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ABSTRACT

Antibiotic misuse or overuse leads antibiotic resistance. Antibiotic resistant
bacteria infections cause significant clinical problem. Recently, antibiotic
resistant bacteria numbers have increased, this situation has become a
global public health treat. To achieve these problems, development of
new antibacterial compounds is still popular among researchers. The
focus on natural compounds/plant extracts in combination with antibiotics
increase their activities and decrease the doses of antibiotics and their
side effects. Despite known as poisonous, Arum italicum Miller is used
as food and/or is used for the treatment such ailments as furuncle,
eczema, peptic ulcer, wounds, etc. This interesting species was found as
anticancer, cytotoxic, apoptotic agent against some human cancers. In
the present study, the fractions of 4. italicum tuber extract against human
pathogens (Pseudomonas aeruginosa ATCC 27853, Bacillus cereus
NRRL B-3711, Staphylococcus aureus ATCC 6538) were evaluated for
their antibacterial activities by microdilution method. Each fraction was
combined with ciprofloxacin and their synergistic activities were tested by
checkerboard method. The MIC (minimum inhibitory concentrations) and
FICI (fractional inhibitory concentration indexes) values were calculated.
Totally, seven synergic interactions, ten additive interactions, and four
indifferent interactions of tested fractions with ciprofloxacin were found.
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1. INTRODUCTION

Antibiotics has been used to prevent and treat
bacterial infections for a long time. Since the
beginning of the antibiotic era, antibiotic resistance
has occurred when bacteria change the sensitivity to
these medicines. These resistant bacteria can infect
humans and animals, and the infections they cause
are more difficult to treat than they are caused by
resistant bacteria. In the world, the levels of antibiotic
resistance are rising to dangerously. At early stages,
the failure of antibiotic treatment was not accepted
as an urgent clinical problem, since different groups
of antibiotics with different targets were applicable.
Nowadays, the number of resistance of bacteria has
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increased, hence, one of the global health threats
has become as antibiotic resistance. This leads to
increase medical costs, higher in-patient treatments,
and increase the number of mortalities. The misuse
and overuse of antibiotics are also accelerated
the antibiotic resistant, as well as insufficiency of
prevention and control of bacterial infections [1,2].
To prevent and control the spread of antibiotic
resistance, one of strategies is to reduce the amount
of antibiotics.

Antibiotics in combination with plant products may
increase their antibacterial activity and decrease
the doses of antibiotics and their side effects [3]. A
potential strategy to combat resistance of bacteria is
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positive interaction between antibiotic and natural
products. If one agent enhances the effect of the
other agent and together they act more efficiently
than as individually, interaction between two
agents has identified as “synergy”. So, synergistic
interactions between antibiotics and plant products
motivate many scientists to evaluate of synergistic
interactions and mechanisms of two agents [4]. Many
plant products have shown antibacterial properties
for a long time. Some of them enhance the activity
of an antibiotic in combinations. Combinations with
plant products resulted that bacteria became more
sensitive to antibiotic or the antibiotic acted in lower
concentrations than before. Those effects were due
to the ability of plant active substances reflected in
modification or blocked of resistance mechanism.
With this approach, besides reducing the effective
dose of antibiotics on one side, also reduces the
side effects of antibiotics as medicine on the other.
Synergistic effects of plant extracts and antibiotics
with a significant reduction of Minimum Inhibitory
Concentration (MIC) in antibiotics have been
confirmed by in vitro studies [5-7]. As known, plants
produce secondary metabolites such as polyphenols,
terpenes, alkaloids. Crude extracts, complex
mixtures of both secondary and primary metabolites,
have been known to possess broad antibacterial
activity [8-10].

Arum italicum (Araceae family) is an interesting
plant and has gained popularity among Arum genus
species. A. italicum is used as food from ancient times
despite being poisonous. In traditional medicine,
leaves, tubers, flowers, fruits and spate are used
in different countries. Tubers are recorded as food
(Bosna-Herzegovina, Iraq, Italy, Turkey) and are
used to treat ailments such as hemorrhoid (Turkey),
eczema (Turkey), rheumatic pains (Italy), muscle
diseases (Spain, Turkey), hepatitis (Turkey), women
diseases (Turkey), and to heal contusions (Italy)
[11-16]. The tubers were characterized with lignan
derivatives (lignan glucosides, 8-O-3" neolignan,
8-0-4’ neolignan) and sterols [17-20]. Our group also
published LC/MS-MS analysis results in detailed.
According to our research, hydroxy-cinnamic acid-
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spermidine derivatives, flavones and lignans, their
glucosides, and oxylipins were tentatively identified
in tuber samples [21].

