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Abstract

Seasonal flu is caused by influenza infection, a virus that spreads easily in human population with periodical epidemic out-
breaks. The high mutational rate of influenza viruses leads to the emergence of strains resistant to the current treatments.
Due to that, scientific research is focusing on the development of new anti-influenza agents as alternative or complemen-
tary treatments. Olive tree (Olea europaea L.) has been a source of ancestral remedies due to its antimicrobial activity.
Thus, the aim of this study was to test the anti-influenza activity of a standardized olive leaf extract rich in elenolic acid
(EA), Isenolic®, compared with oseltamivir. Isenolic® extract was characterized by High Performance Liquid
Chromatography (HPLC)-Mass Spectrometry and its content in EA was determined by HPLC. Cytotoxicity, viral neur-
aminidase inhibitor activity and cell viability protection against influenza infection of Isenolic® were tested in vitro using
sialic acid overexpressing Madin-Darby Canine Kidney cells. Isenolic® formulations showed a 4% and 8% dry basis.
Oseltamivir and Isenolic® extracts showed anti-influenza activity. The 8% Isenolic® formulation showed a dose-dependent
neuraminidase inhibitor activity higher than the 4% formulation, and preserved cell viability under viral infection. Thus,
Isenolic® become a promising natural alternative to existing influenza treatments.
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and B viruses circulate and cause seasonal epidemics of
disease.””

There are two classes of antiviral drugs for treatment and
prophylaxis of influenza: the M2 ion-channel blockers
amantadine and rimantadine acting only against type A
influenza viruses; and the neuraminidase enzyme inhibitors
(NAD) oseltamivir, zanamivir, acting against type A and

Introduction

Seasonal influenza is caused by a burden of airborne respira-
tory viruses that occurs every year between the meteorologi-
cal fall and spring of both hemispheres. The virus is highly
contagious and produces mild to severe symptoms or even
casualties, especially in sensitive populations (very young,
individuals with chronic comorbidities, immunocomprom-
ised individuals, pregnant women, and frail older adults).
The estimations of the 2017 season of influenza lower

respiratory tract infections attributed 1.45x 10° casualties
worldwide with higher rates among elderly population
(16.4 deaths per 1 x 10° in adults over 70 years)."

Influenza viruses are enveloped RNA virus members of
the Orthomyxoviridae family. There are 4 types of seasonal
influenza viruses, types A, B, C and D classified into sub-
types according to the surface proteins hemagglutinin
(HA) and neuraminidase (NA) combinations. Influenza A
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type B influenza viruses. The adamantanes (amantadine and
rimantadine) are not recommended for prophylaxis or treat-
ment due to the widespread natural resistance to those drugs
among human seasonal A (HIN1) and A (H3N2) influenza
viruses.* By contrast, NAI are strongly advised in clinical
practice to start antiviral treatment as soon as possible,’
but their use are relate to some undesired side-effects,
such as nausea, vomiting, diarrthoea and headache.

Despite its effectiveness, there is a major concern about
the emergence of new influenza strains resistant to
NAL?>%7 Before 2007, NAI resistance was sporadic.
However, by the late 2007, the oseltamivir-resistant seaso-
nal influenza A (H1N1) viruses began to be more frequent
in untreated individuals in Europe and the US and world-
wide by 2008.% The World Health Organization (WHO)
established the criteria to define the levels of antiviral-
resistance in influenza viruses based on the fold-change
of their inhibitory concentration value (ICsy) compared
to reference ICsq of the sensitive strains. For influenza
A/B viruses the following cut-off values were set as
normal (<10/5-fold increase), reduced inhibition (10—
100/5-50-fold increase) and highly reduced inhibition
(>100/50-fold increase) respectively.'® There are dozens
of NAl-resistant A (HIN1) and A (H3N2) mutant strains
that show highly reduced inhibition for oseltamivir and
peramivir.'' Thus, the search of alternatives to NAIs
would provide additional tools to control resistant influ-
enza strains.

Medicinal plants have been used traditionally to treat
viral infections. Olive (Olea europaea L.) has been used
traditionally as a medicinal plant with different indications
in various preparations derived from its leaves, fruits, seeds,
wood, bark and oil.'®'” It has been part of the traditional
human and veterinary pharmacopeia in Mediterranean
countries.'®'? Several studies have reported an antiviral
effect of olive against important pathogens such as viral
haemorrhagic septicaemia virus, rhinovirus, Herpes,
Polio, leukaemia or influenza.'®!’

