
Plant material and extract preparation

Stem bark from S. terebinthifolius was collected at Universidade
Estadual de Maringd (UEM) Campus, Maringa, Parand, Brazil,
of which voucher specimen had been deposited in the herbarium
of the UEM (HUEM #22057) that was previously identified by
Prof. Dr. Maria Auxiliadora Milaneze Gutierre.

The bark was dried at room temperature and then pulverized with a
hammer mill (Tigre ASN-5). The crude hydroethanolic extract (CHE)
was obtained by the turbo-extraction (Ultra-turrax, model UTCI115KT,
Wilmington, NC, USA) of 500 g of the powder barks with 70%
ethanol (5000 ml) in water for 10 min, controlling the temperature
so that it does not exceed 40°C." The solvents were evaporated in a
Rotavapor’ (Biichi R-153, Switzerland) under reduced pressure and
lyophilized to yield CHE (78.71 g; 15.7%).

Isolation and identification of compounds

The CHE was subjected to bioguided fractionation. The CHE (70 g)
was resuspended in water (700 ml) and partitioned with ethyl
acetate (700 ml) to obtain a water fraction (WF) and ethyl-acetate
fraction (AF). The AF (4.50 g) was chromatographed on a Sephadex’
LH-20 column (300 mm X 22 mm) using the sequence of the eluent
system (v/v; 50% ethanol, 100% ethanol, and 70% acetone), yielding
three fractions: AF, (2.38 g), AF, (0.29 g), and AF, (0.64 g). Each
fraction was assayed for cytotoxic and antiviral activity. Based on
the biological results and yield, the active fraction AF, (1.40 g) was
subjected to medium-performance liquid chromatography (MPLC)
using a reverse-phase C18 silica gel column (Bulk Media, Sepra™
C18-E, 50 um, 65 A, h = 340 mm, @ =30 mm) coupled to a Waters
510 pump and eluted with methanol/water (40:60, 50:50, 60:40, 70:30,
80:20, 90:10, and 100:0; v/v). The obtained fractions were monitored
by thin-layer chromatography (TLC), and similar fractions were
combined, yielding 16 fractions (AF , to AF ). Fraction AF , was
purified by MPLC (Sepra™ C18-E column, 420 mm X 10 mm) using
the same conditions to obtain five fractions (AF, ,, AF . AF
AF . and AF, ). Fraction AF . was chromatographed on silica gel
60 (230-400 mesh) with chloroform/methanol (80:20, 75:25, and
70:30; v/v) as the mobile phase. The fractions were monitored by TLC,
and similar fractions were combined to yield two pure compounds:
Gallocatechin (1) (15.00 mg) and catechin (2) (20.00 mg). The isolated
compounds were identified by nuclear magnetic resonance (NMR)
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spectrometry (Varian Mercury Plus 300 [7.02T] operating at 75 MHz
for *C and 300 MHz for '"H and 2D NMR) and electrospray ionization
mass spectrometry (Waters-Micromass' Quattro LC, Manchester,
England), and the data were compared with the literature.

High-performance liquid chromatographic profile

CHE 10 ul was analyzed using an Thermo HPLC system equipped
with a photo diode array (PDA) spectrophotometric detector
module (Model Finnigan Surveyor PDA Plus Detector), and a C18
Gemini Phenomenex column (250 mm X 4.6 mm), 5 pm particle size,
and a guard column (Phenomenex) were used for separation throughout
this study, with a flow rate of 0.6 ml/min. Mobile phases were water
ultrapure (Milli-Q’, Millipore, USA) with 0.05% trifluoroacetic
acid (TFA) (solvent A) and acetonitrile with 0.05% TFA (solvent B) with
the detector set at 210 and 280 nm. The gradient system was 0 min (8% B)
and 25 min (25% B), returns to 8% B at 27 min, and remains at 8% B for
5 min. The sample was prepared in a 500 pug/ml solution and filtered with
a 0.22 um Millipore” filter. A reference standard (catechin, Sigma, Lot
#31K2512; gallocatechin, 95% purity obtained from Stryphnodendron
adstringens [Mart.] Coville at the Palafito, UEM) was used to identify the
isolated component in the crude extracts.