Arum italicum tuber extracts were evaluated for
antibacterial [22], and antioxidant [23] activities.
The study on the antibacterial activity of tuber extract
against methicillin-resistant Staphylococcus aureus
ATCC 33593 resulted that the extract showed no
activity [22]. Recently, our group published that the
tuber polar extract/fractions exerted notable cytotoxic
activities against MCF-7 breast and A549 non-small
lung cancer cell lines. The fractions also showed
DNA synthesis inhibition and apoptotic effects [21].
These findings lead us to study these fractions for
their antibacterial activities. In this present study,
Arum italicum Miller tuber extracts/fractions were
evaluated for their potential antibacterial activities
against human pathogens such as Pseudomonas
aeruginosa ATCC 27853, Bacillus cereus NRRL
B-3711, Staphylococcus aureus ATCC 6538. Also,
the combinations of the extracts with ciprofloxacin
were evaluated by checkerboard method. To the
best of our knowledge is to evaluate antibacterial
activities against human pathogens and determine
synergistic activities with ciprofloxacin.

2. MATERIALS AND METHODS

Plant material, extraction/fractionation and LC/MS-
MS analysis parts of this manuscript belong to PhD
thesis of Hale Gamze Agalar, Anadolu University,
Institute of Health Science, Pharmacognosy
Department, Eskisehir-Turkey, 2016. The content
such as plant material, extraction/fractionation
and LC/MS-MS analysis of this manuscript was
published in a refereed journal. Antibacterial activity
and synergy combinations of the samples will be
published for the first time.

2.1. Plant material

Arum italicum was collected from Bursa, Turkey
in July, 2013. The aerial parts were separated from
the tubers, then the tubers were sliced and dried in

European Journal of Life Sciences = December 2022



Arum italicum Miller tuber extracts: evaluation of synergistic activities with

Eur J Life Sci 2022; 1(3): 97-106

the air-dried area. The voucher specimens are kept
in Anadolu University, the Herbarium of Pharmacy
Faculty with ESSE number 14620 [21].

2.2. Extraction and fractionation

The extract prepared from 792.7 g of dried and
grounded A. italicum tubers by acetone:water
(1:1, v:v) mixture using hot-continuous extraction
(Soxhlet apparatus) procedure for 8 h. The extract
was exhaustedly fractioned by n-hexane (Sigma-
Aldrich), (Sigma-Aldrich),
dichloromethane:methanol (1:1, v;v) and methanol
(Sigma-Aldrich) by flash chromatography (Silicagel
60, 0.063-0.2 mm particle size, Merck), respectively.
Then, the methanol fraction (E coded) was
subjected to reverse-phase column chromatography
(C18 column material, Macherel Nagel) under
vacuum. The six subfractions were obtained by
using water (E1 coded), methanol:water (20:80,
v:v) (E2 coded), methanol:water (40:60, v:v) (E3
coded), methanol:water (60:40, v:v) (E4 coded),
methanol:water (80:20, v:v) (E5 coded), and
methanol (E6 coded), resp [21].

dichloromethane

2.3. The LC/MS-MS analysis

The detailed information about mass spectrometry
analysis was given by our previous study [21].
For identification, the UV spectra and total ion
chromatograms were determined, and the molecular
weights and fragmentation patterns of the molecules
were screened by using previous studies.

2.4. Antibacterial activity

Bacteria strains used for the evaluation of biological
activities were obtained from commercial sources
(ATCC and NRRL) in the lyophilized form.

The antibacterial activity of the samples were
evaluated by broth microdilution assay according to a
modified Clinical and Laboratory Standards Institute
(CLSI) method as previously described [24-25].
Pseudomonas aeruginosa ATCC 27853, Bacillus
cereus NRRL B3711 and Salmonella typhimurium
ATCC 13311 were used as test microorganisms.
The standard antibiotics ciprofloxacin (128-0.25
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png/mL) was used as standard control. Solvent and
microbial controls were also added to the assay plate.
Antibacterial assays were repeated at least three
times for all the test samples and arithmetic means
were reported.

