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Abstract: The presence of metallic impurities in fizzy fruity mineral water drinks can constitute health hazards to the public. In this
study, the Inductively Coupled Plasma Mass Spectrometry (ICP-MS) was chosen to be validated, and applied in suitable method of
analysis for determination of antimony, lead and cadmium in samples. The detection limits, quantification limits, linearity, accuracy
parameters were studied under optimised ICP-MS conditions. The method trueness was confirmed by using certified references materials
LGC soft drink and obtained results had acceptable Z-score values. The results obtained make the validated method suitable for a precise
determination of the toxic elements in different brands of samples at these low concentration values. The results obtained were checked
with permissible levels, daily intake (EDI), target hazard quotient (THQ) and hazard index (HI).

Keywords: Fizzy fruity mineral water, Health risk, ICP-MS.

1. Introduction

Fizzy fruity mineral water drinks are non-alcoholic
beverages that typically contain carbonated water.
Although regular intake of carbonated soft drinks has been
associated with human health problems, carbonated
mineral waters remain one of the most frequently
consumed ready to drink beverages in the world (Barbara
et al., 2015). The high consumption rate of fizzy drink is
attributed to the characteristic taste and flavour as well as
their thirst quenching potential (Phillip et al., 2013).

The presence of some heavy metals in these drinks which
may be due to environmental pollution from surface and
underground water have been reported (Galadima et al.
2012). Lead, cadmium and antimony are non-essential
metals as they are toxic even in trace amounts. Toxic
elements can be very harmful, even at low concentration.
According to the United States Environmental Protection
Agency (USEPA), and the International Agency for
Research on Cancer (IARC), these metals are also
classified human carcinogens based on epidemiological
studies (IARC, 2006). Human exposure to these toxic
metals has risen as a result of increase of their uses in
several industrial, agricultural and technological
applications (Tchounwou et al., 2012). Trace elements are
very important due to their adverse health effects on
human metabolism, and therefore, their analysis methods
are also an important part of public health studies. The

© EJBCS. All rights reserved.

monitoring of heavy metals in water and foods are
therefore of great importance in protecting the public from
the hazards related to these metals (Lee et al., 2006;
Mendil et al., 2010; Kilic et al., 2015; Kilic et al., 2018a;
Kilic et al., 2018b).

Therefore, this study presents the establishment and
validation of analytical method for determination of Pb,
Cd and Sb in fizzy fruity mineral water drinks using ICP-
MS. The work described here establishes a simple and
efficient method for sample preparations including
additional different kinds of soft drink samples. Results
obtained were compared with permissible levels set out by
WHO (World Health Organization) and evaluated for the
risks to human health. The analytical performances of the
method such as linearity, limit of detection (LOD), limit of
quantification (LOQ), specificity/selectivity and recovery
(%) were determined. The obtained results were checked
with permissible levels, daily intake (EDI), target hazard
quotient (THQ) and hazard index (HI).

2. Materials and Method
2.1. Reagents

Stock calibration standard solutions VHG (10 mg/L) of
Pb, Cd and Sb prepared in 1% HNO3 were purchased from
Manchester, USA. Suprapur® concentrated nitric acid
(HNO3) 65 % (w/w) was purchased from Merck-Germany.
Deionized water was produced using Water Purification
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System equipped with Millipore® ultrapure (Bedford,
USA).

2.2. Standards preparation

Standard solutions were prepared by diluting 10 mg/L of
metals stock standard solutions of Pb, Cd, Sh to 100 mL
with 2 % (v/v) HNOs. Six working standard solutions,
covering a range of 0.5-50 pg/L were prepared by diluting
intermediate standard solutions with 2 % (v/v) HNOs.

2.3. Sample preparation

18 fizzy fruity mineral water drinks samples were
collected for this study and were carried to the laboratory
in the original glass bottles. Bottle caps of samples were
opened at the moment of sample preparations and
submitted to degassing process in ultrasonic bath for 15
min. After this step, samples were diluted to 50 mL by
using 2% (v/v) HNO; solution and the samples were
analysed by using ICP-MS. The optimized conditions and
values of ICP-MS are summarized in Table 1.

Table 1. ICP-MS operating conditions
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ICP-MS for the determination of Pb, Cd, Sh was applied in
accordance with Eurachem Guide, LGC-soft drink BV 223
Round 519 reference material standart (EURACHEM,
1998).

2.5. Health risk assessment

The estimated daily intake (EDI) of toxic metal in this
study was determined by the Eq. (1), as reported by WHO,
(2009).

Daily intake (EDI) =

Z [Concentration of toxic metals in food xMean food intake] (1)

Body weight

Dietary intake of toxic metals determined
in this study were compared with the provisional tolerable
weekly intake (PTWI) by JECFA (UNEP/FAO/WHO,
1992). Target Hazard Quotient is described by the
following Eq. (2) by USEPA (USEPA, 2009).

(EFXEDXFIXMc) _
THQ = R:Dx;W;ATC x1073 @)

Elan DRC-e (Perkin Elmer SCIEX,

Spectrometer Norwalk, CT, USA)
Sample Introduction Scott Spray Chamber
RF Power 1000

Skimmer Cone Nickel

Sampler Cone Nickel

Nebulizer gas flow: 0.91,
Auxillary gas flow:1.20
Plasma gas flow:17

Gas flow rates (L mint)

RF Power 1000
Lens Voltage 6.50
Nebulizer Meinhard TQ plus Quartz 0.5 ml

Scannig mode Peak hopping
Standart mode *21Sh, 2%8ph, !Cd

Number of sweeps/reading 20

Number of readings
[replicate

Number of replicates 3

Auto sampler CETAX ASX-520

Dwell time per AMU (ms) 50

Time (50), speed (+/- rpm)-48
Time (15), speed (+/- rpm)-20

Analytical masses (amu)

1

Sample flush
Read delay

where THQ = target hazard quotient, EF = exposure
frequency, ED = exposure duration equivalent to average
life time, FI = food mean ingestion rate, MC = element
concentration in the samples, AT = average exposure of
life time and BW is average body weight. Reference oral
doses (RfD) used for Cd, Pb and Sb were 1 x 103, 4 x 10
and 4 x 10* mg/kg/day, respectively (USEPA, 2013).

The hazard index (HI) is the sum of the individual target
hazard quotients of the elements assessed. The health risks
associated were evaluated according to Eq. (3).

HI = Total THQ = THQ (As) + THQ (Cd) + THQ (Pb)
®3)

3. Results and Discussion

The assay analytical method developed was subjected to
validation by performing specificity, linearity, limits of
detection and quantification, precision and accuracy. The
accepted values of correlation coefficients were greater
than 0.995, as set, as target to obtain accurate
quantification as an analytical linear response over certain
concentration ranges. The LOD for the elements
investigated were found to be in the range of 0.03 and 0.14
ug LY The limits of quantification, expressed as the
lowest validated spike level with acceptable criteria for
accuracy and precision. The minimum practical
concentrations of tested elements in the analyzed drinks,

2.4. Validation parameters

Several parameters have been taken into account and
evaluated for the method validation, namely, linear range,
method linearity, recovery at three levels (minimum,
medium and maximum) LOD, LOQ, trueness by CRM,
and method repeatability. Analytical method validation of

which can be determined with acceptable accuracy and
precision were performed by analyzing ten replicates (1 pg
L) for Sb, Cd, and Pb. In order to verify the recovery,
standard reference materials from LGC soft drink was
analyzed using the validated method. The relative standard
deviation (RSD) was ranged between 1.0 and 4.8 % (Table
2).
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Table 2. Validation parameter results

Elements Regression Linear LOD LOQ % RSD
eguation range (ug (ngL?)
(ngl LY
Y
Pb y=14524x-2116  0.5-50 0.14 0.45 4.8
Cd y=2541.4x +86.385 0.5-50 0.06 0.20 2.0
Sh y =5796.4x —591.97 0.5-50 0.03 0.11 1.0

For precision calculations, spiking was performed at three
fortification levels. The solution was spiked with
minumum (1 pg L™1), medium (15 pg L), and maximum
(40 pg L™Ylevels and analyzed by the proposed method for
Sb, Pb, and Cd. The recoveries were found between 95 and
101% for 1 ug L%, 97 and 105% for 15 pug L2, and 99 and
103% for 40 ug L™! concentrations. Results are submitted
in Table 3.

Table 3. Recovery values (%) of the elements

Elements Recovery values
Minimum Medium Maximum
(LpgL?) (I5pgL?)  (4opgL™)
Pb 9544.5 105+1.3 99+1.9
Cd 99+2.0 97+2.7 103+0.9
Sh 101+1.1 100+2.6 9942.1

The Z-score is a statistical measure that quantifies the
distance (measured in standard deviations) a data point is
from the mean of a data set. All measured results were
within satisfactory range and had acceptable Z-score (-2<
Z-score < 2).

Table 4.. Element composition of samples (ug L)

Sample Sb Pb Cd
Fizzy fruity ~ Min <LOD <LOD <LOD
mineral Max <LOD 0.5 <LOD
water Mean <LOD 0.2 <LOD
(n=18) Std. <LOD 0.2 <LOD
Deviation
WHO 2011 20 10 3
EU 2014 5 10 5

Eighteen natural fizzy fruity mineral water having different
brands and most consumed were analyzed by the
developed method. According to the results in Table 4.
cadmium and antimony could not be determined (<LOD),
in the samples. Lead was determined in the some brand
samples. As reported in a study completed in Poland, 0.14
ug L™t lead, 1.32 pg Lt arsenic and 0.45 ug L™* cadmium
have been detected in bottled mineral waters samples
purchased from markets (Astel et al., 2014). The results
obtained for the lead and arsenic contents were very low
compared to literature data. All these results were found to
be much lower than the maximum permissible limits of

40

Eurasian J. Bio. Chem. Sci. 2(2):38 -41, 2019

metals contaminants stated by WHO, and Europeans
standards in drinking and potable bottled natural mineral
water (EU, 2003; WHO, 2006).

Dietary intake calculations were made according to the
Turkey Development Bank data reports. Development
Bank of Turkey reported an average body weight for
Turkish population as 66.5 kg, while natural mineral water
consumption for population is 4.4 L/year. Compared to the
safety standard set by FAO/WHO Expert Committee on
Food Additives (JECFA) for antimony, a PTWI of 6 pg
kg bw; for lead, a PTWI of 25 ug kg bw; for cadmium,
a PTWI of 7 nug kg' bw (FAO/WHO, 1997; WHO,
2003).The estimated lead intake level from this study
correspond lower from the PTWI.

The THQ results was determined 9x10¢ for Pb. The
parameters used for risk assessment give an estimation of
the human risk evaluation of exposure to metal in the
samples stated. THQ value less than 1 indicates that there
is no significant risk of noncarcinogenic effects for the
exposure (USEPA, 1989). The results showed that the
consumption rate of fizzy fruity mineral water drinks in
Turkey can not result over exposures to these chemicals.

4, Conclusions

In this study, ICP-MS technique was used to validate an
analytical method for the determination of toxic-trace
elements in fizzy fruity mineral water drinks. The
validated method proved to be fast, easy and simple, and
therefore, it can be very useful for routine laboratory
applications. Precise and accurate results were obtained
with the validated method even at very low levels of
concentrations. According to the results of the natural
mineral water analyses, Cd concentration levels were at
the LOD levels. Arsenic and lead were detected in some
samples. The method quantification limits were found to
be much lower than the maximum permissible limits of
metal contaminants set by WHO and Europeans Standards
in drinking and bottled natural mineral waters. The health
risk assessment indices generally indicated no risk concern
with respect to human exposure and public health.
Therefore, this might be considered as a useful tool by
governmental organizations.
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Ozet: Canhlarin beynindeki hacimsel degisikliklerin klinik teshis ve tedavide olduk¢a énemli bir yeri vardir. Bu calismada, Van Gélii ve
cevresinde yetisen, yetiskin Van kedilerinin bilgisayarli tomografi gorintiileri kullanilarak, total beyin hacim degerlerinin hesaplamasi ve
bu degerlerin cinsiyetler arasindaki farkliliklarinin belirlenmesi amaglandi. Calismada 10 erkek, 10 disi olmak iizere toplam 20 adet eriskin
Van kedisi kullanildi. Hayvanlar ketamin- xylazin kombinasyonu ile anesteziye alindi. Anestezi altindaki hayvanlar bilgisayarli tomografi
ile taranarak goriintiileri elde edildi. Elde edilen goriintiilerden Prowess Panther Treatment Planning System V5.01 programi kullanilarak
hayvanlarin total viicut hacimleri ve total beyin hacimleri 8lgiildii. incelenen 6l¢iim degerlerinin cinsiyetler arasindaki farkhiliklarii tespit
etmek igin istatistiki olarak analizi yapildi. Buna gore, Agirlik (A), Total Viicut Hacmi (TVH) ve Total Beyin Hacmi (TBH) 6lgiim
degerlerinin erkek kedilerde disi kedilere gore daha yiiksek oldugu saptandi. Bu farklarin istatistiki olarak 6nemli diizeyde oldugu goriildii
(p<0.05). Bununla birlikte, Total Hacim orani (THO) bakimindan ise, cinsiyetler arasinda istatistik olarak anlaml bir fark gézlendi
(p<0,05). Bu 6l¢iim degerinin disi kedilerde, erkek kedilere gore daha fazla oldugu belirlendi. Sonug olarak, Van kedilerinde total beyin
hacminin 6l¢iim degerlerinin istatistiksel olarak erkek ve disiler arasindaki farkliliklar: tespit edildi. Caligmanm bu hayvanlarda beyin
atrofisi basta olmak {izere, ¢esitli ndroanatomik ve nérodejeneratif hastaliklarin degerlendirilmesi agisindan 6nemli oldugu gériisiindeyiz.

Anahtar kelimeler: Beyin hacmi, Bilgisayarli tomografi, Van kedisi

Evaluation of total brain volume by using computed tomography images in the Van cats

Abstract: Volumetric changes in the brain of living beings have a very important place in clinical diagnosis and treatment. In this study,
it was aimed to determine the total brain volume values by using computed tomography images of adult VVan Cats, growing around and
Lake Van, and to determine the differences between these values in both genders. A total 20 adult Van Cats, 10 male and 10 female, were
used in the study. Animals were anesthetized with ketamine-xylazine combination. Anesthetized animals were scanned by computed
tomography, and images were obtained. Then, total body volumes and total brain volumes of the cats were measured from these images
by using the Prowess Panther Treatment Planning System V5.01 program. Subsequently, these measured values were analyzed statistically
in order to determine the differences between the genders. According to this, Weight (W), Total Body Volume (TBV), and Total Brain
Volume (TBV) measurement values were found to be higher in male cats than female cats. These differences were observed to be
statistically significant (p <0.05). In addition, there was a statistically significant difference between the sexes in terms of the Total Volume
Ratio (TVR) measuremet value (p<0.05). However, it was observed that these measurement value was higher in female cats than in male
cats. In conclusion , the biometric values of total brain volume have been determined to be statistically different between male and female
cats. We believe that this study, especially atrophy of the brain, is important for the evaluation of various neuroanatomical and
neurodegenerative diseases in Van Cats.

Keywords: Brain volume, Computerized tomography, Van cat.
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1. Giris yapisi, farkli goz rengi (her iki go6zii sar1 veya mavi
olabilecegi gibi, bir gbzii sar1 diger gézii mavi renkte
olabilir), viicutlarinda degisik boylarda ve genellikle fildisi
renginde yumusak tiiyler bulundurmasi, ylizmeyi sevmesi,
temizligi, Ustin Ogrenme yetenegi ve zekiligiyle
bilinmektedir (Odabasioglu ve Ates, 2000).

Tiirkiye’de Van Golii ve gevresinde yetisen Van kedisi,
bolgenin 6nemli bir kiiltiirel zenginlik kaynagidir. Son
yillarda fiziksel 6zelliklerinden dolay1 olduk¢a biiyiik bir
ilgi toplayan bu kediler, ticgen seklinde bas, kiigiik burun,
yuvarlak yiiz, dik kulak, uzun viicut ve bol tiiylii kuyruk
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Son yillarda bilgisayar destekli 6grenme alanlarindaki
teknolojik gelismeler, ¢esitli yazilim programlari ve iig
boyutlu modellemeler sayesinde bir¢ok anatomik yapinin
Ozelliklerinin belirlenmesinde onemli kolayliklar meydana
getirmistir (Brenton ve ark., 2007). Ozellikle kiigiik
hayvanlarda bilgisayarli tomografi ve {i¢ boyutlu
modelleme programlari, beyin, beyindeki anatomik yapilar
ve meydana gelen degisikliklerin goriintiilenmesinde
standart bir goriintiileme yontemi olarak kullanilmaktadir
(Ohlerth ve Scharf, 2007). Bununla birlikte, giiniimiizde
beyin hacmi de bilgisayarli tomografi, manyetik rezonans
gorlintiileme gibi medikal goriintiileme yontemleri ve
birgok yazilim programlar1 sayesinde oldukc¢a hizli bir
sekilde degerlendirilmektedir. Beyin hacmi, birgcok
hastaligin  tani, teshis ve tedavi etkinliklerinin
degerlendirilmesinde 6nemli bir parametredir (Kurtoglu,
2013). Yapilan caligmalarda otizim, sizofreni, epilepsi,
alzheimer, multiple skleroz, hiperaktivite bozuklugu gibi
bircok nérodejeneratif hastalikta beyin hacimlerinde dnemli
degisiklikler oldugu bildirilmistir (Acer ve ark., 2013;
Omerli ve ark., 2013).

Bilisayarli Tomografi goriintiilerinden beyin hacmini
tahmin etmede bir¢ok manuel, yar1 otomatik ve otomatik
yontemler bulunmaktadir. Manuel yOntemde beyin
hacminin hesaplanmasi igin nokta sayimi ve dilimleme
prensibini temel alan stereoloji yontemi kullanilirken;
otomatik veya yar1 otomatik teknikteki hacim
hesaplamalarinda ise, ilgili anatomik yapidaki noktalarin
manuel olarak isaretlenmesi ile yogunluk ve esik esashi
gOriintli segmentasyonunun saglanmasimi temel alan birgok
yazilim programi sayesinde ger¢eklesmektedir (Creasey ve
ark., 1986; McEvoy, 2007; Acer ve ark., 2008; Acer ve ark.,
2009; Kurtoglu, 2013).

Yapilan literatiir arastirmalarinda Van kedilerinde beyin
hacmi ile ilgili herhangi bir ¢aligmaya rastlanilmamustir. Bu
caligmada, yetiskin Van kedilerinin bilgisayarli tomografi
goriintiileri kullanilarak, total beyin hacim degerlerinin
hesaplamast ve bu degerlerin cinsiyetler arasindaki
farkliliklarinin  belirlenmesi amaglanmistir. Ayrica bu
¢aligmanin, Van kedilerinin anatomik 6zelliklerinin ortaya
¢ikarilmasi agisindan dnemli oldugu goriisiindeyiz.

2. Materyal ve Metot
2.1. Deney Hayvanlart

Arastirmada Van Yiiziincii Y1l Universitesi Van Kedisi
Arasgtirma ve Uygulama Merkezi’nden temin edilen 4 ile 6
yaslar1 arasinda, 3100 - 6000 gr agirliginda 10 erkek, 10 disi
olmak tizere toplam 20 adet eriskin Van kedisi kullanildi.
Belirlenen Van kedilerine ¢alismadan bir giin dncesine kadar
ad libitium olarak igme suyu ve standart kedi yemi verildi.

