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ABSTRACT

Influenza virus capsid contains surface glycoproteins and virus takes the help of topically
available proteases to enter into the host cells. As the proteases and the virus capsid glycoproteins
are proteins in nature, the aim of this study was to test some tannin rich plant extracts, either alone
orin association, so as to neutralize proteases as well as virus glycoproteins to stop further infection.
MDCEK cells were infected with influenza wvirus in the presence or absence of MMP
{(Matrix Metalloproteinases) proteases and wvarious plant extracts using cytopathic wvirus
concentrations to evaluate the role of MMP proteases and tannin rich plant extracts on virus
growth in vitre. Results indicate that plant tannins can bind to specific viral proteins and proteases
but requires highly specific associations to inhibit total virus activity. These results prove that
specific proteases are involved in influenza virus infection and simultanecus neutralization of virus
glycoproteins and proteases constitute the most promising approach to treat influenza infection.
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INTRODUCTION

Influenza, commonly referred to as the flu, 18 a ENA wvirus, particularly known for causing sore
throat and pneumonia in human beings. The wvirus is transmitted through the air by coughs or
sneezes, creating aerosols containing the virus but alse through nasal secretions, or through contact
with contaminated surfaces causing severe pandemics (Sar ef al., 2010),

The mode of progression of a topical viral infection is completely different than a systemie viral
infection. During a topical external infection such as the influenza virus, initially a few virus
particles come in contact with the cells of the throat mucosa. There are practically no elinical signs
at. this stage. After initial infection, the virus multiplies in a few cells and millions of new virus
particles are than liberated topically to infect new cells and to create wisible lesion
{Mehle and Doudna, 2010).

Influenza virus has no processing proteases to fuse with the host cell membrane and the virus
entry is determined primarily by the host cellular HA (0) processing proteases that proteclytically
activate membrane fusion activity (Al-Majhdi, 2007, Tambunan et al., 2008). Matrix
metalloproteinases (MMPs) belong to a large family of proteases. At least seven different
trypsin-type processing proteases including tryptase Clara and tryptase TL2 have been 1dentified
for HA (O) processing but probably there are many others which are not yet identified
(Kido et al., 1996, 2008; Delboy et al., 2008). Intracellular virus multipication also encodes up to
11 proteins and this coding capacity demands that the virus use the host cellular machinery for
many aspects of its life eycle (Konig et al., 2010), including the help of different intracellular
proteases.
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This virus therefore, uses some specific MMPs present on the surface of the respiratory tract to
enter and to infect throat cells. To restrict viral infection, our body defense mechanisms liberate
anti-proteases called secretory leukoproteases in the upper respiratory tract and the pulmonary
surfactants in the lower respiratory tract to reduce the amount of free proteases available for viral
entry. When proteases activity predominant over the activities of inhibitory compounds, virus
infection cannot be stopped (Beppu et al., 1997). Body defence mechanisms are activated to produce
antibodies and to stop wirus replication but it normally takes 5-10 days. This 1s the reason why
proteases inhibitors are considered as potential future therapeutic agents for the treatment of
influenza virus (Kido et al., 2007).

Proteases, also known as proteinases or proteolytic enzymes, are alarge group of enzymes found
in or outside the cells, particularly in the vicinity of the damaged tissues and play a vital role in
protein catabolism by hydrolysis of the peptide bonds that link amino acids together in the
polypeptide chain. They are invelved in the splitting of the protein molecules. Their main role 1s to
break and to clean the proteinous debris generated during the tissue breakdown because such
substances interfere with the tissue repairing process. They are essential to create a favorable
environment for subsequent tissue repairs (Ajlia ef al., 2010),

According to the mode of action, proteases are divided into four major groups as
metalloproteinases or Matrix-Metallo-Proteins (MMPs), serine proteinases, cysteine (thiol)
proteinases, and aspartic proteinases but their exact number is not yet known as new proteases are
being discovered regularly (Vanaman and Bradshaw, 1999),

Many proteases may be found topically on a virus infected skin or mucus membrane such as
MMPs, pepsin, trypsin, chymotrypsin, subtilisin, cystin proteinase (cathepsin B,H,K,L.,5), aspartic
proteinase (cathepsin D) and clotting factors (R 26, R27). MMPs are particularly abundant in skin
wounds as they are involved in the process of topical wound healing. Several proteases have
already been identified to mediate influenza virus entry (Yamada et al., 2008). Therefore,
identifying the MMPs which are involved in influenza virus infection and their subsequent
inhibition may constitute a logical solution to block virus entry into the cells. As there are multiple
types of proteases, a non-specific protease inhibitor 1s essential so as they block all the proteases
present on an infected throat surface,