2.5. Synergistic antibacterial activity

Interaction of the test samples were studied using the
checkerboard microdilution assay in 96-well plates
[26,27]. Checkerboard method was performed on a
96-well plate using an 8-by-8 well platform. Eight
serial dilutions, two-fold dilutions of all tested A.
italicum tuber samples and (20-0.019 mg/mL) and
ciprofloxacin (128-0.25 pg/mL) were prepared. 25
pL aliquots of sample was added to the wells in a
vertical orientation, and 25 pL aliquots of each
antibiotics dilution were added in a horizontal
orientation so that the plate contained various
concentration combinations of the two compounds.
Following this, each well was inoculated with a 50
pL (5x10° CFU/well) microorganism suspension
(turbidometrically standardized), and was further
incubated at 35 °C for 24 hours. After incubation 20
pL of resazurin was added to all wells and left at 35
°C for 2 h. Microbial growth was indicated by change
in color from blue to pink. The broth microdilution
checkerboard method was performed by using the
fractional inhibitory concentration index (FICI),
which is defined as the sum of the MIC of each
sample, when used in combination divided by the
MIC of the sample when used alone. Calculations
were performed by following equations:

FICI=FICX+FICY

FIC X= (MIC value of combined sample and
antibiotic)/(MIC value of antibiotic alone)

FIC Y= (MIC value of combined sample and
antibiotic)/(MIC value of sample alone)

Consequently, the activity was defined as follows:
FICI <0.5 = synergism;

FICT 0.5< 1 = additive effect;

FICI >1-4 = indifferent effect;

FICI > 4 = antagonism

for more detailed information check references and
references herein [26,27].
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3. RESULTS AND DISCUSSION

Antibacterial activity of each sample against
Pseudomonas aeruginosa ATCC 27853, Bacillus
cereus NRRL B3711 and Salmonella typhimurium
ATCC 13311 was evaluated by microdilution CLSI
method. Ciprofloxacin was used as positive control.
Minimum inhibitory concentrations (MIC) of tested
samples were calculated.

In Table 1, individual MIC value of each sample
was shown. The results revealed variability in the
inhibitory concentrations of each sample for given
bacteria. According to the results, subfractions except
water subfraction (E1) were found more effective
than E coded methanol fraction. P. aeruginosa
among tested microorganisms was more sensitive
to the samples. Arum italicum extracts ranging 0.12-
20 mg/mL showed antibacterial activity against P,
aeruginosa. The most effective subfractions were
E3 (MIC, 0.12 mg/ml) and E5 (MIC, 0.12 mg/ml).
But these effects were lower than ciprofloxacin
(MIC, 0.0004 mg/mL). Against B. cereus, the most
effective subfraction was E5 (MIC, 0.12 mg/mL),
followed by E3 (MIC, 0.25 mg/mL), E6 (MIC, 0.28
mg/mL), E4 (MIC, 0.43 mg/mL), E2 (MIC, 0.87 mg/
mL), E1 (MIC, 20 mg/mL) =E (MIC, 20 mg/mL).
The MIC value of ciprofloxacin was 0.0016 mg/mL.
When the effects of samples were compared, E3 and
E5 were the more effective against S. typhimurium.
The closest activity was found for E6 subfraction.
To sum up, in general, fractionation procedure lead
to the antibacterial activity better. Sugar-rich fraction
coded E1 had the lowest antibacterial activity against
tested all bacteria.

For the evaluation of synergism, all samples
were tested by checkerboard method. As known,
synergy is defined as a decrease in the viable
organism as a result of the combination when
compared with the most effective antibiotic when
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tested alone. Among the techniques employed
in the evaluation of the combination of two
antimicrobials potentially exhibiting synergism is
the checkerboard technique. The checkerboard or
fractional inhibitory concentration (FIC) technique
employs a methodology similar to that utilized
for the determination of the Minimum Inhibitory
Concentration (MIC) [28]. A Fractional Inhibitory
Concentration Index (FICI) was used to interpret
the results. According to the Clinical Laboratory
Standards Institute (2006) guidelines for broth
microdilution, the MIC was defined as the lowest
concentration of antibiotic that completely inhibited
the growth of the organism as detected with the naked
eye. Synergy is more likely to be expressed when
the ratio of the concentration of each antibiotic to the
MIC of that antibiotic was same for all components
of the mixture [29].