2.2. Anestezi

Calismaya dahil edilen Van kedileri numaralandirilarak bir
giin 6ncesinden ag birakildi. Tetkik yapilacagi giin kedilerin
anestezisi i¢in Ketamine (15 mg/kg, IM, Ketasol® %10
enjektabl, Interhas Veteriner Ilaglari, Ankara) ile Xylazine
(1-2 mg/kg, IM, Alfazyne® %2 enjektabl, Ege - Vet
Veteriner Ilaglar1, izmir) kombinasyonu kullanildu.
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2.3. Bilgisayarli Tomografi ile goriintiileme

Kedilerin Bilgisayarli Tomografi (BT) tetkikleri i¢in Van
Yiiziincii Y11 Universitesi T1p Fakiiltesi Radyoloji Anabilim
Dalr’nda mevcut 16 kesitli ¢ok sirali bilgisayarli tomografi
(BT) cihazi (Somatom Sensetion 16; Siemens Medical
Solutions, Erlangen, Germany) kullanildi. Gantri igerisine
serilen “disposable” ortii iizerine anestezi altindaki kediler
“head first” olacak sekilde prone pozisyonunda simetrik
olarak  yerlestirildi. Cekim swasinda BT cihazi
parametreleri; KV / Effective mAs / Rotation time (sec)
degerleri 120 / 120 / 0.75; gantry rotation period 420 ms;
fiziksel dedektor collimation, 16 x 0.6 mm,; kesit kalinlig,
0,75 mm; final section colimation 32 x 0.63 mm;
feed/rotation, 6 mm; Kernel, U90u; increment 0.5 mm;
resolution 512 x 512 olacak sekilde belirlendi. BT
uygulama dozlarmin parametreleri ve yapilan taramalar,
standart protokoller ve literatiir esas alinarak gergeklestirildi
(Prokop, 2003; Kalra ve ark., 2004). Elde edilen axial
imajlar Digital Imaging and Communication in Medicine
(DICOM) formatinda islenmek {izere is istasyonuna
(Prowess Panther Treatment Planning System V5.01)
aktarild1.

2.4. Goriintiilerden Voliimetrik Olciimlerinin Alinmast

Elde edilen goriintiillerden beyine ait voliim O&l¢iimlerini
yapabilmek amaciyla, is istasyonu {iizerinde aksiyel
goriintiilerden her bir yapi i¢in, beyin goriintiisiiniin girdigi
tim kesitler c¢izildi. Cizilen konturlar1 ig istasyonunda
bulunan Prowess Panther Treatment Planning System
V5.01 software kapsamindaki voliim aplikasyonu
araciligiyla birlestirilerek voliimetrik 6lgiimler elde edildi
(Sekil 1).

Bu kapsamda alinan 6lgiim degerleri ve kisaltmalari su

sekilde belirlendi:
Yas Y
Agirlik A
Total Viicut Hacmi TVH
Total Beyin Hacmi TBH
Total Hacim Oram1 = Total Beyin | THO
Hacmi/ Total Viicut Hacmi* 100

Calismada terminolojik terimler icin Nomina Anatomica
Veterinaria (Nomina Anatomica Veterinaria, 2017) esas
alindi. Ayrica ¢alismada kullanilan kedilerin kilo 6lgtimleri
igin digital terazi (TESS® RP-LCD, Comak Terazi,
Istanbul) kullanildi.

2.5. Istatistik Analiz

Calismamizdaki siirekli degiskenler igin tanimlayici
istatistikler; Medyan, Ortalama, Standart Sapma, Minimum
ve Maksimum degerler olarak ifade edildi. Siirekli
degiskenler bakimindan cinsiyete gore karsilastrmada
Mann-Whitney U testi yapildi. Bu olgiimler arasindaki
iliskiyi belirlemede Spearman’s korelasyon katsayilar
hesaplandi. Hesaplamalarda istatistik anlamlilik diizeyi %1
ve %S5 olarak alinmis ve hesaplamalar icin SPSS (IBM
SPSS for Windows, Ver.21) istatistik paket programi

kullanildi.
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Sekil 1. Prowess Panther Treatment Planning System V5.01 yazilim programi kullanilarak axial goriintilerden (A), li¢ boyutlu
rekonstriiksiyon goriintiisii (B) elde edilerek TBH ve TVH 6l¢iimlerinin alinmast islemi.

3. Bulgular

Bilgisayarli tomografi goriintiilerinden Prowess Panther
Treatment Planning System V5.01 yazilim Programu ile
elde edilen voliimetrik 6l¢iim degerleri siirekli degiskenler
bakimindan erkek ve digilerdeki grup ortalamalar1 ve

cinsiyetler arasindaki farkliliklari tespit etmek igin istatistiki
olarak analizi yapilds. Istatistik sonuglarina bakildiginda bu
Olcim degerleri arasinda istatistiksel olarak Onemli
farkliliklar (p< 0,05) kaydedildi. Degerlendirilen &lgiim
degerleri Tablo 1-2°de ve Sekil 1°de sunuldu.

Tablo 1. Cinsiyete gore voliimetrik 6l¢tim degerleri

Cinsiyet Median Mean Std. Dev. Min. Max. *p.
Erkek 4,50 4,60 ,70 4,00 6,00
Y (yil) 702
Disi 4,00 4,50 71 4,00 6,00
Erkek 5000,00 5020,00 569,21  4100,00 6000,00
A (gr) ,001
Disi 3350,00 3530,00 454,73 3100,00 4300,00
Erkek 4337,60 4361,96 574,16 3344,30 5385,00
TVH (cm?) ,001
Disi 2986,05 3004,92 338,72 2522,40 3642,80
Erkek 23,05 23,26 1,80 20,90 26,60
TBH (cmd) ,002
Disi 20,65 20,72 1,71 18,10 23,10
Erkek 53 54 ,10 41 ,80
THO (cm?®) ,002
Disi ,69 ,69 ,07 ,58 ,80

* Mann-Whitney U testi sonuglar1; p<0.05 olanlar istatistik olarak anlamli (6nemli) bulunmustur.

Cinsiyete gére beynin voliimetrik 6lgiim degerleri tablo
1’de verildi. Buna gore, Agirlik (A), Total Viicut Hacmi
(TVH) ve Total Beyin Hacmi (TBH) 6l¢iim degerlerinin
erkek kedilerde digi kedilere gore daha yiiksek oldugu
saptandi. Bu farklarin istatistik olarak oOnemli diizeyde
oldugu goriildi (p<0.05). Bununla birlikte, Total Hacim
orant (THO) bakimindan ise, cinsiyetler arasinda istatistik
olarak anlamli bir fark gozlendi (p<0,05). Bu 6l¢iim
degerinin disi kedilerde, erkek kedilere gore daha fazla
oldugu belirlendi. Tablo 2°de erkek ve disilerde ayr1 ayri
olmak tizere, “Olglimler arasi korelasyon Kkatsayilar1”

verildi. Buna gore bakildiginda; erkek kedilerde; TVH ile
Agirlik arasinda istatistik olarak anlamli (6nemli) bir iliski
gozlendi (p<0,05). Baska bir ifadeyle, agirlik arttikga TVH
de artis gostermektedir ve bu artisin derecesi %98,8’dir.
Benzer sekilde, THO ile TVH ve Agirlik arasinda da
anlamli (p<0,05) ve negatif bir iligki saptand1. Disilerde ise,
THO ile TVH arasinda istatistiki olarak anlamli bir iligki
gbzlendi (p<0,05). Baska bir ifadeyle, TVH arttikca THO
azalmistir bu azaligin derecesi %68,5’tir. Bunlarin aksine
diger dlglimler arasinda istatistik olarak anlamli bir iligki
tespit edilmedi (p>0,05).
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Tablo 2. Cinsiyete gore voliimetrik dl¢tim degerleri arasindaki iligki

Erkek Disi
Yas A(gr) TVH(cm®) TBH(cm®) Yas A(gr) TVH (cmd) ;EE;')
A (gr) r 014 -479
TVH (cm?3) r -,080 ,988** 298 379
TBH (cm?) r 386 -012 -024 ,160 ,086 ,455
THO (cm?®) r, 147 -791*%* -818** ,498 -,090 -,355 -,685* 224

*<0,05; **p<0,01; r: Spearman korelasyon katsayist

[l Erkek
&5 i Disi

Ortalama

¥ (v

A (ka) THO

Sekil 2. Cinsiyete gore Yas, Agirlik ve Total Hacim Orani
6lgtimlerinin dagilimu.

Sekil 2°de yas, agirlik ve THO &l¢lim degerlerinin cinsiyete
gore dagilimi verilmistir. Buna gore, yas ve agirlik 6lgiim
degerlerinin erkek kedilerde, THO 6l¢lim degerlerinin ise
disi kedilerde daha yiiksek oldugu gozlendi.

4. Tartisma ve Sonuc¢

Klinikte hastaliklarin teshisi, takibi, tedavi planlamasi,
tedavi etkinliklerinin degerlendirilmesi, bir takim operatif
uygulamalarm takibi gibi konularda ilgili anatomik
yapilarin ~ hacminin  bilinmesine  siklikla  ihtiyag
duyulmaktadir (Chia ve Baddeley, 2000; Sahin ve ark.,
2003; Akalan ve Demirkan, 2013). Bununla birlikte, beyin
gibi kompleks yapidaki organlarin hacimlerinin tahmin
edilmesinde fiziksel muayene ile yeterli bilgi elde
edilemedigi durumlarda rontgen, bilgisayarli tomografi,
manyetik rezonans goriintiileme gibi bircok medikal
gorlintiileme yontemlerine bagvurulur, bu gdriintiilleme
yontemleri ve kullanilan ti¢ boyutlu modelleme programlar1
sayesinde canliya zarar vermeden hizli, giivenilir ve
dogrulugu yiiksek bir sekilde ¢esitli lclimler alinabilmekte
ve degerlendirilmesi yapilabilmektedir (Kurtoglu, 2013).

Allen ve ark., (2003) tarafindan saglikli 23 erkek ve 23
bayan beyni iizerinde yapilan bir calismada erkeklerde
beyin hacimlerinin 6l¢iim degerlerinin daha yiiksek oldugu
gdzlenmistir. Bu bilgiye paralel olarak, Sahin ve ark.,
(2001) tarafindan 10 rat, 12 kus ve 17 kuzu beyni iizerinde
Cavalieri metodu ile yapilan hacim caligmasinda beyin
hacimlerinin dlgiim degerlerinin erkek ratlarda 605.5 +
17.12 mm?®, disi ratlarda 592.4 + 13.09 mm?; erkek kuslarda
759.91 + 24.62 mm®, disi kuslarda , 689.03 £ 17.0 mm?;
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erkek kuzularda 40.03 + 1.3 cm?®; disi kuzularda 36.13 +
0.79 cm? olarak bulunmus ve kuzu ile kuslardaki bu l¢iim
degerlerinin istatistiki olarak anlamli oldugu tespit
edilmistir (p<0,05). Mayhew ve ark.(1990) Cavalieri
prensibiyle evcil memeli hayvanlarin beyni iizerine yaptigi
hacim hesaplamalarinda bu degerlerin kedilerde 15.9 cm?;
kdpeklerde 48,7 cm?; kegilerde 50,8 cm®; domuzlarda 58,3
cm?; sigrlarda 235,5 cm®; atlarda 326,3 cm® olarak
Olemislerdir.  Ayrica  Schmidt ve ark.,(2014)’te
brachiocephalik ve metacephalik kopek irklarim total
beyin hacimlerinin &lgiim degerlerinin sirastyla 84.30 cm® +
1.41ve 77.18 cm® £ 1.41 oldugunu bildirmislerdir. Bununla
birlikte Nadimi ve ark. (2018)’te 11 kopek ve 15 kedi
tizerinde yaptig1 ¢aligmada beyin hacimlerinin kopeklerde
59580 — 92010 mm? arasinda degistigini ortalama 68832.73
mm? oldugunu, kedilerde ise 14840 — 29900 mm? arasinda
degistigini ortalama 26420 mm?®oldugunu tespit etmislerdir.
10 erkek ve 10 disi saglikli Van kedisinde yaptigimiz
caligmada ise ortalama hacim degerlerinin erkeklerde 23,26
cm®£1,80, disilerde 20,12 cm®+ 1,71 oldugu tespit edildi.

Viicut agirhigi ve beyin hacmi arasinda pozitif bir
korrelasyon tespit edilmistir (Rathjen ve ark., 2003; Oguz
ve ark., 2013; Schmidt ve ark., 2014). Van kedilerinde ise,
TVH 6l¢im degeri ile viicut agwrhigin arasinda istatistik
olarak anlaml1 (6nemli) bir iliski gézlendi (p<0,05). Baska
bir ifadeyle, agirlik arttikca Total viicut hacmi de artis
gostermektedir ve bu artigin derecesi %98,8’dir. Benzer
sekilde, THO ile TVH ve Agirlik arasinda da anlamli
(p<0,05) ve negatif bir iliski gézlendi. Disilerde ise, TVH
ve TBH ile viicut agirligi arasinda pozitif bir korelasyon
tespit edildi. Ancak, bu 6lglimler arasinda istatistik olarak
anlamli bir iligki gozlenmedi (p>0,05).

Bununla birlikte kedilerde boy ve yas ile beyin hacmi de
degisiklik ve gelismelere ugramaktadir (Rathjen ve ark.,
2003). Ozellikle postpartum dénemin ilk evrelerinde yas ile
beyin hacminde 6nemli artiglar meydana gelmektedir (Oguz
ve ark., 2013). Van kedilerinde ise, erkek ve disilerde yas
ile total beyin hacmi 6lgiim degerleri arasinda pozitif bir
korrelasyon bulundu. Ancak bu iliskinin istatistiksel olarak
anlaml olmadig tespit edildi (p>0,05).

Bilgisayarli tomografi goriintiileme ile hayvanlara bedensel
herhangi bir zarar verilmeden, O6ldiiriilmeksizin anestezi
altinda ilgilenilen yapmnin istenilen kalinlikta goriintiileri
alinmakta ve bu goriintiilerden ¢esitli yazilim programlari
kullanilarak yine ilgilenilen yapilarm ¢ boyutlu
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rekonstriiksiyonu elde edilebilmektedir (Correia ve ark.,
2005). Ayrica, ¢esitli anatomik yapilarin goriintiilenmesi,
yorumlanmasi ve bu anatomik yapilara ait birgok 6l¢iim
islemleri kolay ve hizli bir sekilde yapilabilmektedir
(Y1lmaz, 2018). Bu ozelliklerinden dolayr gelisen
teknolojiyle birlikte bilgisayarli tomografi ve ii¢ boyutlu
modelleme programlar1 Veteriner Anatomi alaninda giin
gectikce yaygm bir sekilde kullanilmaktadir (Ozkadif,
2015).

Van kedilerinde total beyin hacminin 6l¢iim degerlerinin
istatistiksel olarak erkek ve digiler arasindaki farkliliklar
tespit edildi. Calismanin bu hayvanlarda beyin atrofisi basta
olmak {izere, ¢esitli ndroanatomik yapilarin ve birgok
norodejeneratif hastaliklarin degerlendirilmesi agisindan
onemli oldugu goriisiindeyiz.
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Abstract: Mgs(POa)2-22H20 lost its crystal water in the temperature range of 40 - 200°C and the calcined sample was identified
as Mgs(POa)2, was a notable for its further treatments in optical and electrical applications. Dehydration process was studied using
non-isothermal thermogravimetry (TG) applying model-fitting method. Different mechanism models (chemical reaction order,
diffusion and phase interfacial reaction) were applied. The activation energies calculated for the dehydration reaction; and average
of activation energy was found as 160 kJ/mol. The better kinetic model of the dehydration reaction for Mgs(PO4)2-22H>0 was
selected as F3 (chemical reaction - third order). The thermodynamic functions (AH, AG and AS) of the dehydration reaction were
calculated by the activated complex theory and found that the process was endothermic, non-spontaneous and fast.

Keywords: Magnesium phosphate, decomposition kinetic, thermal behaviour, thermodynamic

1. Introduction

Chemically bonded phosphate ceramics generally occur
with the reaction of a metal cation and phosphate ion. They
can be classified according to the metal cation in structure.
Although being cementitious materials, magnesium
phosphates have similar features and with ceramics. They
are quick-setting and hard materials. The phosphate anion
in the structure makes the ceramic biocompatible (Yu et
al.,2017; Yu and Jiang, 2018). They can be used novel
biomaterial designs or can be added to calcium phosphate
to increase hardness (Wu et al., 2008). Therefore,
magnesium phosphates are preferred in dental and bone
restorations, implants, medicine and agriculture (Lu and
Chen, 2016; Boonchom, 2009; Qiao et al., 2010; Yang et
al., 2000; Rouzic et al., 2017; Kongshaug et al., 2001). Also,
this type of phosphate has dissolubility in water, chemical
and thermal resistance. This situation makes them useful for
anti-corrosive coating and surfaces (Pokorny et al., 2016;
Zhang and Tang, 2015).

Magnesium phosphates can be synthesized by chemical
precipitation, hydrothermal, solid-state, microwave or
biosynthesis methods (Yu et al., 2016; Zhou et al., 2012).
Thermal-treated magnesium phosphates can be used as
catalyst in organic processes of biomass applications.
(Boonchom, 2009; Gopinath et al.,2015; Debnath et
al.,2016; Aramendia et al.,1999). The dehydrated forms of
magnesium phosphate, MgHPO4 and Mgs(PQOa),, are

© EJBCS. All rights reserved.

notable for their dielectric, ferroelectric, piezoelectric and
optical features (Assaaoudi et al., 2007; Zhang et al., 2016).
The chemical structure and textural features of phosphates
are notable for these usage areas. For this purpose, the
studies on thermal behaviour, thermal decomposition
mechanism and thermodynamic functions of AH, AG and
AS are important in the manufacturing processes this
purpose (Kanazawa et al., 1979; Sadiq et al.,2015; Sadiq et
al., 2008). MgHPO4-3H,0, MnHPO4-H,0 and LiMnPO4
are the characterized forms of metal phosphates by thermal
kinetic and thermodynamic studies (Boonchom, 2009;
Sronsri and Boonchom 2018, Boonchom and Danvirutai
2008).

In this research, it is aimed to explain the mechanism,
kinetics and thermodynamics of the decomposition of
Mgz(POa4)2-22H,0 using thermal analyses techniques.
Thermal decomposition process of mineral was interpreted
by Coats-Redfern non-isothermal kinetic method. The
thermal kinetic (Es, A, n, mechanism and model) and
thermodynamic (AH, AS and AG) parameters of the
dehydration reaction of Mgs(PO4)2-22H,O  were
determined.

2. Materials and Method
2.1. Mineral preparation and characterization

Hydrates forms of magnesium phosphates can be
synthesized in basic hydrothermal conditions (Mousa,
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2010). Magnesium source of magnesium oxide (MgO) and
phosphorus source of phosphoric acid were reacted under
magnetic stirring at room temperature for 1 hour. pH value
was determined 10. The prepared white powders were
filtered and dried at 40°C.