One another way to block virus entry into the cells is to directly neutralize the virus particles
on the infected surface. Influenza virus contains several glycoproteins on the surface coat and
blocking wiral glycoproteins may help to neutralize the infectivity of the whole virus particle.
(All et al., 2000),

Asg all the proteases which help influenza virus entry into the cells are proteins in nature and
as virus surface glycoproteins are also protein in nature, the aim of this study was to identify the
main MMPs involved in topical influenza virus infection and to test some plant extracts rich in
tannins, for their virus or protease binding properties in vitro.

Plant extracts rich in tannins were selected as antiviral test products because tannins are
specific with respect to their protein binding properties and each plant contains a wide variety of
tannins (Frazier et al., 2010}, Taking into consideration the variety of proteases and virus surface
glycoproteins involved in influenza wvirus entry and the need te block all the proteins
simultanecusly, plant extracts were also associated with each other to maximize the anti-viral
effects.
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MATERIALS AND METHODS

Selection of plants and preparation of plant extracts: One hundred and thirty one tannin
rich known plants were selected and plant extracts were prepared using the part of the plant which
contains maximum amount of condensed tannins. This research was performed between April 2007
up to November 2011,

As hydrosoluble tannins are not suitable for topical application, plant extracts were enriched
in condensed tannins. Briefly, initially the plant material was mixed with water at 1:12 solid to
water ratio and stirred between 200-300°F at 2-50 psi pressure for 1 h. The aqueous solution
obtained was than filtered through a polymeric memhbrane to remove large particles. The solution
was purified by adding 3% bentonite w/w and removed by filtration. The extract was than kept in
contact with an adsorbent material (non ionic resin packed in a column) and the tannins retained
on the adsorbent material were eluted with a polar solvent. The concentrated tannins extract was
then dried by atomization (120°C) to obtain a tannin rich dried and soluble plant extract. The
percentage of tannin in the dried extract varied between 15-34% depending upen the initial
richness of the plant in tannins and the part of the plant used. These dried extracts were solubilised
in water (10 mg mL™) for all the experiments. Individual plant extracts were tested at a
concentration of 50 yg mL ™" and half the concentration of each plant extract (25 pg mL ™) was used
to prepare association of plant extracts.

Initially, the maximum non-cytotoxic concentrations of each plant were determined by exposing
different type of cells with plant extract concentrations ranging between 5 to 2000 pug mL™ to verify
that the selected extracts are not cytotoxic at least up to a concentration of 50 pg mL™! in the
culture medium.

On the basis of initial results, when a plant extract was found active, different species of plants
extracts in the same family as well as associations of two or more active plant extracts were also
checked for their activity.

Cell cultures: Cell culture models where cells remain exposed to the external environment were
used to mimic topical viral infections. MDCEK (Madine Durby monkey kidney) cells sensitive to
influenza virus infection were initially grown in 75 em® tissue culture flasks (Corning, UUSA) in
Dulbecco’s Modified Eagle's medium (DMEM, PAA cell culture, France) supplemented with 10%
Fetal Calf Serum (FCS) and antibiotics. All cells were cultivated at 37°C with 5% CO, employing
standard cell culture methods as described elsewhere (Shankar et al., 2009; Shrivastava et al.,
1993; Matlin et al., 1981).

For experiments, cells were grown in 96-well tissue culture plates. Once a cell monolayer of
desired confluence was cbtained, further experiments were conducted using specific cell culture
Medium devoid of proteases (MMPs) in a serum free medium.

Virus source: Cells and viruses were purchased from American Type of Culture Cellection

(ATCC), USA.

Selection of proteases: In the absence of complete knowledge regarding the proteases involved
in facilitating viral entry into the cells, initial screening was conducted with individual MMPs to
check whether a specific MMP 1s involved in virus growth. Similarly, asscciations of MMPs were
also studied and the best association of MMPs enhancing maximum virus growth was used for
further experiments.



