Acta Virologica 63: 316 - 321, 2019

Extract prepared from the leaves of Ocimum basilicum
inhibits the entry of Zika virus
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Summary. - The recent Zika virus (ZIKV) outbreaks and rapid spread in tropical Latin America since
introduction to Brazil in 2014, and now appearing cases in the USA, are alarming. World Health Organiza-
tion (WHO) has considered transmission of ZIKV, a serious public health problem because of the increasing
number of outbreaks. There are currently no drugs approved for the treatment of ZIKV infection. Discovery
of safe and effective drugs are hampered by the risk in treating pregnant woman and toxicity to the fetus. Sweet
basil, known as Ocimum basilicum in the scientific community, is a very well-known medicinal herb. Numerous
studies have documented its beneficial activity against a great variety of human pathogens ranging from bacteria
and virus to fungus and protozoans. Although, basil extracts and oils have been tested successfully against other
viruses, its application to tackle ZIKV infection has not been exploited at all. In this study, we report for the
first time that highly diluted ethanol extracts prepared from basil leaves can effectively inhibit ZIKV replica-
tion in Vero E6 cells with a half maximal inhibitory concentration (IC, ) value of 1:134. The diluted extract as
well as the amount of ethanol that goes into its preparation have been found to be completely non-toxic to the
above mentioned cell line. The extract seems to inhibit the virus at the step of attachment and entry into the
host cell. The specific inhibition of ZIKV observed using the basil leaf extract suggests a new alternative mode
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of treatment against flavivirus.
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Introduction

Zika virus (ZIKV) belonging to the Flaviviridae family,
the Flavivirus genus has been associated with several out-
breaks in different parts of the world (Oehler et al., 2014;
Cao-Lormeau et al., 2016; Ventura et al., 2016; Aliota et
al., 2017). Although, ZIKV was initially discovered in the
year 1947 from a Rhesus monkey in the African continent,
in recent history it has spread from the Asia to Latin and
South America; the most notable one was the 2015 epidemic
in Brazil. Risk countries need to have in place adequate
preparation for managing the patients. There are several
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ongoing drug developments in progress to establish eftec-
tive anti ZIKV therapeutics (Barrows et al., 2016; Adcock et
al., 2017). However, there are currently no effective drugs
approved for ZIKV infection. A major hurdle in the use of
drug based therapeutics for ZIKV is the risk to the pregnant
women and the developing fetus. Natural products such as
medicinal plants offer safe and inexpensive option for de-
veloping anti-ZIKV agents. Basil (Ocimum basilicum) is a
culinary herb belonging to the family that has several health
benefits (Pandey et al., 2014). Essential oils obtained from
basil have been reported to have strong inhibitory activity
against a wide range of pathogenic microorganisms (Sup-
pakul et al., 2003; Chiang et al., 2005; Khalil, 2013). Basil
extracts, thus, provide an attractive mode of treatment strat-
egy against many emerging pathogens that demand viable
therapeutic options. The application of extracts and purified
components of basil as possible antiviral agents has already
been reported (Chiang et al., 2005). The extracts and specific
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purified compounds have shown broad-spectrum activity
against both DNA and RNA viruses. However, basil leaves
have not been tested directly on Zika virus. The potential use
of basil extract as an anti-ZIKV drug merits examination.
Here, we report for the first time that extract prepared from
basil leaves can be used as an inhibitory agent to control
ZIKV replication. The effect of the extract on ZIKV entry
has also been investigated.

Materials and Methods

Preparation of extracts. Dried basil (O. basilicum) leaves were
crushed into powdered form and extract was done in 50% ethanol
for 48 h at 4°C. The whole extract was centrifuged at 10,000 rpm
for 5 min; the supernatant was collected and filtered using 0.45 pm
acrodisc syringe filter membrane (Pall Corporation, Life Sciences).
The filtered extract was serially diluted from a ratio of 1:16 to 1:512
with Dulbecco's modified Eagle's medium (DMEM) and tested for
anti-ZIKV activity.

Virus and cell line. African green monkey (Cercopithecus aethi-
ops) kidney tissue cell line Vero E6 clone was obtained from the
American Type Culture Collection (ATCC CCL-81, USA). Vero
cells were grown in DMEM (Gibco, USA), supplemented with 10%
fetal calf serum, 100 units/ml penicillin G and 100 mg/l strepto-
mycin at 37°C in a humidified atmosphere of 5% CO,. The Puerto
Rico ZIKV strain PRVABC59 (Zeptomatrix, USA) was propagated
in Vero cells and virus stock was stored at -80°C for future use.
Cytopathic effects were observed with an inverted light microscope
(Zeiss, USA) at 1, 3, and 5 days post-virus inoculation. The virus
stock was titrated by infecting Vero cells followed by plaque assay
as described previously (Chan et al., 2016).