The pharmacological properties of O. europaea have
been attributed to its phenolic content. Oleuropein, the
main phenolic compound present at olive, is formed by
esterification of hydroxytyrosol and a glycosylated mono-
terpene, the elenolic acid (EA).I(”20 It is hypothesised that
the real antimicrobial effect of oleuropein would be due
to its components hydroxytyrosol*> and EA, although
there are still no studies carried out with EA obtained
from natural sources. Early research with calcium elenolate
salts revealed its antiviral activity, including influenza and
parainfluenza, in vitro and in animal models.** Soret MG
and Renis HE showed how calcium elenolate treatment
reduced influenza virus infection and accelerated its eradi-
cation in hamsters.?**°

This research is aimed to study the antiviral effect of
natural aqueous extracts from olive leaf rich in EA
instead of its salt on a well-known influenza strain.

Materials and methods

Antiviral agents

The branded olive leaf extract Isenolic® standardized in 4
and 8% of EA by HPLC was obtained by a proprietary
process by Pharmactive Biotech Products S.L. The
samples were stored in darkness and a dry place prior to
analysis.

Oseltamivir ~ phosphate  was  purchased from
Sigma-Aldrich (Sigma-Aldrich, St Louis, MO, USA) and
stock solution was prepared in Milli-Q water purified by a
Milli-Q Millipore system (Bedford, MA, USA).
Acetonitrile of HPLC grade was purchased from Scharlab
(Barcelona, Spain).

Isenolic® characterization

Identification of EA derivates in Isenolic® was accomplished
by High Performance Liquide Chromatography-associated
Mass Spectrometry (HPLC-MS) analysis, using a HPLC-
MS QStar device equipped with a Q-TOF mass analyser
and electrospray ionization system (AB Sciex; Alcobendas,
Spain). Separation and ESI operation were performed
according to the methodology previously described.?’
Chromatograms were registered at 240, 280 and 330 nm
and mass spectra from m/z 100 to 2500 uma at 100, 200
and 250 V.*’

Quantification of EA content in both formulations of
Isenolic® was carried out by HPLC analysis at 242 nm con-
sidering oleuropein (Sigma-Aldrich; St Louis, MO, USA)
as external standard in a 1220 Infinity series system equipped
with autosampler and UV detector (Agilent Technologies;
Santa Clara, CA, USA). Briefly, a Luna PFP(2) column
(5 um, 100 A, 250 X 4.6 mm) from Phenomenex was used
as stationary phase. As mobile phase, a gradient of acetic
acid at 2.5% in water as solvent A and acetonitrile as
solvent B was applied to ensure the separation as follows:
from 0 to 20% of B in 50 min, from 20 to 100% of B in
5 min, maintained 100% of B for 5 min and finally form
100 to 0% of B in 10 min. The total run time was 70 min
at a flow rate of 0.6 ml/min. Samples of Isenolic® extracts
were diluted in water:acetonitrile 50:50 and the HPLC injec-
tion volume was 20 pl. An external calibration curve of oleur-
opein was assessed by triplicate and the linearity of the
system was proven (r > 0.99). EA content in the samples
was calculated by interpolation form the calibration curve.

Virus and cells

Human Influenza A virus (FR-8 A/Brisbane/10/2007 A
(H3N2)) was obtained from International Reagent Resource.
Sialic acid overexpressing Madin-Darby Canine Kidney
(MDCK-SIAT1) cells were purchased from Sigma Aldrich
(St Louis, MO, USA). Cells were cultured in Dulbecco’s
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Modified Eagle’s Medium, DMEM, supplemented with
2mM glutamine (MERK), 9% glucose (Sigma Aldrich),
10% of foetal bovine serum (FBS) from Lonza
(BioWhittaker) and 1% gentamicin (G-418, Thermo Fischer
Scientific; Waltham, MA, USA).