When Arum italicum samples combined with
ciprofloxacin, seven synergistic, ten additive, and
four indifferent interactions were found while
any antagonism interactions were occurred. The
remarkable result was to observe any antagonism
between A. italicum samples and ciprofloxacin. Table
2-4 show the results of the different combinations of
ciprofloxacin with different A. italicum samples.

Among synergistic interactions, four of them (E,
E2, E4, ES) against P. aeruginosa, one of them
(E2) against B. cereus and two of them (E2 and E6)
against S. typhimurium strains were found.

Surprisingly, despite no antibacterial activity of
E sample against P. aeruginosa ATCC 27853, E
sample showed very good synergic (FICI value,
0.257) activity with ciprofloxacin resulting in up to
8-fold reduction of MIC value and re-sensitization of
P aeruginosa strain. The association between E2 and
ciprofloxacin against P. aeruginosa showed strong
synergistic effect. E2 reduced the MIC value of

Table 1. Minimum inhibitory concentrations (mg/mL) of Arum italicum samples

E E1 E2 E3 E4 ES5 E6 Cipro
Pseudomonas aeruginosa 10 20 0.43 0.12 0.43 0.12 0.28 0.0004
Bacillus cereus 20 20 0.87 0.25 0.43 0.12 0.28 0.0016
Salmonella typhimurium 20 20 0.87 0.25 0.43 0.25 0.28 0.0016

E, methanol fraction of %50 acetone extract; E1, water subfraction; E2, 20% methanol subfraction; E3, 40% methanol subfraction;
E4, 60% methanol subfraction; ES, 80% methanol subfraction; E6, methanol subfraction; Cipro, ciprofloxacin.
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Table 2. Synergistic antibacterial activities against P. aeruginosa strain (mg/mL)

s::;e Mlccosgqnl;ple FIC sample MIC cipro Még;‘[%m FIC cipro  FICI RESULT
E 10 0.07 0.007 0.0002  0.00005 025 0.257 SYNERGISTIC
El 20 0.07 0.0035 0.0004  0.0004 1 1.0035 ADDITIVE
E2 0437 0.003 0.0068 0.0002 000005 025 02568  SYNERGISTIC
E3 0125 0.0009 0.0072 0.0008  0.0008 1 1.0072 ADDITIVE
E4 0437 0.003 0.0068 0.0008  0.0002 025 02568  SYNERGISTIC
ES 0125 0.0009 0.0072 0.0002  0.0001 0.5 0.5072  SYNERGISTIC
E6 0281 0.002 0.0071 0.0004  0.0016 4 40071 INDIFFERENT

E, methanol fraction of %50 acetone extract; E1, water subfraction; E2, 20% methanol subfraction; E3, 40% methanol subfraction;
E4, 60% methanol subfraction; E5, 80% methanol subfraction; E6, methanol subfraction; Cipro, ciprofloxacin. FIC sample: MIC value
of combined sample/MIC value of sample alone; FIC cipro: MIC value of combined ciprofloxacin/MIC value of ciprofloxacin.

Table 3. Synergistic antibacterial activities against B. cereus strain (mg/mL)

S::;e Mlgos;[“];ple FIC sample MIC cipro M(Ijg;/'[‘]’sm FIC cipro  FICI RESULT
E 20 0.07 0.0035 0.0008  0.0016 20035  INDIFFERENT
El 20 0.07 0.0035 0.0008  0.0008 1 1.0035 ADDITIVE
E2 0874 0.003 0.0034 0.0016  0.0008 0.5 0.5034  SYNERGISTIC
E3 0.25 0.0019 0.0076 0.0016  0.0032 2 20076 INDIFFERENT
E4 0437 0.003 0.0068 0.0016  0.0016 1 1.0068 ADDITIVE
ES 0125 0.0009 0.0072 0.0016  0.0016 1 1.0072 ADDITIVE
E6 0281 0.002 0.0071 0.0016  0.0016 1 1.0071 ADDITIVE

E, methanol fraction of %50 acetone extract; E1, water subfraction; E2, 20% methanol subfraction; E3, 40% methanol subfraction;
E4, 60% methanol subfraction; E5, 80% methanol subfraction; E6, methanol subfraction; Cipro, ciprofloxacin. FIC sample: MIC value
of combined sample/MIC value of sample alone; FIC cipro: MIC value of combined ciprofloxacin/MIC value of ciprofloxacin.

ciprofloxacin up to 8-fold. A strong synergistic effect
was also found between E4 and ciprofloxacin. The
E4 + ciprofloxacin combination resulted the FICI
value as 0.2568. One of the synergic combinations
was also combined with E5 and ciprofloxacin against
P. aeruginosa with FICI value, 0.5072.

