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ABSTRACT

The aim of the study consists in the investigation of the antimicrobial and antiphatogenic activity of ethanol extracts obtain from F.
japonica leaves. Total phenolic content was determined by Folin-Ciocalteu method, while their phenolic composition was specified by
HPLC. In vitro antimicrobial activity of various concentrations ranging from 6.25 to 200 uL/mL of alcoholic (ethanol 70%) extract of F.
japonica were analyzed on different clinical and reference bacterial strains (Staphylococcus aureus, Bacillus subtilis, Enterococcus
faecalis, Klebsiella pneumoniae, Escherichia coli, Pseudomonas aeruginosa, Acinetobacter baumanii) and fungal strains belonging to
Candida spp. using agar disk diffusion method and broth dilution method. The anti-pathogenic properties were studied by determining
the adhesion capacity of microbial strains to inert substrate. The soluble virulence factors were quantified using specific media with
different biochemical substrats for revealing haemolysins, lecithinase, gelatinase, lipase, DN-ase, amylase and iron chelating agents. The
antibiogram adapted technique assesseded the synergic effects of F. japonica leaves extracts with the clinical used antibiotics for
different bacterial strains. The studied extract showed the best antimicrobial activity against P. aeruginosa (6.25 pL/mL) due to phenolic
compound identified (epicatechin, rutin and quercetin). In the Gram-positive strains’ case were observed phenotypic changes in the
DNA-ase and lechitinase enzymes expression. In the antibioresistance pattern profiling it was observed that F. japonica leaves improved
the Kanamycin activity for S. aureus, Colistin for P. aeruginosa and Meropenem for A. baumanii. In this respect, could be assumed that

this extract could be used complementarily with antibiotherapy, by inhibiting the specific virulence factors.
Keywords: antimicrobial activity, Fallopia japonica, antibiotic, virulence factors, HPLC.

1. INTRODUCTION

Fallopia japonica, native for Eastern Asia (Japan, Korea,
China, Vietnam) causes great damage to natural habitats and
vegetal communities in Europe, and substantial economic damage.
F. japonica is an invasive weed whose control is very difficult and
expensive, being regarded as a nuisance, both in Europe and North
America [1; 2; 3]. In many European and North American
countries were imposed special legislative measures prohibiting
the introduction and spread of this species in natural and
anthropogenic habitats [1; 4]. Its mechanism of invasion consists
in slowing nitrogen cycling and reduce accumulation of inorganic
N during the start of the growing season in spring [5].

In recent years, F. japonica (Syn: Polygonum cuspidatum
Sieb et Zucc or Reynoutria japonica Houtte) roots received
worldwide attention due to its high content of resveratrol. F.
japonica is used in traditional Chinese medicine for treating
inflammation [6; 7], hepatitis [8], infections [9; 10; 11; 12; 13],
tumors [14], high blood pressure [15; 16] and hyperlipidaemia
[15]. F. japonica roots contains stilbenes (resveratrol and piceid)
and their glycosides, anthranoids (emodin, physcion,
anthraglycoside B, citreorosein, emodin 8-O-p-D-
glucopyranoside) and phenolic saccharides [17]. Among these,
emodin is known for their anti-inflammatory [18], anti-cancer

2. EXPERIMENTAL SECTION

2.1. Alcoholic extract. The plant material have been harvested at
physiological maturity period (July- August), from Botanical
Garden "Dimitrie Brandza”. The leaves of F. japonica were

[19], diuretic [20] and vasodilator properties [21]; emodin is
cytotoxic against cancer cells [22], and for emodin, citreorosein
and 8-O-B-emodine-D-glucopyranoside was demonstrated the
phytoestrogenic activity [23]. In addition, emodin and fiscione
show inhibitory activity for kinase and tyrosinase enzymes [24].
Another chemical compound characteristic for this species,
antraglicozida B has been used to treat acute hepatitis and reduce
the number of leukocytes; resveratrol and piceid have been
reported to inhibit inflammation [17].

It was found that the extract of F. japonica roots presents
antibacterial activity especially against Pseudomonas aeruginosa,
Escherichia coli, Bacillus cereus, Salmonella typhimurium,
Listeria monocytogenes, Klebsiella pneumoniae, Streptococcus
mutans, Streptococcus sobrinus and Staphylococcus aureus strains
[11; 9; 10; 13; 12]. The volatile compounds extracted from F.
japonica leaves proved to be active against Bacillus cereus and
Vibrio parahaemolyticus [25], but the antimicrobial activity of
polyphenolic compounds haven’t been studied.

