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ANTIMICROBIAL ACTIVITY OF FRACTIONS AND THE EXTRACT FROM
GENTIANA ASCLEPIADEA L. UNDERGROUND PARTS WITH MOLECULAR
DOCKING ANALYSIS

Milos Jovanovié!, Jelena Mateji¢?, Dusanka Kiti¢?, Tatjana Mihajilov Krstev?, Nemanja Kitic?,

Katarina Savikin?, Milica Milutinovic?

The willow gentian (Gentiana asclepiadea L.) is a valuable source of secoiridoids, C-
glycosylated flavones and xanthones used empirically in the treatment of liver and
gastrointestinal disorders. Guided by ethnopharmacological data on the use of G. asclepiadea
underground parts in the treatment of diarrhea, antimicrobial activity against selected
pathogens of gastrointestinal significance was examined. Presented study was aimed to
evaluate antimicrobial activity of the aqueous-ethanolic extract of G. asclepiadea underground
parts and its petroleum ether, ethyl acetate, butanol and water fractions. A molecular docking
analysis was performed as well. The antimicrobial activity against pathogens related to
gastrointestinal disorders was tested by a microdilution method. The ethyl acetate fraction
showed the greatest antimicrobial activity. The lowest MIC of 0.78 mg/ml was observed against
Bacillus cereus and Staphylococcus aureus, achieved by the petroleum ether and ethyl acetate
fractions, respectively. The greatest bactericidal activity (MBC of 0.78 mg/ml), achieved by the
ethyl acetate fractions, was recorded against Enterococcus faecalis. The yeast Candida albicans
was the most resistant against the fractions and the extract. C-glycosylated flavones isoorientin
and isovitexin showed the best binding affinity on Enterococcus faecalis lipoate-protein ligase A
as determined by a molecular docking analysis. Considering the results of our study,
underground parts of G. asclepiadea could be used as a valuable natural source of secondary
metabolites with promising antimicrobial activity.
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Introduction

Infectious diseases are still a major cause of
morbidity and mortality and a leading public health
problem worldwide, especially in developing count-
ries. According to the World Health Organization
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(WHO), there are approximately 1.7 billion cases of
diarrhoeal disease among child populations every
year, of which over half a million with a lethal out-
come. Diarrhea most often appears with symptoms
of gastrointestinal infection caused by various patho-
gens (1). Although many of these infections are
treatable, the need for research and development in
this area remains due to the existence of side effects
of the drugs, its irrational use and the consequent
emergence of resistant strains of pathogens (2).

A widely accepted approach in pharmaceutical
research of drug candidates or new indications for
already existing drugs is the harvesting of ethno-
pharmacological data on indigenous drugs and their
experimental valorization (3). One of the ethno-
pharmacologically valuable plant sources, which is
traditionally used among the population of south-
eastern Serbia for the treatment of diarrhea, is the
underground part of the willow gentian (Gentiana
asclepiadea L., Gentianaceae). For that purpose, tea
or macerate from the pulverized underground parts
of willow gentian is used orally (4). Sari¢ (1989)
noticed that the roots and rhizomes of this plant are
used empirically in the treatment of infectious
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hepatitis type A, while Milojevi¢c and Mihajlovic¢
(1966) reported its use among the local population
of Prokletije Mountain in the treatment of cough and
tuberculosis (5, 6). Recent studies have confirmed
the hepatoprotective effect of this plant species (7).

The G. asclepiadea L. belongs to a large co-
smopolitan genus Gentiana L. The genus Gentiana
comprises about 400 plant species, of which 11
species occur in the central part of the Balkan Penin-
sula (9). Plants of this genus are chemotaxonomi-
cally characterized by the biosynthesis of bitter se-
coiridoid compounds gentiopicroside, sweroside and/
or swertiamarin as secologanin derivatives (8, 9).
Due to their bitterness, plants of this genus are
traditionally used as appetite stimulants and tonics
(amara pura) (10). In addition to secoiridoids, the
main secondary metabolites of G. asclepiadea are C-
glycosylated flavones (isoorientin and isovitexin) and
C-glycosylated xanthones (isogentisin, mangiferin).
Mangiferin is present only in the aboveground part
of this plant (9).