According to Table 3, there was one synergistic
combination between E2 and ciprofloxacin against
B. cereus NRRL B3711 with FICI value 0.5034.
Most samples (E1, E4, E5, E6) showed additive
interactions with ciprofloxacin. E1 also ineffective
sample against B. cereus, on the contrary, E1 +
ciprofloxacin combination showed additive effect.

The combinations of A. italicum samples with
ciprofloxacin resulted different interactions (additive,
synergistic and indifferent) against S. fyphimurium
ATCC 13311 (Table 4). The FICI ranged from 0.5034
to 1.0072. The combinations of E2-+ciprofloxacin
and Eo6+ciprofloxacin were found to be best
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synergistic effects against S. typhimurium strain with
FICI values 0.5034 and 0.5071, respectively.

As expected, the rapid emergence of resistant
bacteria worldwide, increasing to sensitivity of
bacteria, reducing the side effects of antibiotics,
increasing the efficacy of antibiotics, that have
modified medicine and saved millions of lives. The
crisis of antibiotic resistance has been assigned to
the misuse and overuse of these chemotherapeutics,
as well as pharmaceutical industry have enough
facilities to develop new drug because of the
decrease in economic motivators and challenging
regulatory requirements. Based on the CDC (Centers
for Disease Control and Prevention) classification,
bacteria are defined as urgent, serious, and concerning
threats. These types of bacteria are responsible
for significant clinical and financial charge on the
health care systems as well as patients and their
families. Generally, urgent or serious threats should
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Table 4. Synergistic antibacterial activities against S. typhimurium strain (mg/mL)
MIC  MIC sample MIC cipro

sample COMB FIC sample MIC cipro COMB FIC cipro FICI RESULT
E 20 0.07 0.0035 0.0016 0.0016 1 1.0035 ADDITIVE
El 20 0.07 0.0035 0.0016 0.0016 1 1.0035 ADDITIVE
E2 0.874 0.003 0.0034 0.0016 0.0008 0.5 0.5034 SYNERGISTIC
E3 0.25 0.0009 0.0036 0.0032 0.0032 1 1.0036 ADDITIVE
E4 0.437 0.003 0.0068 0.0016 0.0016 1 1.0068 INDIFFERENT
E5 0.125 0.0009 0.0072 0.0016 0.0016 1 1.0072 ADDITIVE
E6 0.281 0.002 0.0071 0.0016 0.0008 0.5 0.5071 SYNERGISTIC

E, methanol fraction of %50 acetone extract; E1, water subfraction; E2, 20% methanol subfraction; E3, 40% methanol subfraction;
E4, 60% methanol subfraction; E5, 80% methanol subfraction; E6, methanol subfraction; Cipro, ciprofloxacin. FIC sample: MIC value
of combined sample/MIC value of sample alone; FIC cipro: MIC value of combined ciprofloxacin/MIC value of ciprofloxacin.

Table 5. Synergistic antibacterial activities of Arum italicum samples with ciprofloxacin

Pseudomonas aeruginosa Bacillus cereus Salmonella typhimurium

ATCC 27853 NRRL B3711 ATCC 13311
E Synergistic Indifferent Additive
El Additive Additive Additive
E2 Synergistic Synergistic Synergistic
E3 Additive Indifferent Additive
E4 Synergistic Additive Indifferent
E5 Synergistic Additive Additive
E6 Indifferent Additive Synergistic

E, methanol fraction of %50 acetone extract; E1, water subfraction; E2, 20% methanol subfraction; E3, 40% methanol subfraction;
E4, 60% methanol subfraction; E5, 80% methanol subfraction; E6, methanol subfraction; Cipro, ciprofloxacin. FIC sample: MIC value
of combined sample/MIC value of sample alone; FIC cipro: MIC value of combined ciprofloxacin/MIC value of ciprofloxacin.