Cells and viruses

Vero (African green monkey kidney) cells (ATCC CCL-81) were cultured
and maintained in Dulbecco’s modified Eagle’s medium (Gibco, Grand
Island, NY, USA) supplemented with 10% heat-inactivated fetal bovine
serum (Gibco) and 50 pg/ml gentamycin in an incubator set at 37°C,
with 5% CO, and 95% relative humidity. HSV-1 (clinical strain kindly
provided by Virology Department of University State of Londrina)
stocks were propagated in Vero cells and titrated. The virus was then
stored at —20°C until use.

Cytotoxicity assay

Vero cells were seeded in 96-well tissue plates ata density of 2.5 x 10° cell/ml
in 100 ul medium and incubated in a humid atmosphere with 5% CO,
at 37°C until a confluent monolayer formed. Different concentrations
of samples (CHE, its fractions and isolated compounds, and acyclovir)
were added to the wells. A control that used cells without the addition
of any sample was also included. The plate was incubated in a humid
chamber at 37°C with 5% CO, for 72 h. Viable cells were detected using
the sulforhodamine B (SRB) colorimetric method.!"*! Data were used to
calculate the 50% cytotoxic concentration (CC, ) (the concentration that
is able to destroy 50% of the cells).

Assays for antiviral activity

The Vero cells were seeded in 96-well tissue plates at a density of
2.5 x 10° cell/ml in 100 ul medium for 24 h. After, the cells were
infected with 25 pl of viral suspension TCID 80 for 1 h at 37°C and
various concentrations of the test samples (CHE, its fractions and
isolated compounds, and acyclovir) were added per well. The cells were
incubated for 72 h in a humid atmosphere with 5% CO, at 37°C. Cell
control and virus control were also performed. Acyclovir was used as
positive control. The viable cells were detected using the SRB assay.!"’!
The percentage of inhibition of virus-induced cytopathic effect (CPE)
is expressed as a percentage of the optical density of the test sample
compared with untreated virus-infected cells."” The concentration
that reduced 50% by CPE compared with the virus control was
estimated from the data plots and defined as the 50% effective
concentration (EC,)). The tests were performed in triplicate in three
independent experiments.
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Mechanism of herpes simplex virus
type 1 suppression induced by crude
hydroethanolic extract

To investigate the steps of the virus multiplication cycle at which the
CHE acts, the SRB assay was used to determine cell viability in all the
experimental conditions described below. Activity was determined
as a percentage of inhibition of virus-induced CPE and expressed as
a percentage of the optical density of the test sample compared with
untreated virus-infected cells.

The CHE was added to the cells at only certain times: Before the
infection (for 1 h and 24 h), during the adsorption phase, during the early
stages of infection (adsorption and penetration phases), and after infection.
The directinactivation of HSV-1by the CHE was also tested. For this, CHE
at different concentrations (0.01, 0.10, 1.00, 10.00, and 100.00 pg/mL)
were mixed with equal volumes of HSV-1 suspension (100-fold TCID80)
and incubated for 1 h at 37°C. Thereafter, the mixtures were diluted
100-fold and used to infect confluent Vero cells for 1 h at 37°C. The cell
monolayer was then washed with phosphate-buffered saline and further
incubated in overlay medium for 72 h.

Statistical analysis

The results are presented as the mean values from three independent
experiments. The values of EC, and CC, were obtained by dose-response
curve and regression analysis of triplicate CC,, and EC, values were
analyzed by one-way ANOVA followed by Tukey test, considering
P < 0.05 significant.

RESULTS
Structure elucidation

Fractionation of the crude extract from the stem bark of S. terebinthifolius
yielded gallocatechin and catechin [Figure 1]. Their chemical structures
were determined by comparing their NMR spectral and MS profiles with
those in the literature.!'>**!

Evaluation of the CHE by HPLC-PDA showed 5 peaks that are well
separated. The peaks numbered 2 (r# = 10.9 min.) and 5 (r¢ = 16.9 min)
correspond to the substances gallocatechin and catechin,
respectively [Figure 1]. The contents of gallocatechin and catechin
in the CHE sample were determined as 6.96 and 55.20 mg/g. These
were identified by co-injection of the sample plus their standards and
quantified by adding known concentrations of the standards.