The sample was identified by X-ray diffraction analysis
(XRD). A Philips PANalytical XPert Pro X-ray
diffractometer was used at 40 mA, 45 kV and Cu-Ka
radiation in the 20 range of 5°—60°. The vibrational modes
of sample were analysed by a PerkinElmer Spectrum One
FT-IR with a universal attenuation total reflectance (ATR)
sampling accessory with a diamond/ZnSe crystal. Thermal
behaviour of sample was studied between the temperature
ranges of 30-500°C with a Perkin Elmer Diamond
TG/DTG. Five different heating rates (5, 10, 15, and
20°C/min) were applied under the nitrogen atmosphere.

The prepared sample was placed in a Protherm MOS 180/4
high-temperature furnace in nitrogen flowing (5 ml/min)
atmosphere. Calcined sample was further analysed by XRD.

2.2. Thermal dehydration kinetics and thermodynamic
analysis

Eurasian J. Bio. Chem. Sci. 2(2):47-51, 2019

For a hydrate mineral, the escaping gas was water and this
process was called dehydration.

M

Thermal behaviour can be explained by using the
thermogravimetric data. The activation energy (Ea, kd/mol),
exponential factor (A) and reaction order (n) of dehydration
reaction were calculated by using the Coats-Redfern
Method. Integrated and linear forms of Coast Redfern were
given in Equations 2 and 3. In this method, the E; and A can
be calculated from the slope and intercept of the In[g(a)/T?]
vs 1/T plot, respectively (Lopez et al., 2015; Boonchom and
Puttawong, 2010).

Asolid - Bsolid + Cgas

9@ = {58 =2 [ exp (— 1) dr 2
n(7) =n(55) ~ 5 ®

where o is the degree of conversion, f(a) is a function of
conversion according to the reaction mechanism, g(a) is a
kinetic function of different reaction mechanisms which is
obtained from integration of f(a). R is the gas constant
(8.314x107° kd/mol), T is the absolute temperature, and P is

Thermal solid-state decomposition in solid-gas system of the heating rate (°C/min). The solid-state reaction
the single-crystalline compound was given in Equation 1. mechanisms and models were listed in Table 1.
Table 1. Reaction mechanisms, model names and functions of f(o) and g(o)
Reaction Mechanism Model Name Model Code fla) g(a)
1% order F1 1-a -In(1- o)
Chemical reaction order 2" order F2 (1- @) 1-(1- o)?
3" order F3 (1- o) (1-(1- 0)®)/2
o One dimensional F4 1/2a 02
Diffusion ) .
Two dimensional F5 -(In(1- o))t a+(1- a).In(1- o)
Phase interfacial Shrinkage geometrical column F6 2(1- )2 1-(1- o)
reaction Shrinkage geometrical spherical F7 2(1- a)?R 1-(1- @)t

The thermodynamic factors of enthalpy change (AH), Gibbs
energy change (AG), and entropy change (AS) were
calculated by using the obtained thermal kinetic parameters
of A and E, for the best-fitted reaction mechanism. The
equations used in thermodynamic calculations were given
in Equations 4-6 (Naqvi et al., 2018).

AH = E, — RT (4)
AG = E, + RT,,In (X27) )
AS = AHT—AG (6)

where Kg is Boltzmann constant (1.381x102% m?kg/s?K),
Tm is the temperature at which maximum decomposition
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occurs (peak point of the DTG curve) and h is the plank
constant (6.626x10°3* m?kg/s?).

3. Results
3.1. XRD results

XRD patterns of un-calcined and calcined samples were
presented in Figure 1. The prepared sample was identified
as Magnesium Phosphate Hydrate (Mgs(PO.).-22H,0) with
the powder diffraction file number of 00-044-0775 (Figure
1a). The magnesium phosphate hydrate was calcined at
500°C. The calcined sample was identified as Farringtonite
((Mgs(PO4)2) with the powder diffraction file number of 00-
033-0876 (Figure 1b).
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Figure 1. XRD patterns of a. un-calcined and b. calcined samples
3.2. FT-IR results

FT-IR spectrum of Mgs(PO.).-22H,O was presented in
Figure 2. The OH* vibrations in hydrate structure and H-O-
H vibrations were seen 3450 cm? and 1655 cm,
respectively. The characteristic band values for the PO43
was seen at the band value of 1066 cm™. The band values at
the 715 cm™ can be explain with the bending of PO2(OH).
The out of plane of phosphate ion was observed at 578 cm-
1

Transmission (%)

400 800 1200 1600 2000 2400 2800 3200 3600 4000
cm!

Figure 2. FT-IR spectrum of Mgs(POa)2-22H20
3.3. Thermal analyses results

Dehydration behaviour of magnesium phosphate hydrate
was investigated by using thermal analyses techniques.
Thermal analyses result of Mgs(PO.)2-22H,0 were given
Table 2. TG/DTG curves of Mgs(PO4)2-22H,0 for different
heating rates were given in Figure 3. According to the
thermal curves, dehydration process occurred in the
temperature range of 40-200°C and mass was determined
as approximately %55.5. The peak temperature of DTG
curves were seen between 67 and 79°C.

Eurasian J. Bio. Chem. Sci. 2(2):47-51, 2019
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Figure 3. TG/DTG curves of Mga(PO4)2:22H20 a. TG and b. DTG
3.4. Thermal kinetic results

Coast Redfern non-isothermal kinetic method was applied
for the calculation of thermal kinetic parameters of E, and
A. Mechanisms of chemical reaction order (F1, F2 and F3),
diffusion (F4 and F5) and phase interfacial reaction (F6 and
F7) were used in thermal kinetic modelling. The calculated
kinetic parameters at the different heating rates were given
Table 3.

Correlation factors (R?) were observed between 0.7882 and
0.9942. The third order of chemical reaction was selected as
best fitted mechanism, because of the highest linearity. R?
values varied between 0.9903 and 0.9942 for reaction model
of F3. In this reaction model, the activation energies (Ea)
were found in the range of 123.01 — 170.97 kJ/mol.
Exponential factors (A) changed in the range of 1.24x10% -
3.47x10 for the F3 model. Thermal kinetic parameters of
E. and A showed a falling tendency with the increasing
heating rates, in all models.

3.5. Thermodynamic results

Thermodynamic parameters of AH (kJ/mol), AG (kJ/mol)
and AS (kJ/molxK) were calculated at different heating
rates by using the best-fitted kinetic model (F3) as shown in
Table 4. Acceptable differences were observed between the
estimated thermodynamic parameters varying heating rates.

AH values were found in the range of 120.08 — 221.55
kJ/mol thermal dehydration of magnesium phosphate
hydrate. AG and AS values were determined in the range of
8250 — 84.74 kJ/mol and 0.1 - 0.248 kJ/molxK,
respectively.

Table 2. Thermal analyses result of Mgs(PQOa4)2-:22H>0

B (°C/min) T initial (°C) T final (°C) T max (°C) (DTG) Mass loss (%)
5 46.28 107.76 67.51 55.49
10 48.51 120.12 73.79 55.59
15 50.97 137.56 76.49 55.60
20 52.16 144.98 79.16 55.73
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Table 3. Calculated kinetic parameters for Coast Redfern method

Model B 2 Ea A Model B Ea A
Code (°C/min) (kJ/mol) Code  (°C/min) (kJ/mol)
5 0.8992 76.04 7.39x10%° 5 0.8149  119.13 5.64x10%®
F1 10 0.9065 68.84 6.26x10° F5 10 0.8265  109.53 1.56x10%
15 0.8774 57.26 1.04x108 15 0.7899 90.83 1.88x10%
20 0.8752 54.15 3.84x107 20 0.7882 86.24 3.82x10%!
5 0.9804  117.73  4.66x10% 5 0.8291 61.28 1.32x108
2 10 0.9827 10521  4.67x10% 6 10 0.8386 55.87 2.32x107
15 0.9716 89.18 1.44x10% 15 0.7987 45.93 7.16x10°
20 0.9706 84.41 2.77x10% 20 0.7954 43.42 3.33x10°
5 0.9942  170.97 1.80%x10% 5 0.8019 11541  9.14x10%2
F3 10 0.9926  151.54 1.14x10% F7 10 0.8156  107.07  6.84x10%
15 0.9911 12994  4.19x10% 15 0.7838 89.77 5.25%107
20 0.9903  123.01  3.47x10% 20 0.7836 85.59 3.54x10°
5 0.8422  136.18  8.14x10%
F4 10 0.8556  126.03 1.30x10°
15 0.8293  107.06 1.92x108
20 0.8287  101.94 1.85x10°

Table 4. Calculated thermodynamic parameters for the best-fitted

kinetic model
Model B AH AG AS
Code (°C/min) (kJ/mol) (kJ/mol) (kJ/molxK)
5 168.14 83.56 0.248
F3 10 148.65 83.80 0.187
15 127.03 84.69 0.121
20 120.08 84.74 0.100
4. Discussion

Removal of 22 moles of crystal water was occurred during
the dehydration. In the light of XRD and thermal analyses,
the probable reaction for the dehydration process were
given in Equation 7.

heat
Mg3(P0O,)z - 22H,0(s) —> Mg3(P0,),(s) + 22H2(())(g)
7

The differences in calculated activation energies can be
explained with the low linearity in correlation and lack of
the reaction order in other selected models. Due to the lower
linearity for the reaction models of diffusion and phase
interfacial (F4 — F7), these models were not suitable for the
explanation of reaction model.

Exponential factor (A) was generally associated with the
number of times molecules hit in the orientation necessary
to cause a reaction (Naqvi et al., 2018). In general, the low
and high factors could be explained with the tight and loose
complexes, respectively. The thermal dehydration reaction
of Mgs(PQOa4)2:22H,0 may be classified as loose complex,
which corresponds to the removal of crystallization water.
These results are compatible with thermal analysis, which
confirm that the decomposition product as tri-magnesium
phosphate anhydrous Mgs(PQOa)z.
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Positive value of AH indicated the propellent power of
temperature increase, which meant the endothermic
reaction (Boonchom 2008). Positive value of AG showed
that dehydration process of Mgs(POa4)2-22H.O was non-
spontaneous processes and were necessary to connect with
the introduction of heat. The positive value AS can be
interpreted as the decomposition of a malleable complex
which means a fast step (Lopez et al., 2015; Nagvi et al.,
2018; Boonchom, 2008).

5. Conclusions

Crystal water of magnesium phosphate hydrate
(Mgs(P0s)2-22H,0) removed by a single step between the
temperatures of 40 and 200°C and the heat-treated product
was Mgs(PO.)2, significant for its optical and electrical
applications. Dehydration process was studied using Coats-
Redfern non-isothermal kinetic method and activation
energies determined for the different mechanism models.
Mechanism models of chemical reaction order (1%, 2" and
39, diffusion (one dimensional and two dimensional) and
phase interfacial reaction (shrinkage geometrical column
and shrinkage geometrical spherical) were applied.
According to the higher linearity in thermal calculations
correlation, reaction mechanism can be explained with the
3 order chemical reaction (F3) for the one-step
dehydration  reaction of Mgs(PO4)2:22H,0. The
thermodynamic functions (AH, AG and AS) of the
dehydration reaction were calculated by the activated
complex theory and found that the process was
endothermic, non-spontaneous and fast.
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Abstract: Biofilm formations of 25 S.aureus strains were investigated on microtitration plates using TSB and TSB media
supplemented with glucose (0.25%, 1.0%, or 2.0%, w/v) for 48 hours. The biofilm formations of S.aureus isolates incubated in
TSB were generally found to be moderate (84%). Majority of strong biofilm formations (84-96%) were determined by S.aureus
strains incubated in the presence of glucose. It was shown that the presence of glucose had positive effect on S.aureus biofilm

formations.

Keywords: S.aureus, biofilm formation, D-glucose, polystyrene, microtitration plates.

1. Introduction

Staphylococci are the most important pathogens causing
major problems in food industry (Tauxe, 2002). The
predominant Staphylococcus species are S. epidermidis, S.
haemolyticus and S. aureus (Otto, 2013; Becker et al., 2014;
Méric et al., 2015). Especially S.aureus is known as the
third common cause of foodborne illness worldwide (Aydin
et al., 2011). S.aureus can be easily isolated from surfaces
in the food and dairy industries (Ateba et al., 2010; Santos
et al., 2014). The products can also be contaminated during
food processing by S.aureus enterotoxins that cause
foodborne illnesses (Cha et al., 2006; Sudagidan and Aydin,
2009). Moreover, S.aureus strains create biofilms on
different types of surfaces such as stainless steel, plastic,
glass, and rubber (Akbas and Kokumer, 2015; Lee et al.,
2014, 2016, 2017; Unlu et al., 2018).

In this study, the effects of glucose on biofilm formations
by S. aureus strains isolated from raw milk samples were
investigated.

2. Materials and Method
2.1. Bacterial strains

In this work, 25 S.aureus isolates (S1-S25) were evaluated
for their biofilm formation abilities in TSB (Tryptic soy
broth) or TSBgic (TSB enriched with D-glucose) media. S.
aureus strains ATCC 25923 and ATCC 29213 were used as
biofilm positive and biofilm negative strains, respectively.

© EJBCS. All rights reserved.

2.2. Biofilm Formation

For determining the biofilm formations, TSB and TSBgic
(TSB enriched with D-glucose at different concentrations,
0.25% TSBGmo,zs; 1.0% TSBG|C1 and 2.0% TSBGk;z; W/V)
media were used. The isolates and reference strains were
incubated overnight at 37°C in TSB. Following the
incubation, the cultures were diluted at a rate of 1:100 in
fresh TSB or TSBg|c media. The cultures were transferred
into flat-bottomed 96-well polystyrene microtitration plates
(150uL; about 10°cfu/mL, final concentration) and
incubated at 37°C for 48 h. At the end of the incubation,
bacterial cells were removed and then the wells were stained
with crystal violet solution (0.5% wi/v, Sigma, St. Louis,
MO, USA) for 20 min. Then, the wells were decanted and
treated with glacial acetic acid (33% v/v, Merck) for 10 min.
All samples were transferred into a new microtitration plate
wells and measured at 570 nm using an ELISA plate reader
(Christensen et al., 1985). The absorbance values of TSB or
TSB supplemented with D-glucose (OD¢) were used as a
blank. Each experiment was performed in triplicate for all
isolates.

Biofilm formations were determined according to
Stepanovi¢ et al. (2000).

¢ Nonbiofilm producer (-, OD < ODy),

e Weak biofilm producer (+, OD¢< OD < 2xOD),

e Moderate biofilm producer (++, 2xOD. < OD <
4x0Dc), and

e Strong biofilm producer (+++, 4xOD.< OD)
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3. Results

In this study, 25 S.aureus isolates (S1-S25) and 2 reference
strains (ATCC 25923 and ATCC 29213) were used for
determination of biofilm formations. The negative reference
S. aureus ATCC 29213 and the positive reference strain S.
aureus ATCC 25923 were shown as non and strong biofilm
producers in the all media, respectively (Table 1). In
addition, S3 and S4 were considered as strong biofilm
producers (Table 1).

In general, 21 of 25 S. aureus isolates (84%) were
considered as moderate biofilm producers when they were
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incubated in TSB medium (Table 2). The biofilm formation
capacities of strains gradually increased by increasing
concentrations of glucose in TSB media supplemented with
glucose. 24 of 25 S. aureus isolates (96%) cultured in
TSBeaicz media were determined as strong biofilm producers
(Table 2).

According to obtained results, it was shown that the content
of media was important parameter for biofilm productions.
For this reason, the effects of media components should be
investigated in more detail for biofilm formation studies.

Table 1. Biofilm formations (ODs7onm) Of S.aureus strains on TSB and TSBgic (TSBaico25, TSBaic1, and TSBgicz) media on
microtitration plates after 48 hours. OD, optical density; standard deviations are in parentheses.

Media
Strain
TSB TSBaico.2s TSBoaia TSBaic2

S1 0.42 (0.00) 0.88 (0.01) 1.25 (0.02) 1.09 (0.04)
S2 0.46 (0.02) 0.52 (0.15) 0.77 (0.21) 0.69 (0.00)
S3 0.99 (0.20) 1.51 (0.04) 1.49 (0.05) 1.52 (0.04)
sS4 0.57 (0.07) 0.76 (0.09) 1.32 (0.01) 1.16 (0.17)
S5 0.43 (0.06) 0.98 (0.07) 1.36 (0.00) 1.31(0.02)
S6 0.39 (0.11) 0.87 (0.12) 0.87 (0.12) 0.97 (0.01)
S7 0.64 (0.17) 0.70 (0.00) 0.77 (0.23) 0.91 (0.10)
S8 0.31 (0.04) 0.80 (0.04) 0.75 (0.03) 0.82 (0.23)
S9 0.57 (0.03) 0.94 (0.02) 1.26 (0.01) 1.23 (0.15)
S10 0.56 (0.11) 1.03 (0.09) 1.08 (0.04) 1.31(0.01)
S11 0.55 (0.04) 1.03 (0.10) 0.99 (0.07) 1.16 (0.10)
S12 0.69 (0.02) 0.94 (0.10) 1.60 (0.15) 1.72 (0.23)
S13 0.63 (0.09) 0.89 (0.08) 0.84 (0.00) 0.93 (0.04)
S14 1.13(0.11) 1.54 (0.05) 1.16 (0.06) 1.64 (0.18)
S15 0.63 (0.01) 0.89 (0.13) 0.94 (0.12) 0.93 (0.05)
S16 0.78 (0.13) 0.97 (0.10) 1.15 (0.39) 1.08 (0.00)
S17 0.50 (0.08) 1.00 (0.00) 1.13(0.18) 0.97 (0.10)
S18 0.49 (0.05) 0.86 (0.08) 1.06 (0.05) 1.13(0.08)
S19 0.50 (0.05) 0.99 (0.05) 0.92 (0.12) 1.16 (0.11)
S20 0.62 (0.09) 1.03 (0.07) 0.96 (0.10) 0.90 (0.36)
S21 0.79 (0.10) 1.02 (0.00) 0.94 (0.12) 1.11 (0.01)
S22 0.60 (0.10) 1.05 (0.01) 1.22 (0.04) 1.09 (0.02)
S23 0.51 (0.06) 1.05 (0.06) 1.01 (0.19) 0.98 (0.18)
S24 0.69 (0.19) 0.91 (0.05) 1.10 (0.02) 0.95 (0.00)
S25 0.47 (0.00) 0.98 (0.01) 1.14 (0.14) 1.02 (0.12)
ATCC 29213 0.22 (0.04) 0.25 (0.03) 0.26 (0.04) 0.28 (0.07)
ATCC 25923 1.18 (0.19) 1.04 (0.06) 1.46 (0.05) 1.45 (0.00)
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Table 2. The biofilm formations of S.aureus isolates (n) with different types of TSB media (TSB, TSBgico.25, TSBaic1 and

TSBaic2) on microtitration plates after 48 hours.

S.aureus (n)

TSB TSBaico.2s TSBoaia TSBaic2
Nonbiofilm (-) - - - -
Weak (+) 2 - - -
Moderate (++) 21 4 3 1
Strong (+++) 2 21 22 24

4. Discussion

In this study it was shown that S. aureus strains could
produce moderate biofilm formations in the TSB, or strong
biofilms in TSB supplemented with glucose, The obtained
results were consistent with previous studies (Stepanovic et
al., 2000; Rode et al., 2007; Manandhar et al., 2018). The
environmental factors including the presence of glucose, or
salt, temperature, and pH could be effective on the biofilm
formations (Michu et al., 2011; Khangholi and Jamalli,
2016; Kyoui et al., 2016).