The aim of the study consisted in the evaluation of
antimicrobial and antiphatogenic activity of the F. japonica leaves
alcoholic extract and its enhancer capacity of antibiotics activity.

manually sorted and dried at room temperature. The extraction
was performed without heating by using an ultrasonic bath (EIma
Sonic 80H), with frequencies ranging from 20 kHz to 2000 kHz,
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making possible the extraction of active compounds through
increases the permeability of cell walls and causing cell lysis. The
extraction thus obtained was filtered and brought to 100 mL with
the same solvent. The extracts were stored in tightly closed brown
bottles at 4°C.
2.2. The total phenol content (TP) was carried out by mixing 0.5
mL of sample or standard (gallic acid) with 5 ml of Folin -
Ciocalteu reagent and 4 mL of 1 M sodium carbonate. Absorbance
was measured after 15 minutes and compared with a blank sample
(containing ethanol 70 % v / v, instead of the sample), in glass
cuvettes of 1 cm. The measurements of the samples (standard /
actual sample) were made at a wavelength of 746 nm. The
calibration curve with standard solutions of gallic acid
concentrations ranging from 5 to 150 mg/L was traced. PT content
was expressed as pg of gallic acid in one milliliter of the extract
[26].
2.3. HPLC analysis

All standards (gallic acid, (+)-catechin, {) -epicatechin,
syringic acid, vanillin, p-coumaric acid, resveratrol, rutin and
quercetin) were purchased from Sigma-Aldrich (Steinheim,
Germany). Stock solutions of all the standards were prepared in
methanol. Working solutions were made by diluting the stock
solutions in a mixture methanol:water (50:50, v/v). Formic acid,
acetonitrile and methanol LC grade were obtained from Merck.
Twice distilled and demineralised water produced by a Milli-Q
Millipore system (Bedford, MA, USA) was used for preparation of
the aqueous solutions. Phenolic compounds were evaluated by RP-
HPLC with direct injection. Chromatographic analysis was carried
out with a Thermo Finnigan Surveyor Plus equipped with a
Surveyor Photodiode Array Detector, Surveyor autosampler,
Surveyor LC Pump (Quaternary gradient) and Chrome Quest
Chromatography Workstation. Separation was performed at 30°C
using a Accuacore PFP (2.6 um, 100 x 2.1 mm) column. The flow
rate was 0.4 mL/min and an injection volume 1 pL. Gradient
elution of two solvents was used: solvent A consisted of water
with 0.1% formic acid and solvent B: acetonitrile with 0.1%
formic acid. It was used a gradient programme and the detection
was made at 280 nm.

The F. japonica extract was injected after filtering through
a 0.45 um pour size membrane filter. The amount of phenolic
compounds in the extracts were calculated as pg /mL phenolics
mixture using external calibration curves, which were obtained for
each phenolic standard. Each determination was carried out in
triplicate and the mean was reported. Blank solution and control
samples were analyzed in order to monitor performance related to
variable factors or random error.
2.4. Evaluation of the antimicrobial activity

For antimicrobial activity testing were used reference and
clinical isolated microbial strains, belonging to Gram-positive
(Staphylococcus aureus, Bacillus subtilis, Enterococcus fecalis)
Gram-negative bacteria (Pseudomonas aeruginosa, Escherichia
coli, Klebsiella pneumoniae, Acinetobacter baumanii) and yeasts
(Candiada famata, C. utilis, C. albicans). In order to test the

3. RESULTS SECTION
The content of polyphenols was 1375.3 pg GAE/mL F.
japonica leaves extract. Through HPLC was identified that leaves

quality of antimicrobial activity, microbial suspensions were
prepared adjusted to 1.5x10° CFU / mL 0.5 McFarland standard
from 18 -24h cultures grown. The antimicrobial activity was
determined by disc diffusion method. The inhibition area around
the spot level of the cultured plate was interpreted as a positive
result. Quantitative analysis was performed by binary serial
microdilution method in liquid medium (broth for bacteria and
Sabouraud for yeasts) in 96-well plates using the solvent control
(ethanol 70 %). Concentration range of the working stock
solutions for alcoholic extracts was from 0.78 to 200 uL/mL. Each
well was inoculated with microbial suspension adjusted to 0.5
McFarland standard from 18 -24h cultures grown. The minimum
inhibitory  concentration (MIC) was established both
macroscopically, as the last concentration with any observed
microbial growth and spectrophotometrically, by reading
microbial culture optical density at 620 nm, using the
spectrophotometer Apollo LB 911.

2.5. Evaluation of the antiphatogenic activity through
phenotypic methods

The influence on the adherence to the inert substrate
capacity was measured after the quantitative analysis protocol of
the antimicrobial effect, evaluating the biomass, after fixation with
cold methanol (5 min) and crystal violet (1%) staining for 15 min.
The optical density of the biological material resuspended
(CH;COOH 33%, 15 min) was determined by reading the
absorbance at 490 nm, using the spectrophotometer Apollo LB
911 [27].