Cytotoxicity and antiviral activity

The CHE and its fractions, WF and AFE, showed anti-HSV-1 activity at
noncytotoxic concentrations (SI = 22.50, 2.40, and 10.00, respectively).

mAU

200
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The AF was chromatographed to yield three fractions (AF , AF,, and AF,)
and only AF and AF, showed an antiviral effect (EC,, = 18.00 and
7.00 pg/ml, respectively) [Table 1].

To continue the purification, the AF, was chosen because it had a
better yield than AF,. AF, was chromatographed, yielding 10 fractions
(AF | to AF ). Of these, only AF  (SI =2.20) and AF , (SI > 2.90)
were active. From the AF | fraction, five news fractions (AF, , to AF )
were obtained, and only AF , (SI = 3.70) and AF, . (SI = 3.00) were
active. The AF  _ fraction yielded the compounds gallocatechin
(1) and catechin (2). Among them, only catechin exhibited anti-HSV-1
activity (EC,, = 6.50 ug/ml, SI = 3.60). Gallocatechin did not present
anti-HSV-1 activity, even at the highest concentration tested.

The highest anti-herpes activity was detected for the CHE. For this
reason, we decided to investigate the mechanism of anti-herpes action
of this extract.

Mechanism of herpes simplex virus
type 1 suppression induced by crude
hydroethanolic extract

Herpes virus replication is characterized by a complex sequence of
different steps with which antiviral agents might interfere. To investigate
the inhibitory effects on HSV-1, the CHE was added at different stages
of viral infection. Incubation of HSV-1 with the CHE in the adsorption
experiment, adsorption and penetration stage experiments, and
virucidal activity experiment caused a significant suppression of HSV-1
multiplication. In contrast, when the host cells were pretreated for 1 or 24 h
prior to infection with CHE and when CHE was added after penetration
of the virus into the host cells, the infectivity was not reduced [Table 2].

Table 1: Cytotoxicity and anti-HSV-1 activity of Schinus terebinthifolius CHE
and its fractions

Sample CC,, (ng/ml) EC,, (ug/ml) Sl
Extracts
CHE 308.00+112.00* 14+5.70" 22.50
Fractions of CHE
WF 95.00+45.50** 40+18.20" 2.40
AF 162.00+8.20** 16£6.60" 10.00
Fractions of AF
AF, 103.00+27.20** 18+11.60" 5.80
AF, 90.00+21.90** 7+3.20" 12.30
AF3 28.00+12.00*** 123+15.90™ <1.00
Acyclovir 0.35£0.04** > 1000 >2857

CHE: Crude hydroethanolic extract; WE, AF: Aqueous and ethyl acetate fractions
of CHE, respectively; AF , AF,, AF,: Ethanolic 50%, ethanolic 100% and acetonic
70% fractions of AF; CC,: 50% cytotoxic concentration; EC, : 50% inhibitory
concentration; SI: Selectivity index (CC,/EC,). Different symbols express
significant difference between the results (ANOVA followed by Tukey test, P<0.05)

Table 2: 50% effective concentration EC, of CHE of Schinus terebinthifolius on
Herpes simplex virus type 1 (HSV-1) at different times during the viral infection
cycle

Experimental strategy EC,, (ug/ml)
Pretreatment cells for 24 h >100
Pretreatment cells for 1 h >100
Adsorption 0.31+0.04
Early stages of infection 0.24+0.06
Virus neutralization 3.00£0.15
Effect on infected cells >100

Figure 1: Chromatogram of crude hydroethanolic extract with
gallocatechin (2; rt = 10.9 min) and catechin (5; rt = 16.9 min)
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Concentrations of 0.01, 0.1, 1, 10 and 100 ug/ml were used for all experiments.
EC,: 50% virus suppression compared to untreated controls and are the mean of
three independent experiments
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DISCUSSION

The observation of popular knowledge is the most common strategy
for selecting plant species that may be potentially used to treat
diseases.!"” Botanical extracts exhibit a wide spectrum of biological
and pharmacological properties, including cytoprotection, anticancer,
anti-inflammatory, antimicrobial, and immunomodulation effects.®-22!
Such medicinal plants provide an important source for antiviral drug
screening and development.>*?! Several secondary metabolites,
including flavonoids, saponins, and tannins, have been reported to
present antiviral activity.2%?”!