Cytotoxicity

Stock solutions of both Isenolic® formulations were prepared
at 12 mg/ml in water plus 0.01% chloroform. Cytotoxicity
evaluation of Isenolic® was performed in MDCK-SIATI
canine kidney cells using the extract vehicle, water+
0.01% chloroform (Sigma Aldrich; St Louis, MO, USA),
and 20% DMSO (Sigma Aldrich; St Louis, MO, USA) as
experimental controls. Triplicate cultures of 1x10% cells
were grown in 96-well microtiter plates for 24 h. Then,
cells were incubated with both Isenolic® formulations (4%
and 8% EA dry basis) at concentrations from 6 to 1200 pg/
ml in a 24 h period of exposure. The remaining cell meta-
bolic activity was determined by 3-(4, 5-dimethylthiazol-20l)
2, 5 diphenyl tetrazolium bromide, MTT, reduction assay.
After removing Isenolic® containing supernatants, cells
were washed twice with Optimem (GIBCO) and 0.15 mg/
ml MTT (Sigma Aldrich; St Louis, MO, USA) was added
for an incubation period of 4 h at 37 °C. Finally, 200 ul of
DMSO was added to dissolve MTT crystals and absorbance
was read at 570/655 nm in a microplate reader. The 50%
cytotoxic concentration (CCsg) was considered as the con-
centration at which cell viability was reduced by 50%.
CCsp and other interpolation values were determined by non-
linear regression analysis of three independent essays.

Viral infection

Influenza infectivity was evaluated in MDCK-SIAT1 cells
using Tris-EDTA buffer and 20% DMSO as experimental
controls. Triplicate cultures of 1x 10* cells were grown in
the aforementioned medium for 24 h. Dilutions of the
virus in Tris-EDTA buffer at multiplicity of infection
(MOI): 0.01, 0.1, 1 and 2 were then added to the cells.
After 48 h of exposure, viral particles were removed with
double Optimem washing and cell viability was measured
by the MTT tetrazolium reduction assay following the pro-
tocol described previously. The experiments were repeated
at least three times in triplicate assays.

Antiviral activity

Antiviral activity evaluation of Isenolic® was performed in
MDCK-SIAT1 cells infected with Influenza A (H3N2)
using the commercial kit Neuraminidase Assay Kit
MAKI121 (Sigma-Aldrich; St Louis, MO, USA) and compar-
ing to Oseltamivir as positive experimental control. Cultures
of 1x 10 cells per well were grown in 96-well plates and
pre-treated with Isenolic® 4% and 8% formulations at

concentrations from 6 to 150 pg/ml and 0.8 pg/ml oseltami-
vir for 1 h. Next, the extract is removed by double medium
refreshment before exposing cells to the virus at MOI:1 for
1 h. After 48 h of infection, viral particles were removed
with DMEM supplemented with 2 pug/ml TPK-Trypsin,
and neuraminidase activity was determined as an indicator
of viral production. Briefly, neuraminidase activity test is
an enzymatic assay in which sialic acid released by neurami-
nidase results in a colorimetric/fluorometric product, directly
proportional to neuraminidase activity in the sample.
Aliquots of 20 pl of supernatant samples were mixed with
80 pl of the Master-Mix reaction provided in the commercial
kit in 96 pl well plates and incubated at 37°C. The absorb-
ance of the samples and standards was measured at 30 min
Aex =530 / Aem =585 nm in fluorometric assay. The ICsq
was considered as the concentration at which neuraminidase
activity was reduced by 50%. The ICs, parameter and other
interpolation values were determined by non-linear regres-
sion analysis of at least three independent assays.
Selectivity index (SI) was calculated as the ratio of CCsy/
ICsp as an indicator of specific antiviral action of 4% and
8% Isenolic® formulations. The experiments were repeated
at least three times in triplicate assays.

The effect of Isenolic® as antiviral agent was measured
as cell viability. Cytopathic effect of Influenza A (H3N2)
virus was assayed in MDCK-SIAT1 cells pre-treated or
not with 8% Isenolic®. 1x 10* cells per well were grown
in 96-well plates and pre-treated or not with 8% Isenolic®
at 100 pg/ml or 0.8 ug/ml oseltamivir for 1 h as positive
experimental control. Isenolic® excess was removed by
washing cells twice with fresh medium. Then, the cells
were exposed to a cytotoxic concentration of the virus at
MOI: 2 for 1 h. After 48 h of infection, viral particles
were removed and cell viability was evaluated by the
MTT tetrazolium reduction assay. The experiments were
repeated at least three times in triplicate assays.

Data analysis

Data are expressed as mean =+ standard deviation (SD) in bar
graphs and as mean + standard error of the mean (SEM) in
tables. Student’s t-test was performed to evaluate the statisti-
cal difference between CCs,y and ICs, values, other paired
results and observations for groups of different treatments
referred to non-treatment control groups. Differences
between groups were considered statistically significant for
p values lower than 0.05. Data calculation and statistical ana-
lysis were performed using GraphPad Prism software.