Bacterial strains grown treated with subinhibitory
concentration of alcoholic extract and solvent control were
evaluated for seven enzymatic virulence factors (pore forming
toxins: lecithinase, lipase, hemolysins; exoenzymes: gelatinase,
amylase, caseinase, DN-ase). For detection of enzymatic virulence
factors, bacterial strains were spotted on specific media, after 24h
the considered positive reaction was observed, i.e. a precipitate
around the colonies (gelatinase/caseinase proteolysis), a clear
pink zone around the colonies (DN-ase production), brown-black
complex that diffuses into the surrounding medium (esculin
hydrolysis) and yellow ring around the spot, while the medium is
blue after flooding the plate with Lugol solution (amylase
presence) was registered as positive reaction. Lipase and
Lecithinase production positive reactions were observed after 48h
as an opaque (precipitation) zone surrounding the culture spot a
[27].

2.6. Influence of alcoholic extract on the sensitivity of bacterial
strains to antibiotics commonly used in clinic

The principle of the method consists in evenly spreading
the plate with an inoculum adjusted to a 0.5 McFarland standard
and placing the standardized antibiotic discs impregnated with
stock solution of the tested alcoholic extracton the culture
medium. Controls were used both simple antibiotic and antibiotic
impregnated with EtOH 70%. Standard antibiotic discs were
chosen according to CLSI and literature data, for each tested strain
[28; 29].

extract of F. japonica contain epicatechin, rutin and quercetin
(Table 1), which represent 0.1% of TPC quantified by Folin-
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Ciocalteu method. This compounds are known for their
antimicrobial activity against P. aeruginosa, S. aureus, E. coli
(quercetin) [30, 31], C. albicans (rutin) [32, 33] and E. coli, B
subtilis, S. aureus (epichatechin) [33, 34]. The epicatechin and its
derivatives showed strong antimicrobial activity against Gram-
positive bacteria and weak activity against fungi [35].

HPLC chromatograms for F. japonica leaves extract is
presented in Figure 1. Besides identified polyphenols in F.
japonica leaves extract, HPLC analysis shows chromatographic
separation of a lot of compounds with a significate peak area
whose identification were done in future studies.

The antimicrobial activity of the Fallopia japonica leaves
extract were studied against clinical and reference strains
belonging to Gram positive (S. aureus, B. subtilis, E. faecalis) and
Gram negative bacteria (P. aeruginosa, K. pneumoniae, E. coli, A.
baumanii) and yeasts (C. albicans, C. famata, C. utilis). In Figure
2 it can be noticed that this extract is active on P. aeruginosa, A.
baumanii (clinical strains) and E. faecalis (reference strain). The
minimal inhibitory concentration ranged between 6.25- 400
puL/mL, this extract being most active against P. aeruginosa
strains. It was observed that the studied extract have no
antimicrobial activity for K. pneumoniae and C. famata
CMGBYy.14. But, it showed good activity against E. faecalis
ATCC.

Bacterial adhesion to biomaterial surfaces is an essential
step in the pathogenesis of different microbial infections. So, the
ability to eradicate the initial stage of microbial biofilm formation
may lead to decrease the chronic infections associated with
biofilm formation on the prosthetic devices. Different phenotype
of the bacteria included in biofilms made them resistant to
antibiotics and host phagocytic cells. In this context, the alcoholic
extract of F. japonica leaves showed antibiofilm activity by
decreasing the adherence capacity of the microbial strains to the
inert substratum (represented by 96-well plate) for concentration
ranged between 3.125-400 pL/mL, being most active on Gram
negative bacterial strains (Figure 3).

The phenotypic study of the leaves extract influence on the
soluble virulence factors expression (proteases, DN-ases
production, siderophore-like production) showed that this extract
exerts various effects, inhibition or stimulation, depending on the
microbial strain tested (Table 2).
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Figure 1.
extract.

HPLC chromatogram of F. japonica leaves

Thus, the F. japonica extract inhibited the phenotypic
expression of DN-ases (ensure the secretions viscosity reduction
that accumulated the DNA from lysed cells, allowing bacterial

dissemination and gave a competitive advantage by providing
them the mononucleotides for their own synthesis), Lecithinases
(pores formation in the eukaryotic cells membrane) for S. aureus
strain; DN-ases for B.subtilis; DN-ases, Lecithinases for P.
aeruginosa clinical strain and Amylase (destruction of host tissue
integrity and disease progression) for E. coli clinical strain.
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Figure 2. Minimal inhibitory concentration of F. japonica
leaves extract against different microbial strains
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Figure 3. Quantification of the inhibitory effect of
alcoholic extracts of F. japonica leaves on the adherence
capacity to the inert substratum for studied microbial
strains

It was observed that F. japonica extract stimulating the
expression for Amylase (P. aeruginosa 326) and Gelatinase (E.
faecalis). Withal, for Gelatinase in S. aureus case, E. faecalis
(Caseinase), K. pneumoniae (DN-ases) was observed that the
activity was given by the used solvent.