Ini. . Virol., 2011

The purified human MMPs (proteases) and the protease assay kits were purchased from
AnaSpec, Ine, USA. The MMP 1 (interstitial and fibroblast collagenase, Ref 72004 and 71128);
MMP 2 {gelatinase A, Ref. 72005 and 71151); MMP 3 (stromelysin-1, transinl, Ref. 72006 and
71153); MMP7 (proenzyme, Ref. 72007), MMP-9 (gelatinase B, collagenase IV, Ref. 72009 and
71134), MMP-10 (stromelysin 2 Ref. 72067 and 72024) and MMP-12 (elastase, RKef. 72010 and
71137), were used at concentration of 0.5 ug mL™! either with the viral suspension or in the cell
culture medium.

Virus titer: To determine 50 or 100% wvirus tissue culture infective dose (TCID,, and TCID, ),
MDCEK cells were grown in confluency in 96-well tissue culture plates, washed with PBS and then
infected with 10-fold virus dilutions in a serum free and MMP free tissue culture medium. Cells
were then incubated at 37°C for 1 h. After inmitial incubation with virus, inoculum was removed,;
cells were washed again with PBS and further incubated for 72 h with fresh medium. Cell death
was evaluated with MTT wvital staining. Virus titer was also evaluated using standard influenza
virus haemagglutination assay. Plates were kept for 24 h at -20°C, thawed to induce cell lyses,
centrifuged (500 g for 5 min), 50 uL sample of supernatant was drawn from each well, transferred
to a new 98-well plate and virus was titrated by haemagglutination (HA) test with a 0.5%
suspension of chicken red blood cells. The TCID doses were calculated by the methoed of Reed and
Muench (1938).

Research for the proteases involved in viral entry into the cells: To search the MMP
proteases involved in virus entry into cells, TCIDy, concentration of virus was preincubated with
0.5 pg mL™ of corresponding MMP in a protease and serum free medium for 1 h. MDCIK cell
cultures were then exposed to this mixture and cell cultures were further incubated for 72 h at
37°C to allow virus growth. The percent increase in the virus growth (indicating a helping role of
MMP in viral entry) was determined for each type of MMF or MMP association.

If the wirus growth was identical to the corresponding non-MMP added virus controls, the MMP
was considered not involved in the process of viral entry intoe the cells but if the virus growth was
superior to the corresponding non MMP added virus controls, the percent increase in virus growth
was determine to evaluate the extent of MMP or the association of MMPs involvement in virus
entry into the host cells. Values represent mean of minimum 3 experiments£SKENM,

Evaluation of the anti-protease activity of plant extracts: The in vitro anti-protease activity
of different tannin rich plant extracts was adapted from the methoed described by Diaz-Nido ef al.
(1991). In short, a fixed concentration of each plant extract (50 pg mL™) or an association of plant
extracts (25 ug mL™! each) was pre-incubated for 1 h in a test tube with the influenza virus growth
promoting MMPs (MMPs 1, 2, 7,9) at a concentration of 0, 5pg/mL/MMP. After 1 h
pre-incubation, the plant extract-MMP suspension was exposed to cell cultures pre-infected before
1 h with TCID, , coneentrations of influenza virus. The cells cultures were washed before exposure
to ensure that there are no free virus particles on the surface of the cultures. The untreated cells
served as cell controls while only virus treated cells served as virus controls.

Result interpretation: [t was assumed that if the plant extract neutralize the MMFs, the
protease will not be available for virus entry into the cell thereby reducing the virus infectivity and
consequently the cell death.
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Virus glycoprotein inhibiting properties of the plant extracts alone or in association:
The experimental procedure was similar to the procedure followed for the evaluation of the
anti-protease activity of the plants with the exception that influenza virus (TCID,,, concentration)
was pre-incubated with the plant extracts and the MMPs were added in the cell culture medium
only during the phase of virus replication. Untreated cells and only virus treated cells served as
negative and positive controls.

Virus glycoprotein neutralization was evaluated by quantifying virus titer with
haemagglutination test to quantify reduction in the viral growth, which was proportional to the
virus glycoprotein neutralization.