Results

Isenolic® characterization

HPLC-MS analysis allowed the identification EA isomers
and various derivatives in Isenolic® extracts (Table 1).
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Table I. Identification of elenolic acid (EA) and derivatives in isenolic® by high performance liquid chromatography-associated Mass

Spectrometry (HPLC-MS).

Tr [M-H]™ (m/ 2[M-H]™ (m/
Compound (min) Amax (nm) z) Fragments (m/z) z)
Demethyl EA glucoside (DMEA-Glu-1) 20.6 233 389.1 227.0, 183.0 779.2
(Oleoside)
Demethyl EA glucoside (DMEA-Glu-2) 340 236 389.2 345.1, 138.9 ND
(Secologanoside)
Caffeoyl diglucoside+ EA glucoside | (EA-Glu  37.9 231/300sh/  489.0 403.0 463.0 ((M+ClJ-), 241.1, 139.1 ND
1) 312
EA glucoside 2 (EA-Glu 2) 40.6 240/342 403.0 223.1, 179.0, 119.1, 112.9, 807.3
100.9
Demethyl EA glucoside (DMEA-Glu-3) 47.0 238 389.0 139.1 ND
6-hydroxyloganin+ EA glucoside 3 (EA-GIlu3)  56.6 246 405.1 403.1 240.9 811.0
EA | (EA-1) 62.7 239 241.1 165.1, 139.1, 127.1, 121.1, ND
111.2, 101.0
EA 2 (EA-2) 66.7 240 241.1 ND ND
EA derivative 737 28| 395.0 241.1, 209.1, 181.1, 139.1 ND

Retention time (R,), UV-Vis absorption maximum (A..x) and characteristic molecular and fragments ions. ND: not detected.

Characteristic molecular ions of EA (m/z 241.1) were regis-
tered at retention times of 62.7 and 66.7 min, indicating the
presence of two isomers. These two isomers of EA were as
well identified by HPLC and their total concentration was
quantified in both Isenolic® formulations, obtaining
values of 4.6% and 8.1% dry basis (Figure 1). The
content of EA derivates was analysed by using several stan-
dard substances (dimethyl elenolic oleoside and EA gluco-
side 2). All of them appeared in negligible concentrations
(below 0.1%).

Cytotoxicity

Cytotoxicity of Isenolic® formulations was assessed by
MTT assay. As shown in Figure 2, cell viability remained
unaffected at concentrations up to 60 pug/ml for both con-
centrations of 4% and 8% EA. Cell viability started to be
affected at 120 pg/ml, showing the 8% formulation a

more pronounced effect. Therefore, cytotoxic concentra-
tions of both formulations presented statistical differences:
CCsq values of 4% and 8% formulations were 218.2 and
149.7 pg/ml respectively (P<0.001). At concentrations
higher than 300 ug/ml, cell viability fell to rates comparable
to that found at of 20% DMSO for both formulations
(Figure 2 and Table 2). Cytotoxicity of oseltamivir was pre-
viously tested in MDCK-SIAT]1 cells and cell viability was
over 90% up to 150 pg/ml concentration (data not shown),
in accordance with other authors studies.?®

Viral infection

Cell viability was affected at large extent at MOI 2, whereas
lower viral dosages did not shrink substantially the meta-
bolic activity of the target cells that sustained cell viability
rates above 80%. At MOI 0.01, 0.1 and 1 the MTT test
showed cell viability rates of 93.7, 939 and 85.9%
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Figure 1. ldentification of EA isomers in isenolic® 4% (A) and 8%
(HPLC) at 242 nm. *: EA isomers corresponding peaks.

(B) formulations by high performance liquid chromatography
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Figure 2. Influence of isenolic® concentrations on viability of MDCK-SIAT| cells for 4% (A) and 8% (B) formulations compared to
dimethyl sulfoxide (DMSO) and non-linear regression representation of dose-response curves for isenolic® formulations (C). Data are
represented as mean + standard deviation of at least three independent assays. Statistical differences were evaluated by Student’s t-test
comparing concentrations with non-treated (NT) cells. ¥* P < 0.001 vs NT.

respectively compared to the untreated cells. However, at
MOI 2 cell viability was reduced to 21.9%, similar to the
experimental rate found with 20% DMSO (Figure 3).

