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ABSTRACT. Antibacterial, antibiofilm and antioxidant activitgf acetone, ethanol, ethyl
acetate and diethyl ether extractdohodosus Poir. were tested.

In vitro antibacterial activity was investigated by mictatdon method. Minimum inhibitory
concentration (MIC) and minimum bactericidal cortcation (MBC) have been determined.
The values were in the range from 5t6 mg/ml.

Antibiofilm activity was tested by crystal violessay. The biofilm inhibitory concentration
(BIC) values were from 2.03 to > 10 mg/ml. The besults against biofilm formation had
ethanol and ethyl acetate extracts.

The total phenolic content was established by usialin-Ciocalteu method. The highest
total phenol content was found in the ethyl acetateact (28.45 mg GA/g) while the lowest
content in the ethanol extract (22.74 mg GA/g). Toamcentrations of flavonoids were
determined using aluminium chloride method. Thecemitration of total flavonoid content

was 102.09 mg RU/g for the ethyl acetate extrabileanthe lowest content was noticed in
diethyl ether extract (32.93 mg RU/g).

The antioxidant activity was determined by the DPfPét radicals assay. Antioxidative

efficiency was in the range from 641.778811.63ug/ml. The tested extracts showed weak
antioxidant activity (AAIl < 0.5).

Keywords: Potamogeton nodosus, phenolicsflavonoids, DPPH, antibacterial activity,
biofilm.

INTRODUCTION

Longleaf pondweedRptamogeton nodosus Poir., fam. Potamogetonaceae) is a species of
aquatic plants. Longleaf pondweed has two differ&mds of leaves. The submerged
(underwater) leaves are long and thin, growingapQ cm long. The floating leaves are oval
shaped and grow up to 12 cm long. It is widelyrihsted in continental and subtropical zones
of both hemispheres (Europe, Asia, North Americ Africa) (JbsiFoviC et al., 1975).

Pseudomonas aeruginosa is a common bacteria that can cause disease rption
animals but also in humans. The symptoms of suigttions are generalized inflammation and
sepsis. If such colonizations occur in critical pamtgans, such as the lungs, the urinary tract,
and kidneys, the results can be fatal. They of@mot be treated effectively with traditional
antibiotic therapy, because of resistance to anitds.
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Acetone, ethanol, ethyl acetate and diethyl ethéraets of P. nodosus were tested.
These solvents were chosen due to their differelaripy, and therefore the various possibilities
of the secondary metabolites to dissolve. Thisyasmalvas first done on this plant extracts.

Biological activities of theP. nodosushaven't been sufficiently researched. Previous
chemical investigations on different species B8btamogeton have shown the presence of
alkaloids, flavonoids, and a labdane diterpenoidi@t al., 1998; RMESH et al, 2014).

The objective of this study was to evaluate antdéxdal activity of ethanol, ethyl acetate,
acetone, diethyl ether extracts Rfnodosus, as well as the effect of these extracts on lofil
formation againsPseudomonas aeruginosa ATCC 27853 andPseudomonas aeruginosa. Also
the aim of this study was the determination of Itgiaenolic content, flavonoid content and
antioxidant activity by DPPH radicals scavengingaaty assay.

MATERIALS AND METHODS
Chemicals

Organic solvents (methanol, ethanol, ethyl acetatetone, diethyl ether) were purchased
from Zorka Pharma (Sabac, Serbia). 2,2-diphenyietyfhydrazyl (DPPH), ascorbic acid and
Folin-Ciocalteu phenol reagent were obtained fragm@ Chemicals Co. (St. Louis, MO, USA).
Gallic acid, rutin hydrate and aluminium chloridexahydrate (AIGXx6H,O) were purchased
from Acros Organics (New Jersey, USA). Sodium cadte (NaCO;) was obtained from MP-
Hemija (Belgrade, Serbia). Dimethyl sulfoxide (DMB®as purchased from Centrohem (Stara
Pazova, Serbia). Resazurin was obtained from Alésah GmbH & Co. (KG, Karlsruhe,
Germany). Nutrient agar and Mueller-Hinton brothrevgpurchased from Liofilchem (ltaly).
Doxycycline was from Galenika A.D. (Belgrade, Sajland crystal violet stain was from Fluka
AG (Buchs, Switzerland).

