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ABSTRACT

For solving the antibiotic resistance problem ieds to explore new antimicrobial substances. Plaats be good
sources for these purposes. This study was planmeslaluate the antibacterial and antioxidant aitids of
Arbutus andrachne leaf and flower. The antibacterial andi@xidant activities were conducted for methanolic
extracts of the plant using conventional methodgioXidant activity was analyzed using the DPPHefradical
scavenging method and high antioxidant activity i@snd (81%), reached up to 2.10 and 2.11 mmoldkrol
equivalent (mM (TE) /g dry biomass), respectiviilywas determined that the activities of catalaSAT{) and
ascorbate peroxidase (APX) enzymes were highdreaflowers of Arbutus andrachne ¢compared to the leaves.
The extracts were screened for its antibacteridivity against seven mastitis pathogens. The methaxtract of
Arbutusandrachne showed minimal inhibitory activity (Ml@) 3250 pg/mL. It can thus be concluded that A.
andrachne is a good source of antibiotics and addiants.
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INTRODUCTION

Mastitis is a complex disease, which is definedirdemmation of parenchyma of mammary glands and is
characterized by physical, chemical and usuallytdsatogical changes in milk and pathological chesmgn
glandular tissues [40]. Sharmtal reported 70.32% incidence of subclinical mastitibuffaloes [44], while Maiti

et al. determined 70.37% incidence of subclinical masiiti cows [33]. More than 130 different microorgans
can cause mastitis [48]. Mastitis is caused by mhbagteria, which include th&taphylococci, Streptococci,
Corynebacteria, Pasteurella, Mycoplasma, Leptospiiersinia, Mycobacteria, Pseudomonas, Serratiz.
Coagulase-negativstaphylococci(CNS) have been considered to be minor mastitthgoens, especially in
comparison with major pathogens suclStaphylococcus aureufhe main reason for this is that mastitis calsed
CNS is very mild, and usually remains subclinied][ The significance of CNS, however, needs todoensidered

as in many countries they have become the most commastitis-causing agents [38, 47].

Mastitis has been and continues to be recognizezhaof the serious problems concerning the daidystry. It
causes heavy economic losses to the dairy indusiridwide. Traditionally, the mastitis control pregnmes are
focused at use of chemical disinfectants, antisepti herbal teat applications [34] and antibiotierapy. The
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antibiotic treatment may be help in minimizing theses but simultaneously may lead drug resistance.

Medicinal plants are represent a rich source ofiraatobial agents. Many plants have been used dutheir
antimicrobial traits, which are due to compoundstisgsized in the secondary metabolism of the pRajperumal
et al. reported that the methanolic root extractrafigofera aspalathoideaspalathoidegVahl ex DC) have found
antimicrobial, antioxidant and cytotoxic effect [52Amin et al. reported that the ethanolic extract @Eimum
sanctumeaves showed 90% radical inhibitions at 1@@mL [54]. Arbutus andrachné. andA. unedoL. are two
members of thdcricaceaefamily. The species are distributed in coastatgpaf Anatolia and have edible fruits.
Arbutus andrachné.. is the strawberry tree and it is native to Mediterranean region and southwestern Asia.
Arbutus andrachnecan reach a height of about 12 meters. The smbatk is exfoliating during the summer,
leaving a layer with a pistachio green color, whattanges gradually to a beautiful orange brown. fitneers
bloom in Spring and are white or yellowish grees fiuits ripen in Autumn. Its small trees are ululass than 4 m
high; the wood is used for several purposes inolignaking carved spindles, stools and small fureif@, 15, 23,
24, 26, 37].

Arbutus unedas well-known in folk medicine for beneficial pregies [10].A. andrachnas used traditionally as
astringent and urinary antiseptic and for the et of urinary system, and also used as a blooit,tagainst
joints ache and for treating wounds. These usesethincrease demand for this species and conséyjitdsgcame
threatened [41, 42A. andrachnavas found to be the highest among 51 other mediplaat species in Jordan that
have antioxidant content [46]. According to theikalde literature, a lot of compounds were isolaf®ain bark, and
fruits. Tawahaet al. [46] reported that triterpenoids and steroids wade® isolated from fruits. The leaf extracts
contain a number of different compounds such asflas, steroids, terpenoids, aromatic hydroxyacidewever,
tannins are not the only phenolics present in és#tfacts. In fact, catechin gallate [31], myricd@9], a-tocopherol
[27], phenolic glycosides and in particular queigitisoquercitrin, hyperoside and rutin [35], héheen identified.
These substances are important for treatment cfages. For example, ethanol leaf extracts have rshow
antimicrobial activity against Gram positive anda@rnegative bacteria [27].

