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Abstract

Background: It was shown that olive leave extract has antifungal, antibacterial and antiviral activities. The effects of
OLE on herpes simplex virus-1 (HSV-1) have not been systematically investigated yet. The aim of this study was to examine the in vitro effect of olive leaf hydroalcoholic extract
(OLHE) on HSV-1.
Methods: Virucidal effect and viral replication in Vero cell
line were studied in the presence of various concentrations of
OLHE applied at different time intervals using a standard
plaque assay method. The 50% cytotoxic concentration
(CC50), 50% inhibitory concentration (IC50), and therapeutic
index of OLHE were determined.
Results: OLHE showed virucidal effect on HSV-1 in concentrations >1 mg/mL. The CC50 of OLHE for Vero cells and IC50
were 1.75 and 0.66 mg/mL, respectively. When applied to cell
culture infected with the HSV-1, one hour earlier, OLHE
showed no antiviral activities. When applied to the cells followed by the virus infection one hour later, or to the media
containing the virus and the combination was added to cell
culture one hour later, OLHE showed anti-HSV-1 activities at
concentrations >1 mg/mL.
Conclusion: OLHE has anti-HSV-1 activity likely due to the
prevention of virus entry into the cells.
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O

live tree (Olea europa) is a sacred plant to which the
almighty Allah swears in the Holy Quran. In Iran’s
traditional medicine, both olive oil, derived from olive
fruit and olive leaves were of therapeutic values.
Olive leaves have been traditionally used to decrease blood
pressure and glucose.1-3 Recent reports using experimental
2,3
techniques indicated that it has antioxidant, antihyperten4,5
6
7,8
sive, vasodilatory, hypoglycemic, and anti-inflammatory
activities. Moreover, olive leaves have antimalarial,8-14 antifungal, antibacterial,15,16 and antiviral,17,18 activities.
Among major viral infections, herpes simplex virus type 1
(HSV-1) continues to be a major public health problem. HSV1 may cause oral and genital infection associated with herpes
labialis or cold sore. The infection can be serious in
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immuno-compromized hosts and may involve the
central nervous system, which if left untreated,
may be associated with a mortality of 70%.19
Acyclovir is widely used for the treatment of
primary and recurrent HSV-1 infections. It
however, only acts on actively-replicating HSV,
and to be active, it needs to be phosphorylated
by HSV thymidine kinase. Some HSV mutants,
however, lack the thymidine kinase activity,
and thereby are resistant to acyclovir. Such a
resistance constitutes a major problem in the
treatment of HSV infections.19-22
To the best of our knowledge, the effects of
olive leaves on HSV have not been investigated systematically yet. Considering the potentials of herbal medications in the treatment
of human diseases,23 including viral infections,
the present study was conducted to examine
the effects on hydroalcoholic extract of olive
leaves (OLHE) on HSV-1 in Vero cell line.
Materials and Methods
Olive leaves collection
Olive leaves were obtained from local gardens of Dashtkooh in suburbs of Shiraz, southern Iran, with an altitude of 1600–1700 m from
the sea level. The species of the plant (Olea
europaea L.) were characterised by an expert
from the Department of Biology, Shiraz University, Shiraz, Iran, and a herbarium registration
number (40111) was assigned to the specimen.
Preparation of OLHE
The leaves were dried in shade and ground
to powder. One-hundred g of the powder was
percolated with 1000 mL ethanol (70% v/v) in
water. After evaporation of hydroalcoholic extract over water bath, it was dried under vacuum.24 The yield of extraction was 38.6% (w/w).
Virus stock
HSV-1 was isolated from the lip lesions of a
patient and its genus was confirmed by neutralization test using guinea pig anti-HSV-1
serum and monoclonal anti-HSV-1 antibodies
against HSV glycoproteins D and G.
OLHE stock preparation
Ten mg of OLHE extract was dissolved in one
mL distilled water which was sterilized by filtration.
To use in cytotoxicity and antiviral assays, the
stock solutions of OLHE was diluted in the maintenance medium consisting of DMEM with 2%
fetal bovine serum, 0.14% (v/v) sodium bicarbonate, 100 U/mL penicillin, 100 µg/mL streptomycin
sulphate, and 0.25 µg/mL amphotericin B.
Cytotoxicity assays
The in vitro cytotoxicity of OLHE was exam-