Biofilm formations on a solid surface also depends on the
type of the surface materials (Jo et al., 2010). Generally,
glass and stainless steel are described as hydrophilic
materials while rubber and plastic are assumed as
hydrophobic materials (Sinde and Carballo, 2000; Donlan
and Costerton, 2002). The biofilm formations were found to
be higher on hydrophobic surfaces than on hydrophilic
surfaces (Simdes et al., 2008). In this study, S.aureus
isolates produced biofilms on hydrophobic polystyrene
microtitration plates. Therefore, the biofilm formation of
S.aureus isolates should also be assessed on various
surfaces such as stainless steel, glass, or polypropylene in
the presence of different media supplements.

5. Conclusions

In this work, the biofilm formations of 25 S.aureus isolates
and 2 biofilm reference S.aureus strains were investigated
by using TSB and TSBeic media on microtitraiton plates.
When S.aures isolates were cultured in the TSB media, 21
of 25 isolates (84%) produced moderate biofilm formations.
On the other hand, nearly all of isolates (96%) cultivated in
TSB supplemented with glucose produced strong biofilm
formations. According to these results, it can be concluded
that presence of glucose is an important factor for S.aureus
biofilm formations.
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Abstract: Nanoparticles are attracting increasing attention due to their unusual and fascinating properties, which are strongly
influenced by their size, morphology and structure. Among the developed nanoparticles, silver (Ag) nanoparticles are pertaining
to have a wide range of application in the fields of physical, chemical and biological science. Physical and chemical methods
are used to synthesize such nanomaterials, among the various known synthesis methods, biosynthesis of silver nanoparticles is
preferred as it is environmentally safe, low cost and less toxic. In particular, the synthesis of nanoparticles in the cell can be achieved
in a standard size and shape. In the present work, the coccoid green algae Chodatodesmus mucronulatus was used as a reducing
agent for the synthesis of intracellular nanostructure silver particles (Ag-NPs). Algae are with autofluorescence characteristics.
These properties are known to be due to chlorophyll pigments. In this context, a confocal laser scanning microscopy (CLSM)
based method to assess to show that the amount of chlorophyll decreases at microalgae is reported. ). During this process, changes
in the amount of chlorophyll a, b and carotenoid of the Chodatodesmus mucronulatus were examined at 24 hours using UV-Vis
spectrophotometer for 3 days. As a result, the amount of carotenoid, especially with the onset of the reaction, decreased markedly.
After 72 hours of reaction, the amount of carotenoid decreased from 6,54 pg ml to 0,00 pg / ml, chlorophyll a decreased 24,46
pg ml to 0,06 ug mit,chlorophyll b decreased from 11,33 ug ml™ to 4,15 ug /ml. This change (pigment amount in cells) was also
observed with a confocal microscope every 24 hours. Using this technique, the effect of in-use concentrations of chlorophyll
autofluorescence was defined. Determination of mean fluorescence intensity (MFI) per cell by collecting auto-fluorescence from
single cells in x, y and z dimensions permitted evaluation at single-cell level. According to the results, there is a decrease in the

amount of pigment in the cell. This suggests that the pigments may be capping agents and trigger nanoparticle synthesis.

Keywords: Microalgae, Chlorophyll, Confocal microscopy, Nanoparticle, Silver

1. Introduction

Bionanotechnology has emerged as the integration between
biotechnology and nanotechnology for the synthesis of
nanomaterials. Nanoparticles are the leading nanomaterials.
It has attracted further attention of researchers, especially
due to the adjustable hydrophilic-hydrophobic balance and
target-specific localization properties of nanoparticles
(Salem et al., 2016; Shankar et al., 2016). Especially,
biologically synthesized nanoparticles have attracted great
interest in biology and medicine because of their unique
particle size and shape-dependent physical, chemical and
biological properties. (Sun et al., 2008; Ko et al., 2007).
Elemental silver and silver salts have the potential to kill
pathogens and have also been used as a disinfectant in
health care, even before the emergence of synthetically
produced organic drugs such as penicillin. (Williams et al.,
1999). In recent years, silver nanoparticles (AgNPs),
synthesized as nanomaterials, have received great attention

© EJBCS. All rights reserved.

due to the beneficial properties of antimicrobial, antioxidant
and antitumor activities that help in the development of
pharmaceutical drugs. (Ramkumar et al., 2017). AgNPs
have been successfully applied in the food industry, textile
industry and agriculture (Gomaa, 2017). The synthesis of
AgNPs is carried out by quite different methods. For
example, chemical reduction, photoduction, thermal
decomposition, ultrasound, microwave irradiation and
electrochemical methods are used (Venugopal et al., 2017).
However, in recent years, the green synthesis method has
been used to prevent the toxicity of the process and increase
the yield. Various organisms (bacteria, fungi, algae and
plants) can be used for these processes. Stabilization and
shape of nanoparticles are organic materials found in
organisms. Among the biological systems, microalgae have
very high potential for the production of nanoparticles by
taking metal ions during the detoxification process.
Compared to plants, microalgae can replicate their biomass
with minimum requirements for sunlight, atmospheric
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carbon dioxide and mineral salts. Microalgae performs
synthesis of nanoparticles in less tim (Agarwal et al., 2019).
At the same time, both live and dry algae biomass can be
used in biosynthesis. However, there are deficiencies in the
literature about which mechanism or organic material takes
part in the synthesis of these nanoparticles. The aim of this
study was to synthesize green intracellular (intracellular)
AgNPs and characterize them with TEM and UV-Vis. In
addition to describing the mechanism of production of
macromolecules (such as pigments), which are responsible
for the biosynthesis of nanoparticles, to prove the
production mechanism of possible nanoparticles in
biological model systems. Therefore, especially in our
study, changes in the amount of pigment were observed by
extraction. The pigments were also monitored by UV-Vis
spectrophotometric analysis. In addition, with Confocal
laser scanning microscopy (CLSM) using fluorescence
characteristics, mean fluorescence intensity (MFI) analysis
was followed and supported by quantitative results using
Image J.

2. Materials and Method
2.1. Organism

The organism we used in our study is Chodatodesmus
mucronulatus (Chodat) Hegewald, Bock & Krienitz which
belongs to the group of Chlorophyta which is coccoid green
algae. These algae were grown in BG-11 medium for 15-20
days under 3000 lux light at 28 © C. When algae passed the
log phase phase, the cells were centrifuged at 4000 rpm and
biomass was obtained. All chemicals used in this study were
analytical quality.

2.2. Intracellular AgNP synthesis

Silver nitrate was used for the stock solution. This solution
was adjusted to 5 mM in BG-11 medium. The algal
suspension was incubated at 28 ° C for 72 hours. Thus, the
synthesis of intracellular AgNPs from living algae cells was
completed. After the reaction, the biomass was separated by
centrifugation and stored at -20 ° C until characterization.

2.3. Spectroscopic characterization of silver nanoparticles

The reduction of silver ions was monitored by measuring
the absorbance scan at 190-1100 nm at selected time
intervals by UV-Vis spectrophotometer. Color change was
observed in silver nitrate solution incubated with
Chodatodesmus mucronulatus cell-free extract. Silver
nanoparticles dispersed in water were kept at room
temperature.

2.4.  Transmission Electron  Microscopy
characterization of silver nanoparticles

(TEM)

The TEM sample of silver nanoparticles synthesized using
coccoid green algae were prepared by placing drop of the
reaction mixture over carbon coated copper grids and
allowing the to evaporate. TEM micrographs of the sample
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were taken using JEOL JEM 1220 (Tokyo, Japan) operated
at an accelerating voltage of 100 kV .

2.5. Spectroscopic characterization of pigment amount

The UV-Vis spectrum was also used for the quantity
analysis of the pigments. Pigments were measured by
methanol extraction every 24 hours (Jiang et al. 2015). After
exposure to chlorophyll and carotenoid extraction AgNOs,
the cells were centrifuged at 4000 rpm for 20 minutes at
4000 rpm. 3 mL of methanol was added to the resulting
biomass and mixed well. The tube was then incubated for
24 hours in the dark and at 45 ° C. The solution was then
centrifuged at 9000 x g for 10 minutes and the absorbance
of the supernatant was measured at a UV Visible
spectrophotometer (Double Beam UV-Spectrophotometer
in Spectrophotometer, China) at 470 nm, 652.4 nm and
665.2 nm wavelengths. Pigment amounts were calculated
according to report of Yu (Yu et al., 2018).

2.6. Confocal microscopy analysis

Chodatodesmus mucronulatus was cultured in silver nitrate
solution for 72 hours. The algae were then washed twice
with ddH 2 O in the dark. The fluorescence scan was
performed between 400 and 700 nm per 50 nm emission.
Images were obtained by confocal laser scanning
microscopy LSM 800 (ZEISS, Germany).

2.7. Digital Image Analysis

Digital image analysis was performed using Image 1.29
(http://rsb.info.nih.gov/ij). For mean fluorescence intensity
(MFI) analysis, all images were obtained using the same
CLSM settings. All data were obtained from xy confocal
slices of the image to determine MFI in a two-dimensional
image. Confocal segments were obtained using Zeiss
confocal software for MFI. These data were used to
determine the MFI per cell of Chodatodesmus mucronulatus
using Image J.

3. Results

Various approaches have been applied to achieve a better
synthesis of silver nanoparticles such as physical, chemical
and biological methods. Recently, the synthesis of silver
nanoparticles using the living thing directly (intracellular)
has become more popular because it is environmentally
friendly (Li et al., 2007; Song et al., 2009). The colorless
solution of AgNOs turned dark brownish yellow, indicating
the formation of silver nanoparticles. The formation of
silver nanoparticles was monitored by UV-Vis absorption
spectra at 190 to 1100 nm; where a dense band was clearly
detected at 430 nm (Figure 1). This band was defined as the
“surface plasmon resonance band ve and was connected to
the excitation of free electrons in the nanoparticles. The
shape of the band was symmetrical, suggesting a
homogeneous  distribution  of  spherically  shaped
nanoparticles (Travan et al., 2009).
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Figure 1. UV-Vis absorption spectrum of silver nanoparticles
synthesized by treating 5mM aqueous AgNO3z solution with
Chodatodesmus mucronulatus

Silver nanoparticle size, morphology and distribution were
analyzed by TEM. The nanoparticle size is about 20-40 nm
Figure 2. A similar result Oztiirk (2019), was obtained as a
result of intracellular synthesis of Desmodesmus sp. cells.
In Barwal et al.,2011 Intracellular silver nanoparticle was
synthesized with Chlamydomonas reinhardtii intracellular
nanoparticle of 5-35 nm.
R

characterization of the silver

Figure 2.
nanoparticles. A, B TEM Image of Chodatodesmus mucronulatus
cell mediated synthesized silver nanoparticles.
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3.1. Spectroscopic characterization of pigment amount

Cells were observed for 72 hours by exposure to silver
nitrate. Extraction was performed every 24 hours to
measure the amount of pigments. The solutions obtained by
extraction were read at 470 nm, 652.4 nm and 665.2 UV-
Vis. After 72 hours of reaction, the amount of carotenoid
decreased from 6,54 pug ml? to 0,00 pg / ml, chlorophyll a
decreased 24,46 ug mlt to 0,06 pg mil?,chlorophyll b
decreased from 11,33 pg ml? to 4,15 ug /ml (Figure 3).
According to these results, the most affected group was
carotenoid. Carotenoids had been depleted as soon as they
were exposed to silver nitrate. The next group was
chlorophyll a. According to these results, the formation and
formation of silver nanoparticles were first thought to be
effective carotenoids.

3.2. Confocal microscopy analysis and Digital Image
Analysis

Phototrophic organisms are automatic fluorescence relative
to their pigments and allow non-invasive in situ analysis
without external fluorescence labeling or staining (Neu and
Lawrence, 1997). Recently, cellular fluorescence collection
techniques from single-cell phototrophic organisms for
phylogenetic identification have been reported (Roldan et
al., 2004). Confocal laser scanning microscopy (CLSM)
allows the quantitative assessment of the fluorescence
properties of algal cells in situ, as well as the advantage that
visualization and quantization are possible at the single-cell
level (Neu and Lawrence, 1997). In our study, laser
scanning confocal microscopy was used to make the
pigment change of autofluorescent algae cells visible. So,
during intracellular synthesis of silver nanoparticle from
Chodatodesmus mucronulatus, pigment changes were
observed by laser scanning confocal microscopy that
Chodatodesmus mucronulatus pigments due to its
autofluorescent property. The pigment change in this
microscope is understood by reducing the fluorescence
property. We performed a wide wavelength scan during the
procedure. The initiation of silver nanoparticle synthesis
within the cell and continued in parallel with pigment
change was also visualized by confocal microscopy (Figure
4).
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Figure 3. Amount of pigments (Chl-a, Chl-b, Carotenoids) during synthesis of intracellular silver nanoparticles in Chodatodesmus

mucronulatus
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Figure 4. Laser scanning confocal microscopy image for pigment
changes of Chodatodesmus mucronulatus

During nanoparticle formation, changes in autofluorescence
radiation of living algae cells were visualized and digital
image analysis was performed. In addition, in order to
determine the chlorophyll autofluorescence, the regions of
maximum intensity on the XY slides were observed as two-
dimensional images and the mean fluorescence intensity
(MFI) value was determined. Our results showed a decrease
in fluorescence intensity caused by the synthesis of AgNPs.
The mean MFI calculated from individual cells decreased
over time and quantitative analysis is shown in Figure 5.
The data clearly show that the decrease in chlorophyll
fluorescence is dependent on the AgNO3 exposure time.
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Figure 5. Mean fluorescence intensity after Oh, 24h, 48h, and 72h
of contact time and subsequent transfer to fresh medium (error bars
represent (£SD). *CTCF: Corrected total cell fluorescence

4. Discussion

It is an alternative method developed to synthesize metal
nanoparticles by using green synthesis method which living
organisms or using extracts from organisms. This method,
unlike other methods (especially chemical method), is an
environmentally friendly process. Algae, bacteria, fungi and
plants can be used in this process and nanoparticles can be
synthesized without the need for additional reducing and
stabilizing agents. Among these groups of organisms,
microalgae are thought to have very high potential for the
production of nanoparticles due to their reduction properties
of metals (Jena et al., 2014; Khatami et al., 2019). Synthesis
of nanoparticles can be achieved in a short time with the use
of algae. On the other hand, nanoparticle synthesis can be
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performed using both live and dry algae biomass (Daglioglu
and Oztiirk, 2019; Oztiirk, 2019).

It is generally accepted that UV-Vis spectroscopy can be
used to examine the size and shape of nanoparticles in
aqueous suspensions (Dubey et al., 2009). In this
spectroscopic analysis, peaks around 420 indicate the
formation of the Surface Plasmon Resonance (SPR) band.
This band was clearly seen in our study and it was found to
be compatible with the other studies reported. For example,
Khatami and Pourseyedi (2015) are reported, silver
nanoparticles were obtained by using Phoenix dactylifera
(date palm) pit aqueous extract and SPR was formed at 428
nm wavelength. Jegadeeswaran et al., (2012) are reported,
the absorption spectra of AgNPs obtained from Padina
tetrastromatica were found to have absorbance peaks at 426
nm.

Phototrophic organisms are autofluorescent due to their
pigments and can realize irradiate without further
fluorescence labeling (Neu and Lawrence 1997). In this
study, cell contents were determined using fluorescent
emission with microalgae natural autofluorescent
compounds. Therefore, microscopic fluorescence images of
Chla are also useful for understanding the photochemical
functions and thylacoid membrane structures of algae cells
and chloroplasts (Harter et al. 2012; Sarafis 1998). CLSM
is widely used in biomedical and bioscience research
(Chandler and Volz 2004; Halbhuber and Ko&nig 2003).
CLSM allows rapid and multiple parametric analyzes of
microalgal chlorophyll autofluorescence, and MFI analysis
supports quantitative results using Image J (Nancharaiah et
al. 2007). Possible participation of various macromolecules
in Barwal et al., (2011) study the reduction of silver ion to
silver nanoparticles has not yet been reported. The
identification of macromolecules responsible for the
biosynthesis of SNPs reported that it would describe the
production mechanism of possible SNPs in biological
model systems. Based on this idea, the mechanism of action
during the synthesis of silver nanoparticles in microalgae
was thought to be pigments and the results of this study were
compared with UV-Vis and Confocal Microscopy and it
was found to support this idea. Desmodesmus sp. algae were
used in a similar study and similar results were reported
(Daglioglu and Oztiirk, 2019). With the green synthesis
method, the effect of macromolecules which are effective
during the synthesis of silver nanoparticles should be
investigated in more depth.

5. Conclusions

In conclusion, this study describes the intracellular
synthesis of silver nanoparticles using microalgae. The
formation of silver nanoparticles was confirmed by UV-
spectroscopy and TEM. Spherical shape was observed using
TEM. The resulting nanoparticles were very small in size
(20 to 40 nm). The autofluorescence properties of
intracellular silver nanoparticles were monitored by laser
scanning confocal microscopy and it was observed that the
resulting nanoparticles had a significant effect of pigments
as reducing agents.



BY Oztiirk and D Oztiirk

Acknowledgements

This work was studied at Eskisehir Osmangazi University
Central Research Laboratory Application and Research
Center (ARUM).

Authors’ contributions: All authors studied each analysis
in this research paper. B.Y.O and D.O did the literature
review and the D.O made the arrangements of the figure.
B.Y.O wrote the entire article in English.

Conflict of interest disclosure:
Authors declare that there is no conflict of interest.
References

Agarwal P, Gupta R, Agarwal N 2019. Advances in Synthesis and
Applications of Microalgal Nanoparticles for Wastewater
Treatment. J Nanotechnol, 2019:1-9.

Barwal I, Ranjan P, Kateriya S, Yadav SC 2011. Cellular oxido-
reductive proteins of Chlamydomonas reinhardtii control the
biosynthesis of silver nanoparticles. J
nanobiotechnology, 9(1): 56.

Chandler GT, Volz DC 2004. Semiquantitative confocal laser
scanning microscopy applied to marine invertebrate
ecotoxicology. Mar Biotechnol, 6:128-137.

Daglioglu Y, Oztiirk BY 2019. A novel intracellular synthesis of
silver nanoparticles using Desmodesmus
sp.(Scenedesmaceae):  different methods of pigment
change. Rend. Lincei Sci. Fis. Nat., 1-11.

Dubey M, Bhadauria S, Kushwah B 2009. Green synthesis of
nanosilver particles from extract of Eucalyptus hybrida
(safeda) leaf. Dig J Nanomater Biostruct, 4:537-543.

Gomaa EZ 2017. Antimicrobial, antioxidant and antitumor
activities of silver nanoparticles synthesized by Allium cepa
extract: a green approach. J Genet Eng Biotechnol, 15(1): 49-
57.

Halbhuber K-J, Konig K 2003. Modern laser scanning microscopy
in biology, biotechnology and medicine. Ann Anat Anat Anz,
185:1-20.