Cell toxicity assay. Vero cells were cultured in 96-well plate at a
density of 1x10° cells/ml. Basil extracts at different dilutions (1:16,
1:32, 1:64, 1:128, 1:256, 1:512) prepared in DMEM were added in
triplicates to each culture well. The cells were incubated for three
different time periods of 24, 48, and 72 h. Untreated cells were
used as control. Cytotoxicity of basil extract was determined using
the MTT (3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium
bromide) calorimetric assay as previously described (Green et al.,
1984). The percentage of cell viability was calculated using the
following equation: % relative cell viability = (1 - OD treated/ OD
control) x 100. The concentration of basil extract producing 50%
inhibition was calculated according to Roy et al. (2013). Data from
three independent experiments have been plotted and standard
error of mean shown.

Antiviral assay. The anti-ZIKV activity of basil extract was
evaluated using Vero cells. Briefly, cells were seeded at a density of
1.5x10° in 12-well plate and incubated for 24 h at 37°C. Different
dilutions of the basil extract in DMEM were mixed with 10° focus
forming units of ZIKV PRVABC59 and kept at room temperature
for 1 h. After 1 h incubation, the mixture of ZIKV and basil ex-
tract were added to the Vero cell culture and again incubated for

an 1 h at 37°C for viral absorption. Untreated cells were used as
control. DMEM containing 2% fetal bovine serum (FBS) and 1%
carboxymethylcellulose sodium salt (Sigma-Aldrich) were added
to the wells and incubated for 4-5 days. Cells were then fixed with
10% formaldehyde and stained with 1% crystal violet. Plaques were
counted and compared to the control. The percentage of inhibition
in viral replication due to the treatment with different dilutions of
basil extract was expressed as relative foci number with respect
to the untreated control. It was calculated as follows: [(number of
plaques form peptide treated cells/number of plaques form control
cells) x 100]. The data from three independent experiments were
plotted and standard error of mean is shown.

Pre- and post-infection activity of basil extract. Vero cells were
treated with the different dilutions (1:16, 1:32, 1:64, 1:128, 1:256,
1:512) of the basil extract prepared in DMEM before (pre-infection)
or after (post-infection) being infected with ZIKV. In pre-infection,
dilutions of the extract were added to monolayer of Vero cells and
the cells were then incubated for 2 h at 37°C. The media contain-
ing the extract was removed and the cells were then washed twice
with pre-warmed PBS to remove all the traces of the extract and
infected with 10° focus forming units of ZIKV. After allowing for
viral absorption for 1 h at 37°C, DMEM containing 2% FBS and
1% carboxymethylcellulose sodium salt (Sigma-Aldrich) were
added to the wells and incubated for 4-5 days. The viral titer was
then quantified by plaque assay. In the scenario of post-infection,
monolayer of Vero cells were first infected with 10° PFU of ZIKV.
After an incubation period of 4 h, different concentrations of
basil extract were added and incubated further for 2 h. The media
containing the extract was removed, cells were washed twice with
pre-warmed PBS, and fresh complete media was added. The levels
of viral replication were determined by plaque assay similar to
pre-infection. Untreated cells were used as control in both the
infection procedures.

Results
Anti-ZIKV activity of basil extract

In order to evaluate the anti ZIKV activity of the pre-
pared basil extract, different serial dilutions of the extract
were tested. Vero cells were infected with 10° PFU of ZIKV
mixed with the prepared dilutions (1:16, 1:32, 1:64, 1:128,
1:256, 1:512) of basil extract in DMEM and the level of virus
infection was monitored by plaque assay. As shown in Fig.
1, the inhibition of ZIKV measured as relative foci number
is dose dependent. ZIKV inhibition ranged from 97% to
13% of the untreated control value depending on the extract
dilution factor. The viral titer decreases in a dose depend-
ent manner with a half maximal inhibitory concentration
(IC,,) value of 1:134 for the cell line tested. At the highest
concentration (1:16 dilution), we have observed the most ef-
fective inhibition showing 97% reduction in virus infectivity
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Fig. 1

Dose related effect of basil leaf extract on Zika virus

Different dilutions of the basil extract (1:16, 1:32, 1:64, 1:128, 1:256, 1:512)
prepared in DMEM mixed with 10° focus forming units of ZIKV PRVABC59
were added to Vero E6 cells. After an incubation period of 4-5 days, the
inhibitory effect was evaluated by plaque assay. The x-axis indicates the
dilution of the basil extract used and the y-axis shows the number of foci
relative to the untreated control. Data are the mean + SEM of three inde-
pendent experiments. Test for significance was performed with a two tailed
unpaired Student's t-test compared to the control. *p <0.05, **p <0.005,
***p <0.0005; ns = not significant.

relative to the control value. Thus, these results suggest that
basil extract can effectively inhibit virus infection, showing
it has potent antiviral activity.