be required more monitoring and prevention when
compared with those considered concerning. Among
serios threats by CDC classification, multidrug-
resistant P. aeruginosa, drug-resistant nontyphoidal
Salmonella, drug resistant S. typhimurium were
listed [2]. The genus Pseudomonas (Gram-negative
bacilli) are common inhabitants of soil, fresh
water, and marine environments. P. aeruginosa
is an opportunistic pathogen that is naturally
resistant to many antibiotics. It is one of the
causes of hospital infections [30]. P. aeruginosa is
responsible for ventilator-associated pneumonia,
contact lens keratitis, otitis externa, cystic fibrosis.
It is a common cause of HAIs, including pneumonia
and bloodstream, urinary tract, and surgical-site
infections [31]. Salmonella species are the most
common causes of foodborne illness worldwide and
S. typhimurium can cause infection in humans. It is
a Gram- negative, facultative anaerobe bacteria and
the leading cause of gastroenteritis [32]. Bacillus
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cereus, a toxin-producing facultatively anaerobic
Gram-positive bacteria, is often found in soil and
vegetation, and can be present in foods. Because of
the being ubiquitous microbe, it can contaminate
foods easily and cause many gastrointestinal
infections especially, food poisoning, vomiting and
diarrhea [33].

Ciprofloxacin, a quinolone, is widely used in clinical
practice. It inhibits a wide range of gram-positive as
well as gram-negative bacteria such as Pseudomonas
aeruginosa, Streptococcus faecalis, Staphylococcus
aureus and Enterobacter aerogenes. For years,
fluoroquinolones have been used exponentially due
to their efficacy in treating common infections such
asurinary tract, gastrointestinal tract, respiratory tract
and skin infections [34]. The most common adverse
effects are gastrointestinal disorders (nausea and
vomiting) and central nervous system abnormalities.
Arare adverse effect of it is renal failure [35]. For the
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reduction of the use of ciprofloxacin, the combination
studies have become more important for further
clinical applications. 4. italicum tuber extracts can
be classified as promising natural sources. Table 5
summarizes the efficacies of the combinations with
ciprofloxacin against Pseudomonas aeruginosa,
Bacillus cereus and Salmonella typhimurium strains.

The E2 subfraction has strong synergistic
interactions with ciprofloxacin against tested three
pathogenic strains. According to our published
data, E2 subfraction was rich in hydroxycinnamic
acid-spermidine  derivatives, phenolic  acids,
flavone glycosides, lignan derivatives [21]. The
major groups were phenolic acids (ferulic acid
and p-coumaric acid) and hydroxycinnamic acid-
spermidine derivatives (N,N-dicaffeoyl-spermidine,
caffeoyl-coumaroyl-spermidine, N,N-dicoumaroyl-
spermidine, N-coumaroyl-N’-feruloyl-spermidine,
N,N’-diferuoyl-spermidine).

Ferulic acid has broad-spectrum antibacterial activity
against Gram-negative and Gram-positive bacteria.
A recent study concluded that ferulic acid potentiates
the antibacterial activity of quinolone-based
antibiotics (ciprofloxacin and gemifloxacin) against
Acinebacter baumannii AB5075 by increasing
ROS generation, energy metabolism and electron
transport chain activity with a concomitant decrease
in glutathione [10]. These findings had good relation
with previous studies [36-38]. Also, ferulic acid
exerted antimicrobial activities against Gram (+) and
Gram (-) bacteria such as Listeria monocytogenes,
Shigella sonnei, Campylobacter jejuni [39-41].