Some recent studies (11, 12) confirmed an
antimicrobial activity of underground parts of G.
asclepiadea. Ballast materials such as biopolymers
and organic acids can be co-extracted simultane-
ously with the target compounds, therefore it is
necessary to fractionate the primary (crude) extract
(13). The aim of this study was to evaluate the in
vitro antimicrobial properties of the primary aque-
ous-ethanolic extract of the underground parts of G.
asclepiadea and its fractions using a set of patho-
gens with gastrointestinal significance. Additionally,
an in silico molecular docking analysis of selected
secondary metabolites on the target protein of the
most sensitive bacterial strain (Enterococcus faecalis
lipoate-protein ligase A) was carried out to examine
their binding affinities and interaction patterns.

Materials and methods
Plant material

Pulverised underground parts (rhizomes with
roots) of willow gentian (G. asclepiadea L., Gentia-
naceae) were donated from the Institute for Medi-
cinal Plants Research "Dr. Josif Panci¢", batch num-
ber 26841019. Until the experiment, the plant mate-
rial was stored in a dark and dry place at room
temperature.

Extraction and fractionation procedure

The primary extract was obtained by a mace-
ration method at room temperature. Powdered
underground parts (100 g) were measured in an
Erlenmeyer flask, inside of which 70% aqueous
ethanol (1 L) was added and was left on a laboratory
shaker (100 rpm) for 14h. After filtration, the
collected liquid extract was evaporated to dryness
on a laboratory Buchi rotavapor R-114. A portion of
the obtained primary extract was separated for
further antimicrobial testing, while the residue was

dissolved in 100 ml of distilled water and further
used for fractionation. Fractionation was performed
in a funnel by successive liquid-liquid re-extraction
using organic solvents of increasing polarity (petro-
leum ether, ethyl acetate and n-butanol). The liquid
fractions were evaporated to dryness on a vacuum
evaporator yielding 1.42, 2.01, 10.01, and 70.42%
of primary extract for petrolether, ethyl acetate, n-
butanol, and water fraction, respectively (14).

Antimicrobial activity

Samples were tested against pathogens rela-
ted with foodborne poisoning and gastrointestinal
disorders. A set of eight microbial strains were used:

e three Gram-positive bacterial strains -
Staphylococcus aureus (ATCC 6538), Enterococcus
faecalis (ATCC 19433), and Bacillus cereus (ATCC
11778);

e four Gram-negative bacterial strains -
Escherichia coli (ATCC 25922), Salmonella enteritidis
(ATCC 13076), Enterobacter aerogenes (ATCC
13048), and Pseudomonas aeruginosa (ATCC
9027); and

e one yeast strain - Candida albicans (ATCC
24433). Overnight cultures (18h) were prepared on
a Mueller Hinton Agar (MHA) for bacterial strains or
a Sabouraud Dextrose Agar (SDA) for yeast strain.

The antimicrobial activities of the crude
extract and its fractions were examined in vitro by
microdilution method according to CLSI (2012), with
slight modification (15). Overnight cultures of selec-
ted pathogens were used to prepare the suspen-
sions of 0.5 McFarland turbidity which corresponds
to a density of 108 CFU/mL. Stock solutions of the
crude extract and the collected fractions were pre-
pared in 10% dimethylsulfoxide (DMSO) at a con-
centration of 400 mg/ml. Testing samples in concen-
trations ranging from 0.01 to 200.00 mg/ml were
prepared by a series of two-fold dilutions of stock
solutions. Inoculated Mueller Hinton broth and pre-
pared testing samples were poured in 96-well micro-
titer plates to a final volume of 100 pL and a micro-
organism density of 106 CFU/mL. Microtiter plates
were incubated at 37 ©C for 18 hours. Antimicrobial
activity is expressed as the values of minimum inhi-
bitory concentration (MIC) and a minimum bacteri-
cidal concentration (MBC). The MIC was defined as
the concentration of the sample in which there is no
visible growth of microorganisms. Visualization of
cell growth was determined using a 0.5% aqueous
solution of triphenyltetrazolium chloride (TTC). MMC
is the sample concentration at which 99.9% of the
cells of the microorganisms are killed. MMC was de-
termined by transferring the contents of the wells
without visible growth of microorganisms onto Petri
dishes with MHA for bacteria, or SDA for yeasts and
counting the grown colonies. The experiment was
conducted in the Microbiological Laboratory of the
Department of Biology, Faculty of Science and
Mathematics - University of NiS. All of the tests were
performed three times.
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Molecular docking