Harter K, Meixner AJ, Schleifenbaum F 2012. Spectro-
microscopy of living plant cells. Mol Plant, 5:14-26.

Jegadeeswaran P, Shivaraj R, Venckatesh R 2012. Green synthesis
of silver nanoparticles from extract of Padina tetrastromatica
leaf. Dig J Nanomater Bios, 7(3): 991-998.

Jena J, Pradhan N, Nayak RR, Dash BP, Sukla LB, Panda PK,
Mishra BK 2014. Microalga Scenedesmus sp.: a potential low-
cost green machine for silver nanoparticle synthesis. J
Microbiol Biotechnol, 24:522-533.

Khatami M, Pourseyedi S 2015. Phoenix dactylifera (date palm)
pit aqueous extract mediated novel route for synthesis high
stable silver nanoparticles with high antifungal and

antibacterial activity. IET Nanobiotechnol., 9(4): 184-190.

Khatami M, Varma RS, Heydari M, Peydayesh M, Sedighi A,
Agha Askari H, Rohani M, Baniasadi M, Arkia S, Seyedi F,
Khatami, S. 2019. Copper Oxide Nanoparticles Greener
Synthesis Using Tea and its Antifungal Efficiency on
Fusarium solani. Geomicrobiol. J., 1-5.

Ko SH, Park I, Pan H, Grigoropoulos CP, Pisano AP, Luscombe
CK, Frechet JMJ 2007. Direct nanoimprinting of metal
nanoparticles for nanoscale electronics fabrication. Nano Lett,
7:1869-1877.

60

Eurasian J Bio Chem Sci, 2(2):56-60, 2019

Li S, Shen Y, Xie A, Yu X, Qiu L, Zhang L, Zhang Q 2007. Green
synthesis of silver nanoparticles using Capsicum annuum L.
extract. Green Chem., 9: 852-858.

Nancharaiah YV, Rajadurai M, Venugopalan VP (2007) Single
cell level microalgal ecotoxicity assessment by confocal
microscopy and digital image analysis. Environ Sci Technol,
41:2617-2621.

Neu TR, Lawrence JR 1997. Development and structure of
microbial biofilms in river water studied by confocal laser
scanning microscopy. FEMS Microbiol Ecol, 24: 11-25.

Oztiirk BY 2019. Intracellular and extracellular green synthesis of

silver nanoparticles using Desmodesmus sp.: their
Antibacterial and antifungal effects. Caryologia. International
Journal of Cytology, Cytosystematics and
Cytogenetics, 72(1): 29-43.

Ramkumar VS, Pugazhendhi A, Gopalakrishnan K,

Sivagurunathan P, Saratale GD, Dung TNB, Kannapiran E
2017. Biofabrication and characterization of silver
nanoparticles using aqueous extract of seaweed Enteromorpha
compressa and its biomedical properties. Biotechnol Rep, 14:
1-7.

Roldan M, Thomas F, Castel S, Quesada A, Hernandez- Marine M
2004. Noninvasive pigment identification in single cells from
living phototrophic  biofilms by confocal imaging
spectrofluorometry. Appl. Environ. Microbiol., 70: 3745-
3750.

Salem JK, EI-Nahhal IM, Najri BA, Hammad TM, Kodeh F 2016.
Effect of anionic surfactants on the surface plasmon resonance
band of silver nanoparticles: determination of critical micelle
concentration. J. Mol. Lig., 223: 771-774.

Sarafis V 1998. Chloroplasts: a structural approach. J Plant
Physiol, 152:248-264.

Shankar PD, Shobana S, Karuppusamy |, Pugazhendhi A,
Ramkumar VS, Arvindnarayan S, Kumar G 2016. A review on
the biosynthesis of metallic nanoparticles (gold and silver)
using bio-components of microalgae: Formation mechanism
and applications. Enzyme Microb. Technol., 95: 28-44.

Song KC, Lee SM, Park TS, Lee BS 2009. Preparation of colloidal
silver nanoparticles by chemical reduction method. Korean J
Chem Eng, 26: 153-155.

Sun C, Lee JSH, Zhang MQ 2008. Magnetic nanoparticles in MR
imaging and drug delivery. Adv Drug Delivery Rev., 60: 1252-
1265.

Travan A, Pelillo C, Donati I, Marsich E, Benincasa M, Scarpa T,
Semeraro S, Turco G, Gennaro R, Paoletti S 2009. Non-
cytotoxic silver nanoparticle-polysaccharide nanocomposites
with antimicrobial activity. Biomacromolecules, 10: 1429-
1435.

Venugopal K, Rather HA, Rajagopal K, Shanthi MP, Sheriff K,
Illiyas M, RathEr RA, Manikandan E, Uvarajan S, Bhaskar M,
Maaza M 2017. Synthesis of silver nanoparticles (Ag NPs) for
anticancer activities (MCF 7 breast and A549 lung cell lines)
of the crude extract of Syzygium aromaticum. J. Photochem.
Photobiol., 167: 282-289.

Williams, DH, Bardsley, B 1999. The vancomycin group of
antibiotics and the fight against resistant bacteria. Angew
Chem Int Ed, 38(9): 1172-1193.

Yu Z, Pei H, Jiang L, Hou Q, Nie C, Zhang L 2018. Phytohormone
addition coupled with nitrogen depletion almost tripled the
lipid productivities in two algae. Biores Technol, 247:904—
914.



Research article
Eurasian J Bio Chem Sci, 2(2): 61-66, 2019

Eurasian Journal of
Biological and Chemical Sciences

Journal homepage: www.dergipark.org.tr/ejbcs ’ ‘ﬂq
Eskisehir ilinde yayihs gosteren Convolvulus L. (Convolvulaceae) tiirleri iizerine
taksonomik Arastirmalar
Dervis OZTURK'"

Y Eskisehir Osmangazi University, Mahmudiye Horse Vocational School, Department of Plant and Animal Production, Eskisehir,
Turkey

*Corresponding author : dozturk@ogu.edu.tr Received : 29/08/2019
Orcid No: htpp://orcid.org/0000-0001-7189-7407 Accepted : 13/10/2019
Ozet: 2017-2019 yillart arasinda Eskisehir’de farkli lokalitelerinden toplanan Convolvulus L. (Convolvulaceae) tiirleri iizerine
taksonomik ¢aligmalar1 kapsamaktadir. Eskisehir ilinin floristik acidan iilke igerisindeki konumu irdelendiginde Iran- Turan fitocografik
bolgesinde yer almasina ragmen sahip oldugu degisik habitatlar birgok farkli fitocografik elementlerini biinyesinde bulundurmasini
saglamigtir. Convolvulaceae (Sarmagikgiller) ailesinden iilkemizde 4 cins ve 40 tiirii dogal yayilis gosterir. Ayrica siis bitkisi olarak
yetistirilir ve gida olarak kullanilan tiirleride vardir. Tiirlerin teshisinde basta, Flora of Turkey (Davis,1965-1988) adli eser olmak iizere
bir¢cok kaynaktan faydalanilmigtir. Convolvulus L. taksonlari igin vejetasyon donemi Nisan-Eyliil arasi olup, bir taksona ait ¢igekli ve
meyveli ornekler toplanmistir. APG3 sistemine gore Eskisehir ilinde bulunan Convolvulus L. genusu yer alan 2'si endemik olan 7'si
endemik olmayan 9 farkl taksonun genel goriintiisiiniin yam sira; ¢icek yapisi (anter, filament, sepal ve petal, kaliks vb.), yaprak, meyve,
tohum yapilart gibi morfolojik karakterlerin 6l¢iimleri yapilarak CANON EOS marka fotograf makinesi ile fotograflart gekilmistir.
Bitkilerin ¢igeklenme, habitat ve yagam formlari, genel ve bolgesel yayiliglari, [IUCN kategorileri ve toplandigi lokaliteler hakkinda da

bilgiler verilmistir.

Anahtar Kelimeler: Convolvulus L., Morfoloji, Habitat, Eskigehir

Taxonomic Investigations on Convolvulus L. (Convolvulaceae) Species Distributed in Eskisehir

Province

Abstract: It covers taxonomic studies on Convolvulus L. (Convolvulaceae) species collected from different localities in Eskisehir
between 2017-2019. When the floristic position of Eskisehir is examined in the country, although it is located in the Iranian-Turanian
phytogeographical region, its different habitats have enabled it to contain many different phytogeographical elements. Convolvulaceae
(Sarmagikgiller) family in our country of 4 genus and 40 species shows natural distribution. In addition to grown as ornamental plants
and there are species used as food. Species identification, Flora of Turkey (Davis, 1965-1988) has been used in many sources, including
the work. The vegetation period for Convolvulus L. taxa was between April and September and flowering and fruiting specimens of a
taxon were collected. According to the APG3 system, in addition to the general view of 9 different taxa, 2 of which are endemic and 7 of
which are not endemic; flower structure (anther, filament, sepal and petal, calyx, etc.), leaf, fruit, seed structures were measured and
morphological characters were measured and photographed with CANON EQOS camera. Information on flowering, habitat and life forms
of plants, general and regional distributions, IUCN categories and localities are also given.

Keywords: Convolvulus L., Morfology, Habitat, Eskigehir
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1. Giris takson ile temsil edilmektedir. Tiirkiye sahip oldugu
11707 tiir ve tiir alt1 takson ile diinyada en zengin floraya
sahip iilkelerden biridir. i¢ Anadolu’da stepin floristik
bilangosu Tiirkiye Florasindan yapilan arastirmaya gore tiir
sayis1 2000 den fazladir. I¢ Anadolunun floristik
zenginliginin yaninda endemik tiirlerinin sayisinin fazla
olmas1 6nemlidir (Akman ve ark., 2014). i¢ Anadolu
steplerinde ozellikle Labiatae, Scrophulariaceae,
Caryophyllaceae, Crucifera, Boraginaceae, Cistaceaece,
Leguminosae familyalarina ait tlirler g¢ogunluktadir
(Akman ve ark., 2014). Eskisehir ilinin floristik agidan
iilke icerisindeki konumu irdelendiginde iran- Turan
fitocografik bolgesinde yer almasina ragmen sahip oldugu

Eskisehir ili I¢ Anadolu Bélgesinin Kuzeybatisinda, 29°
58 ve 32° 04’ Dogu boylamlari ile 39° 06" ve 40° 09
Kuzey enlemleri arasinda yer almaktadir. Yiizdlglimii
13.901 km? dir. Tiirkiye iginde kapladigi alan oran1 %
1,7°dir. Doguda Ankara, Giineyde Konya ve Afyon, Batida
Kiitahya ve Bilecik, Kuzeyde Bilecik, Bolu ve Ankara
illeri ile gevrilidir. il merkezinin denizden yiiksekligi 801
m’dir.  Tirkiye’nin  floristik  gesitliliginin ~ 6nemli
nedenlerinden birkag1 edafik, jeolojik, jeomorfolojik
cesitlilik ve farkli topografik yapilardir. Tiirkiye florasi
154 familyaya ait 1.220 cins ve 11.707 tiir ve tiir alti
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degisik habitatlar birgok farkli fitocografik elementlerini
biinyesinde bulundurmasint saglamistir (Candan  ve
Huseyin, 2014).

Convolvulus L. cinsinin modern anlamda tanimlanmasi ise
ilk kez 18 yy. sonlarinda rastlamaktadir. Bu donemde cins
iyesi taksonlar filiform stigmalari, kiigiik braktelerin

koltuklarindan ¢ikan aksiller ¢igekleri ve bilokular
ovaryumlart ile diger Convolvulaceae cinslerinden
ayrilmiglardir. Fakat Convolvulus L. cinsi iizerinde

gergeklestirilen ¢alismalarin  artmasi ve taksonominin
ilerlemesi ile birlikte énceden Convolvulus L. cinsi iginde
kabul edilen birgok tiir farkli cinslere aktarilmistir (Wood
ve ark., 2015).

Bu c¢alismanin amaci; Eskisehir’de yayilis gosteren
Convolvulus L. cinsine ait taksonlar arasindaki farkliligin
net bicimde ortaya konulmasi i¢in morfolojik ¢aligmanin
yant sira, il smirlari igerisindeki yayilis gosterdigi alanlar,
ylkselti, habitat ve yasam formu, yikselti ve risk
kategorisinin degerlendirilmesi de yapilmistir.

2. Materyal ve Metot

Aragtirma alanindan toplanan Convolvulus L. ¢igeklenme
aylar1 olan Mayis ve Temmuz aylarinda 2018-2019 'da
Eskisehir’de toplandi. Ornekler toplanirken her bir bitki
orneginin kok, govde, yaprak, ve c¢igege sahip olmasina
dikkat edildi. Toplanan 6rneklerin Sl¢iimleri yapildiktan
sonra bir kismi herbaryum kurallarma goére kurutularak
herbaryum materyali haline getirildi. Eskigehir Osmangazi
Universitesi herbaryumunda (OUEF) saklanmaktadir.
Convolvulus L. tamimlanmast i¢in Tirkiye Florasi
kullamilmigtir. Morfolojik incelemeler, arazi ¢aligmasi
sirasinda yapilan gozlemler, toplanan canli Ornekler,
herbaryum ornekleri {izerinde yapildi. Taze bitki
orneklerinden bazilart morfolojik dl¢timler igin kullanilmis
ve detayli aciklamalari hazirlanmistir. Tirtin koruma
statiileri JUCN tehdit kategorilerine gore degerlendirildi
(Ekim ve ark., 2000; IUCN, 2001). Canon D5300 fotograf
makinast ile fotograflar ¢ekildi.

3. Bulgular ve Tartisma

Bu ¢alismada, Tiirkiye’de yayilig gosteren Convolvulus L.
cinsi toplam 39 takson altinda degerlendirilmis ve bu
taksonlardan 10 tanesi iilkemize 6zgii endemik olarak
belirtilmistir. ~ Arastirma kapsaminda yiiriitilen arazi
calismalar1 sirasinda bu cinse ait toplanan yaklasik 150
herbaryum materyali iizerinde morfolojik incelemeler
yapilmistir. Convolvulaceae (Sarmasikgiller) ailesinden
ilkemizde 4 cins ve 39 ftiiri dogal yayilis gosterir
(Menemen ve ark.,, 2002; Feinbrun-Dothan, 1978;
Boissier, 1879; Weaver ve Riley, 1982). Siis bitkisi olarak
yetistirilir, gida olarak kullanilan tiirleri vardir. Bir kism
yatik veya sarilici, bir veya ¢ok yillik otsular veya
calilardir. Cigekler yaprak koltuklarinda tek veya kimoz
veya ugta bulunur (Bentham ve Hooker, 1873). Brakteoller
kaliksten kiiciik ve korolla genellikle tiiylii, hafif lopludur.
Eskisehir'deki  Convolvulus L. tiirleri:  Convolvulus
cantabrica, Convolvulus lineatus, Convolvulus phrygius,
Convolvulus  pulvinatus,  Convolvulus  compactus,
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Convolvulus arvensis, Convolvulus galaticus, Convolvulus
betonicifolius, Convolvulus holosericeus'dur.

Tablo 1: Convolvulus L. taksonlarimin Eskigehir’de toplanan
lokaliteler.

Takson

Lokalite

1 Convolvulus arvensis L.

2 Convolvulus lineatus L.

3 Convolvulus galaticus
Rostan ex Choisy

4 Convolvulus cantabrica L.

5 Convolvulus betonicifolius

Miller

6 Convolvulus holosericeous
Bieb.

7 Convolvulus compactus
BOISS.

8 Convolvulus pulvinatus
SAA’AD

Glinylizii; Gecek-Atlas koyi
arasi, N 39°21'33.1"- E
31°43'50.2", 1230 m.
Mihaliceik; Biger-Ugbasli
koyii arasi, N 39°44'16.7"- E
31°42'43.1", 862 m.
Sivrihisar; Ballihisar kéyii
cevresi, N 39°20'24.6"- E
31°34'52.6",970 m.

Alpu; Bozan Agaglandirma
sahasi, N 39°47'45.94"- E
031°06'41.12", 842 m.
Eskisehir; Yoriik Akcayir
cevresi, N 39°43'37.08"- E
030°20'49.19", 882 m.
Eskisehir, Orman Fidanlik
yolu, N 39°43'37.11"- E
030°20°08", 870 m.

Alpu; Bozan Agaglandirma
sahasi, N 39°47'45.94"- E
031°06'41.12", 840 m.
Eskisehir, Orman Fidanlik
yolu, N 39°43'36.01"- E

030°21°08", 860 m.
Eskisehir, Orman Fidanlik
yolu, N 39°43'36.01"- E
030°21°08", 860 m.

9 Convolvulus phrygius
BORNM.

Literatiir taramalarina gore Tiirkiye’de yayilis gosteren
Convolvulus L. cinsine mensup 39 takson Fitocografik
Bolgeleri acisindan degerlendirilmis ve bunlardan 18
tanesi (% 46) Iran-Turan, 16 tanesi (% 41) Akdeniz, 4 (%
10) tanesi ise ¢ok bolgeli olarak belirtilmistir (Sekil 1).

3%
10% ® fran-Turan
Akdeniz
41% Cok bdlgeli
Diger

Sekil 1. Convolvulus L. cinsine mensup 39 takson Fitocografik
Bolgeleri

Convolvulus arvensis L., Sp. PI. 1: 153 (1753).
Tip Ornegi: [Avrupa] Hb. Linn. 218/1.

Sarilict ya da tirmanict dalli ¢ok yillik otlardir. Toprak
ustiinde dallanmayan govdeler 3 m ya da daha uzun
olabilmektedir. Yapraklar tabanda kulak¢ikli ya da otsu
uzantili, genellikle 3-5 cm, tiiysiiz ya da seyrek kisa
tiylidiir. Cicekler genellikle yaprak koltuklarmmda tek
bulunur. Korolla beyaz ya da pembe, nadiren mavi
renktedir. Cigeklenme zamani mayis-eylil arasi olup
habitat ise kumlu stepler, tarla kenarlari, yol kenarlaridir.
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200-1050 m. arasin da yayilis gostermektedir. Yasam
formu hemikriptofittir. Ulkemizde oldukga genis yayilim
gostermektedir. Eskisehir bolgesinde 800 metre rakiml
bir¢ok alanda rastlanilmistir. Genis yayilish ve diisiik riskli
(LC)’dir (Sekil 2).

Sekil 2. A. Bitkinin genel goriiniisii, B. Meyve, C. Yaprak, D.
Cigek

Convolvulus lineatus L., Systema ed. 10, 2: 923 (1759)
Lektotip  Ornegi:  [Sicilya]  Hifpaniae,  Siciliae,
Mediterranei maritimis. (Hb. Linn. 218/43).

=C. lineatus var. angustifolius Kotschy, Ins. Cyp. 285
(1865); =C. intermedius Loisel, in J. Bot. (Desvaux) 2: 264
(1809).