Plant materials

P. nodosus was collected in April 2013, from the region of &&wKablar Gorge, in the
western Serbia, part of the composite valley of West Morava River. ldentification and
classification of the plant material was performatcthe Faculty of Science, University of
Belgrade. Voucher specimens (16756) are depositétérbarium of the Institute of Botany and
Botanical garden “Jevremovac”, University of Beldga(BEOU) (Thiers 2013). The collected
plant material (stems and leaves) was air-driedairkness at ambient temperature (20°C). The
dried plant material was cut up and stored in papes until needed.

Preparation of plant extracts

Dried, ground plant material was extracted by mateem with acetone, ethanol, ethyl
acetate and diethyl ether. Briefly, 50 g of plaratenial was soaked with 250 ml of solvent. The
plant material was macerated three times at roonpéeature using fresh solvent every 24 h.
The filtrates obtained were combined and then enzded to dryness using a rotary evaporator at
40°C. The amounts of crude extracts obtained fRomodosus are presented in Table 1. The
obtained extracts were kept in sterile sample talpelsstored at 4°C.

Determination of total phenolic content

The total phenolic content was determined usingnFBiocalteu method (\WOTTON-
BEARD et al., 2011) The reaction mixture was prepared by mixing 0.2fmhethanolic solution
of extracts (1 mg/ml) and 1.5 ml of 10% Folin-Ciltea reagent dissolved in water. The mixture
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was allowed to equilibrate for 5 min and then itswaixed with 1.5 ml 6% N&O; solution.
After being in incubation for 90 min at room temgieire and in darkness, the absorbance of the
mixture was read at 725 nm against a blank usiegtsgphotometer. The blank was prepared
with methanol instead of extract solution. The skesmpvere prepared in triplicate and the mean
value of absorbance was obtained. The same prae®das repeated for gallic acid which was
used for calibration of standard curve. Total ptheomtent is reported as gallic acid equivalent
by reference to linear equation of the standardrecufhen the total phenolic content was
expressed as milligram of gallic acid equivalerntgram of extract (mg GAE/g of extract).

Determination of total flavonoid content

The concentrations of flavonoids were establishgdiging aluminium chloride method
(QUETTIER-DELEU et al., 2000). The mixture contained 2 ml of methanotiugon of extract (1
mg/ml) and 2 ml of 2% methanolic Alg6H,O solution. The mixture was vigorously shaken,
and after 10 min of incubation at room temperattire,absorbance versus a prepared blank was
read at 430 nm using spectrophotometer. The samn@es prepared in triplicate and the mean
value of absorbance was obtained. Rutin was usadstmdard for calibration of standard curve.
The concentrations of flavonoids were calculatemnfrthe linear equation of standard curve.
Then the concentrations of flavonoids were expissemilligram of rutin equivalent per gram
of extract (mg of RUE/g of extract).

DPPH radicals scavenging capacity assay

The ability of the plant extract to scavenge 2 @1enyl-1-picrylhydrazyl (DPPH) free
radicals was assessedAKRo et al. 1994), along with antioxidant activity index (AAl)
(ScHERERaANdGoODOY, 2009). The stock solution of the plant extracts\prepared in methanol
to achieve the concentration of 2000 mg/ml. Furttwo-fold dilutions were made to obtain
concentrations from 1000 mg/ml to 15.6 mg/ml. Ballitsolutions of extract (2 ml each) were
mixed with 2 ml of DPPH methanolic solution (8@/ml). After 30 min in darkness at room
temperature, the absorbance was read in a spectavpbter at 517 nm. The control samples
consisted of 2 ml of methanol added to 2 ml of DPJitution. Ascorbic acid was used as a
positive control. The experiment was performediplitate. Scavenging activity is expressed as
the inhibition percentage calculated using theofeihg equation:

Scavenging activity(%) = 100 X [ebhntrol~ Asampld / Acontro)]

where Aonrol IS the absorbance of the control angfeis the absorbance of the extract. The
ICsp value is the effective concentration at which 50P®DPPH radicals were scavenged. It was
obtained from the graph of scavenging activity #éjsus concentration of samples. LowdC
value indicates strong ability of the extract t@ as DPPH scavenger. The antioxidant activity
was expressed as the antioxidant activity indexIjA@alculated using the following equation:

AAI = final concentration of DPPH (ug/ml) / ¥g(ug/ml)

The estimation of AAI was: if AAI<0.5 - poor antimant activity; AAI>0.5-1 - moderate
antioxidant activity; AAI>1-2 - strong antioxidaattivity and AAI>2 - very strong antioxidant
activity.

Test bacteria

Two bacterial strains have been tested. The diimsolate Pseudomonas aeruginosa was
a generous gift from the Institute of Public Healkragujevac. The bacteriuf. aeruginosa
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ATCC 27853 was provided from a collection held g taboratory of Microbiology, Faculty of
Science, University of Kragujevac.

Antibacterial assay

Antibacterial activity was tested by determinitig minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MB@yging microdilution method with
resazurin (8RKER et al., 2007). Bacterial suspensions were prepared lgctdaolony method.
The turbidity of initial suspension was adjusteddaoynparing it with 0.5 McFarland’s standard
on densitometer. Initial bacterial suspensions aarabout 18 colony forming units (CFU)/ml
and then 1:100 when diluted in sterile 0.85% salihgofold serial dilutions of plant extract
were made in a concentration range from 5 mg/mD.6195 mg/ml in sterile 96-well plates
containing Mueller—Hinton broth. A 1d of diluted bacterial suspension was added to &agh
to give a final concentration of 5 x .GFU/ ml. Finally, 10ul of resazurin solution, as an
indicator of microbial growth, was added to eacHl.wiéhe inoculated plates were incubated at
37°C for 24 h. MIC was defined as the lowest cotregion of tested compounds that prevented
resazurin color change from blue to pink. MBC watedmined by plating 10l of samples from
wells, where no indicator of color change was rdedr on nutrient agar. At the end of the
incubation period the lowest concentration withgnowth (no colony) was defined as minimum
bactericidal concentration.

Doxycycline, dissolved in nutrient liquid mediwvas used as positive control. Solvent
control test was performed in order to study arafof 10% DMSO on the growth of bacteria. It
was observed that 10% DMSO did not inhibit the gloof bacteria. Each test included growth
control and sterility control. All tests were parfted in duplicate and MICs were constant.

Biofilm formation assay and quantification

The ability of bacteria to form biofilms was assdyas described b®'TooLE and
KoOLTER (1998) with some modifications. In sterile 96-wélsue culture plates (Sarstedt,
Germany) containing 5QI of Mueller—Hinton broth per well, a 5@l of fresh bacterial
suspension (1.0 McFarland) was added. After incobait 37°C for 48 h, the content of each
well was gently removed by tapping the plates. Weds were washed with 20@ of sterile
saline to remove free-floating bacteria. Biofilngrhed by adherent cells in plate were stained
with 0.1% crystal violet and incubated at the roamperature for 20 min. Excess stain was
rinsed off by thorough washing with deionized wadad plates were fixed with 2Q0 of 96%
ethanol. Optical densities (OD) of stained adhebatteria were measured at 630 nm using an
ELISA microplate reader. The cut-off optical deps{ODc) was defined as three standard
deviations above the mean OD of the negative cb(dulture medium). Strains were classified
as follows: OD< ODc no biofilm producer, ODc < OB 2 x ODc weak biofilm producer, 2 x
ODc < OD< 4 x ODc moderate biofilm producer and 4 x ODc < &fwng biofilm producer
(STEPANOVIC €t al., 2000).