Molecular binding simulation of gentiopicro-
side, swertiamarin, sweroside, isovitexin, isoorientin
and isogentisin, as main ingredients of underground
parts of G. asclepiadea and potential antimicrobial
ligands, was conducted on the Enterococcus faecalis
lipoate-protein ligase A (IplA-1) as the target. A
molecular docking analysis was performed using an
AutoDock Vina 1.1.2 and AutoDock Tools 1.5.6
software. The three-dimensional structures of genti-
opicroside, swertiamarin, sweroside, isovitexin, iso-
orientin and isogentisin were acquired from Pub-
Chem (CID number: 88708, 442435, 161036,
162350, 114776, 5281640, respectively), while the
IplA-1 was obtained from the Protein Data Bank
(PDB ID: 51J6). The binding pocket of IplA-1 was
prepared based on the reference complexed ligand
(lipoic acid). After removing all water molecules and
the ligand, as well as adding polar hydrogen, the
PDBQT format of the target protein and the selected
compounds were prepared by AutoDock Tools. The
dimension of the grid box was 20 x 20 x 20 A with

the coordinates of the center being x = 63.38, y =
72.83, z = 127.86. The amino acid residues involved
in the interaction and binding affinity, expressed as
binding free energy, were determined by the Auto-
Dock Vina analysis. The visualization of the com-
pound-receptor docked complex was performed
using the Discovery Studio 2020 Client (Biovia Corp.
of San Diego, USA).

Results
In vitro antimicrobial activity

The antimicrobial activity of the primary 70%
ethanol extract and its petroleum ether, ethyl ace-
tate, butanol and water fractions against a set of
eight selected pathogens (three Gram-positive bac-
teria, four Gram-negative bacteria and one strain of
yeast) are summarized in Table 1. Doxycycline and
nystatin were used as a positive control to compare
the antibacterial and antifungal activity, respectively,
with the examined extract and fractions.

Table 1. Antimicrobial activity of extract of Gentiana asclepiadea underground parts and its fractions

70% ethanolic Petrolether Ethyl acetate Butanol Water Positive

Pathogen extract fraction fraction fraction fraction controlt

MIC / MMC* MIC / MMC
(mg/ml) (ug/ml)

Gram (+) bacteria

Staphylococcus

aureus 25.00 / 50.00 25.00 / 50.00 0.78 / 25.00 6.25/12.50 6.25/ 25.00 7.81/15.61

(ATCC 6538)

Bacillus cereus

(ATCC 11778) 3.13/ 25.00 0.78 / 12.50 1.56/12.50 3.13/ 25.00 25.00 / 50.00 0.90/ 15.61

Enterococcus

faecalis 3.13/3.13 6.25/ 6.25 1.56 /0.78 3.13/1.56 6.25/ 6.25 0.90/1.90

(ATCC 19433)

Gram (-) bacteria

Escherichia coli

(ATCC 25922) 6.25/ 12.50 12.50 / 25.00 6.25/ 25.00 6.25/ 12.50 6.25/ 25.00 15.61 / 15.61

Salmonella

enteritidis 12.50 / 25.00 25.00/ 25.00 6.25/ 25.00 12.50 /12.50 12.50 / 25.00 0.90/ 1.90

(ATCC 13076)

Enterobacter

aerogenes 50.00 / 50.00 50.00 / > 200.00| 3.13/12.50 12.50 / 50.00 | 50.00 / > 200.00 | 7.81/ 15.61

(ATCC 13048)

Pseudomonas

aeruginosa 25.00 / 50.00 25.00 / 50.00 6.25/ 25.00 12.50 / 25.00 25.00 / 50.00 15.61 / 15.61

(ATCC 9027)

Yeast

Candida albicans| 5, oo ;5 500.00 | 50.00/50.00 | 12.50/12.50 |12.50/25.00 | 25.00/50.00 3.91/7.81

(ATCC 24433)

*MIC - minimum inhibitory concentration,
MMC - minimum microbicidal concentration;

TPositive control - doxycycline for bacteria or nystatin for yeast

The examined extract of G. asclepiadea
underground parts and its fraction inhibited growth
of all tested pathogen strains. The values of mini-
mum inhibitory concentrations (MIC) for Gram-posi-
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tive strains varied from 0.78 to 25 mg/ml. These
values were slightly higher (ranged from 3.13 to 50
mg/ml) for Gram-negative strains, clearly indicating
the selectivity of antimicrobial activity depending on
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the structure of the bacterial cell wall. This has also
been confirmed by the values of minimum bacteri-
cidal activity (MBC) which were mostly lower for
Gram-positive strains (in the range of 0.78 - 50
mg/ml compared to 3.13 - > 200 mg/ml for Gram-
negative strain). The lowest MIC values in all of the
tested strains were related to the ethyl acetate frac-
tion, with the exception of B. cereus strain where
the most prominent antimicrobial activity (MIC of
0.78 mg/ml) was achieved by the petrolether
fraction.