Basil components comprising of R-(-)-2-methyl-5(prop-
1-en-2-yl)-cycloheX-2-enone (also called (-) carvone) and
S-(+)-2-methyl-5-(prop-1-en-2-yl)-cycloheX-2-enone
(also called (+) carvone), (2E)-3;7-dimethylocta-2;6
dien-1-ol (also called trans-geraniol) in combination with
at least one more chemical chosen among essential oils
components were shown to have antiviral activity for
some viruses (Marwat et al., 2011; Gavanji, 2015). These
observations by other research groups indicate that mul-
tiple components of basil extract are required for antiviral
activity. So, we wanted to explore whether these chemical
alone or in combination can prevent the growth of ZIKV.
We have tested (R)-(—)-carvone 98% (1ml), (S)-(+)-carvone
96% (2ml), trans-geraniol 98% (1 ml), apigenin 95% [100 pl
(10mg/ml)], linalool 97% (800 pl), or ursolic acid 100ul
(50 mg/ml) individually or as a mixture to determine their
anti ZIKV activity. Our results revealed that these basil
components, individually or together, have no efficacy on
ZIKV (data not shown). This observation suggests that ad-
ditional basil component(s) that work alone or in concert
with above tested compounds are required for impeding
ZIKV replication.

Dilution factor

Fig. 2

Time and dose dependent effect of basil leaf extract on Vero cells
Basil extract at the following dilutions (1:16, 1:32, 1:64, 1:128, 1:256, 1:512)
prepared in DMEM were added to Vero E6 cells. After different incuba-
tion periods of 24, 48 and 72 h, the effect was analyzed by MTT assay.
The x-axis indicates the dilution of the basil extract used and the y-axis
shows the percent cell viability relative to the untreated control. Data are
the mean + SEM of three independent experiments. Test for significance
was performed with a two tailed unpaired Student's ¢-test compared to the
control; ns = not significant.

Growth characteristics of the basil extract treated Vero
E6 cells

The antiviral activity demonstrated by crude basil extract
advocate its use as a potential drug against ZIKV. In order
to be used as an antiviral drug, the extract needs to have
minimal side effect inside the host. To confirm that the basil
extract has no effect on the normal growth of Vero E6 cells,
MTT assay was performed with the extract at 24,48,and 72 h
post treatment. The results in Fig. 2 showed that all the dilu-
tions of the crude basil extract concentration used to monitor
antiviral activity were not toxic to the Vero cells, even after
72 h of incubation. This suggests that the observed inhibition
of ZIKV virus was not due to non-specific, pleotropic effect
of the basil extract on the Vero cells.

Toxicity of ethanol on ZIKV

In order to determine that the antiviral activity of basil
extract was not due to the presence of ethanol used for
extraction, different dilutions of 50% ethanol were tested
on ZIKV by plaque assay. Fifty percent ethanol was diluted
in the same manner as the original basil extract, serially
from 1:16 to 1:512 in DMEM. Each dilution of ethanol was
mixed with ZIKV for 1 h and the mixture was then used to
infect Vero cells. The infected cells were then fixed with 10%
formaldehyde and stained with 1% crystal violet for plaque
visualization. The viral growth has been reported as relative
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Non-toxicity of the ethanol used in basil extract preparation
Different dilutions of 50% ethanol (1:16, 1:32, 1:64, 1:128, 1:256, 1:512)
prepared in DMEM were mixed with Zika virus and added to Vero E6 cells.
After an incubation period of 4-5 days, the inhibitory effect was evaluated
by plaque assay. The x-axis indicates the dilution of the ethanol used and
the y-axis shows the number of foci relative to the untreated control. Data
are the mean + SEM of three independent experiments. Test for significance
was performed with a two tailed unpaired Student's t-test compared to the
control; ns = not significant.

foci number with respect to the untreated control. As shown
in Fig. 3, there was no statistically significant inhibition of
ZIKV by the amount of ethanol used to determine the an-
tiviral activity of basil extract. These results suggest that the
inhibition is a direct effect of the basil products and not the
ethanol used for extraction.