p-Coumaric acid was tested previously for
antibacterial potential against Gram-positive (S.
pneumoniae ATCC49619, B. subtilis 9372, S. aureus
6538) and Gram-negative bacteria (S. dysenteriae
51302, E. coli ATCC25922, S. typhimurium 50013).
The MIC values of p-coumaric acid were calculated
10-80 pg/mL against tested bacteria. The study
resulted that p-coumaric acid killed pathogenic
bacteria strain (S. dysenteriae, MIC 10 pg/mL) by
provoking irreversible permeability changes in
cell membrane, causing cells to lose the ability to
maintain cytoplasm macromolecules, and binding to
DNA to inhibit cellular functions [42]. Another study
published that nisin/p-coumaric acid combination
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showed synergistic effects against planktonic cells
of both the studied bacteria B. cereus MTCC1272
and S. typhimurium MTCC 3224. On the basis of
FICI values, nisin/p-coumaric acid combination
exhibited also synergistic antibiofilm activity [43].
Phenolic acids are well-known as antioxidative
agents. It was recently reported that oxidative stress
could contribute to the phenomenon of selection
of pro-biofilm variants and H,O,-resistance, since
ROS revealed to be an essential driving force
for the selection of wvariants of Pseudomonas
aeruginosa strain. New therapeutic strategies in
targeting antioxidant pathways together with new
antibacterial agents able to fight chronic infections
caused by multidrug resistant bacterial strains [44].
Hence, ferulic acid and p-coumaric acid may act as
antibacterial activity by exerting antioxidant effect.

Polyamines (PAs), mainly putrescine, spermidine,
spermine, and its isomer thermospermine, are small
polycationic molecules bearing amino groups.
Some PA conjugates to hydroxycinnamic acids, and
the products of PA oxidation (hydrogen peroxide
and y-aminobutyric acid) are required for different
processes in plant development and participate in
abiotic and biotic stress responses. The biological
functions of PAs were initially associated with their
ability to bind anionic macromolecules, and thus
they were considered to be polycations with unique
structural roles. Later studies showed that PAs also
act as regulatory molecules in fundamental cellular
processes, including cell division, differentiation,
gene expression, DNA and protein synthesis, and
apoptosis in many organisms. In plants, PAs are
implicated in physiological processes, including
organogenesis, embryogenesis, floral initiation
and development, leaf senescence, pollen tube
growth, fruit development and ripening, response
to abiotic and biotic stresses [45,46]. Walters (2003)
summarized some studies that hydroxycinnamic
acid amides levels changed in plants responding to
fungal infections [47]. In a dose-dependent manner,
polyamines (cadaverine, putrescine, spermidine,
and spermine) were reported that they increased
the susceptibility of P. aeruginosa to 14 f-lactam
antibiotics, chloramphenicol, nalidixic acid, and
trimethoprim as demonstrated by a reduction in
MIC of up to 64-fold [48]. A recent study results
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concluded that phenolamines (di-p-coumaroyl-
spermidine, p-coumaroyl-caffeoyl-hydroxyferuloyl-
spermine, di-p-coumaroyl-hydroxyferuloyl-
spermine, and tri-p-coumaroyl spermidine) showed
protective effects on HepG, cells injured by AAPH.
They could significantly reduce the
oxygen species, alanine aminotransferase and
aspartate aminotransferase levels, and increase the
superoxide dismutase and glutathione levels [49].
Hydroxycinnamic acid-spermidine derivatives in E2
subfraction may contributed antibacterial activity
against tested bacteria.

reactive

4. CONCLUSION

For the health care systems as well as mankind,
the infections of antibiotic-resistant bacteria are
the most significant health and economic problem.
This problem is growing, in the future, the use of
antibioticsis stilluncertain. Although anumber of new
chemotherapeutics have been produced, numerous
antibiotic resistant bacteria have occurred. One the
valuable sources of new and effective molecules as
antibacterial agents is plants. Plant products were
reported as directly antibacterial or as synergistic
agents with antibiotics. In vitro combination studies
have shown that plant products with different
antibiotics have synergistic interactions. These
findings encourage the possibility of development or
designing new antibacterial agents for the prevention
and treatment of infections.

Many studies have concluded that plant extracts
including roots, stem, leaves, flowers and aerial
parts have promising results against pathogenic
microorganisms. This study is the first to report
the synergistic antibacterial effects of A. italicum
tuber extracts in combination with ciprofloxacin, a
fluoroquinolone antibiotic. We obtained different
interactions such as synergistic, additive, and
indifferent between tuber extracts and ciprofloxacin.
In the light of all findings obtained in this study,
comments and assessments, it is considered that
especially combinations of E2 with ciprofloxacin
may be clarified in more detailed studies to assist in
the discovery of new natural compounds that will
encourage hope in terms of antibacterial treatment.
When a number of scientific researches have
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confirmed the synergistic activity of plant extracts
and antibiotics certainly, the next step was to
investigate the mechanisms of the synergistic action.
Further studies will be focused on the mechanisms of
synergistic action.
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