The obtained results indicate the separation of
the basic 70% EtOH extract by liquid-liquid re-
extraction can strongly affect antimicrobial activities.
This effect was emphasized in the case of S. aureus
where the MIC of the primary extract was about 32-
fold higher than that of the MIC of its ethyl acetate
fraction. This confirms that fractionation could im-
prove the inhibitory activity of the extract. On the
other hand, this discrepancy was mitigated in the
case of E. coli where the MIC of the extract and its
fractions were almost equal. B. cereus and E.
faecalis showed the highest sensitivity to the extract
and fractions in relation to all investigated strains.
The greatest bactericidal activity (MBC of 0.78
mg/ml) was achieved by the ethyl acetate fraction
against E. faecalis. Interestingly, the increase in
polarity of the solvents used to prepare the extract
fractions was associated with reducing B. cereus
sensitivity.

Regarding yeast, the tested extract and frac-
tions of C. albicans showed a moderate antifungal
activity with a MIC ranging from 12.5 to 50 mg/ml,
and a minimum fungicide concentration (MFC) rang-
ing from 12.5 to > 200 mg/ml.

Molecular docking

A molecular docking analysis on IplA-1 was
performed in order to predict extract ingredients
with potential antimicrobial activity and to elucidate
the possible ligand-protein interaction. The docking
results of six dominant compounds of G. asclepiadea
underground parts (representatives of the three
main groups of compounds) and lipoic acid as the
referent ligand are listed in Table 2. All examined
compounds showed a significant binding affinity with
the binding free energy in the range from 6.0 to -7.4
kcal/mol (lower free energy corresponds to higher
binding affinity). The greatest binding affinity was
observed in the case of isoorientin and isovitexin
with values of -7.4 and -7.3 kcal/mol, respectively.
The 2D structures of the IplA-1 active site com-
plexed with potentially active ingredients are illu-
strated in Figure 1. The active site of the IplA-1
enzyme with isoorientin (3D) as the compound with
the best docking score is illustrated in Figure 2.

Table 2. Binding affinity and amino acid residues involved in interaction of examined molecules
as ligands and Enterococcus faecalis lipoate-protein ligase A (Ip1A-1)

Residues involved in Residues involved in
. Binding free energy | H-bond interactions hydrophobic interactions
Ligand (kcal/mol) Distance
Amino acid (R) Amino acid Distance (&)
o Asn135 2.11 Gly72 3.69
% ° Gly73 2.04 Tyr35 5.08
& =2 His147 4.18
4
Asn135 2.71 Aspl24 3.37
«»n | Gentiopicrosid 6.3 Gly73 2.21 Gly72 3.54
B e ' Lys131 2.67
b=l Gly134 2.76
S | swertiamarin -6.0 S':f;l zzgg Ala74 3.43
@ Sweroside 6.0 Ala74 3.03 Ala74 3.39
) Lys131 2.29 Lys131 3.50
Asn123 2.79 Gly72 3.25
" Tyr35 3.04 Gly72 3.62
2 Asn123 2.91 Arg68 3.65
g Asnl23 2.07 Gly73 2.97
S Thr149 3.90
° His147 4.56
s Isovitexin -7.3 Gly134 4.23
% Asn135 4.23
3 Gly134 5.29
> Asn135 5.29
3 Val75 5.00
Alal136 4.52
Val75 4.56
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Residues involved in Residues involved in
Ligand Binding free energy | H-bond interactions hydrophobic interactions
9 (kcal/mol) . . . | Distance . . .
Amino acid (R) Amino acid Distance (A)
" Asp286 1.86 Gly72 3.16
o Asn123 2.88 Arg68 3.75
S Asnl123 2.94 His147 4.50
& Asn123 2.23 Gly134 4.28
o Asn135 4.28
2 Isoorientin -7.4 Val75 4.97
= Alal36 4.71
3 Val75 5.42
s Val75 4.66
ol Alal36 5.05
]
Lys131 2.48 Asp286 3.53
Lys131 2.65 Gly72 3.13
3 Aspl24 4.95
®Q Asp286 4.22
% Q - Gly73 2.43
0w c _
9;4% Isogentisin 6.8 Gly73 3.02
o X Asnl123 2.31
O Glyl34 4.40
Asn135 4.40
Alal136 5.23
Discussion the trace compounds and/or compounds whose

The results of this study indicate that the ex-
tract of G. asclepiadea underground parts shows the
potential to inhibit the growth of pathogens related
with foodborne poisoning and gastrointestinal dis-
orders.