However, to the best of our knowledge there isemort on the biological activities & andrachndrom Turkey
The aims of the present work were to evaluate actdrial and antioxidant activities of this wildogringspecies
in Turkey.

MATERIALS AND METHODS

Plant material and extraction

Arbutus andrachnesampleswere harvested from Hatay in May 2013. The plantenia was deposited in the
herbarium of the Biology Department of the Must#famal University, Turkey. The identification of ebe
specimens was carried out using the Flora of Tufkgy

The leaves and flowers were washed thoroughlyiZa8s with running water and once with sterile desti water.
The samples were dried in the shade at room temperdor 10 days. Plant parts were ground to a fioeder
using a laboratory mill, passed through a 24 meéstesto provide homogeneous powder for the analysil
samples were stored at ambient temperature uritilisample preparation and protected from lightiluthe
analyses. Finally, it was packed in a plastic ladudrther use.

The air dried and powdered leaves and flowers efplant samples (10 g) were extracted with meth&b@0
mg/mL) using the Soxhlet apparatus until colorlesgact obtained on the top of the apparatus. Kmes were
evaporated and then deposited in methanol. TheBacex were filtered through a Whatman filter papr.1
(Sargent- Welch, USA), and kept in amber-colouredgbottles at refrigerated conditions until thalgses.

Microorganisms and cultivation

The leaf and flower extracts were individually sgbtagainst mastitis pathogens. Mastitis pathogbtened from
previous studies by Dr. Zafer Cantekin, Mustafa ldeniversity, TURKEY (Project number: 1101 M 01@hics

council number: 2010 / 02- 30: 12). Seven bactesee used in these studies: t®#oaureusand fivecoagulase-
negativestaphylococci(CNS). The bacteria were grown for 24h at 37°QVimeller- Hinton Broth (Merck). The
bacteria were identified by traditional biochemitests [39].

Determination of antibacterial activity

Bauer and Kirby method applied for antibacteridhaty [4]. The bacteria were maintained on Muelldinton agar
plates (MHA, Merck) at 37 °C [4]. The inocula wgreepared dailynd stored at +4°C until use. The extracts of
A. andrachndeaf and flower were then dissolved in methana final concentration of 100 mg/mL and sterilized
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by filtration with 0.45um Millipore filters. For assay of the antibactergativity of the extracts, the disc diffusion
technique was used.

Bacterial inoculums that were 18 h old. Bacteridtures adjusted to 0.5 McFarland were deployedhensurface
of the Mueller-Hinton agar media with the help dftarile cotton swab. Mastitis pathogens were iatedh at 37°C
for 24h. The assessment of antibacterial activiaag Wwased on measurement of the diameter of thiitiohi zones
around the discs after 24 h. Methanol used as ivegabntrol. Oxacillin (ig) used as positive control. All tests
were performed in triplicate and the mean valueswéven.

Determination of minimum inhibitory concentration (MIC)

The MIC was measured on plant extracts as antimi@kactivity. The serial dilution assay was penfied as
described in the CLSI standards [12, 13]. This tes$ studied at final concentrations of each ektféa®; 3.25;
1.625; 0.812; 0.406 mg/mL). Before gelling, 20 nil agar medium were added to each of the Petri dishe
containing the plant extract, 20 of each bacterial strain (0.5 McFarland) werecirlated on the Mueller Hinton
agar surface. MIC was defined as the lowest extcacicentration, showing no visible bacterial groveifter
incubation time (37°C for 24h). The experiment wasglied three times and the mean values were pfsgsen

Determination of enzymatic and non-enzymatic antioxlant activities

The antioxidant activities were determined using’BIRas a free radical. The stable 2, 2-diphenyletyphydrazyl
radical (DPPH) was used for determination of fradical-scavenging activity of the extracts. Extrdxf ml)
was added to 3.9 mL of a 0.1 mM methanol DPPH swiuiAfter incubation for 30 minutes, absorbancexiract
was measured at 515 nm using spectrophotometehavetwas used as a blank, whilmethanol with DPPH
solution was used as a control [6]. Trolox was uledreference antioxidant. The DHAPscavenging capacity
expressed in percentage (%) was calculated usanfptltowing equation:

DPPH radical scavenging activity (%) = [ARSro)) — ADS (extract] * 100.

Where, AbSconiral is the absorbance value of the DPPH- blank sampdieAbSexract iS the absorbance value of the
test solution.