Effect on biofilm formation

A modified crystal violet assay was employed tet tihe effect of plant extracts on
biofilm formation. Twofold serial dilutions of plarextract were made in sterile 96-well tissue
culture plates containing 50 of Mueller—Hinton broth per well. The tested centration range
was from 10 mg/ml to 0.039 mg/ml. A %0 of fresh bacterial suspension (1.0 McFarland) was
added to each well. Growth control (cells + brothgdia control (only broth) and blank control
(broth + extract) were included. After being inubation at 37°C for 48 h, the biofilm biomass
was assayed using the crystal violet staining aasajescribed above. The percentage of biofilm
inhibition was calculated using the following forau[(OD growth control — OD sample) / OD
growth control] x 100. The biofilm inhibition conciation (BIGy) was defined as the lowest
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concentration of extract that showed 50% inhibitan the biofilm formation (6AIEB et al.,
2011).

RESULTS AND DISCUSSION
Total phenol and flavonoid content in plant extracs

Total phenol and flavonoid content was determimeddetone, ethanol, ethyl acetate and
diethyl ether extract dP. nodosus. Various solvents were used in order to achieveaetion of
active substances with diversity in their polarityhe content of phenolic compounds was
measured spectrophotometrically by using method witlin-Ciocalteu reagent for phenols and
method with aluminium chloride for flavonoids. Thesults are presented in Table 1. The
highest total phenol content was found in the etuodtate extract (28.45 mg GA/g) while the
lowest content was in the ethanol extract (22.74@#gdg), and the similar case was with the
total flavonoid content, up to 102.09 mg RU/g fbe tethyl acetate extract, while the lowest
content was noticed in diethyl ether extract (32188 RU/g). GenusPotamogeton was
manifested by different flavonoid glycoside distiions between floating and submersed foliage
of morphologically heterophyllous species and adiogy to LES and $SiERIDAN (1990) it had
been reported for the first time.

Table 1. Yield, content of total phenolic and flaead content in the extracts Bbtamogeton nodosus.

Total phenolic

Yield content* Flavonoid content
Type of extract (9/50 gdw) (mg GA/g of extract) (mgRU /g of extract)
Ethanol 2.78 22.74 +£0.12 47.96 £ 0.10
Acetone 1.32 24.20 £2.28 69.10 £ 0.19
Ethyl acetate 1.24 28.45 +0.19 102.09 + 1.10
Diethyl ether 0.74 26.28 £ 0.26 32.93 £ 0.06

Each value shown is the mean vatustandard deviation.

Antioxidant activity

The antioxidant activity of different plant extraatf P. nodosus is determined by use of
methanol solution of DPPH reagent. DPPH methodeésiun the study of antioxidant effects of
complex biological compounds and of their abilibyreduce the free radicals’ activity. Activity
is measured as a decrease in absorbance of théesaapive to the standard solution of DPPH.
This research d®. nodosus extracts has not been investigated until now.

The results expressed in the form otd®@alues are shown in Table 2. Antioxidative
efficiency was in the range from 641.77 8811.63ug/ml. The ethanol extract with the 4
value at 641.77.g/ml showed the most active reactidmtioxidant activity index (AAl) is a
number that indicates the success of a compountieneffects of antioxidation. The tested
extracts showed weak antioxidant activity (AAI<Q.@while the control substance, as expected,
showed a very strong antioxidant activity (AAI>2).
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Antibacterial activity

The results ofn vitro antibacterial activities of acetone, ethanol, etigdtate and diethyl
ether extracts oP. nodosus are shown in Table 3. For comparison, the tables glve the
results of the activities of doxycycline. The sai€10% DMSO) had no effect on the growth of
the tested microorganisms. Antimicrobial activitie$ tested extracts were assessed by
determining the MIC and MBC values of these speafaricroorganisms.