Genellikle siiriiniicii koklii, odunsu kaideli, yatik ya da dik
durumlu bitkilerdir. G6évde boylar1 3-30 cm arasi, sik
parlak gri tiiyli ¢ok yillik bitkilerdir. Cicekler yaprak
koltuklarinda ve uglarda, tek ya da 2-7 ¢igekli salkimlarda
bulunur. Korolla pembe, bazen beyazdir. Cigeklenme
zamani nisan-temmuz aylarindir. Habitat ise kurak stepler,
mese altlari, kayalik yamaclar, nehir kenarlar1 olup 800-
2135m. yiikseklikte yayilis gostermektedir. Yagam formu
ise hemikriptofittir. Genel ve bolgesel yayilis olarak
Tirkiye, K. Afrika, G. Avrupa, Kibris, Kafkasya,
Suriye’dir. Tiirkiye’de stk yayilim  gdstermektedir.
Eskisehir bolgesinde ise Eskisehir Osmangazi Universitesi
Meselik Yerleskesi igerisindeki 810 m. rakimli bdlgelerde
tespit edilmistir. Genis yayilish ve disiik riskli (LC) dir
(Sekil 3).

Sekil 3. A. Bitkinin genel goriiniisii, B. Meyve, C. Yaprak, D.
Cigek
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Convolvulus galaticus Rostan ex Choisy in DC., Prodr. 9:
408 (1845).

Lektotip Ornegi: [Tiirkiye A/B4 Ankara] in Syria ad
Ancyre (1794), Rostan (G- DC).

=C. agrophilos C. Koch in Linnaea 22: 745 (1849).

Toprakalt: siirlintici govdeli ve yogun parlak havl tiyli,
yatik otsu ¢ok yilliklardir. Yapraklar genisge yumurtamsi,
tabanda kalpsi olup dalgali ve keskin disli ile testeremsi
kenarlidir. Cigekler yaprak koltuklarinda, tek ya da 2-4
cicekli salkimlarda halinde bulunur. Korolla pembe ya da
acik mor renktedir. Ciceklenme zamani mayis-agustos
olup habitati gam ormanlari, agik stepler, yaslik yamagclar,
kiiltir alanlar1 ve tarla kenarlaridir. 880-2000 m.
yiikseklikte  yayilis  gostermektedir. Yasam  formu
hemikriptofittir. Genel ve bolgesel yayilisi Tiirkiye olup
endemik bir tiirdiir. Ulkemizde oldukg¢a genis yayilim
gosteren bu tiire Eskigehir bolgesinde Eskisehir - Seyitgazi
karayolunun 800 metre rakimli steplerinde rastlanilmistir.
Genis yayilish ve diisiik riskli (LC) dir (Sekil 4).

Sekil 4. A. Bitkinin genel goriiniisii, B. Meyve, C. Yaprak, D.
Cigek

Convolvulus cantabrica L., Sp. PI. 1: 158 (1753).

Lektotip Ornegi: [italya, Sicilya, Narbonne & Verona] Hb.
Linn. 218/48

=C. cardiosepalus Boiss. Fl. Or. 4: 96 (1875); =C.
dorycnioides De Not., Repert. FI. Ligust.: 283 (1844); =C.
euxinus Petrov in Bull. Soc. Nat. Mosc. 44: 142 (1935).

Odunsu kaideli ¢ok yillik otlar olup govdeler yatik, dik ya
da yiikselici, uzun yumusak tiiyliidiir. Boylar1 10-45 cm
arasi olabilmektedir. Alt yapraklar dikdortgensi- spatiilsii,
saplar 2 cm ya da daha uzundur. Cigekler terminal ve
koltuk altlarinda 1-4 ¢igeklidir. Korolla pembe olup
nadiren beyaz olabilmektedir. Ci¢eklenme zamani nisan-
agustos aylarn arast ve habitat ise makilikler, Kkilli
topraklar, yol kenarlari, kayalik yamaglardir. 100-1700 m.
arast yikseklikte yayilis gostermektedir. Yasam formu
hemikriptofittir. Genel ve bolgesel yayihisi Tirkiye,
Akdeniz alani, Balkanlar, Kafkasya [ran ve Avrupa
Birligi’dir. Tirkiye'de Akdeniz ve Karadenize kiyisi olan
bolgelerde tanimlanmasina ragmen, Eskisehir ve Ankara
illerinde de tespit edilmistir. Eskisehir bdlgesinde
Gokgekaya yolunda bulunan 410 metre rakimli yamaglarda
tespit edilmistir. Genis yayiligh ve disiik riskli (LC)’dir
(Sekil 5).
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Sekil 5. A. Bitkinin genel goriiniisii, B. Meyve, C. Yaprak, D.
Cigek

Convolvulus betonicifolius Miller, Gard. Dict. ed. 8. no.
20 (1768).

Tip Ornegi: [Afrika]

Tirmanict ya da sarilici, kisa tiiylii otsu ¢ok yilliklardir.
Govde yapraklar1 sapli ya da tabanda oksu uzantili olup
loblar bazen digli, yumurtams: ile darca yumurtamsi
olmaktadir. Cigekler yaprak koltuklarinda, her sap 1 veya
3 ¢iceklidir. Korolla pembe ya da beyaz renktedir.
Cigeklenme zamani mayis-temmuz aylar1 arasidir. Habitat
olarak bos ya da ekili tarlalar, yol kenarlaridir. 300-1700m.
yiikselikte  yayilis  gostermektedir. Yasam  formu
hemikriptofittir. Genel ve bolgesel yayilis olarak Tiirkiye,
Balkanlar, Kibris, Kirim, Kafkasya, Suriye, K. Irak,
fran’dir. Tiirkiye’de sikhikla goriilen bu tiir Eskisehir
bolgesinde Tirkmen Daglart ve Yenisofca Yukar: Kalabak
bolgesinin 1130 metre rakimh alanlarinda rastlanilmistir.
Genis yayiligh ve diisiik riskli (LC)’dir (Sekil 6).
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Sekil 6. A. Bitkinin genel goriiniisii, B. Meyve, C. Yaprak, D.
Cigek
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Convolvulus holosericeus Bieb., Fl. Taur.-Cauc. 1: 147
(1808).

Tip Ornegi: [Crimea] habitat in Tauriae maontibus
calcereis, Marschall von Bieberstein (LE).

Odunsu tabanli, yiikselici ya da yatik formlu, yatik parlak
gri tiyli ¢ok yilliklardir. Alt yapraklar darca ters
yumurtamsi ile seritsi-ters mizraksi seklindedir. Cicekler
bazen tek ve terminalde ya da yaprak eksenleri ya da
terminal salkimlarda bulunur. Korolla beyaz ile soluk sari
renktedir. Cigeklenme zamani nisan-temmuz aylari olup
habitat1 kurak stepler, kayalik, kumlu, asinmis ve kalkerli
tepeler, kiregtagh tarlalardir. 250-1700 m. arasi yiikseklikte
yayilis gostermektedir. Yagsam formu hemikriptofittir.
Genel ve bolgesel yayilis olarak Tiirkiye, Balkanlar,
Kirim, Kafkasya’dir. Eskigehir’de Muttalip bolgesinin 820
rakimli alanlarinda rastlanilmistir. Genis yayilish ve diisiik
riskli (LC)’dir (Sekil 7).

[ e D 0y
,:, ', A

Sekil 7. A. Bitkinin genel goriiniisii, B. Meyve, C. Yaprak, D.
Cigek

Convolvulus pulvinatus Sa’ad, Convolvulus 148 (1967).

Bodur ¢alimsilar yap1 olup yogun, karayosunu benzeri
yastiksi1 formlu, koklerden odunsu dalli bitkilerdir.
Govdeler 8 cm'ye kadar boylanabilir. Yapraklar darca
seritsi ya da seritsi-spatiilsii sekilde olup, kivrimli, yatik ve
parlak gri tiylidir. Cigekler terminalde bulunup,
genellikle tektir. Korolla beyaz renkte, nadiren giil ya da
sar1 renkte olabilmektedir. Cigeklenme zamani mayis-
agustos aylar1 olup habitat olarak agik karacam ormani,
stepler, caliliklar, kalkerli ve serpantin yamaglar, tarla
kenarlaridir. 200- 1700 m. arasindaki yiikseklikte yayilis
gostermektedir. Yasam formu kamefittir. Genel ve
bolgesel yayilis olarak Tiirkiye ve Balkanlardir.
Tiirkiye’de sadece Eskisehir bolgesinde gozlenen bu tiir
Eskigehir-Arayit Dag’nin 1780 m rakimli bolgelerinde
tespit edilmistir. Genis yayiligh ve disiik riskli (LC)’dir
(Sekil 8).
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Sekil 8. A. Bitkinin genel goriiniisii, B. Yaprak, C. Cigek

Convolvulus compactus Boiss. Diagn. ser. 1 (4): 40
(1844).

Lektotip Ornegi: [Tiirkiye] in Caria interiori, 1843, Pinard
(G)).

=C. cochlearis Griseb., Spic 2: 76 (1844). =C. parnassicus
Boiss. & Orph. in Boiss. Diagn. ser. 2 (3): 125 (1856). =C.
compactus subsp. parnassicus (Boiss. & Orph.) Sa’ad,
Convolvulus 141  (1967). =C. konyacus Sa’ad,
Convolvulus 142 (1967). =C. boissieri Steudel subsp.
compactus (Boiss.) Stace op. cit. 64: 58 (1971). =C.
boissieri subsp. parnassicus (Boiss. & Orph.) Kuzmanov
in Jordanov, F1. Nar. Rep. Bilg. 8: 451 (1982).

Bodur c¢alimsi bitkilerdir. Karayosunu benzeri yastiksi
formlu ve koklerden odunsu dallidirlar. Govdeler 8 cm'ye
kadar boylanabilirler. Yapraklar darca seritsi ya da seritsi-
spatiilsiic formda olup, kivriml, yatik ve parlak gri
tilyliidiir. Cigekler terminalde ve genellikle tektir. Korolla
beyaz renkte, nadiren giil ya da sari renkte olabilir.
Cigeklenme zamani mayis-agustos aylari arasi olup
habitat1 ve agik karagcam ormani, stepler, ¢aliliklar, kalkerli
ve serpantin yamaglar, tarla kenarlaridir. 200-1135 m. arasi
yiikseklikte — yayilis  gostermektedir. Yasam formu
kamefittir. Genel ve bolgesel yayilig olarak Tiirkiye ve
Balkanlardir. Tiirkiye’de genis yayilim gdstermektedir.
Eskisehir’de Giinylizii-Kayakent bolgesindeki 1290 m
rakimli steplerde rastlanilmistir. Genis yayilislt ve diisiik
riskli (LC)’dir (Sekil 9).

Sekil 9. A. Bitkinin genel goriiniisii, B. Meyve, C. Yaprak, D.
Cigek
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Convolvulus phrygius Bornm. in Feddes Rep. 5: 168
(1908).

Tip Ornegi: [Tiirkiye B3 Eskisehir] Eski-Scheher ad viam
versus Tschifteler (Cifteler), 13.v.1901, Warbung &
Endlich (holo B.).

=C. pulvinatus Sa’ad, Convolvulus 148 (1967).

Bodur yar1 yatik ya da yastiksi formlu kiigiik ¢alimsilardir.
Yapraklar sik parlak gri tiiylii, sapsiz, spatiilsii ile ters
mizraksi olup, 3-18 mm boylanmaya sahiptir. Cicekler
terminal ya da yaprak koltuklarinda, tek yada dall
salkimlarda 2-7 adet bulunmaktadir. Korolla beyaz renkte
olup, dista5 pembe bantlidir. Cigeklenme zamani mayis-
haziran arasi olup habitat1 stepler ve agik Pinus nigra L.
ormanlaridir.  850-1200 m. arasi ylikseklikte yayilis
gostermektedir. Yagsam formu kamefittir. Genel ve
bolgesel yayilis olarak Tiirkiye bulunan endemik bir
tirdiir. Tiirkiyede sadece Eskisehir ve Denizli bolgelerinde
tespit edilmistir. Eskigehir bolgesinde Seyitgazi yolu
tizerindeki 900 m rakimli yamaglarda tespit edilmistir. Dar
yayiligh ve duyarli (NT) dir (Sekil 10).

Sekil 10. A. Bitkinin genel goriiniisii, B. Meyve, C. Yaprak, D.
Cigek

4. Sonu¢

APG3 sistemine gore Eskisehir Bolgesinde bulunan
Convolvulus L. genusa ait 9 takson taksonomik olarak
incelenmigtir.  Calisma  kapsaminda  degerlendirilen
taksonlar icerisinde C. phrygius, C. galaticus endemik
olup, bu cinsin Tiirkiye’deki endemizm oran1 % 25.6’dur.
Tiirkiye Florasi’nda iilkemize 6zgii olarak belirtilen, iran
ve Liibnan’da yayilis gdsterdigine ait verilere, bu iilkelerin
flora kayitlarindan ulasilmigtir (Johnson, 2015; Rechinger,
1979; Mouterde, 1986). Calismamizda daha 6nce Eskisehir
cevresinde yapilan c¢aligmalarda elde edilen bilgiler
1s18inda her bir tiiriin yaprak sekli, ¢igek anatomisi, tohum
morfolojisi, ciceklenme zamani, habitat ve yasam formu,
genel ve bolgesel yayilis alanlar1 ve IUCN kategorisi
hakkinda bilgiler verilmistir. Tiirkiye Bitkileri Kirmizi
Kitabi’na gore (Ekim ve ark., 2001), tehlike kategorisi VU
olarak belirtilen C. phrygius ise, Aykurt ve Siimbiil (2014)
calismasina gore tiirtin yayilis gosterdigi alan ve olgun
birey sayisi géz Oniline alinarak caligma kapsaminda NT
kategorisinde degerlendirilmis olup ¢alismamizla benzerlik
gostermektedir. Aykurt ve Siimbiil (2014)’iin ¢aligmasina
gore C. lineatus, C. cantabrica, C. holosericeus, C.
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compactus, C. galaticus, C. betonicifolius, C. arvensis
taksonlarinin  tehlike kategorileri ise LC olarak
belirtilmistir. Calisma kapsaminda Tirkiye’de yayilis
gosteren Convolvulus cinsine ait taksonlarin Fitocografik
Bolgeleri agisindan degerlendirilmis ve bunlardan 18
tanesi (% 46) Iran-Turan, 16 tanesi (% 41) Akdeniz, 1
tanesi (% 3) Saharo-Sindian Fitocografik Bolgesinin
elementi ve 4 (% 10) tanesi ise ¢ok bolgeli olarak
belirtilmistir (Sekil 1). Morfolojik ¢alismalar sonucunda
ise, her tir i¢in tamimlamalar yapilmis ve Tirkiye
Florasi’ndaki betimler karsilastirilmistir. Ozellikle tiirleri
birbirinden ayirmada kullanilan en &nemli karakterlerden
olan habit, sepaller, pistil, stamen ve kapsiil betimlemeleri
desteklenmistir. Calisma sonucunda, Tiirkiye Florasi’nda
iki farkl tiir olarak degerlendirilen C. phrygius ve C.
pulvinatus ise Aykurt ve Stimbiil (2014) ¢aligmasina gore
yayilis alanlar;, morfolojik, palinolojik ve molekiiler
bulgularin sonuglarina gore birlestirilerek daha Once
yayinlanan C. phrygius adimin o6nceligi ve gegerliligi
calismamiz ile de desteklenmistir. Bu ¢alisma yapilacak
olan flora calismalarina katki saglayacag1
diisiiniilmektedir.
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Abstract: We compared leaf traits of Arbutus unedo in different forest habitats in this research.The leaf traits are spesific leaf
area and specific leaf mass. These traits are very important leaf features in ecosystem dynamics. SLA and LMA response to
environment and effect on plant functions (i.e. leaf nutrients and economy, gas exchanges with atmosphere and etc.). Arbutus
unedo is a mediterranian enclave species, naturally growing in Euro-Siberian floristic region. Leaf traits of A. unedo were
investigated on a natural and Pinus pinaster planted forest. We collected leaves during vegetation period from forests and
calculated SLA and LMA values. We found that mean SLA values in natural forest are higher than that the P. pinaster planted
forest and LMA values in P. pinaster planted forest are high than the natural forest. But statistical differences were not found
between forest habitats.

Keywords: Spesific leaf area and mass, habitat types, ecosystem dynamic, canopy density

Oksin bélgesinde plantasyon yapilan ve tahribata ugramamis ormanlarda bir Akdeniz
tiiriiniin (Arbutus unedo) yaprak karakterleri

Ozet: Bu aragtirmada, farkli orman habitatlarmdaki Arbutus unedo'nun yaprak katakterlerini karsilastirdik. Spesifik yaprak alani
ve spesifik yaprak agirligi yaprak karakterleridir. Bu karakterler ekosistem dinamigi i¢in ¢ok dnemli yaprak 6zellikleridir. SLA
ve LMA cevreye karsi teptki verir ve bitki fonksiyonlarim (6regin; yaprak besinleri ve ekonomisi, atmosfer ile gaz aligverigi
vb.) etkiler. A. unedo, dogal olarak Avrupa-Sibirya floristik bolgesinde yetisen bir Akdeniz enklav tiirtidir. A. unedo’nun yaprak
ozellikleri dogal ve P. pinaster ekili ormanlarda incelenmistir. Vejetasyon dénemi boyunca ormanlardan yaprak ornekleri
topland1 ve SLA ve LMA degerleri hesaplandi. Dogal ormandaki ortalama SLA degerlerinin P. pinaster ekili ormandan yiiksek
oldugu, P. pinaster ekili ormanda, LMA degerlerinin dogal ormandan yiiksek oldugu bulunmustur. Fakat orman habitatlari
arasinda istatistiksel olarak fark bulunmadig: tespit edilmistir.

Anahtar Kelimeler: Spesifik yaprak alani ve agirlig1, habitat tipleri, ekosistem dinamigi, kanopi yogunlugu

1. Giris

Spesifik yaprak alani (SLA) ve spesifik yaprak agirligi
(LMA)  ekosistem  dinamiklerinin  belirlenmesinde
kullanilan 6nemli yaprak karakterleridir (Stirmen ve ark.,
2016). Bitkilerin gevrelerine verdikleri cevaplar, SLA ve
LMA  degerlerinin  bitkiler — arasinda  faklhiliklar
gostermesine neden olmaktadir. Bundan dolayr bitki
ekolojisi ¢aligmalarinin ¢ogunda bu iki yaprak karakteri
incelenmektedir (Wang, 2007). SLA, net assimilasyon
oran1 ve bitkilerin nispi biiyiime orami ile iligkili iken,
LMA ise ¢evresel stres faktorleri ile iliskilidir (Reich ve
ark., 1992; Cornelissen ve ark., 2003). Ornegin, yiiksek
LMA degerlerine sahip bitkilerin kuraklik stresine karsi

© EJBCS. All rights reserved.

primer adaptasyonlar gelistirdikleri yapilan ¢aligmalarda
belirlenmistir (Wright ve ark., 2004). Kiiresel 0lgekte
yapilan c¢alismalara baktigimizda; SLA ve LMA
karakterlerinin bitkilerin verdikleri farkli tepkiler ile iligkili
oldugunu ortaya Kkoyan c¢aligmalarin devam ettigi
goriilmektedir (Wright ve ark., 2005; Lavorel ve ark.,
2006).