Antiviral activity

The effects of pre-treatments with 8% and 4% Isenolic® for-
mulations were evaluated indirectly by the assessment of
the neuraminidase activity. Both Isenolic® formulations at
concentrations higher than 12 pg/ml reduced neuraminidase
activity as did the use of 0.8 pg/ml oseltamivir (that showed
an 88.0% inhibition rate), finding an increase at inhibition
rate at higher concentration of EA at the formulation
(Figure 4). The maximum inhibitory effect found for

Table 2. Cytotoxic concentration (CCsp), inhibitory
concentration (ICsp) and selectivity index (Sl) of isenolic®
formulations.

Isenolic® formulation ~ CCsp (ug/ml)®  ICso (ug/ml)*  S.I.

4% EA
8% EA

2182+89
149.7 £2. 1%+

1714133 1.3
65.5 +4.8* 23

#CCsp and ICsg values are expressed as mean + SEM of at least two
independent assays and were interpolated from non-linear regression
analysis. Statistical differences of CCsq and ICsq values comparing 4% and
8% formulations were evaluate by Student’s t-test *P < 0.05 vs 4% EA; **P
<0.001 vs 4% EA.

Isenolic® was 64.0% for the 8% EA formulation added at
100 pg/ml; whereas at the same concentration, the inhibi-
tion was only 28.6% with Isenolic® at 4% EA (P=
0.0014). 4% EA formulation reached its maximum 44.1%
inhibition when was added at 150 pug/ml (Table 2). The
Inhibitory concentration (ICsp) values of Isenolic® were
significantly different at 4% and 8% EA: 65.5 ug/ml for

125
___ 100+ * * .
3
= 75
=
.
S 50
S
25+ ok
0_
NT 001 01 1 2 20%
Viral infection (MOI) DMSO
Figure 3. Influenza infectivity evaluation. Influence of viral

multiplicity of infection (MOI) on MDCK-SIAT| cells viability for
influenza and dimethyl sulfoxide (DMSO). Data are represented
as mean =+ standard deviation of four independent assays.
Statistical differences were evaluated by Student’s t-test
comparing concentrations with non-treated nor infected (NT)
cells. * P < 0.05 vs NT; ** P < 0.00] vs NT.
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Figure 4. Influence of concentration of Isenolic® on viral neuraminidase inhibitory effect after influenza infection of MDCK-SIAT |

cells for 4% (A) and 8% (B) formulations compared to oseltamivir (Oselt.) and non-linear regression representation of dose-response
curves for isenolic® formulations (C). Data are represented as mean =+ standard deviation of at least three independent assays. Statistical
differences were evaluated by Student’s t-test comparing concentrations with non-treated (NT) cells. ¥ P < 0.01 vs NT; ¥ P < 0.001

vs NT.

the 8% formulation and 171.4 pg/ml for the 4% formulation
(P<0.01). Selectivity index (SI) values were 2.3 and 1.3 for
the 8% and 4% formulations, respectively (Table 2).

Cell viability

The preventive effect of Isenolic® at 8% EA on cell viability
under infection by influenza virus was determined by MTT
assay. In not pre-treated cells the influenza infection at high
cytopathic concentration (MOI 2) lowered the viability
down to 29.6%, close to the deleterious effect of the addition
of 20% DMSO (20.7%). Nevertheless, the pre-treated cells
with the 8% EA formula added at 100 pg/ml preserved
72.9% cell viability in the presence of the virus (P<0.01),
being a significative lower viability compared to non-infected
pre-treated cells (81.1%) (P <0.01). Only the use of the phar-
macological drug 0.8 pug/ml oseltamivir gave better preserva-
tion data (the metabolic activity of the cells was maintained
at 94.3% comparing to the controls) (Figure 5).

Discussion

The assessment of the anti-influenza effects of Isenolic®
formulations was carried out by the study of the inhibition
of virus-induced cytopathic effects according to the guid-
ance to test the anti-infective potential of natural products

by Cos et al.?? Results showed that cytotoxicity of 4% for-
mulation was lower than that of 8% formulation, but the 8%
EA formulation was more efficient in reducing neuramini-
dase activity. Taking all together, the selectivity index
(SI) was calculated. SI gives an idea of how effective and
safe a drug would be during in vivo treatment for a given
viral infection. Since SI value was approximately
two-fold higher for the 8% EA formulation than for the
4% EA, it is implied that the anti-influenza A activity of
the 8% formulation was safer. Although the 8% EA formu-
lation gave an ICsg value below 100 pg/ml and below the
threshold suggested by Cos et al.* to define an extract
with a relevant and selective activity against the pathogen,
its selectivity index was low due to its cytotoxicity against
the used cells. Nevertheless, due to its ICso and its higher
selectivity index, compared to the 4% formulation, we
decided to use the 8% EA extract for further research on
the cell viability preservation.