Table 2. Antioxidant activity of the extracts frdnnodosus (ICso and AAI).

Type of extract | Csovaiue H/mi)- AAl value
Ethanol 641.77 £7.12 0.13
Acetone 1066.61 + 128.99 0.08

Ethyl acetate 8811.63 +46.48 0.01
Diethyl ether 1016.26 + 12.49 0.08
Ascorbic acid 5.25 15.24

'Each value shown is the mean value + standard titavia

Table 3. Antibacterial activity of extracts frdPanodosus.

Ethanol Acetone Ethyl-acetate Diethyl

extract extract extract ether extract Doxycycline
Species MIC'! MBC? MIC MBC  MIC MBC MIC MBC MIC  MBC
P.aeuginosa o5 55 5 55 >5 55 5 >5 250 >250

P. aeruginosa
ATCC 27853 >5 >5 5 >5 >5 >5 5 >5 625 125

MIC values for plant extracts are given as mg/ml g@ntibiotic as pg/ml — means inhibitory activity.
’MBC values for plant extracts are given as mg/oi a@ntibiotic as ug/ml — means bactericidal agtivit

The values of minimum inhibitory concentrations amdinimum bactericidal
concentrations obtained in this experiment were &nmh and > 5 mg/ml. Efficacy of
antibacterial activity depended on both the typeextiract and the strains of tested bacteria.
Among the tested extracts, the diethyl ether aredoaeshowed the greatest inhibitory effects
against the tested bacteria, although the ovedifeltteveness was weak. Extractives from ethanol
extract ofP. nodosus did not inhibitPseudomonas aeruginosa according to AAm et al. (1999).

Antibiofilm activity

The results ofn vitro antibiofilm activity of acetone, ethanol, ethylet@ate and diethyl
ether extract ofP. nodosus are presented in Table 4. The bacteria used in phi$ of
investigation have been selected as the bacteeid fas antibacterial activity with their biofilm
formation potential.

The influence on biofilm formation varied amorfte ttested strains and between the
extracts. Both strains formed thick biofilm (stropgoducers). Completely different than the
results for planktonic bacterial cells (MIC and MB@he best results against biofilm had ethanol
and ethyl acetate extracts. It is obvious thatdy&dtcells inside the biofilm are different and ac
differently than the free floating bacteria, whishalready known (DNLAN, 2002). The BIC
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values varied from 2.03 to > 10 mg/ml. Antibiofilnoperties of. nodosus extracts of any kind
have not been investigated before this evaluation.

Table 4. Antibiofilm activity of extracts from. nodosus.

Ethanol Acetone extract  Ethyl acetate Petroleum
extract extract ether extract
. BICsss BIC,®  BICs BICq BICs BICg BICs BICg
Species
P.aeruginosa 593 519 332 6.3 479 >10 453  >10
P. aeruginosa
ATCC 27853 9.75 >10 >10 >10 7.95 >10 >10 >10

BICs, values for plant extracts are given as mg/ml —maé®% inhibitory activity.
“BICy, values for plant extracts are given as mg/ml —maé#®% inhibitory activity.

CONCLUSION

P. nodosus was extracted by four different solvents. Extrd@se shown various results
in phytochemical analysis. The highest total pheooitent was found in the ethyl acetate extract
(28.45 mg GA/g) while the lowest content was in ¢tieanol extract (22.74 mg GA/g), and the
similar case was with the total flavonoid contéitioxidative efficiency was in the range from
641.77 t08811.63ug/ml. The ethanol extract with the §Cvalue at 641.77g/ml showed the
most active reaction. Antibacterial potential oftragts was weak, as well as antibiofilm
potential, but 50% biofilm inhibitory concentrat®rmwere prominent. Altogethd?. nodosus
extracts should be investigated further.
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