The bacteria sensitivity to antibiotics tested was increased
after the treatment with the solvent used. Through the
antibiograms it was quantified the difference of bacterial growth
inhibition zones induced by antibiotics and extract combination,
and antibiotics: solvent, respectively (Figure 4). In the case of F.
japonica leaves extract, the best synergistic effect was obtained
with Kanamycin against S. aureus ATCC, this antibiotic interacted
with the 30S subunit of prokaryotic ribosomes. It induces
substantial amounts of mistranslation and indirectly inhibits
translocation during protein synthesis [36]. According to literature
data, the polyphenolic components could be considered
responsible for antimicrobial activity and the synergic effect of F.
japonica leaves extract (quercetin, rutin and epicatechin). It’s
known that quercetin inhibited the nucleic acid synthesis [37] and
significantly inhibited bacterial motility [38]. For rutin,
mechanism of action is unknown, but epicatechin shows the
ability to permeabilize the cellular membrane [39].
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Table 1. Chemical composition of F. japonica leaves extract identify by HPLC.

Compounds (pg /mL)
Sample Gallic  Catechin  Syringic ~ Vanilin Epicatechin ~ p-Cumaric Rutin Resveratrol Quercetin
acid acid acid
F. japonica nd nd nd nd 1.0 nd 0.235 nd 0.143
leaves

*nd - Not detected

Table 2. The F. japonica leaves (1) extract, EtOH 70% (2) and strain control (3) influence on the soluble virulence
factors expression involved in bacterial virulence.

Amylase Caseinase Esculinase DN-ases Lipases Lecithinases Gelatinases Hemolysins
12 3|1 2 3|1 2 3|1 2 3|1 2 3|1 2 3|1 2 3 1 2 3
S. aureus - - -+ + + |- - - = + +]0 + 4| - + o+ - - + + + o+
ATCC 6538
B. subtilis I S S S S I S S B + 4+ - - - - - -
12404
B.subtilis6683 |+ + + |+ + 4+ [+ + + |+ + + |+ + +| + + +| - - - - - -
E. faecalis - - - el o+ + o+ - - - - - - - - - - . .
ATCC 29212
P. aeruginosa B I S R T T B S S + o+ + o+ + - - -
326
P.aeruginosa | - - - |+ + + | - - - |- - - |- - - - - -+ o+ 4 + + o+
ATCC 27853
E.coiATCC |- - - |+ + + |+ + + |- - - |+ + +| - - -+ o+ o+ - - -
8739
E.coliOpByp | = + + |+ + + [+ + + |+ + + |+ + +| + + o+ - - - - - -
K.pneumonia |+ + + | - - - |+ + + |- - + |- - - - A - - - -
11
K.pneumonia |- - - |- - - |+ + + |- - - |- - -| - T - 0 -
ATCC 27853
A. baumanii T T e B - - - - - - - -
77sc
*Legend (-) inhibitory, (+) stimulating, (0) No growth of bacterial strain
F. japonica leaves extract
8
c 7
.2 .
2 6 —mP. aeruginosa ATCC
£ i ~ ®B. subtilis 6683
£ e | _
% 3 =E. coli B16
S5 1
s ) ___m S, aureus ATCC
= .
88 11— I —= P. aeruginosa 326
o O
£ Slo @ A s oo ~ Lo L : ﬁlrx < I o A. baumanii 77
'~ _— L —
a _20_8:)2 Fuo @ P F* ooy
-3
-4

Figure 4. Quantifying differences of microbial growth inhibition zones induced by antibiotic:
extract and antibiotic: solvent, respectively: CTX: Cefotaxime; PRL: Piperacilin; TIM:
Ticarcilin-clavulanic acid; OFX: Ofloxacin; CL: Colistin; CRO: Ceftriaxone; RD: Rifampin;
OX: Oxacillin; K: Kanamycin; E: Erythromycin; P: Penicillin; C: Chloramphenicole; CEC:
Cefaclor; VA: Vancomycin; NA: Nalidixic acid; F/M: Nitrofurantoin; TEC: Teicoplanin;
FFL: Fosfomicin; IPM: Imipenem; MEM: Meropenem; PB: Polymixin B.

4. CONCLUSIONS

The phytochemical mixture of F. japonica leaves contains
quercetin, rutin and epicatechin, compounds known for their
antimicrobial activity. The alcoholic extract showed good
antimicrobial activity, especially against Gram-negative bacterial
strains with K. pneumoniae exception. Minimum inhibitory
concentrations ranged from 6.25 to 400 pL/mL. The tested plant

extracts also inhibited the adherence capacity of the microbial cells
and their ability to form biofilms on the inert substratum. In some
cases, this extract attenuated virulence by inhibiting expression of
adhesion molecules and the secretion of soluble factors enzyme.
The alcoholic extract grew the antimicrobial activity of
kanamycin, colistin and meropenem.
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So far, the study has proved that the F. japonica invasive
plant extract, could be used as antimicrobial and anti-pathogenic
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ABSTRACT