Farkli ekosistemlerde yer alan bitkilerin  yaprak
karakterleri ile olan iliskilerinin belirlenmesi, bitkilerin
verecekleri farkli tepkilerin agiklanmasi bakimindan
Onemlidir. Baz1 ¢alismalarda komunite ve dominant tiir
diizeyinde yaprak karakterleri ile ekosistem o&zellikleri
arasindaki iliskiler agiklanmustir (Garnier ve ark., 2004).
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Ozellikle bitki tiirlerinin topraktaki besin iceriklerine
vedikleri tepkiler, yaprak karakterleri (SLA ve LMA)
tizerinden tespit edilmektedir (Wang, 2007). Bu nedenle
SLA ve LMA, bu tir caligmalarda indikator yaprak
karakterleri olarak kullanilmakadir.

Ornegin; SLA 151k ve neme karsi bitkilerin kazandiklari
stratejilerin belirlenmesinde, bununla beraber topragin su
tutma kapaitesi, vejetasyonun tepe taci kapalilifi ve 151k
yogunlugu gibi faktorler ile de yakindan iligkilidir (Milla
ve ark., 2008; Sellin, 2001). LMA ise aym tiiriin farkli
bireylerinde mevsimsel ve c¢evresel kosullara gore
degismektetir. Bu nedenle bir¢cok bitki ekolojisi ve
fizyolojisi ¢alismalarinda bu iki yaprak parametresi yaygin
olarak kullanilmaktadir (Jullien ve ark., 2009; Kraft ve
ark., 2008).

A. unedo cografik olarak genis bir yayilma alanina sahip
olan  Akdeniz  ikliminin  gorildigi  bolgelerde
bulunmaktadir. Tiir, Tirkiye’de Canakkale, Balikesir,
Istanbul, Kacaeli, Bursa, Sakarya, Zonguldak, Bolu, Sinop,
Samsun, Ordu, Giresun, Trabzon, Kahramanmarasg, Hatay
Mersin, Antalya, Mugla ve Izmir gibi illerde yayilisa
sahiptir (Davis, 1978; Karadeniz ve ark., 1996; Varol,
2003).

Bu caligmada, Oksin foristik bdlgesinde dogal yayilisa
sahip Akdeniz enklavi olan A. unedo L. tiriinin farklh
habitatlar dikkate alinarak yaprak karakterleri (SLA ve
LMA) incelenmistir.

2. Materyal ve Metod

Bu calisma, Orta Karadeniz bélgesinde Ordu ili Unye
ilgesinde yer alan Asarkaya ormaninda yapilmustir.
Aragtirma alani, okyanus iklimin tam denizel iklim tipine
sahip olup, Sonbahar-Kis-Yaz-llkbahar yagis rejimi
goriilmektedir. Arastirma alaninin yillik ortalama yagis
miktar1 1162 mm, yaz donemi yagmur miktar1 263.5
mm’dir. Alanin yillik ortalama sicakligi 14.5° C, en sicak
ayin maksimum sicaklik ortalamasi 26.9° C ve en soguk
aym minimum sicaklik ortalamasi 4.3° C’dir (Korkmaz ve
ark., 2008).

Caligmanin amacina uygun olarak iki farkli lokalite
se¢ilmistir. Birinci lokalite dogal bir orman olup deniz
seviyesinden yiiksekligi 205 m’dir. Alanin dominant aga¢
tirli Oksin fitocografik bolgesine ait Fagus orientalis
Lipsky’dir (Korkmaz ve ark., 2008). Diger aga¢ ve ¢ali
tirleri ise Populus tremula L. (Salicaceae), Sorbus
torminalis L. (Rosaceae), Quercus hartwissiana Steven.
(Fagaceae), Vaccinium arctostaphylos L. (Ericaceae), llex
aquifolium L. (Aquifoliaceae), Arbutus wunedo L.
(Ericaceae) ve Rhododendron ponticum L. (Ericaceae),
otsu tiirler arasinda ise Rubus discolor Weithe ve Nees,
Veronica magna M. A. Fischer, Cirsium pseudopersonata
Boiss. ve Bal subsp. pseudopersonata ve Carex pendula
Huds yer almktadir. Egim yaklasik % 30-35’dir. Anakaya
kumtagt olup toprak tekstiiriic kumlu-Killi-tinhidir (Yilmaz
ve ark., 2013).

Ikinci lokalite, yangm tahribatindan sonra miidahale
edilmis bir orman olup deniz seviyesinden yiiksekligi 250
m’dir. Bu alan genel olarak birinci lokalitedeki ayni tiirleri
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icermekle beraber alana P. pinaster Ait. plantasyonu
uygulamasi yapilmistir. Orman alti tabaka ise Smilax
excelsa L., Cirsium pseudopersonata Boiss. & Bal subsp.
pseudopersonata, Carex pendula Huds. ve Pteridium
aquilinum (L.) Kuhn tiirleri ile temsil edilmektedir
(Y1lmaz ve ark., 2013). Egim yaklasik % 30-35’dir.
Anakaya kumtag1 olup toprak tekstiirii kumlu-Killi-tinlidir.

Caligma Arbutus unedo L. tiiriiniin bir vejetasyon siireci
boyunca planlanmis olup Haziran 2011 — Mayis 2012
tarihlerini kapsamaktadir. Dogal ve plantasyon yapilan
orman olmak iizere belirlenen iki aragtirma alanindan iiger
adet olmak fiizere 6 devamli &rnek parsel belirlenistir.
Ornek parsellerin segiminde yiikseklik, yon, vejetasyonun
orti durumu ve parsellerde en az 10 tane bireyin
bulunmasina dikkat edilmistir. Daimi 6rnek parsellerde
Arbutus unedo L. tiirline ait 5 farkl bitki birey se¢ilmistir.
Alan i¢i varyasyonlar1 6nlemek i¢in her birey ¢ifti arasinda
en az 2,5 m mesafe olmasina dikkat edilmistir (Boerner ve
Koslowsky, 1989). Boylece her iki aragtirma alaninda 15
birey olmak tizere toplam 30 bitki bireyi belirlenmistir.

Yaprak orneklerinin alinacagi dallar dnceden belirlenerek
vejetasyon donemi boyunca ayni dala ait ve fizyolojik
yonden benzer yapraklar toplanmistir (Kutbay ve ark.,
2003; van Heerwaarden ve ark., 2003; Wright ve Westoby,
2003; Yilmaz ve ark., 2013).

Her iki lokaliteden toplanan A. unedo tiiriine ait
yapraklarin saplart kesilip birkag giin pres altinda
bekletilmistir. Daha sonra diizgiinlesen yapraklarin alanlari
Leaf Area Measurement 1.3 (Anonim, 2003) tarayici
programi ile dl¢iilmiistiir.

Alanlar1 Slgiilen yaprak ornekleri, etiivde 70° C ’de sabit
agirhiga gelinceye kadar kurutulup kuru agirliklar
tartilmustir.

Spesifik yaprak alani (SLA), birim alana diigen yaprak
agrhigt  (LMA) asagidaki  formiiller  yardimiyla
hesaplanmuistir.

Toplam Yaprak Alani (dm?
SLA p p (dm?)

- Toplam Kuru Yaprak Agirhigi (g)

Toplam Kuru Yaprak Agirligi (g)

LMA = Toplam Yaprak Alan1 (dm?2)

Calismada tiim verilerin istatistiksel analizleri SPSS
Version 25 paket programi kullanilarak yapilmustir
(Anonim, 2017). Spesifik yaprak alani (SLA), birim alan
basina diisen yaprak agirhgi (LMA) degerlerinin aylara ve
lokalitelere gore degisiminin degerlendirilmesinde tek
yonlii varyans analizi (ANOVA) uygulanmistir.

3. Bulgular

Dogal orman ve sahil ¢gami plantasyonu yapilmis ormanda
(P. pinaster) yayilis gosteren A. unedo tiiriine ait ortalama
spesifik yaprak alan1 (SLA) ve birim alan bagina diisen
yaprak agirligi (LMA) verileri, SLA ve LMA bakimindan
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tiiriin vejetasyon donemi boyunca aylar arasi farkliliklari
ve lokaliteler arasi farkliliklar Tek Yonlii Varyans Analizi
(ANOVA) ile verilmistir.

Vejetatif gelisimin mayis igerisinde basladigi belirlenen A.
unedo ait SLA degerleri incelendiginde, her iki lokalite
icin en yiksek degerler haziranda hesaplanmustir.
Vejetasyon siirecinin sonuna dogru nispeten azalarak
devam etmistir. Genel olarak dogal ormanda tiire ait SLA
degerleri yiiksek bulunmustur (Sekil 1).
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=== P, pinaster Orman
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Sekil 1. Dogal ve P. pinaster ormanlarinda A. unedo’ya ait aylik
ortalama SLA degerleri

Tiirlin her aya ait SLA degerlerinin lokaliteler arasi
farkliligi incelendiginde, Mart ay1 hari¢ diger aylarda
onemli farkliliklar bulunmamuistir (Tablo 1).

Tablo 1. Her bir ayda A. unedo’ya ait SLA degerlerinin Dogal ve
P. pinaster ormanlar arasindaki farklihigmn tek yonli ANOVA
sonuglart

SLA
< P. pinaster
Aylar Dogal orman P
ormani
Haziran 0.022+0.002 0.021+0.002 0.758 OD
Temmuz 0.013+0.001 0.012+0.000 0.376 OD
Agustos 0.012+0.001 0.010+0.000 0.180 OD
Eyliil 0.011+0.002 0.009+0.000 0.404 OD
Ekim 0.011+0.002 0.010+0.001 0.653 OD
Kasim 0.011+0.001 0.009+0.000 0.350 OD
Aralik 0.009+0.000 0.008+0.001 0.416 OD
Ocak 0.009+0.001 0.008+0.000 0.103 OD
Subat 0.009+0.001 0.008+0.000 0.220 OD
Mart 0.006=0.000 0.007+0.000 0.048*
Nisan 0.007+0.000 0.007+0.000 0.248 OD
Mayis 0.007+0.000 0.008+0.000 0.095 OD

Tiire ait LMA degerleri incelendiginde dogal ormanda tiire
ait en yiiksek degerin martta, en diisiikk degerin haziranda;
P. pinaster ormaninda ise en yiiksek degerin Nisan’da

oldugu tespit edilmistir (Sekil 2).
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Sekil 2. Dogal ve P. pinaster ormanlarinda A. unedo’ya ait aylik
ortalama LMA degerleri

Her aya ait LMA degerlerinin lokaliteler arasindaki iligki
istatistiksel olarak incelendiginde onemli farkliklar
bulunmamusir (Tablo 2).

Tablo 2. Her bir ayda A. unedo’ya ait LMA degerlerinin Dogal
ve P. pinaster ormanlari arasindaki farkliligin tek yonlit ANOVA
sonuglari

LMA
Aylar Dogal Orman P'OTIT;S;? p
Haziran 46.48+5.05 49.0745.23 0.740 OD
Temmuz 78.36+7.22 84.64+2.24 0.453 OD
Agustos 87.21+6.42 98.8243.00 0.177 OD
Eyliil 98.42+12.92 110.45+3.48 0.419 OD
Ekim 97.57+20.06 100.32+5.91 0.901 OD
Kasim 97.07+8.35 106.1242.53 0.358 OD
Arahk 117.02+3.33 126.76+9.98 0.407 OD
Ocak 107.48+6.26 123.13+4.22 0.107 OD
Subat 109.36+10.22 127.21+4.07 0.180 OD
Mart 157.57+6.19 139.58+2.99 0.059 OD
Nisan 135.23+4.21 142.26+3.17 0.253 OD
Mayis 147.09+5.15 135.05+2.35 0.101 OD
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Lokalite iginde SLA ve LMA degerlerinin aylar arasindaki
iligkisi istatistiksel olarak incelendiginde, her bir lokalite
icin SLA ve LMA degerlerinin aylar arasindaki farkliligi
istatistiksel olarak 6nemli bulunmustur (Tablo 3).

Tablo 3. Dogal ve P. pinaster ormanlarinda A. unedo’ya ait SLA
degerlerinin aylar arasindaki tek yonli ANOVA sonuglar1

Kareler Ortalama
toplami df kare FP
= Gruplar arast 0 11 0 12,7 **
E£SLA _ Grupigi 0 24 0
) Toplam 0 35
= Gruplararast 30595 11 2781 111 **
& LMA  Grup igi 5969 24 248
a Toplam 36565 35
Gruplar arasi 0 11 0 23,6 **
& SLA Grup i¢i 0 24 0
§ Toplam 0 35
= Gruplararas1 23508 11 2137 33,7 **
o LMA  Grup ici 1520 24 63
Toplam 25028 35
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Son olarak, lokaliteler arasinda tiire ait SLA ve LMA
degerleri incelendiginde, istatistiksel olarak Onemli
farkliliklar bulunmamustir.

Tablo 4. Vejetasyson dénemi boyunca A. unedo’ya ait SLA ve
LMA degerlerinin lokaliteler arasindaki farkliligmin tek yonlii
ANOVA sonuglari

Kareler df Ortalama = p
toplami kareler
Gruplar arast 0 1 0 0.673 OD
SLA  Grup ici 0 70 0
Toplam 0 71
Gruplar arast 521 1 521 0592 OD
LMA Grup ici 61594 70 879
Toplam 62115 71

3. Tartisma ve Sonug

Akdeniz iklimine sahip ekosistemlerde bazi herdemyesil
tirler yilin biiyik bir kisminda (bazen tamaminda)
aktiftirler. Calisma boyunca yaptigimiz goézlemlerde A.
unedo’nun dogal ormanda yil boyunca meyvelendigi; bir
vejetasyon donemi boyunca ayni siirgiinde hem eski
hemde yeni meyvelerin bir arada bulundugu goriilmiistiir.
Bu gozlem, Milla ve ark. (2009) tarafindan A. unedo ile
ilgili yapilan ¢alismalar ile benzerlik gostermektedir.

Herdem yesil tiirlerin SLA degerleri mevsimsel olarak ¢ok
fazla degismemektedir (Misson ve ark., 2006). Fakat
yapilan son arastirmalarda kurak devrenin oldugu bazi
ormanlarda mevsimler boyunca SLA degerlerinin 6nemli
farkliliklar sergiledigi bulunmustur (Prior ve ark., 2004).
Bu mevsimsel degisimlerin daha ¢ok herdem ormanlarda
meydana geldigi ve Ozellikle su ve 1stk miktarinin
mevsimsel farkliliklarindan kaynaklandigi  belirtmistir
(Neuvellon ve ark., 2010).

Ayrica yiiksek diizeyde UV giines radyasyonu maruz kalan
bitkilerde fotooksidatif hasara ve bitki gelisiminde
degisimlere neden olabilir (A-H-Mackerness, 2000;
Frohnmeyer ve Staiger, 2003; Li ve ark., 2010). Bitkiler
UV radyasyonunu tolere etmek i¢in alan basma yaprak
agirliginda (LMA) artiglar gibi yaprak morfolojisinde bir
takim degisiklikler meydana gelir (Bernal ve ark., 2013;
Verdaguer ve dve ark., 2012). Bu durum ozellikle
sklerofilik tiirlerde yaprak dokularinin giiclenmesini saglar
(Bussotti ve ark., 2014).

Bu calismada, dogal ormanda P. pinaster ormanina goére
tirin SLA  degerlerinde daha fazla degiskenlik
bulunmustur. Bu varyasyonun baslica nedeni olarak
calisgtlan tiirtin  bulundugu vejetasyon tabakasmin st
katinda F. orientalis, Q. hartwissiana, P. tremula ve S.
torminalis gibi yaprak doken tirlerin Kasim-Nisan
donemini yapraksiz gegirmesidir (Yilmaz ve ark., 2013).
Caligilan diger ormanda ise boyle bir durum ortaya
¢tkmamaktadir.

Orman ekosistemlerinde spesifik yaprak agirhigi (LMA)
degisimi vejetasyonun iist katindan asagtya dogru azaldig:
bulunmugtur (Jurik, 1986). Ayrica golge bitkilerinde
(Sciophyt’ler) yapraklarin giines bitkilerine (Heliophyt’ler)
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gore daha disik LMA degerlerine sahip oldugu
bulunmugtur (Walters ve ark., 1993). Yilmaz (2009)
yaptig1 c¢alismada ise dogal orman vejetasyonunda agag
katin1 olusturan tiirler ile ¢ali katini olusturan Vaccinium
arctostaphyllos tirii arasmmda LMA bakimindan fark
olmadigini ortaya koymustur. Bu ¢aligmada Arbutus
unedo’ya ait LMA degerlerinin, Yilmaz (2009) tarafindan
agac ve cali katina ait LMA degerleri karsilagtirildiginda
birbirine yakin degerlere sahip oldugu tespit edilmistir.

A. unedo’ya ait LMA degerleri hem dogal ormanda hem de
P. pinaster ormaninda, vejetatif donemin baslangicinda
diisiik iken vejetatif biiylimenin tamamlandig1 Eyliil, Ekim
ve Kasim’da yiikselmekte ve daha sonra yeniden diismeye
baglamaktadir. LMA’daki bu degisim Orgeas ve ark.
(2002)’nin, bitkilerin herhangi bir fenolojik gelisiminden
hemen oOnce yogun aktivitiye hazirlik olarak spesifik
yaprak agirligini arttirmasi modeline uygunluk gosterir.

Akdeniz ekosistemlerinde bitkilerin hayatta kalmasi da
biiyiik 6l¢iide yagis rejimine baghdir (Diaz-Guerra ve ark.,
2019). Disiik su valiginin  Akdeniz odunsu tiirleri
iizerindeki etkileri kapsamli bir sekilde arastirilmigtir
(Bussotti ve ark., 2014; Matesanz ve Valladares, 2014;
Sardans ve Pefuelas, 2012). Genel olarak, su varliginda bir
azalma ile yiiksek UV 1s1gina maruz kalan yapraklarda
daha yiiksek LMA degerleri meydana gelmektedir
(Bussotti ve ark., 2002; Sardans ve Pefiuelas, 2013;
Valladares ve Sanchez-Gomez, 2006). Su kitlig1 yasayan
bitkiler i¢in, LMA'daki (yaygin olarak sklerofilik bir
indeks olarak kullanilan) artis, terleme yoluyla su kaybini
azaltmak icin etkili bir mekanizmadir (Bussotti, 2008;
Sardans ve Pefiuelas, 2013).

Akdeniz Bolgesinde yapilan calismalar incelendiginde,
tiire ait SLA ve LMA degerleri farkliliklar sergilemektedir.
Genel olarak bakildiginda ise SLA ve LMA degerlerinin
kendi floristik bolgesinde daha yiiksek degerlere sahip
oldugu oldugu goriilmektedir (Tablo 5).

Tablo 5. A. unedo’ya ait SLA ve LMA degerlerinin Akdeniz
bolgeside yapilan farkli ¢aligmalar ile karsilagtirilmasi

SLA (dm?%qg) LMA (g/dm?)
Dogal orman 0.0114 +0.004 106 + 32
P. pinaster ormant 0.0098 +0.004 111+ 26
Gratani ve Varone,
(2004) 0.0678 +0.002 148 £10
Sp‘erllch ve ark. (2015) ) 31+11
Giines yapraklari
Sp.erllch ve ark. (2015) ) 15+ 13
Golge yapraklari
Diaz-Guerra ve ark.
(2019) 140+ 3.4

Sperlich ve ark. (2015) giines goren yapraklarin golgede
kalan yapraklara gore daha yiiksek LMA degerlerine sahip
oldugunu bulmuslardir. Dolayisiyla golge yapraklarinin
daha yiikksek SLA degerlerine sahip oldugu ortaya
¢ikmaktadir.