A high sensitivity of Bacillus species (B.
subtilis, B. cereus, and B. subtilis ATCC 6633) and
the selectivity against Gram-positive bacterial
strains, were similarly noted by Stefanovi¢ et al.
(2018) and Mihajlovi¢ et al. (2011) (10, 11). In a
comparative study of aqueous, ethanolic, acetone
and ethyl acetate extracts from the root of G.
asclepiadea, ethyl acetate extract showed the
greatest antimicrobial activity (11). These findings
were also in agreement with ours, indicating that the
antimicrobial active ingredients have an affinity for
distribution in an ethyl acetate solvent. Therefore,
ethyl acetate can be efficiently used for extraction,
purification and separation of active compounds
from examined plant drug that have a potential anti-
microbial activity.

The improvement in antimicrobial activity
using extract fractionation can be explained by the
different concentrations of the active ingredients.
The ballast compounds of the extract contribute to
the increase of the mass of the dry extract and
cause dilution of the active ingredients, thus inter-
fering with the antimicrobial activity. Using the re-
extraction process, ballast compounds can be re-
moved from extract. The drastic difference of acti-
vities between the primary extract and its fraction
(as in the case of S. aureus) may be due to the
presence of antagonistic compounds separated by
fractionation. Such discrepancy in activities, points
out the ability of the used extract fractionation pro-
cedure to elucidate the potential biological activity of
18

activity is influenced by other ingredients of the
mixture.

The antimicrobial potential of other plant spe-
cies of the genus Gentiana showed a close pattern of
antimicrobial activity. Olennikov et al. (2015) re-
ported about potent antimicrobial activity of bitter
herb tea decoctions of four Gentian species (G.
algida, G. triflora, G. macrophylla and G. decum-
bens), as well as gentiopicroside and loganic acid-6-
O-B-D-glucoside as major bitterness compounds
against six gastrointestinal pathogens (16). Gentio-
picroside, a major secondary metabolite of G.
asclepiadea underground parts (17), showed an
antimicrobial activity with a MIC ranging from 0.1 to
0.4 mg/ml. In accordance with our results, in all
tested samples the yeast C. albicans was the most
resistant. This is not unexpected, given that plants
of genus Gentiana, especially the underground
parts, are rich sources of carbohydrates (18, 19).
The presence of carbohydrates as source of carbon
in the microenvironment of C. albicans, significantly
affects the level of yeast growth, survival and to-
lerance to antifungal drugs (20).

Root extract of G. kuroo showed a similar
antimicrobial spectrum directed towards Gram-posi-
tive bacteria (21). Yin et al. (2017) determined an
antibacterial activity of G. macrophylla roots extract
against bacteria isolated from infected burn wounds
that are predominantly Gram-positive strains (22).
On the other hand, a broad-spectrum (non-selec-
tive) antimicrobial activity of G. /utea leaves and
flowers extracts was observed (23). This non-selec-
tivity of antimicrobial activity is probably due to dif-
ferences in the phytochemical profile of the under-
ground and aboveground organs. Namely, in the
aboveground part of the G. lutea, the major
compounds are flavonoids and xanthones, unlike
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roots where secoiridoids are dominant (9). A similar
antimicrobial spectrum of the root extracts of plants
belonging to the genus Gentiana that target Gram-
positive strains may indicate that ingredients with
antimicrobial activity are secondary metabolites that
are universally distributed in all or most plant
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species of this genus, such as secoiridoids, xantho-
nes, and/or flavonoids. In order to explore the
possible interactions of the six main compounds
from underground parts of G. asclepiadea and the
selected target protein, the research was further
extended by a molecular docking analysis.
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Figure 1. 2D structures of the lipoate-protein ligase A (Ip1A-1) complexed with gentiopicroside (A),
swertiamarin (B), sweroside (C), isovitexin (D), isoorientin (E), and isogentisin (F).

Enterococcus faecalis lipoate-protein ligase A
(Ip1A-1) was chosen as the target enzyme, because
the lowest MBC (0.78 mg/ml) was recorded on this

bacterial strain, which indicates its sensitivity to the
constituents of the examined extract and fractions.
Ip1A-1, as one of the pivotal enzymes involved in
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lipoic acid metabolism (24), is proved to be a
potential target of E. faecalis directed antimicrobial
compounds (25). The lowest negative value of the
binding free energy of isoorientin (-7.4 kcal/mol)

indicates that this ligand can bind more strongly and
establish a more stable complex with the catalytic
part of the enzyme compared to other compounds.