Total anti-viral activity of individual plant extracts or the association of plant extracts:
The antiviral activity was determined using a slightly modified method as described by Xiao ef al.
(2008). In short, a fixed concentration of an individual plant extract (50 ug mL ™) or a synergistic
association of plant extracts (each 25 pg mL™ each) was pre-incubated for 1 h before cell exposure
with a fixed concentration of MMPs (0.5 pug mL™") and herpes virus (TCID,,.,). Percent mean
reduction in cell death indicating reduction in virus growth compared to the corresponding controls
was calculated to determine the total anti-viral activity.

Data analysis: All the experiments were conducted in triplicate (n = 16 wells per experiment) and
the mean percent change (#5EM) in cell viability or virus growth compared with the corresponding
controls was determined. In each case, statistical analysis was performed with one-way ANOVA
with the paired student’s t-test. Inhibitory activity 1s expressed as percent increase in cell survival,
which was proportional to the reduction in virus multiplication.

RESULTS

The results in Table 1 clearly show that the addition of certain MMFs in the cell culture medium
of cells infected with TCID,, of influenza wvirus stimulates the growth of virus. Addition of
0.5 pg mL™" of MMPs 2, 7 and 9 increased the growth of influenza virus by nearly 50% while with
MMP1, the virus growth was increased by 63% compared to non-MMP added wirus contrels. An
association of MMP 1, 2, 7 and 9 markedly stimulated the virus growth increasing the amount of
virus produced by 81% (&8.78) compared to the corresponding to the contrels. On the contrary,
MMP 38, 10 and 12 seems not involved in enhancing influenza virus host cell infection.

Table 1: Mean % cell death, proportional to the role of MMP in virus growth, compared to the non-MMP treated virus controls in vitro

% Cell death after 72 h TCIDs, % Increase in influenza viral growth
Type of protease influenza virus infection compared to virus control
MMP-1 79.00+£7.26 +63.87*
MMP-2 71.90+£8.21 +490.14*
MMP-3 44.12+3 .89 -8.49
MMP-9 74.61+8.26 +54.76%
MMP-10 52.19+7 .56 +8.26
MMP-12 48.89+4.39 +1.41
MMP-7 Trypsinl T2.76+5.96 +50.92*
MMP1-+2+7+9 87.36+£8.78 +81.20%
Other proteases Comparable to virus controls <10.0%
Virus control 48.21+6.77

*p=<0.05 compared to the controls
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On the basis of these results, an association of MMPs 1, 2, 7 and 9 was used (0.5 pg mL ™" each)
to conduct further experiments as influenza virus MMPs.

The mean results (£FSEM) of the three experiments (minimum n = 48) for individual plant
extracts pre-incubated either with influenza virus selected MMPs or with the virus suspension or
with MMPs and virus suspension to evaluate antiprotease, antivirus glycoprotein or total antiviral
activity, respectively are shown in the Fig. 1.

Among 131 plant extracts tested, 123 had no effect on the virus glycoprotein or proteases
{results not shown) as only the extracts of E. purpurea and C. sinensis had some anti-protease
activity while the extracts of Vaceinium macrocarpon, Vitis vinifera, A. hippocastanum,
5. officinalis and 5. nigrae showed slight binding with the influenza virus glycoproteins. The
extract of Centella asiatica was not, very active on these two parameters but had showed some total
antiviral potential. None of these individual plant extracts was able to inhibit virus growth above
43%. We observed that all the 8 plant extracts had simultaneously antiprotease and wvirus
glycoprotein binding properties and that their total antiviral activity is always higher and not
additive than their antiprotease or virus neutralizing activity.

When two or more plant extracts were associated at non-cytotoxic concentrations of
25 pg mL7, none of the asscciations inhibited markedly the protease activity or virus glycoproteins
but surprisingly the association of certain plant extracts comprising the extracts of Vitis vinifera,
Fchinacea purpurea, Vaccinium macrocarpon, Sambucus nigra and Camellia sinensis showed very
significant total antiviral activity (Fig. 2).

As shown in the Fig. 2, best results were obtained with the association of Green teatVifis
vintferat+Sambuscus nigra and the associations of Vaceinium macrocarpon with Sambucus nigra
tannins which inhibited on an average only 30-40% MMP activity or about. 30% wvirus glycoproteins
but above 90% total virus activity. These results are not additive and prove that plant extracts are
specific with respect to their anti-protease and anti-virus glycoprotein inhibiting properties and only
specific associations of certain plant extracts are capable to block total virus activity.