The aim of the study consists in the investigation of the antimicrobial and antiphatogenic activity of ethanol extracts obtain from F. japonica leaves. Total phenolic content was determined by Folin-Ciocalteu method, while their phenolic composition was specified by HPLC. In vitro antimicrobial activity of various concentrations ranging from 6.25 to 200 μL/mL of alcoholic (ethanol 70%) extract of F. japonica were analyzed on different clinical and reference bacterial strains (Staphylococcus aureus, Bacillus subtilis, Enterococcus faecalis, Klebsiella pneumoniae, Escherichia coli, Pseudomonas aeruginosa, Acinetobacter baumanii) and fungal strains belonging to Candida spp. using agar disk diffusion method and broth dilution method.  The anti-pathogenic properties were studied by determining the adhesion capacity of microbial strains to inert substrate. The soluble virulence factors were quantified using specific media with different biochemical substrats for revealing haemolysins, lecithinase, gelatinase, lipase, DN-ase, amylase and iron chelating agents. The antibiogram adapted technique assesseded the synergic effects of F. japonica leaves extracts with the clinical used antibiotics for different bacterial strains. The studied extract showed the best antimicrobial activity against P. aeruginosa (6.25 μL/mL) due to phenolic compound identified (epicatechin, rutin and quercetin). In the Gram-positive strains’ case were observed phenotypic changes in the DNA-ase and lechitinase enzymes expression. In the antibioresistance pattern profiling it was observed that F. japonica leaves improved the Kanamycin activity for S. aureus, Colistin for P. aeruginosa and Meropenem for A. baumanii. In this respect, could be assumed that this extract could be used complementarily with antibiotherapy, by inhibiting the specific virulence factors.  

Keywords: antimicrobial activity, Fallopia japonica, antibiotic, virulence factors, HPLC.
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	Fallopia japonica, native for Eastern Asia (Japan, Korea, China, Vietnam) causes great damage to natural habitats and vegetal communities in Europe, and substantial economic damage. F. japonica is an invasive weed whose control is very difficult and expensive, being regarded as a nuisance, both in Europe and North America [1; 2; 3]. In many European and North American countries were imposed special legislative measures prohibiting the introduction and spread of this species in natural and anthropogenic habitats [1; 4]. Its mechanism of invasion consists in slowing nitrogen cycling and reduce accumulation of inorganic N during the start of the growing season in spring [5].

	In recent years, F. japonica (Syn: Polygonum cuspidatum Sieb et Zucc or Reynoutria japonica Houtte) roots received worldwide attention due to its high content of resveratrol. F. japonica is used in traditional Chinese medicine for treating inflammation [6; 7], hepatitis [8], infections [9; 10; 11; 12; 13], tumors [14], high blood pressure [15; 16] and hyperlipidaemia [15]. F. japonica roots contains stilbenes (resveratrol and piceid) and their glycosides, anthranoids (emodin, physcion, anthraglycoside B, citreorosein, emodin 8-O-β-D-glucopyranoside) and phenolic saccharides [17]. Among these, emodin is known for their anti-inflammatory [18], anti-cancer [19], diuretic [20] and vasodilator properties [21]; emodin is cytotoxic against cancer cells [22], and for emodin, citreorosein and 8-O-β-emodine-D-glucopyranoside was demonstrated the phytoestrogenic activity [23]. In addition, emodin and fiscione show inhibitory activity for kinase and tyrosinase enzymes [24]. Another chemical compound characteristic for this species, antraglicozida B has been used to treat acute hepatitis and reduce the number of leukocytes; resveratrol and piceid have been reported to inhibit inflammation [17].	

	It was found that the extract of F. japonica roots presents antibacterial activity especially against Pseudomonas aeruginosa, Escherichia coli, Bacillus cereus, Salmonella typhimurium, Listeria monocytogenes, Klebsiella pneumoniae, Streptococcus mutans, Streptococcus sobrinus and Staphylococcus aureus strains [11; 9; 10; 13; 12]. The volatile compounds extracted from F. japonica leaves proved to be active against Bacillus cereus and Vibrio parahaemolyticus [25], but the antimicrobial activity of polyphenolic compounds haven’t been studied. 

	The aim of the study consisted in the evaluation of antimicrobial and antiphatogenic activity of the F. japonica leaves alcoholic extract and its enhancer capacity of antibiotics activity.





2. EXPERIMENTAL SECTION



2.1. Alcoholic extract. The plant material have been harvested at physiological maturity period (July- August), from Botanical Garden "Dimitrie Brandza”. The leaves of  F. japonica were manually sorted and dried at room temperature. The extraction was performed without heating by using an ultrasonic bath (Elma Sonic 80H), with frequencies ranging from 20 kHz to 2000 kHz, making possible the extraction of active compounds through increases the permeability of cell walls and causing cell lysis. The extraction thus obtained was filtered and brought to 100 mL with the same solvent. The extracts were stored in tightly closed brown bottles at 4°C. 