Figure 2. 3D structures of the lipoate-protein ligase A (Ip1A-1) with an emphased binding pocket
in interaction with isoorientin

An analysis of the interaction profile (Figure
1E) showed that isoorientin formed four conven-
tional hydrogen bonds with Argl23 and Asp286
amino acid residues. It is well known that the ability
to form hydrogen bonds between ligands and bind-
ing pockets is the primary factor influencing binding
affinity (26). Isovitexin also formed four conventio-
nal hydrogen bonds via the two amino acid residues
Asnl123 and Tyr35 (Figure 1D). Although the num-
ber of hydrogen bonds is the same, the slightly
lower binding free energy of isoorientin (-7.4 kcal/
mol) compared to isovitexin (-7.3 kcal/mol) can be
explained by the shorter bond length (distance, &).
Studies have shown that a higher hydrogen bond
strength and a consequently higher complex stability
is associated with a shorter bond length (26). Both
mentioned compounds form a multitude of hydro-
phobic bonds, which are characterized by lower
strength compared to the interactions via hydrogen
bonds. The contribution of the hydrophobic binding
to the docking score was highlighted in the case of
genciopiroside. Although it formed four conventional
hydrogen bonds (Figure 1A), a significantly lower
binding affinity (-6.3 kcal/mol) was observed com-
pared to isovitexin and isoorientin, which is a con-
sequence of weaker hydrophobic binding. Amino
acid residues involved in the interactions (hydrogen
and hydrophobic) and the interatomic distance be-
tween selected compounds and Ip1A-1 are listed in
Table 2.

20

Conclusion

The results of the conducted study confirm
that the underground parts of Gentiana asclepiadea
are a valuable plant drugs with a significant anti-
microbial potential against pathogens related with
gastrointestinal diseases. Fractionation of the pri-
mary extract was a suitable method to improve the
antimicrobial activity. The ethyl acetate fraction was
particularly active, indicating that the active ingre-
dients of the extract have an affinity for distribution
in this solvent. The activity of the extract and the
fractions was selective, mostly towards Gram-posi-
tive bacterial strains. The molecular docking and
interaction profile analysis of the six major se-
condary metabolites of the examined drug on lipo-
ate-protein ligase A (Ip1A-1) show that the C-glyco-
sylated flavones isoorientin and isovitexin have the
best binding affinity. Further in vivo studies and de-
tailed phytochemical analysis of extract and fractions
are required to determine their active compounds
and evaluate possible uses in the treatment of
gastrointestinal disorders.
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Trava od zutice (Gentiana asclepiadea L.) vredan je izvor sekoiridoida, C-glikoziliranih
flavona i ksantona, koja se u tradicionalnoj medicini upotrebljava za leCenje bolesti jetre i
gastrointestinalnog trakta. Cilj ovog istraZivanja bio je ispitati antimikrobnu aktivnost vodeno-
etanolnog ekstrakta podzemnih delova trave od Zutice i njegovih frakcija (petrol-etarska, etil-
acetatna, butanolna i vodena frakcija). Takode, sprovedena je analiza molekularnog vezi-
vanja. Antimikrobna aktivnost na patogene gastrointestinalnog trakta testirana je mikrod-
ilucionom metodom. Generalno, najbolju aktivnost ispoljila je etil-acetatna frakcija. Najniza
minimalna inhibitorna koncentracija od 0,78 mg/ml zabeleZzena je kod soja Bacillus cereus
pomocu petrol-etarske frakcije, odnosno Staphylococcus aureus pomocu etil-acetatne frakcije.
Najbolja baktericidna aktivnost (minimalna baktericidna koncentracija od 0,78 mg/ml)
ostvarena je etil-acetatnom frakcijom za soj Enterococcus faecalis. Candida albicans bila je
najotpornija na dejstvo ispitivanog ekstrakta i njegovih frakcija. Analizom molekulskog
vezivanja, utvrdeno je to da C-glikozilirani flavoni izoorijentin i izoviteksin pokazuju najveci
afinitet vezivanja prema Enterococcus faecalis lipoat-protein ligazi A. Na osnovu rezultata
sprovedenog istraZivanja, moze se zakljuciti da bi podzemni delovi trave od Zutice mogli biti
vredan izvor sekundarnih metabolita sa obecavaju¢om antimikrobnom aktivnoscu.
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