B Mean % anti-protease activity
o Mean % virus glycoprotein neutralization
44 40 Mean % total antiviral activity
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Fig. 1. Mean % inhibition of protease activity, virus glycoprotein and total influenza virus activity
with individual (I) plant extracts at a concentration of 50 ug mL™'. All experiments
represent means of at least 3 experimentsSEM (n = 16 per experiment). Ep: Echinacea
purpurea, Cs: Camellia sinensis, Vm: Vaccinium macrocarpon fruit, Vv: Vitis vinifera seed,
Ca: Centella asiatica, Ah: Asculus hippocastanum, Sa: Salvia officinalis, Sn: Sambucus
nigra. Other individual plant extract showed activity <10% (results not shown)
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Fig. 2: Mean % inhibition of protease activity, virus glycoprotein and total influenza virus activity
with best plant extract associations (A) tested as a concentration of 25 pg mL™" each. All
experiments represent means of at least 3 experiments=SEM (n = 16 per experiment). AA
= Gt+Vv+sn; AB=KEp+Cs; AC=5n+Cs; AD = Ep+8n; AR = Vv+Cs; AF =Vv+Ca; AG= Vm+8n;
AH = Gt+8n; Al = Ep+Vv+5n; AJ = Ep+Vv; AK = Gt+Vv. Other associations of plant extracts
tested showed total virus inhibition <33% compared to the controls (results not shown)

DISCUSSION

Influenza spreads around the world in seasonal epidemics, resulting in the deaths of between
250,000 and 500,000 pecple every year and millions in pandemic years. As this infection primarily
involve throat mucosal cells, virus multiplication generates a large amount of free virus particles
all over the throat surface. These free virus particles continue attacking new healthy cells and
maintain the infection up to the time body defense mechanisms are not activated to neutralize the
viruses. The differences in the surface glycoprotein structures confer different morphology and
antigenicity in the same family of virus and help the virus to enter the host cell (Soltanialvar et al.,
2010; Kidoe et al., 2008), For example, three different types of influenza virus, dubbed A, B and C
have been identified with HA (hemagglutinin) and NA (neuraminidase) as main surface
glycoproteins. Thirteen major types of HA and 9 major antigenic determinants of NA have already
been identified. This shows that the viral capsid may contain a very large variety of glycoproteins
on the surface coat. Furthermore, all the viral glycoproteins are not yet discovered and there 1s
continuous research on the presence of new virus glycoproteins and their rele in viral multiplication
and infection. This 1s the reason why it is practically impossible to develop a specific viral
glycoprotein inhibiting drug to treat topical viral infection (Murineddu et al., 2010).

Continuous infection by the free virus particles present on the throat surface weakens local
immunity and creates a favorable ground for a secondary bacterial infection. In the absence of any
specific topical antiviral drug, all treatment efforts are directed to stop secondary bacterial infection,
to reduce throat pain, to decongest nasal passage or to stop other symptomatic manifestations of flu
without interfering with the basic cause of influenza. An ideal treatment should neutralize all the
virus particles on the throat surface so as to stop further virus growth and the infection but
neutralizing a constantly mutating virus is not very easy (Leneva et al., 2009). Due to the
complexity of the structure of the influenza virus with various surface glycoproteins, vaccines are
also not very effective and require regular antigenic update (Konig et al., 2010).
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In the absence of processing structure to enter into the host cell, influenza virus takes the help
of processing proteases to enter into the cells. Different type of proteases are found in and around
a damaged tissue as they are primarily involved in cleaning the damaged surface, in tissue
remodeling and in the wound repair process but the amount of MMPs is particularly high on the
virus infected surfaces. Multiple cell types, including macrophages, fibroblasts, neutrophils,
epithelial cells secrete proteases during early inflammatory stage and endothelial cells following
specific biochemical signals such as inflammatory cytokines or the presence of bacterial endotoxins.