Within the scope of the enzymatic antioxidant stsdiantioxidant enzyme activities were determimethé flowers
and leaves of the fresh plants. In this study dsater peroxidase and catalase enzyme activities tested.
Ascorbate peroxidase (APX, E.C. 1.11.).Attivity was determined by measuring ascorbatdatian rate in 290
nm according to [8, 9]. Catalase enzyme activitATCE.C. 1.11.6.1) on the other hand was measurigd av
spectrophotometer as per the decomposition ratél,@f at 240 nm. APX and CAT enzyme activities were
calculated and recorded in terms of (uM/min/g F\Wl &resh weight. All tests were conducted simultarsty with
three replications and the results were expressederages.

RESULTS

The results of antibacterial activity were measuasdone of inhibition in mm for all the materiatsed as follows.
The antibacterial activities @&. andrachnemethanol extracts were evaluaiadvitro against test pathogens, which
are known to cause mastitis. Results of antibadtadtivity of methanol extracts of used plant pagainst the test
bacteria are shown in (Table 1).

Table 1: Antibacterial activities of Arbutus andrachne methanol extracts

Inhibition zone diameters (mm)
Bacteria Plant extracts(100 mg/mL) Antibiotic

Leaf Flower 0o
S. aureusi? 9 17 10
S. aureusi8 8 17 8
CNS-22 - - -
CNS-32 - - 7
CNS-33 9 16 7
CNS-36 9 16
CNS-37 9 16 -

CNS: coagulase negative Staphylococci; O: oxacifirg; (-): zone did not occur

Results show that, the methanol extractAofindrachnenhibited the growth of five bacteria and the bition
zones ranged between 8- 17 mm. In addition to #eae of this plant did not determine any antilesietl effects
against used 2 bacteria. The highest antibactaciality shows ors. aureust7 and 18 (17mm). The lowest activity
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was found orS. aureus-18 as 8mm. However the inhibition zone was nodpoed by both of extracts against
CNS-22 and 32. These bacteria were found resistatite both of extracts. Oxacillin i(§), antibiotic used as
positive control. Data of antibacterial activitiglsthe extracts are demonstrated in (Table 1).

Antibacterial activity studies have been testedregjanastitis pathogens by using serial dilutiorthod. In Table 2,
MIC values of methanol extracts belong to leaves flmwers of A. andrachnenvere summarized. MIC values for
plant extracts were applied from 6500 to 4@nL. Four bacterial strains have shown the lowesisitivity to leaf
methanol extract. The leaf extracts frofn andrachnepossessed antibacterial activity, and showed n@him
inhibitory concentration (MIC) effecit 3250 pg/mL.

Table 2: Minimum inhibitory concentrations of A. andrachne methanolic extracts

Bacteria Leaf (ug/mL) Flower (ug/ml
S. aureusi?7 3250 6500
S. aureusi8 3250 3250
CNS-33 3250 3250
CNS-36 3250 6500
CNS-37 6500 3250

CNS: coagulase negative Staphylococci

Antioxidant activity was analyzed using the DPPekfradical scavenging method. The results of DRRaMesnging
assay ofA. andrachneextracts are shown in (Table 3). Table 3 showspirecent of DPPH radical scavenging
capacity with trolox as reference. The both of partethanol extracts showed 81% inhibition at 100nmhg
concentration (Table 3).

Table 3: Enzymatic and non-enzymatic antioxidant activitieof A. andrachne

Extracts DPPH radical scavenge  Trolox equivallent C_AT APX
(%) (mM (TE) /g dry biomass) (uM/min/g FW) | (uM/min/g FW)
Leaf 81 2,10 0,35 7,61
Flower 81 2,11 0,25 8,8

CAT: Catalase activity APX: Ascorbate peroxidase TEolox equivalent FW: fresh weight

In this work, antioxidant enzyme activities of tfresh leaves and flowers & andrachnewere established. In
enzymatic antioxidant activity studies, ascorbampgidase and catalase enzyme activities wereestudiccording
to the results of the study, it was calculated tvden considering the aboveground organsAofandrachne
antioxidant enzyme activities are high in the flo@emponent. While the catalase activityfofandrachnelower
was determined to be 0.25 uM /min /g FW, ascorpatexidase activity was determined as 8.8 uM /miRW. In
addition, the CAT activity of the leaf k. andrachnewas found to be 0.35 uM /min /g FW, APX activityasv
determined as 7.61 uM /min /g FW (Table 3).

