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Abstract

The increase in the occurrence of the multidrug-resistant bacteria is the cause of need in
the discovering new antimicrobial substances and antimicrobial combination drugs. The aim of
this study was to investigate the synergistic interaction between polar fractions of pomegranate
(Punica granatum L.) peel and Amoxicillin trinydrate against Enterococcus faecalis. In the first
step of the study, polar fractions of pomegranate peel (ethyl acetate, butanol, distilled water)
were prepared. Next, disc diffusion method was used for determination of the synergic effect.
Here, the results indicated that the mixture of prepared polar fractions of pomegranate peel and
Amoxicillin trihydrate showed synergistic interaction against E. faecalis. This study determined
that polar fractions of pomegranate peel (ethyl acetate, butanol, distilled water) improved the
effectiveness of Amoxicillin trihydrate against E. faecalis. Pomegranate peel may have
potential applications in the new antibacterial therapy combinations due to its easy accessibility,
therapeutic properties and being low cost. Results of the present study may be beneficial for
further studies about the characterization of phytochemical compounds that are responsible for
the improvement of the antibiotic effectiveness.
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Nar Kabugu Polar Fraksiyonlarinin ve Amoksisilin Trihidratin

Enterococcus faecalis Uzerindeki Sinerjistik Etkisi Hakkinda Bir Cahsma

Oz

Coklu antibiyotik direncine sahip bakterilerin ortaya cikisindaki artis nedeniyle yeni
antimikrobiyal maddelerin ve antimikrobiyal ila¢ kombinasyonlarinin kesfedilmesine ihtiyag
duyulmaktadir. Bu ¢alismanin amaci, nar (Punica granatum L.) kabugu polar fraksiyonlari ile
Amoksisilin trihidrat arasindaki sinerjistik etkilesimin Enterococcus faecalis tizerinde
aragtirtlmasidir. Calismanin ilk adiminda, nar kabugunun polar fraksiyonlar1 (etil asetat,
butanol, distile su) hazirlanmistir. Sonraki asamada sinerjik etkinin belirlenmesi i¢in disk
diftizyon yontemi kullanilmistir. Hazirlanan nar kabugu polar fraksiyonlar1 ile Amoksisilin
trihidrat karigiminin, E. faecalis iizerinde sinerjistik etkisinin oldugu gozlemlenmistir. Bu

caligma, Amoksisilin trihidratin E. faecalis tizerindeki etkinligini nar kabugunun polar
fraksiyonlarinin (etil asetat, butanol, distile su) arttirdigin1 belirlemistir. Nar kabugu, kolay
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erigilebilirligi, terapotik ozellikleri ve diisilk maliyeti nedeniyle yeni antibakteriyal tedavi
kombinasyonlarinda potansiyel uygulamalara sahip olabilir. Bu calismanin sonuglari,
antibiyotik etkinligini arttiran fitokimyasal bilesiklerin karakterizasyonu ile ilgili daha ileri

calismalar i¢in yararh olabilir.

Anahtar Kelimeler: Amoksisilin trihidrat, antibakteriyal aktivite, nar, sinerji

Introduction

The multiple antibiotic resistance of
pathogen microorganisms is a serious
medical problem. Therefore, the improving
of antibiotic efficacy has a great
importance. According to the World Health
Organization (WHO), traditional medicines
are used by 80% of people living in
developing countries. Approximately 25%
of drugs prescribed worldwide are plant
origin [1].

Antimicrobial compounds derived
from plants have been found to be
synergistic enhancers. Although they may
not possess any antimicrobial properties
alone, they enhance the activity of the drugs
when used concurrently with standard drugs
[2]. The word “synergy” derived from the
Greek word “syn-ergo” is defined as the
resulting effect which 1is significantly
greater than the sum of its parts. The
therapeutic value of synergistic interactions
has been known since antiquity. Many
different cultural healing systems rely on
the combination therapy that enhanced the
efficacy. In the antimicrobial synergy, the

combination may enhance efficacy, reduce
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toxicity, decrease adverse side effects,

increase bioavailability, lower the dose and

reduce the advance of antimicrobial
resistance. Recently, investigation of
antimicrobial combination drugs have

become priority [3].