2.2. The total phenol content (TP) was carried out by mixing 0.5 mL of sample or standard (gallic acid) with 5 ml of Folin - Ciocalteu reagent and 4 mL of 1 M sodium carbonate. Absorbance was measured after 15 minutes and compared with a blank sample (containing ethanol 70 % v / v, instead of the sample), in glass cuvettes of 1 cm. The measurements of the samples (standard / actual sample) were made at a wavelength of 746 nm. The calibration curve with standard solutions of gallic acid concentrations ranging from 5 to 150 mg/L was traced. PT content was expressed as μg of gallic acid in one milliliter of the extract [26]. 

2.3. HPLC analysis

		All standards (gallic acid, (+)-catechin, (−)-epicatechin, syringic acid, vanillin, p-coumaric acid, resveratrol, rutin and quercetin) were purchased from Sigma-Aldrich (Steinheim, Germany). Stock solutions of all the standards were prepared in methanol. Working solutions were made by diluting the stock solutions in a mixture methanol:water (50:50, v/v). Formic acid, acetonitrile and methanol LC grade were obtained from Merck. Twice distilled and demineralised water produced by a Milli-Q Millipore system (Bedford, MA, USA) was used for preparation of the aqueous solutions. Phenolic compounds were evaluated by RP-HPLC with direct injection. Chromatographic analysis was carried out with a Thermo Finnigan Surveyor Plus equipped with a Surveyor Photodiode Array Detector, Surveyor autosampler, Surveyor LC Pump (Quaternary gradient) and Chrome Quest Chromatography Workstation. Separation was performed at 30°C using a Accuacore PFP (2.6 μm, 100 x 2.1 mm) column. The flow rate was 0.4 mL/min and an injection volume 1 μL. Gradient elution of two solvents was used: solvent A consisted of water with 0.1% formic acid and solvent B: acetonitrile with 0.1% formic acid. It was used a gradient programme and the detection was made at 280 nm. 

The F. japonica extract was injected after filtering through a 0.45 µm pour size membrane filter. The amount of phenolic compounds in the extracts were calculated as μg /mL phenolics mixture using external calibration curves, which were obtained for each phenolic standard. Each determination was carried out in triplicate and the mean was reported. Blank solution and control samples were analyzed in order to monitor performance related to variable factors or random error.

 2.4. Evaluation of the antimicrobial activity

	For antimicrobial activity testing were used  reference and clinical isolated microbial strains, belonging to Gram-positive (Staphylococcus aureus, Bacillus subtilis, Enterococcus fecalis) Gram-negative bacteria (Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneumoniae, Acinetobacter baumanii) and yeasts (Candiada famata, C. utilis, C. albicans). In order to test the quality of antimicrobial activity, microbial suspensions were prepared adjusted to 1.5x108 CFU / mL 0.5 McFarland standard from 18 -24h cultures grown. The antimicrobial activity was determined by disc diffusion method. The inhibition area around the spot level of the cultured plate was interpreted as a positive result. Quantitative analysis was performed by binary serial microdilution method in liquid medium (broth for bacteria and Sabouraud for yeasts) in 96-well plates using the solvent control (ethanol 70 %). Concentration range of the working stock solutions for alcoholic extracts was from 0.78 to 200 μL/mL. Each well was inoculated with microbial suspension adjusted to 0.5 McFarland standard from 18 -24h cultures grown. The minimum inhibitory concentration (MIC) was established both macroscopically, as the last concentration with any observed microbial growth and spectrophotometrically, by reading microbial culture optical density at 620 nm, using the spectrophotometer Apollo LB 911. 

2.5. Evaluation of the antiphatogenic activity through phenotypic methods

	The influence on the adherence to the inert substrate capacity was measured after the quantitative analysis protocol of the antimicrobial effect, evaluating the biomass, after fixation with cold methanol (5 min) and crystal violet (1%) staining for 15 min. The optical density of the biological material resuspended (CH3COOH 33%, 15 min) was determined by reading the absorbance at 490 nm, using the spectrophotometer Apollo LB 911 [27]. 

	Bacterial strains grown treated with subinhibitory concentration of alcoholic extract and solvent control were evaluated for seven enzymatic virulence factors (pore forming toxins: lecithinase, lipase, hemolysins; exoenzymes: gelatinase, amylase, caseinase, DN-ase). For detection of enzymatic virulence factors, bacterial strains were spotted on specific media, after 24h the considered positive reaction was observed, i.e. a precipitate around the colonies (gelatinase/caseinase proteolysis), a clear pink zone around the colonies (DN-ase production), brown-black complex that diffuses into the surrounding medium (esculin hydrolysis) and yellow ring around the spot, while the medium is blue after flooding the plate with Lugol solution (amylase presence) was registered as positive reaction. Lipase and Lecithinase production positive reactions were observed  after 48h as an opaque (precipitation) zone surrounding the culture spot a [27].