Basil extract is inhibiting ZIKV entry

The anti-ZIKV activity of basil extract was tested before
and after infection to determine whether the extract is affect-
ing the entry of the virus into the host cell. For pre-infection
treatment, Vero cells were treated with different dilutions
of the basil extract for 2 h. The extract containing medium
was removed and the cells were washed thoroughly before
being infected by ZIKV. In a separate experiment to analyze
the post-infection effect of basil extract, Vero cells were first
infected with the same units of ZIKV and later different
concentrations of basil extract were added and incubated
for 2 h. The extract was removed, cells were washed with
PBS and fresh complete media was added. The levels of viral
replication in both pre- and post-infected cells were deter-
mined by plaque assay with respect to the control (Fig. 4).
As can be seen from the graph, the number of plaques in
cells pre-treated with basil extract were at the same level as
that post-treated to ZIKV infection. Statistical analysis fur-
ther confirmed the null hypothesis. Thus, the level of ZIKV
replication was comparable, whether the basil extract was

W Pre-infection
& Post-infection
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Fig. 4

The basil extract is affecting entry of Zika virus into the host cell
Vero cells were treated with (1:16, 1:32, 1:64, 1:128, 1:256, 1:512) dilutions
of basil extract before (pre-infection) or after (post-infection) being infected
with Zika virus. In both the cases, the extract was washed away after 2 h.
After an incubation period of 4-5 days, the inhibitory effect was evaluated
by plaque assay. The x-axis indicates the dilution of the extract and the
y-axis shows the number of foci relative to the untreated control. Data are
the mean + SEM of three independent experiments. Test for significance
was performed with a two tailed unpaired Student's t-test compared to the
control; ns = not significant.

added before or after virus infection. From this experiment,
we can conclude the effects of the extract during the infection
process. Absence of ZIKV inhibition in basil pre-treated cells
suggests that the extract is not modifying the necessary re-
ceptors for viral attachment to the target cell. This property of
the basil extract is physiologically better, since, in the absence
of receptor modulation it is expected to have minimal side
effects, if any, a very important requirement for an antiviral
drug. There was also no effect on the ZIKV lifecycle when we
added the extract for 2 h post-infection and then removed
it. This observation strengthens the conclusion that the basil
extract is inhibiting ZIKV at the viral attachment and entry
by blocking the host-pathogen interaction.

Discussion

Ocimum basilicum is a very popular herb used across
many different countries in diet and as a folk remedy for
its medicinal values. Basil can be considered as a natural
blessing whose full potential as a therapeutic reagent is yet
to be explored completely. In the present study, the antivi-
ral potential of basil against ZIKV has been demonstrated.
Crude ethanol extract prepared from dried basil leaves has
been found to inhibit the growth of ZIKV in Vero cells. The
inhibition is dose dependent with an IC,  value observed at
the dilution of 1:134. The ability of the prepared basil extract
to inhibit ZIKV replication at such high dilution bodes well
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for its future application as an antiviral drug. Moreover,
both the extract as well as the amount of ethanol used for
its preparation have been found to be absolutely non-toxic
to the cells, an essential feature for any medicine. Carvone,
trans-geraniol, apigenin, linalool and ursolic acid are plant
products previously reported to have antiviral activity (Chi-
ang et al., 2005; Marwat et al., 2011; Gavanji, 2015). All these
compounds, alone or in mixture, have been tested against
ZIKV and it was observed that they were unable to exert any
effect on ZIKV propagation. Thus, the basil extract we have
prepared must have other novel constituents responsible
for the perceived anti ZIKV activity. Identification of the
component(s) is a scope for future research.

In order to investigate how basil extract inhibits infec-
tion, a time-course experiment was done with pre- and
post-infection of Vero cells by ZIKV with various doses of
the extract. Interestingly, ZIKV replication was not affected
by the time-point of addition that is before or after infection
by ZIKV. This indicates that its mode of action is to inhibit
the virus at the step of receptor attachment and entry into
the host cell. A study by Barrows et al. (2016) has shown that
drugs such as bortezomib and mycophenolic acid can act as
inhibitors of ZIKV infection in human HuH-7 cells (Bar-
rows et al., 2016). However, these drugs have potential side
effects of being teratogenic and immunosuppressive. Since,
ZIKV infection is a major threat in pregnant women, their
futuristic use as antiviral is untenable. Arbidol is a widely
used antiviral that has been found to effectively inhibit ZIKV
in mammalian cell lines, possibly at an early step in the viral
lifecycle (Fink et al., 2018). Compared to these chemicals,
our basil extract provides an alternative herbal option to fight
against ZIKV outbreaks. In general, these natural products
have least toxicity and thus provide a safer option to stop a
virus that attacks the developing fetus.
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