Punica granatum which is belongs to
Punicaceae family [4] is a shrub or a small
tree [5]. The members of Punicaceae
originated mainly in Iran and spread to the
Himalayas and the Mediterranean region of
Europe [6]. The antimicrobial properties of
including

P granatum antifungal,

antibacterial and antiviral were
investigated in a number of in vitro studies.
Pomegranate consumed in the Middle East
for thousands of years [7] has medicinal
value and ethnomedical history [8]. Peel,
root bark and leaves of P. granatum are a
good source of secondary products [9].
Pomegranate is a rich source of bioactive
compounds [10]. It has been indicated that
punicalagin is the responsible substance for
the antimicrobial activity of the
pomegranate [11, 12].

Food and Agriculture Organization
(FAO) has been stated that pomegranate

production is about 1.5 million tons all over
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the World. Large volume of wastes is
produced in the course of the industrial
processing of pomegranate. Therefore, in
the recent years, the industrial by-products
of pomegranate which have a high potential
of biological properties are attracted
attention of scientists [13]. It has been
reported that pomegranate peel extracts
possess a wide range of biological activities
abortifacient, anti-

such as analgesic,

amoebic, antibacterial, anticonvulsant,

antifungal, antimalarial, anti-mutagenic,

antiviral, antispasmaodic, diuretic,

hypoglycemic, hypothermic, and
antioxidant activities [14]. Pomegranate
peel was selected for this experimental
study because of the fact that being low cost
material and possess therapeutic value. The
purpose of this study was to investigate the
synergistic interaction of polar fractions of
Punica granatum L. peel with Amoxicillin

trihydrate against Enterococcus faecalis.
Materials and Method

Materials

Punica granatum L. fruits were
purchased from a market in Sakarya,
Turkey in  October 2017.  Test
microorganism used in this study was
Enterococcus faecalis ATCC 29212 which
was obtained from Microorganism Culture

Collections of Microbiology Research
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Laboratory of Biology Department in

Sakarya University, Sakarya, Turkey.
Chemical solvents were provided from

Sigma Aldrich.

Preparation of Punica granatum Peel
Fractions

Pomegranate peels dried in shade for
7 days were ground by using an electric mill
[15]. 10 g of pomegranate peel powder were
by high
laboratory scale (Radwag AS 220/C/2). The

polar fractions of Punica granatum peel

weighed precision digital

were prepared using the procedure reported
by Mtunzi et al. with minor modifications
[16]. The methanol-distilled water mixture
was prepared at a rate of 70:30 (v/v). The
obtained peel powder of Punica granatum
L. was added at a rate of 1:10 (w/v) to
methanol-distilled water mixture and was
kept for 3 days in a dark place. Methanol
which is in the extract was evaporated by
using rotary evaporator (Heidolph Laborota
4000 efficient) under vacuum at 40-45°C
for 10 minutes. After the evaporation of
methanol, aqueous extract was transferred
to the separatory funnel. Then, 300 mL of
hexane was added to the separatory funnel
and shaken. The aqueous phase discharged
from the bottom of the funnel. The same
extraction procedures were carried out for
ethyl acetate, petroleum ether and butanol,

respectively. After the extraction processes,
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fractions of hexane, ethyl acetate,
petroleum ether, butanol, distilled water
The  thin

chromatography (TLC) analyses of the

were  obtained. layer
obtained fractions were carried out to detect
the presence of the constituents in the
fractions. The aqueous extract was used as
The

compounds on the TLC plate were observed

reference material. running of
only for ethyl acetate, butanol and distilled
water. For this reason, the synergistic
interaction between Amoxicillin trihydrate
and fractions of ethyl acetate, butanol and
distilled water were investigated in the
experiments. The solvents in the fractions
were removed by evaporation process.
After these processes, the fractions of ethyl
acetate and butanol were prepared at the
determined concentrations (6400 pg/10 pL)
by adding methanol. However distilled
water fraction was prepared at the
determined concentration (6400 ng/10 pL)

by adding distilled water.