ined in Vero cell line. Briefly, confluent Vero cells
in 24-well plates (Nunc, Denmark) were grown in
Dulbecco's modified Eagle's growth medium
(DMEM, Sigma) containing 8% fetal calf serum
(Gibco), 0.14% (v/v) sodium bicarbonate, 100
U/mL penicillin, 100 µg/mL streptomycin sulphate, and 0.25 µg/mL amphotericin B. Grown
Vero cell monolayers were washed twice with
PBS. Three mLs of the maintenance medium
with increasing concentrations of OLHE were
added to each well. The cells were then incubated at 37°C under 5% CO2 for seven days.
Cells were observed microscopically every 24
hrs. The extent of cytotoxicity was confirmed by
trypan blue dye exclusion method. The cytotoxic
concentration 50% (CC50) was estimated by Karber method.25,26
OLHE treatment and antiviral assays
The antiviral effect of OLHE was evaluated
using plaque reduction assay as described
previously.27 Briefly, confluent Vero cells in 24well plates were washed with PBS and subsequently treated with the maintenance medium
containing increasing concentrations of the
extract (up to 1.25 mg/mL) at 37°C for one hr
prior to virus inoculation. Treatments were then
removed, and monolayers were infected with
50 PFU/mL of HSV-1 for one hr. Thereafter,
the monolayers were overlaid with 1% CMC in
the maintenance medium containing increasing
concentrations of OLHE, and were incubated
at 37°C under 5% CO2 for four days. The control samples consisting of virus-infected untreated or treated cells and mock-infected cells
were also included in each assay. The cells
were then fixed with methanol for 10 min and
stained with 0.5% crystal violet. The inhibitory
concentration 50 (IC50) was determined for
25,26
OLHE using Karber method.
Experiments
were performed at least twice in quadruplicates. Also, different concentrations of OLHE
were applied one hr after infection of the Vero
cells with 50 PFU/mL HSV-1 and plaque assay
was performed as mentioned above.
To determine whether the extract have any
direct virucidal activities against HSV-1, 104
PFU/mL of HSV-1 was incubated for one hr at
37°C in the maintenance medium without or with
various concentrations (up to two mg/mL) of
OLHE. After incubation, virus titres were determined by plaque assay. Controls were mockinfected cells with no or various concentrations of
OLHE, and virus infected cells without OLHE.
Statistical analysis
The mean number of viral plaques of two
different experiments was compared with oneway analysis of variance (ANOVA) using
SPSS v11.5. Dunnett test was used as the
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post hoc test. A P<0.05 was considered statistically significant.
Results
The results of cytotoxicity assays showed that
the CC50, IC50 and the therapeutic index
(CC50/IC50) of OLHE against HSV-1 were 1.75
mg/mL, 0.66 mg/mL, and 2.65, respectively.
When applied one hr before Vero cell infection with HSV-1, OLHE at the concentration of
one and 1.25 mg/mL caused a significant
(P<0.05) reduction in viral plaques compared
to the control samples; lower OLHE concentrations did not have such effect (figure 1). No
significant inhibitory effect was observed when
various concentrations of OLHE were applied
one hr after Vero cells were infected with HSV-1
(data not presented).
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Figure 1: Growth of HSV-1 in the absence and presence of
various concentrations of olive leaves hydroalcoholic extract.
Data from two experiments in quadruplicate are shown as
Mean ± SEM.
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Figure 2: The HSV-1 titers in the absence and presence of
various concentrations of olive hydroalcoholic extract, preincubated with the virus at room temperature for one hour.
Data from two experiments in quadruplicate are shown as
Mean ± SEM.

The incubation of OLHE at concentrations
<1 mg/mL with the virus at room temperature
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for one hr prior to the inoculation of cell
monolayers did not change the virus number
significantly. However, at concentrations ≥1
mg/mL, it significantly (P<0.05) reduced the
virus number (figure 2).
Discussion
Findings of the present study indicated that
OLHE has significant antiviral activity against
HSV-1. To study the anti-HSV activities of
OLHE, its cytotoxicity was first examined
against Vero cell line. OLHE was toxic to that
cell line at concentrations >2 mg/mL. Therefore, lower concentrations were chosen for antiviral assays.
The study used three protocols to examine
the antiviral activity of OLHE. When applied to
cell culture which had been infected with HSV1 one hr earlier, various OLHE concentrations
had no significant inhibitory effects on HSV-1
infection of the Vero cells. This finding suggested that OLHE has no effects on the viruses that have penetrated inside the cells. In
another protocol, application of OLHE to cells
was followed by virus infection one hr later. At
high concentrations, OLHE was able to reduce
the viral plaques in this protocol. Such reduction might have been due to direct virucidal
activity of OLHE or due to prevention of virus
entry into the cells. Therefore, in a separate
protocol OLHE was applied to the media containing virus, and the combination was added
to cell culture one hr later. At a concentration
similar to those of the second protocol, OLHE
had virucidal activity. The similarity of OLHE
virucidal activities in the third protocol, in which
the virus was exposed to OLHE for one hr before the infection, and the second protocol, in
which OLHE was added to the HSV-1-infected
cells, might suggest that OLHE did have direct
virucidal activity. Although the antiviral effect of
any particular fractions of OLHE was not investigated in our study, a similar direct virucidal
activity against HSV was reported for essential
oils of South American plants.27
The virucidal activity of OLHE is more likely
to be attributed to its ability to prevent virus
entry into the cells. It may be due to the interaction of OLHE with Vero cell membrane
and/or HSV-1 envelope. The exact mechanism
of OLHE antiviral activity is not still clear. However, it might be attributed to the prevention of
attachment and adsorption of virus particles to
the cell, and thereby blockade of their entry
into the cells. In agreement with this hypothesis, olive leaves extract was shown to interact
with the surface of phospholipid bilayer.28
Moreover, it was shown that OLHE is a viral
inhibitor at early stages of replication, probably
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via blocking of viral envelope fusion.18 Interference with different stages of viral replication
was also mentioned by other researchers.29
The anti-HSV-1 activity of OLHE might be
attributed to components of olive leaves including oleouropein, olenolic acid, hydroxyltryptosol or calcium elenolate. These compounds
were shown to have antimicrobial properties.15,16,29 Moreover, oleorupin was suggested
to have potent antiviral activities against herpes mononucleosis, hepatitis virus, rotavirus,
bovine rhinovirus, canine parvovirus and feline
leukaemia virus.l8 As well, it was reported to
have a significant antiviral activity against respiratory syncytial virus,30 parainfluenza virus,30
and human immunodeficiency virus.17 Treatment with OLE was shown to reverse many of
the HIV-1 infection-associated changes.17
The inhibitory effect of OLHE on HSV-1
might also be due to lack of the need to convert an active form by thymidine kinase. Therefore, viruses not containing this enzyme might
be sensitive to OLHE. Thus, OLHE might be
considered as a new option for treating resistant HSV-1 in clinical trials.
In conclusion, we found that OLHE has antiHSV-1 activity. This activity was likely to be due
to the prevention of virus entry into the cells.
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