2.6. Influence of alcoholic extract on the sensitivity of bacterial strains to antibiotics commonly used in clinic

	The principle of the method consists in evenly spreading the plate with an inoculum adjusted to a 0.5 McFarland standard and placing the standardized antibiotic discs impregnated with stock solution of the tested alcoholic extracton the culture medium. Controls were used both simple antibiotic and antibiotic impregnated with EtOH 70%. Standard antibiotic discs were chosen according to CLSI and literature data, for each tested strain [28; 29].



3. RESULTS SECTION



	The content of polyphenols was 1375.3 μg GAE/mL F. japonica leaves extract. Through HPLC was identified that leaves extract of F. japonica contain epicatechin, rutin and quercetin (Table 1), which represent 0.1% of TPC quantified by Folin-Ciocalteu method. This compounds are known for their antimicrobial activity against P. aeruginosa, S. aureus, E. coli (quercetin) [30, 31], C. albicans (rutin) [32, 33] and E. coli, B. subtilis, S. aureus (epichatechin) [33, 34]. The epicatechin and its derivatives showed strong antimicrobial activity against Gram-positive bacteria and weak activity against fungi [35]. 

[bookmark: OLE_LINK102][bookmark: OLE_LINK103][bookmark: OLE_LINK105][bookmark: OLE_LINK104]	HPLC chromatograms for F. japonica leaves extract is presented in Figure 1. Besides identified polyphenols in F. japonica leaves extract, HPLC analysis shows chromatographic separation of a lot of compounds with a significate peak area whose identification were done in future studies.

	The antimicrobial activity of the Fallopia japonica leaves extract were studied against clinical and reference strains belonging to Gram positive (S. aureus, B. subtilis, E. faecalis) and Gram negative bacteria (P. aeruginosa, K. pneumoniae, E. coli, A. baumanii) and yeasts (C. albicans, C. famata, C. utilis). In Figure 2 it can be noticed that this extract is active on P. aeruginosa, A. baumanii (clinical strains) and E. faecalis (reference strain). The minimal inhibitory concentration ranged between 6.25- 400 μL/mL, this extract being most active against P. aeruginosa strains. It was observed that the studied extract have no antimicrobial activity for K. pneumoniae and C. famata CMGBy.14. But, it showed good activity against E. faecalis ATCC.

	Bacterial adhesion to biomaterial surfaces is an essential step in the pathogenesis of different microbial infections. So, the ability to eradicate the initial stage of microbial biofilm formation may lead to decrease the chronic infections associated with biofilm formation on the prosthetic devices. Different phenotype of the bacteria included in biofilms made them resistant to antibiotics and host phagocytic cells. In this context, the alcoholic extract of F. japonica leaves showed antibiofilm activity by decreasing the adherence capacity of the microbial strains to the inert substratum (represented by 96-well plate) for concentration ranged between 3.125-400 μL/mL, being most active on Gram negative bacterial strains (Figure 3).

	The phenotypic study of the leaves extract influence on the soluble virulence factors expression (proteases, DN-ases production, siderophore-like production) showed that this extract exerts various effects, inhibition or stimulation, depending on the microbial strain tested (Table 2). 

[image: F japonica leaves TIFF 300 dpi]

Figure 1.  HPLC chromatogram of F. japonica leaves extract. 

	Thus, the F. japonica extract inhibited the phenotypic expression of DN-ases (ensure the secretions viscosity reduction that accumulated the DNA from lysed cells, allowing bacterial dissemination and gave a competitive advantage by providing them the mononucleotides for their own synthesis), Lecithinases (pores formation in the eukaryotic cells membrane) for S. aureus strain; DN-ases for B.subtilis; DN-ases, Lecithinases for P. aeruginosa clinical strain and Amylase (destruction of host tissue integrity and disease progression) for E. coli clinical strain.

[image: ]

Figure 2. Minimal inhibitory concentration of F. japonica leaves extract against different microbial strains

[image: ]

Figure 3. Quantification of the inhibitory effect of alcoholic extracts of F. japonica leaves on the adherence capacity to the inert substratum for studied microbial strains

	It was observed that F. japonica extract stimulating the expression for Amylase (P. aeruginosa 326) and Gelatinase (E. faecalis). Withal, for Gelatinase in S. aureus case, E. faecalis (Caseinase), K. pneumoniae (DN-ases) was observed that the activity was given by the used solvent. 

	The bacteria sensitivity to antibiotics tested was increased after the treatment with the solvent used. Through the antibiograms it was quantified the difference of bacterial growth inhibition zones induced by antibiotics and extract combination, and antibiotics: solvent, respectively (Figure 4). In the case of F. japonica leaves extract, the best synergistic effect was obtained with Kanamycin against S. aureus ATCC, this antibiotic interacted with the 30S subunit of prokaryotic ribosomes. It induces substantial amounts of mistranslation and indirectly inhibits translocation during protein synthesis [36].  According to literature data, the polyphenolic components could be considered responsible for antimicrobial activity and the synergic effect of F. japonica leaves extract (quercetin, rutin and epicatechin). It’s known that quercetin inhibited the nucleic acid synthesis [37] and significantly inhibited bacterial motility [38]. For rutin, mechanism of action is unknown, but epicatechin shows the ability to permeabilize the cellular membrane [39].