Preparation of Overnight Culture of
Enterococcus faecalis

Enterococcus faecalis used as test
microorganism in this study were
inoculated to Tryptic Soy Broth (Merck)
and were incubated at 37°C for 24 hours.
The bacterial suspension was prepared from

overnight culture of Enterococcus faecalis
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and was adjusted to 0.5 McFarland by using

a densitometer.

Determination of Synergistic Interaction
between Polar Fractions and Amoxicillin
Trihydrate

Disc diffusion method was used for
the determination of synergistic interaction
between polar fractions and Amoxicillin
trihydrate [17,18]. Amoxicillin trihydrate
solution was prepared by dissolving 10 mg
of Amoxicillin trihydrate in 10 mL of
DMSO. Firstly, 1 mL of polar fraction
(6400 ug/10 pL) and 1 mL of Amoxicillin
trihydrate solution (1 mg/mL) were mixed
to obtain mixture at a rate of 1:1 (v/v). Then,
sterile disc (6 mm in diameter, Rotilabo)
were impregnated with 10 puL of the
prepared polar fraction-antibiotic mixture.
Methanol impregnated discs and DMSO
impregnated discs were used as negative
Also, (3200
and

control. fraction

png/10puL)
Amoxicillin

polar
discs
(0.5 mg/mL)

in the

impregnated
trihydrate
impregnated discs were used
experiments to compare with the mixture of
polar fraction-Amoxicillin trihydrate. The
impregnated discs were allowed to dry for
24 h. 0.5 McFarland E. faecalis suspension
was inoculated to Mueller Hinton Agars by
using sterile swabs. The impregnated discs
were pressed onto the inoculated agars and
incubated at 37°C for 24 h. After the
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incubation period, the inhibition zone

diameters (1Zs) were measured. The
experimental studies were carried out three
The

inhibition zone diameters were the average

times under aseptic conditions.

of three replicates.

Results and Discussion
The synergistic interaction between
polar fractions of pomegranate peel (ethyl

acetate, butanol and distilled water) and

ISSN: 2536-4383

Amoxicillin trihydrate against E. faecalis
were investigated in this study. In the
experimental process, the determination of
synergistic effect was performed by using
disc diffusion method. The diameters of the
inhibition zone (1Zs) are given in Table 1. It
was observed that methanol impregnated
discs and DMSO impregnated discs which
are used as negative control have not

formed inhibition zone.

Table 1. Synergistic interaction between polar fractions of Punica granatum L. peel and Amoxicillin
trinydrate against E. faecalis

Bacterium Diameters of the inhibition zone (1Zs) (mm) Synergy
Polar Antibiotic solution Polar Fraction+
Fraction dissolved in DMSO Antibiotic
Amoxicillin Ethyl acetate+
Ethyl acetate | i drate+DMSO | Amoxicillin triydrate
+
0 8.8+0.1 10.5+0.2
E. faecalis
Butanol Amoxicillin Butanol+
trihydrate+DMSO Amoxicillin trinydrate
+
0 8.6+0.2 11.0+0.1
E. faecalis
Distilled water Amoxicillin Distilled water+
trihydrate+DMSO Amoxicillin trinydrate
+
0 9.0+0.1 10.5+0.2
E. faecalis

Polar fractions of pomegranate peel
(ethyl acetate, butanol and distilled water)
have not been showed antimicrobial activity
against E. faecalis.