Although the role of many MMP proteases is still remains unknown (Hayden and Favia, 2008),
their role in intracellular virus entry is proven. Therefore, the use of protease inhibitors to block the
virus entry into the host cells is an ideal approach to stop topical viral infection but there are many
proteases and no chemical entity 1s yet discovered which can block all the proteases at a time
{Gupta and Kumaran, 2008),

Currently available targets for antiviral therapy include almost exclusively the intracellular
antiviral agents which are often used in combination to maximize efficiency (Hsieh and Hsu, 2007).
Most of these drugs are used orally and target the viral enzymes or intracellular proteases
(Hsieh and Hsu, 2007; Alymova et al., 2005), For example, intracellular nuraminidase inhibitors
are used to treat the influenza, A, B and C type of enveloped viruses with 2 main classes of drugs
by oral route: the adamantanes which interfere with viral uncoating inside the cells and are
effective against influenza A type of viruses only while the newer class Zanamivir or Oseltamivir
{Tamiflu) which interfere with the release of intracellular progeny viruses and require early oral
administration to stop further virus growth. All these intracellularly active drugs are found to be
ineffective on asymptomatic influenza (Jefferson et af., 2010). Furthermore, all these drugs can
only be used once the infection is established or as a preventive treatment as these drugs have no
effect on the free virus present on the infected threat surface.

Future antiviral research 1s mostly directed to search new intracellular virus growth inhibitors
Reeves and Piefer, 2005; Briz et al., 2006; Vermeire et al., 2004; Este, 2003). The inhibitors of
interactions between the cellular proteins and the viral proteins is also envisaged for topical wirus
infections (Este, 2003), without taking into consideration the role of proteolytic enzymes.

All the currently used or future drug candidates are chemically synthesized molecules which
interfere with the cellular metabolic process with multiple toxic and side effects. Peptides cannot be
used for the treatment of topical infections because being protein in nature; peptides are easily
neutralized by the proteases.

The use of topical antiviral agents may have the advantage of suppressing viral infectivity,
virus growth, new cell infection and cellular cytotoxicity as well as side effects and systemic toxicity
{Dasanu and Alexandrescu, 2010). A number of compounds are being developed to specifically
target each of these steps leading to virus entry and some compounds have reached early clinical
development but their widespread use as topical antiviral agents is suspected due to their toxicity,
the absence of efficacy or their peptide nature prone to degradation by proteclysis (Beriskin et al.,
2008; Shi et al., 2007; Rossignol ef al., 2009). Therefore, there is an urgent need to find a safe drug
capable to act topically in multiple ways to neutralize maximum amount. of free virus as well as the
proteases on the throat surface.

The only natural substances which are known to possess strong affinity for different type of
proteins are the plant tannins or curcumin (Ao ef al., 2008). Hundreds of tannins are identified in
plants with minor structural variations which confer tannin the properties to bind with specific
proteins (Deaville et al., 2007; King and Young, 1999).

8
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The results of this study prove that the MMP 1,2,7 and 9 are the major MMPs involved in
facilitating topical virus entry and that only certain specific plant tannins can bind with these
MMPs. Most of the plant extracts tested in this study were rich in tannins but hardly 6% plant
tannins were capable to bind with either proteases or with the virus glycoproteins. These individual
plant extracts cannot be used for the treatment of viral throat infection as their total antiviral
activity always remained less than 50% and taking into consideration the amount of free virus
particles present on an infected threat surface, blocking the activity of 50% virus particles may not
significantly reduce the infectious process. This is probably the reason why none of the individual
herbal preparations have shown any significant topical antiviral effects (Fink et al., 2009;
Namba et al., 1998).

The incapacity of any individual plant extract to block more than B0% total wiral infection also
indicate that tannin binding with proteases or with the virus glycoproteins is highly specific and
requires a dual and synergistic mechanism of neutralizing virus MMPs on one hand and the wirus
entry on the other hand to stop virus infection. This synergistic antiviral effects of certain plant
tannins may be related to the fact that being specific in nature, some tannins bind to the proteases,
others to the viral glycoproteins and this combined effect hampers most of the virus particles to
infect new cells.

The results of this study prove that in the absence of any antiviral drug, the specificity of plant
tannins to bind with the proteins may be a safe and reliable appreach to treat topical wviral
infections. Taking into consideration the number of plant species present on the earth and the
variability in their tannin composition, it is suggested to test anti-viral properties of other plant
tannins and to verify these findings clinically.

These results constitute a part of study presented in the patent PCT/EP2010/050236
{(Shrivastava and Shrivastava, 2009).

CONCLUSION

The results of this study clearly show that some specific proteases are involved in the topical
infection of influenza virus and that the influenza virus can be neutralized with specific tannins.
Neutralizing free virus particles present on the virus infected surface is one of the best solutions
to treat topical viral infections.
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