Interestingly, the pre-treatment of the target cells with
the Isenolic® 8% EA formulation preserved most of the
metabolic activity of the cells after the influenza A infec-
tion. It confirmed the potential of 8% Isenolic® as agent
to preserve the target cells from the viral cytopathic effect.

It is known that olive leaves extracts can contain anti-
microbial metabolites: oleuropein, hydroxytyrosol and

EA3®  Antiviral effects have been described in
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125 dosage between 24-120ug/ml  of pure salt.®
Additionally, prior incubation of sensitive cells with

£ 1004 . L calcium elenolate and amino acids such as histidine,

ey 75 E glycine, cysteine, or lysine resulted in losses of the salt vir-

% ucidal activity.” Originally this finding suggested EA deri-

> 504 vates interacted directly with specific virion proteins, but

8 - = " not HA or NA, and blocks the infection cycle at some

stage. Nevertheless, the effect of certain amino acid deri-

ol vates>® and the efficacy of a blend composed by natural sub-

NT 100 08 NT 20%

8% isenolic Oselt. DMSO

Concentration (ug/ml)
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Figure 5. MDCK-SIATI cell viability preservation of isenolic®

8% formulation and oseltamivir (oselt.) after influenza infection.
Data are represented as mean + standard deviation of three
independent assays. Statistical differences were evaluated by
Student’s t-test comparing concentrations with non-treated (NT)
nor infected cells. ** P < 0.01 vs NT nor infected; *** P < 0.001 vs
NT nor infected.

hydroxytyrosol and oleuropein. Both inhibit HIV-1 infec-
tion’! by blocking the viral entry, integration and replica-
tion into the host cells. Additionally, the influenza activity
has been inhibited by hydroxytyrosol. The susceptible sub-
types comprise A(HIN1), A(H3N2), A(H5NI1), and
A(HO9N2) strains. But our results described herein does
not reflect the typical actions found in hydroxytyrosol.
The pre-treatment of the target cells with hydroxytyrosol
did not prevent the infection and, at least, the A(HIN2)
neuraminidase is not inhibited by the compound. The pro-
posed mechanism of inhibition in hydroxytyrosol would
be related to abnormalities provoked by the substance in
the surface of the virion envelope.”

The anti-influenza effect of Isenolic® can be attributed to
its EA content, because the extract showed an EA dose-
dependent inhibition. The role of several elenolic derivates
against the influenza viruses is known since decades, espe-
cially in works done with the calcium salt of EA.
Accordingly to our results, there is a patent was filed in
1973 claiming the use of elenolic derivates as anti-influenza
drug.** The patent described an in vivo animal model in
which calcium elenolate administrated intranasally
reduced virus infection and accelerated its eradication in
the lungs.”® Earlier studies showed antiviral effects of EA
salts against several enveloped and non-enveloped viruses
at a concentration of at least 0.5 mg/ml of elenolate.”
However, the antiviral mechanism of action of EA
remains unknown. Previously, it was stipulated that EA
salts interfere with the virus life cycle and, in the case of ret-
roviruses, with the inhibition of reverse transcriptase and
protease.25 Recently, some studies indicated neuraminidase
inhibition as a possible mechanism of action of EA deriva-
tives. Myxoviruses neuraminidase resulted inhibited at

stances and amino acids as neuraminidase inhibitors have
been reported,®” suggesting the need for studies more
focused on the activity of EA alone.

By contrast to the previous studies, this research was
done with the naturally present EA isomers in the olive
leaf extract, instead of calcium elenolate. It avoided the pro-
blems derived by the presence of the ion, because Calcium
would stabilise the viral neuraminidase activity®® and,
therefore, induce wrong conclusions. Possibly derived
from this interaction, we found antiviral effects at concen-
trations lower than those stipulated in this patent for EA
(50 pg/ml-50 mg/ml to EA from the patent vs 4.8 pg/
ml-8 ug/ml to EA from Isenolic®).

Conclusions

As far as we know, this is the first time where an olive
extract rich in EA showed a reduction of neuraminidase
activity and prevents the metabolic inactivation of the
host cells in infection experiments. The two formulations
of the Isenolic® showed an anti-influenza activity increas-
ing in a dose-dependent relation. Thus, Isenolic® would
become a complement or alternative to well established
drugs to fight against NAI resistant and sensitive influenza
strains.
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