DISCUSSON AND CONCLUSION

This study confirms that the leaf and flower/Afandrachnepossess antimicrobial and antioxidant activitiese
properties commonly found in the plants, and thayehbeen reported to have multiple biological efféacluding
antimicrobial and antioxidant activities. In thisidy, the highest antibacterial activity was showed.7 mm against
S. aureus7 and 18 for flower extract (Table 1) Gram-positive bacteria, cell wall allows the essgntil and
hydrophobic constituents to be in direxntad with the phospholipid bilayer of the cellemlrane. Researchers
reported that where they bring about theffect, causing eitheean increase in ion permeability and leakage of vital
intracellular constituents, or impairment of thederial enzyme systems [14, 49] Dw&t al. reported that
antibacterial activities ofFoeniculum vulgaréMiller seeds were found as 11 mm inhibition zonaiastS. aureus
[51].

In this study, the antibacterial activity for metloéic extract was also high against the two testegtitis pathogens,
results indicated the polarity of the solvent playsimportant role in the extraction of the actimgredient and
consequently on its antimicrobial activity. The ibatterial activity of the phenolic fractions couté due to the
investigated strain sensitivity to tannins, flavis and the other phenolic components [18, 19]. Tdmnin
components demonstrated strong antimicrobial agtagainst bacteria and fungi [25]. Flavonoids syethesized
by plants in response to microbial infection [1iAflaare effective against a broad range of micratsgas.
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In this work, the inhibition zone was not produdsdboth of extracts against CNS-22 and 32. Thesteha were
found resistant to the extracts (Table 1). Sawetasl. reported that the extract 8f andrachnewas not inhibited
three test bacteria. This report also supportsehelts we obtained from our study [43].

According to our results, the leaf extract frof andrachnegpossessed antibacterial activity, and showed nahim
inhibitory concentration (MIC) effectt 3250 ug/mL (Table 2). Previous antibacterial staddf Arbutus pavarii
indicate thatmethanolic extract exhibited antibacterial effeghiastStaphylococus aurepsiith zone of inhibition
of 20 mm, and the minimum inhibitory concentratigMiCs) were 4.86 mg/mL [1]. In this study, MIC ua was
generally measured as 32p@/mL, and our results are better than those oftklsat al and Sharmeat al [1, 53].
The effects of the methanol extract against testeba are of weak activity.

The results of DPPH scavenging assayAofandrachneextracts are shown in (Table 3). The both of mmtha
extracts showed 81% inhibition at 100 mg/mL conaitn (Table 3). Leet al. studied the fruiting body and
mycelia ofHypsizygus marmoreusith different extraction [30]. According to theiesults, the scavenging effects
of the fruiting body and mycelia ethanol extradt$ ang/mL concentration were both 75.5%, while shavenging
effects of the fruiting body and mycelia hot wagetracts were 36.8% and 55.5%, respectively. Coatpaith the
inhibition values reported in this studf, andrachneextract was more effective at 100 mg/mL conceiutnat
Phytochemical studies have shown that the leahexttontains phenolic antioxidant compounds, ssdtaaonoids
[35, 36], tannins, phenolic glycosides, anthocyanigallic acid derivatives etc. [3, 20, 24, 27, 38, 50]. Also
several compounds have been isolated from the afods unedosuch as (+)-catechin, (+) catechin gallate and a
number of phenolic compounds were also identifigd3C—-MS such benzene acetic acid 4-hydroxy, cafleid,
gallic acid etc. [10, 11, 16, 20]. Plamdsntain flavonoids compounds, sitosterols, cardigcosides, terpenoids [5,
7]. Furthermore, these compounds have attractedtteation of scientists because of these flavowcoitipounds
have antioxidant activities [32].

Catalase is antioxidant enzyme which plays an itapbrole in the body defense mechanism againshanenful
effects of the reactive oxygen species (ROS) aed fadicals in biological systems [22]. In plargstioxidant
enzymes namely catalase and peroxidase have beemn $h increase when exposed to stress conditiernxriase
reduces KO, to water while oxidizing a variety of substratés.this work, the highest catalase activity was
determined in leaf, whereas the highest ascorleiexjglase activity was calculated An andrachneflower (Table
3). Aoet al.reported high antioxidant activity from leaf compdito bark and fruit extracts Bfcus microcarpd?2].

In other crops, similar differences in enzymatiti@idant responses between callus and intact plaave been
reported [21]. These studies also support the tesd obtained from our study.

Our findings suggest thak. andrachnehas significant antibacterial activity and it adube very useful in the
discovery of novel antibacterial agents of plangior Further phytochemical studies are requiredétermine and
isolate compounds responsible for the antibactefifaicts of these specids. conclusion,A. andrachnemight be
considered as a potential source of metabolitestwkbuld be developed as precursors for antimietoénd
antioxidants drugs.
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