Studies with S. terebinthifolius have shown the presence of several
constituents, including terpens,?! phenols,®"" tannins,"" flavonoids,*?
anthraquinones, xanthones, and free steroids.*!! A solvent mixture (water,
ethanol, and acetone) was optimized for extraction from the bark of
S. terebinthifolius, and a UV-VIS spectrophotometric method was
developed and validated for analysis of total polyphenols in the extract.
The results demonstrated a total polyphenol content of 29.39% and an
interesting antioxidant capacity (6.38 ul/ml).>*

The present study reported the in vitro cytotoxicity and
anti-HSV-1 activity of S. terebinthifolius extract, fractions, and pure
compounds (gallocatechin and catechin) isolated from the stem bark
of this plant used for medicinal purposes. Catechin and gallocatechin
belong to the polyphenol class, which are a large and highly heterogeneous
group of natural products, with the general characteristics of multiple
hydroxylation of complex aromatic systems. We showed that catechin but
not gallocatechin presented anti-HSV-1 activity. Despite the structural
similarities between gallocatechin and catechin, the first one presents an
additional hydroxyl group, which could influence its biological activity.
The crude extract and one of the fractions rich in catechin obtained from
coconut rusk fiber of Cocos nucifera L. showed inhibitory activity against
acyclovir-resistant HSV-1.2% These results correspond with the findings
in the present study because the CHE showed to be rich in catechin, as
noted by HPLC profile.

Methanolic extracts from dried Combretum micranthum G.
Don (Combretaceae) leaves present antiviral activity against HSV-1 and
HSV-2, and the precursors of the active compounds have been identified
as condensed tannins.”® The isolated compounds (gallocatechin and
catechin) also belong to a class of condensed tannins. By analyzing the
UV profile of the other peaks (data not shown), we can infer that these
substances belong to the same class. Hence, we have an extract rich in
tannins, confirming the findings of the literature that extracts rich in
tannins present antiviral activity.*>*!

Of the extracts, fractions and isolated compounds tested in the present
study, the CHE showed the most promising results. The use of plant
extracts that comprise highly complex mixtures of up to several hundred
compounds in antiviral therapy is a part of multiple-target therapy.
Different compounds may act against different molecular targets and
inhibit viral infection more effectively than a single compound alone.*"
The results of this study suggest that the antiviral effect of the CHE is
not caused by a single component. The biological effect seems to be
dependent of the interaction among the different constituents.

Bioactivity-guided fractionation is important to isolate an active
substance; however, this strategy may exclude compounds with relevant
pharmacological activities because the effect cannot be caused by a single
compound, but rather by a combination of compounds as a result of
synergism or pharmacokinetic influences." A propolis extract exhibited
significantly higher anti-herpetic effects and higher SIs than single
isolated constituents.* The SI of a Melissa officinalis extract against
HSV was superior to the SIs of single constituents.** These results are in
according with the findings in the present study.
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To determine the mode of antiviral action of the CHE, time-of-addition
experiments were performed at different steps in the herpes virus
replication cycle. A significant decrease in viral infectivity was detected
for HSV-1 when the viruses were treated with the CHE prior to infection
and when the host cells were treated with the CHE during the adsorption
and penetration phases.

Plant-derived polyphenols exhibit anti-HSV activity in many cases,
mostly by influencing the early phases of virus infection.*" Polyphenols
bind to proteins to form unstable complexes®” and enveloped viruses,
among which HSVs may be vulnerable to the action of polyphenols
because this class of naturally occurring substances can interact easily
with the glycoproteins of the viral envelope.’ Our results suggest
that the CHE interfered with virion envelope structures, masking viral
receptors that are necessary for adsorption or entry into host cells or
interfering with cell structures that are related to the entry of the virus.
Unknown is whether the inhibitory effect is attributable to the binding
of some constituents of the extract to viral or cell proteins involved in
host cell adsorption and penetration; or attributable to damage of the
virions, possibly their envelopes, thereby impairing their ability to infect
host cells.*!

CONCLUSION

In summary, CHE of S. terebinthifolius presented flavan-3-ols and showed
anti-HSV-1 activity, better than its fractions and isolated compounds.
CHE seems to influence the viral entry process. Further experiments are
required to determine the precise mechanism of action, and probably,
the multiple targets of the CHE. In addition, preclinical and clinical
investigations should be conducted to clarify the clinical potential of the
CHE for therapeutic use in HSV-1 infections.
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