However, they

improved the antimicrobial activity of the
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Amoxicillin trihydrate against E. faecalis
when used together with Amoxicillin
trihydrate. According to this results, it has
concluded that the

been synergistic

interaction occurred between Amoxicillin
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trihydrate and polar  fractions of
pomegranate peel (ethyl acetate, butanol,
distilled water).

The investigation about synergistic
interaction between polar fractions of P.
granatum and antibiotics was not found in
the literature. However, the studies about
synergistic effects of Punica granatum
extract and antibiotics are highly limited. In
the study performed by Malik et al., the
synergistic effects of the ethyl acetate
extract of P. granatum fruit peel with
Amikacin,  Ampicillin,  Ciprofloxacin,
Erythromycin,Linkomycin, Nitrofurantoin,
Tetracycline and Trimethoprim against S.
aureus, S. epidermidis, S. hominis, E. coli
and P. aeruginosa were investigated. The
combination of Tetracycline and extract
was found to possess synergistic effect with
a significant decrease in  minimum
inhibitory concentration (MIC). Also, the
extract in combination with Lincomycin
was found to have a synergistic effect on S.
aureus, S. epidermidis, S. hominis, E. coli
and P. aeruginosa [19]. In another study,
the between

synergistic  interactions

methanolic extract of Punica granatum fruit

and Chloramphenicol, Gentamicin,
Ampicillin, Tetracycline and Oxacillin
against  MRSA  (methicillin-resistant

MSSA

Staphylococcus

Staphylococcus aureus) and

(methicillin-sensitive
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aureus) were determined. Braga et al.
reported that Punica granatum methanolic
extract enhanced the activity of all
antibiotics tested [20]. In a similar study,
Lakshmi et al. investigated the synergistic
effects of combination of Punica granatum
methanolic  extract and Tetracycline,
Amoxicillin, Erythromycin, Cefuroxime,
Cephalosporin, Penicillin G, Oxacillin,
Methicillin against methicillin-resistant S.
aureus. According to the results, the MIC
values of antibiotic-extract combinations
were found to be significantly reduced
compared to the MIC values of antibiotics
[21]. Also, Dey et al. determined that the
combination of Ciprofloxacin and Punica
granatum peel methanolic extract has
synergistic effect on extended-spectrum f-
lactamase producing Escherichia coli,
Klebsiella pneumoniae and metallo-p-
lactamase producing Pseudomonas
aeruginosa [22]. According to the literature
search, our study is the first study
investigating of the synergistic interaction
between Amoxicillin trihydrate and polar

fractions of Punica granatum L. peel.

Conclusions

The increase in multiple antibiotic
resistance has led to increase in the studies
about investigating new antimicrobial
agents or to enhancement the effectiveness

of present antibiotics. The knowledge
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obtained from literature proved that Punica
granatum peel extract shows synergistic
effect when used in combination with
certain antibiotics. However no study has
not been found about the synergistic
interaction between polar fractions of
and  Amoxicillin

pomegranate  peel

trihydrate. Therefore, our investigation
which is about the synergy of mixture of
polar fractions of pomegranate peel and
Amoxicillin trihydrate is the first study.
Although polar fractions of pomegranate
peel (ethyl acetate, butanol and distilled
water) have not been  possessed
antimicrobial activity alone, it has been
determined that they enhanced the
antimicrobial activity of the Amoxicillin
trihydrate against E. faecalis when used
together with Amoxicillin trihydrate. As a
result, our data clearly demonstrate that
there are synergistic interactions between
Amoxicillin trihydrate and polar fractions
of pomegranate peel (ethyl acetate, butanol,
distilled water). Furthermore, due to being
an agro-industrial waste, pomegranate peel
is low cost raw material. Pomegranate peel
may be suitable for new antibacterial
therapy combinations due to both its

therapeutic  properties and its easy

accessibility. This study provide significant

basis for the future exploration of

phytochemical compounds that are
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responsible for the enhancement of the

antibiotic efficacy.
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