Table 1. Chemical composition of F. japonica leaves extract identify by HPLC.

		

		Compounds (μg /mL)



		Sample

		Gallic acid

		Catechin

		Syringic acid

		Vanilin

		Epicatechin

		p-Cumaric acid

		Rutin

		Resveratrol

		Quercetin



		F. japonica leaves

		nd

		nd

		nd

		nd

		1.0

		nd

		0.235

		nd

		0.143





*nd - Not detected



Table 2. The F. japonica leaves (1) extract, EtOH 70% (2) and strain control (3) influence on the soluble virulence factors expression involved in bacterial virulence.

		

		Amylase

		Caseinase

		Esculinase

		DN-ases

		Lipases

		Lecithinases

		Gelatinases

		Hemolysins



		

		1

		2

		3

		1

		2

		3

		1

		2

		3

		1

		2

		3

		1

		2

		3

		1

		2

		3

		1

		2

		3

		1

		2

		3



		S. aureus ATCC 6538

		-

		-

		-

		+

		+

		+

		-

		-

		-

		-

		+

		+

		0

		+

		+

		-

		+

		+

		-

		-

		+

		+

		+

		+



		B. subtilis 12404

		-

		-

		-

		+

		+

		+

		+

		+

		+

		-

		+

		+

		+

		+

		+

		+

		+

		+

		-

		-

		-

		-

		-

		-



		B. subtilis 6683

		+

		+

		+

		+

		+

		+

		+

		+

		+

		+

		+

		+

		+

		+

		+

		+

		+

		+

		-

		-

		-

		-

		-

		-



		E. faecalis ATCC 29212

		-

		-

		-

		-

		-

		+

		+

		+

		+

		-

		-

		-

		-

		-

		-

		-

		-

		-

		+

		-

		-

		-

		-

		-



		P. aeruginosa 326

		+

		-

		-

		+

		+

		+

		-

		-

		-

		-

		+

		+

		+

		+

		+

		-

		+

		+

		+

		+

		+

		-

		-

		-



		P. aeruginosa ATCC 27853

		-

		-

		-

		+

		+

		+

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-

		+

		+

		+

		+

		+

		+



		E. coli ATCC 8739

		-

		-

		-

		+

		+

		+

		+

		+

		+

		-

		-

		-

		+

		+

		+

		-

		-

		-

		+

		+

		+

		-

		-

		-



		E. coli O126B12

		-

		+

		+

		+

		+

		+

		+

		+

		+

		+

		+

		+

		+

		+

		+

		+

		+

		+

		-

		-

		-

		-

		-

		-



		K. pneumonia 11

		+

		+

		+

		-

		-

		-

		+

		+

		+

		-

		-

		+

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-



		K. pneumonia ATCC 27853

		-

		-

		-

		-

		-

		-

		+

		+

		+

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-

		0

		-



		A. baumanii 77sc

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-

		-





*Legend (-) inhibitory, (+) stimulating, (0) No growth of bacterial strain



Figure 4. Quantifying differences of microbial growth inhibition zones induced by antibiotic: extract and antibiotic: solvent, respectively: CTX: Cefotaxime; PRL: Piperacilin; TIM: Ticarcilin-clavulanic acid; OFX: Ofloxacin; CL: Colistin; CRO: Ceftriaxone; RD: Rifampin; OX: Oxacillin; K: Kanamycin; E: Erythromycin; P: Penicillin; C: Chloramphenicole; CEC: Cefaclor; VA: Vancomycin; NA: Nalidixic acid; F/M: Nitrofurantoin; TEC: Teicoplanin; FFL: Fosfomicin; IPM: Imipenem; MEM: Meropenem; PB: Polymixin B.



4. CONCLUSIONS
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	The phytochemical mixture of F. japonica leaves contains quercetin, rutin and epicatechin, compounds known for their antimicrobial activity. The alcoholic extract showed good antimicrobial activity, especially against Gram-negative bacterial strains with K. pneumoniae exception. Minimum inhibitory concentrations ranged from 6.25 to 400 μL/mL. The tested plant extracts also inhibited the adherence capacity of the microbial cells and their ability to form biofilms on the inert substratum. In some cases, this extract attenuated virulence by inhibiting expression of adhesion molecules and the secretion of soluble factors enzyme. The alcoholic extract grew the antimicrobial activity of kanamycin, colistin and meropenem.

	So far, the study has proved that the F. japonica invasive plant extract, could be used as antimicrobial and anti-pathogenic agent, containing polyphenolic compounds with protective mechanisms for combating infections.
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