Bu calismada, Arbutus unedo her iki orman tipinde tepe
tacinin altinda yer almasina ragmen kanopi seviyelerinden
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dolay1 yaprak karakterleri arasinda farkliliklar vardir.
Arastirma alanlarina ait tepe tact kapaliligi incelendiginde
dogal ormanin daha kapali oldugu dolayisiyla 1sik girisi
daha azdir (Tablo 6).

Tablo 6. Orman ve Su Isleri Bakanhgi (2010) ve Yilmaz (2013)
tarafindan hesaplanan ¢aligma alanlarmin toprak 6zelliklerine ait
degerler

Dogal Orman  P. pinaster Ormani

Kanopi kapalihgi (%)  60.24 £ 3.97 49.77 +£ 3.67
Toprak pH’s1 6.19 £0.18 628 £0.14
Kum lcerigi (%) 43.79+2.14  43.90+1.27
Kil icerigi (%) 2497 £2.38 30.31 £ 1.64
Silt icerigi (%) 31.24£0.73 25.79£2.85
Organik madde (%0) 3.49+0.25 4.00 £ 0.60
Toprak total N (%) 0.19£0.01 0.13£0.02
Toprak C/N orani 15.62 £2 .54 12.32 +1.41
Toprak P (ppm) 4.40+0.20 4.00+0.10

Sonu¢ olarak yaprak karakterlerine ait degerlerin
lokaliteler arasinda istatistiksel olarak farkli olmadig
bulunsa da, kapaliligin yiiksek oldugu dogal ormanda
spesifik yaprak alaninin daha fazla oldugu tespit edilmistir.
Arastirma yapilan ormanlarin toprak ozellikleri birbirine
yakin olmasindan dolayr bu farkliligin tepe taci
kapaliligindan kaynaklandig: diistiniilmektedir (Tablo 6).

Yazar katkilari:

H. Yimaz arastirmanin tasarim ve uygulamasina,
sonuglarin analizine ve yazinin yazilmasina, H. G. Kutbay
aragtirmanin tasarim, sonuglarin analizine, B. Siirmen
sonuglarin analizine ve yazinin katkida bulunmustur.

Cikar catismasi bildirimi:
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Ozet: Kemoterapide, kanser hiicrelerini 6ldiirmek igin sitotoksik antineoplastik ajanlar basroldedir. Antikonviilsan kullanan
hastalar antineoplastik bir ajan1 da kullanmay1 gerektiren kanser tedavi siirecine girebilmektedir. Antineoplastiklerin toksik
etkisinin, birlikte uzun siireli kullamlan antiepileptiklerle daha ¢ok arttigi bilinmektedir. Bilimsel ilerlemeler ve eczacilik
tekniklerinin gelismesiyle bitkilerin tedavi edici degere sahip etken maddeleri kanser gibi birgok hastaligin tedavisinde
kullanilmaya baslanilmistir. Bu ¢aligmada, sisplatin ve valproik asitin uzun siireli kullanimlarinin meyve sineklerinin yasama
ylizdesi ve 6miir uzunluklar tizerindeki olasi toksik etkinin kudret nar ile giderilip giderilmeyecegi arastirilmistir. Bu amagla,
kontrol, 0.05mM valproik asit, 0.05mM sisplatin ile 2.5 ve 5mg/mL kudret narinin ¢ekirdek ve meyvelerine ait metanol ekstrelerini
iceren deney setleri hazirlanmistir. Omiir uzunlugu deneyleri, Drosophila melanogaster‘in Oregon R soyuna ait disi ve erkek
populasyonlarinda ayri ayr1 ¢alisilmistir. Kontrol ve uygulama gruplarina ait sonuglarin istatistiksel analizleri i¢in tek yonlii varyans
analizi uygulanmustir. Caligmamizda valproik asit ve sisplatine maruz kalan hem disi hem de erkek populasyonlarda 6miir uzunlugu
ve yagsama yiizdesi bakimindan kontrole gore 6nemli bir diisiis oldugu belirlenmistir. Kudret narmnin g¢ekirdek ve meyve
ekstrelerinin valproik asit ve sisplatinle birlikte uygulandigi deney gruplarinda yasama yiizdesi ve dmiir uzunlugu degerlerinin
kontrole yaklastigi gozlenmistir. Sisplatin+valproik asit grubunda daha fazla oldugu gozlenen toksik etkiye karsi kudret narinin

koruyucu etkisinin, bitkinin sahip oldugu bilesenlerin yiiksek antioksidan aktivitelerinden kaynaklandig: diistiniilmektedir.

Anahtar Kelimeler: Drosophila melanogaster, valproik asit, sisplatin, kudret nar1, dmiir uzunlugu, yasama yiizdesi

The effect of bitter melon against cisplatin and valproic acid-induced toxicity on the
percentage of survival and lifespan in Drosophila melanogaster

Abstract: In chemotherapy, cytotoxic antineoplastic agents play a leading role in killing cancer cells. Patients using anticonvulsants
may also undergo cancer treatment which requires the use of an antineoplastic agent. It is known that the toxic effect of
antineoplastics increases during a long time with using antiepileptics. With the advancement of scientific advances and the
development of pharmaceutical techniques, the therapeutic agents of plants have been used in the treatment of many diseases such
as cancer. In this study, it was investigated whether the long-term use of cisplatin and valproic acid can be eliminated with bitter
melon by the possible toxic effect on the survival rate and lifespan of fruit flies. For this purpose, control and application sets
containing 0.05mM valproic acid and 0.05mM cisplatin and methanol extracts of 2.5 and 5mg/mL bitter melon were prepared.
Lifespan experiments were separately studied in male and female populations of the Oregon R strain of Drosophila melanogaster.
One-way analysis of variance was used for statistical analysis of control and application groups. In our study, a significant decrease
was found in both female and male populations exposed to valproic acid and cisplatin in terms of lifespan and survival rates
compared to the control. It was observed that the survival percentage and lifespan closed to the control group in the experimental
groups where bitter melon extracts with valproic acid and cisplatin. It is thought that the protective effect of bitter melon against
the toxic effect observed in cisplatin+valproic acid group is due to the high antioxidant activities of the plant components.

Keywords: Drosophila melanogaster, valproic acid, cisplatin, bitter melon, lifespan, survival percantage
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1. Giris

Kanser, hiicrelerin kontrolsiiz biiyiimesi ve anormal sekilde
yayilimi ile karakterize olan hastaliklar grubunda
tanimlamaktadir  (Platin, 1996). Giiniimiizde kanser
tedavisinde, kanser tanisi konan hastalarm bireysel 6zellik
ve hastalik durumuna gore kemoterapi, radyoterapi, cerrahi
ve immiinoterapi yontemlerinden bir veya Dbirkagi
kullanilmaktadir. Ancak kullanilan yonteme bagli olarak
tedavi ile ilgili zorluklar ve toksik etkiler de s6z konusudur.
Ozellikle radyoterapi ve kemoterapi normal hiicrelere de
zarar vermektedir (Kizile, 1999, Cetik ve ark., 2015).
Epilepsi, kronik ve paroksismal seyirli geng yasta
baslayarak belirli kisilik bozukluklarina neden oldugu
tartigilan ve hastalarin is ve sosyal yasamlarini k&tii yonde
etkileyen kronik bir hastaliktir (Cetin ve ark., 1991).
Kanserli hastalarda gozlenen epileptik ndbetler gibi
norolojik sorunlar, hem kansere hem de uygulanacak
tedaviye bagli olarak geligebilir (Aydin ve Sohtaoglu,
2015). Beyin timorli hastalardaki epilepsi sikligi %30 ila
70 arasinda degistigi ve boyle hastalarda hastalarda epilepsi
olugma riskinin timor tipine de bagli oldugu bildirilmistir
(Geng ve ark., 2013). Bir¢ok hastanin uzun siire ve bazen
omiir boyu antiepileptik ilag (AEI) kullanmas
gerekmektedir. Antiepileptik ilag kullanan hastalarda diger
yan etkilerin yani swra uzun vadeli kullanimda toksik
hasarlara sebep oldugu tespit edilmistir (Ozemir ve Yal¢in,
2017). Kanser hastalarinda antineoplastik kemoterapinin
gelismesi ve destek tedavisi ile mortalite ve morbidite
oranlarinin 6nemli Olgiide azalmis olmasmnin yani sira
yiiksek dozda sitotoksik ilaglarin kullanilmasi ve hastalarin
uzun sireli tedavileri ilaglarin yan etkilerini artirmaktadir
(Meister ve Meadows, 1993, Cetik ve ark., 2015). Kanser
tedavisinde kullanilan ilaglarin temel prensipleri; hastanin
veya konak¢min normal hiicrelerine zarar vermeden mikrop
veya timor hiicrelerinin  bilyiimesini ve ¢ogalmasini
durdurmak veya yok etmektir. Ilaglar, hem normal hem de
kanserli hiicrelerin gelismesi ve ¢ogalmasini 6nlemek
amaciyla kullanilir (Kayaalp, 2000). Kemoterapi ilaglari,
etki ozellikleriyle ilgili olarak, bireyde rahatsizlik verici
bir¢ok yan etkilere yol agabilmektedir (Thompson ve ark.,
1997, White ve Schaefer, 2001). Bu gibi sitotoksik ilaglara
bagli toksisite en sik goriilen yan etkilerden birisidir.
Antimetabolitler, alkilleyici ajanlar, antineoplastikler,
antiepileptikler ve antrasiklinler en sik sitotoksisiteye neden
olan ilaglarin basindadir (Eren ve ark., 2012). Yapilan
calismalarda, kanser hastalar1 arasinda psikiyatrik hastalik
sikligimin olduk¢a yaygm oldugu bildirilmistir. Kanser
hastalarmin biiyiikk bir kisminda psikiyatrik bozukluklar,
hastaliga tepki olarak ortaya cikabildigi gibi kanser tanisi
oncesi var olan psikiyatrik bozukluklarin alevlenmesi de
s0z konusudur (Giile¢ ve Biiyiikkinaci, 2011). Bunun yan1
sira, Alzheimer hastali§i, bipolar bozukluk, meme ve
prostat kanser genleri, 13 nolu kromozomun akrosentrik
bolgesinde birlikte yer almaktadir. Bipolar bozuklugu olan
bireyler arasinda, meme kanseri riskinin arttig1 tespit
edilmistir. Bu iki hastalik mekanizmas: ¢ift tarafli etki
gostererek birbirlerini tetikleyebilmektedir (Kesebir ve
Bayrak, 2012).
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Bir¢ok calismada antioksidanlarin kemoterapiye bagl
toksisite siddeti ve sikligini azalttigi bildirilmektedir
(Christen ve ark., 2000). Literatiirde antioksidanlarin
kemoterapiye bagli toksisiteyi azaltarak, daha yiiksek ve
etkin dozlarin kullanilabilecegi yer almaktadir (Blumenthal
ve ark., 2000; Simone ve ark., 2007; Block ve ark., 2008;
Cetik ve ark., 2015; Borek, 2017). Antioksidanlar, hem
direkt, hem de dolayli olarak ksenobiyotiklerin, ilaclarin,
karsinojenlerin ve toksik radikal reaksiyonlarin istenmeyen
etkilerine karsi hiicreleri koruyan maddelerdir (Akkus,
1995; Gultekin ve ark, 2001; Mates, 2000; Mercan, 2004).
Kanser ve epilepsi gibi birbirlerini de tetikleyebilen
hastaliklarda kullanilan ilaglarin olusturdugu toksisite
iizerine antioksidan maddelerin etkilerinin aydinlatilmasi ve
daha ileri diizeyde arastirmalarin yapilmasi gerekmektedir.
Kudret nart olarak bilinen ve igerdigi fenolik bilesenleri
sayesinde kuvvetli antioksidan 6zellik gosteren Momordica
charantia, antidiyabetik, antikanser, anti-inflamasyon,
antiviral ve kolestrol diisiiriicii etkilere de sahiptir (Semiz ve
Sen, 2007; Budrat ve Shotipruk, 2008; Jagessar ve ark.,
2008; Haque ve ark., 2011; Top, 2018). Calismamizda
meyve sinegi olarak bilinen Drosophila melanogaster’in
yasama yiizdesi ve 6miir uzunlugu iizerinde antineoplastik
bir ajan olan sisplatin ve antikonviilsan olarak alinan
valproik asitin birlikte kullaniminda olusacak toksik etkilere
karst son yillarda ©nemi giderek artan kudret narmin
koruyucu etkisi arastirilmistir.

2. Materyal ve Metot
2.1. Bitki Materyalleri

Calismada kullanilan Momordica charantia ticari olarak
alimmis ve teshis ettirilmistir. Bitki ¢ekirdek ve meyve
ekstresi elde etmek i¢in maserasyon yontemi uygulanmstir.

2.2. Kimyasallar

Cisplatin (CAS:15663) ve Valproic acid (CAS: 9966-1)
Sigma Aldrich firmasindan temin edilmistir. Sisplatin (CP),
valproik asit (VPA) ve kudret narmm Drosophila
melanogaster larvalar1 {izerinde yapilan 24 saatlik
uygulamalar sonucunda tespit edilen LDsy dozuna gore,
calisma konsantrasyonlart CP ve VPA ig¢in 0.05mM,;
koruyucu olarak kullanilan kudret narmm g¢ekirdek ve
meyvelerine ait metanol ekstreleri icin ise 2.5 ve 5mg/mL
olarak belirlenmistir.

2.3. Yasama Yiizdesi (Larval Mortalite) Deneyleri

Drosophila melanogaster’in Oregon R soyuna ait 3. evre
(7244 saat) larvalar kullanilarak yasama yiizdesi deneyleri
yapilmistir. Bu amagla, dnceden stok halinde elde edilmis
1-3 giinliik ¢iftlesmemis Drosophila bireylerinin @@ X 4&
olacak sekilde taze besiyerlerine aktarilarak 3 giin boyunca
25+1°C ve %40- 60 bagil neme sahip etiivde beslenmesi
saglanmigtir. 3. giinlin sonunda uygulama gruplar1 i¢in
toplanan her 100 larva 0.05mM dozunda CP, VPA ile farkli
konsantrasyonlarda (2.5 ve 5mg/mL) Momordica charantia
meyve (MCF) ve Momordica charantia g¢ekirdek (MCS)
iceren Standart Drosophila Besiyerine (SDM) aktarilmustir.
Tiim deney gruplar1 her giin kontrol edilerek ilk ergin birey
¢ikisindan itibaren 7 gilin boyunca sayilarak bireyler
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cinsiyete gore not edilmistir. Tiim deneyler 3 kez tekrar
edilmistir.

2.4. Omiir Uzunlugu Deneyleri

Drosophila  melanogaster’in - 6mir uzunlugu {izerine
sisplatin, valproik asit ve kudret narmin etkisi disi ve erkek
populasyonlarinda ayr1 ayri ¢aligilmistir. Bu amagla, ayni
yastaki bireyleri elde etmek i¢in, taze besin ortami igeren
besiyerlerinde caprazlamalar yapilarak stoklar
olusturulmustur. Caprazlamadan yaklasik 10 giin sonra
pupadan ¢ikan ayn1 yash (1-3 giinliik) virgin disi bireyler ile
erkek bireylerden her uygulama grubu igin 100 birey
toplanmustir. Toplanan bireyler bos tiiplere alinarak
uygulamadan 2 saat dnce ag¢ birakilmistir. Daha sonra bu
bireyler CP, VPA, MCF ve MCS maddelerini igeren kiiltiir
tiiplerinde 2 saat beslenmiglerdir. Deney boyunca etiivde
muhafaza edilen bireyler takip edilerek haftada iki kere
besiyeri degisimi yapilmistir. Birey sayilar1 her uygulama
giinii baslangic1 ve sonunda kontrol edilerek dlen bireyler
kaydedilmis ve ortamdan uzaklastirilmistir. Kontrol ve
uygulama gruplarinda sayim ve besiyeri degisimine son
birey 6lene kadar devam edilmistir.

istatistiksel Analiz: Yapilan deneylerden elde edilen
verilerle ilgili istatistiksel analizler SPSS (Statistical
Package for the Social Sciences) 22.0 programi ile
yapilmistir. Kontrol ve uygulama gruplarinin yasama
yiizdeleri ve ortalama Omiir uzunlugu degerlerini
karsilastirmak i¢in tek yonlii varyans analizi (ANOVA) ve
Duncan’in  ¢oklu Kkarsilastrma testi  kullanilmistir.
Istatistiksel degerlendirmelerde p<0.05 ve p<0.01 degeri
dikkate alinmustir. Hayatta kalig egrileri ile F1 nesillerine ait
birey sayilarimi gosteren grafikler de Microsoft Windows
Office- Excel programi kullanilarak ¢izilmistir.

3. Bulgular
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Bu calismanin ilk asamasinda, CP ve VPA toksisitesine
kars1 kudret narmmin koruyucu etkisi D. melanogaster’de
yasama yiizdesi deneyleri ile arastirilmis, ikinci agamasinda
ise meyve sineklerinin 6miir uzunlugu tizerindeki etkilerine
bakilmistir. Uygulama gruplarma ait larval mortalite
oranlar1  incelendiginde, CP  toksisitesinin =~ VPA
toksisitesinden daha fazla oldugu goriilmistiir. Bununla
birlikte MCF ekstraktinin MCS ektraktina gore daha fazla
koruyuculugunun oldugu belirlenmistir (Sekil 1).
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Sekil 1. Farkli konsantrasyonlarda CP, VPA, MCS ve MCF
uygulanan uygulanan D. melanogaster’de larval mortalite oran1

Yasama Yiizdesi deneylerinde CP ve VPA gruplarinda
larval mortalitenin arttig1, bu gruplarda disi bireylerin
erkeklere oranla daha fazla etkilendigi, CP ve VPA ile
birlikte MCF ve MCS uygulanan gruplarda konsantrasyon
artigina paralel olarak yasama yiizdesi degerlerinin kontrole
yaklastig1 gozlenmistir (p<0.05) (Sekil 1, Tablo 1).

Calismamizda yalnizca CP ve VPA uygulanan gruplarda
hem disi hem de erkek bireylerde dmiir uzunlugu kontrole
gore azalirken, CP ve VPA ile birlikte MCF ve MCS
uygulanan gruplara ait tiim bireylerde ortalama Omiir
uzunhigunun artirdigi gézlenmistir (Tablo 1, Sekil 2 ve
Sekil 3).

Tablo 1. CP, VPA, MCS ve MCF uygulanan D. melanogaster’in Q9 ve 3J& populasyonlarina ait ortalama émiir uzunluklar ve gruplar

aras1 onem kontrolleri

Gruplar Gruplar
arasi arasi
YY - onem YY Ortalama onem
Uygulama Gruplar ¢ (%) M ax. Ortalam‘:l Omiir kontrolii &d (%) M ax. Omiir kontrolii
ve Grup No N Omiir  Uzunlugu+SH N Omiir <
(sadece Uzunlugu+SH  (sadece
anlamsiz anlamsiz
farklar) farklar)
KONTROL (1) 100 46 74 70.68+1.6 100 45 76 73.31+0.96
0.05Mm CP (2) 100 16 27 19.10+0.81 100 20 30 20.85+0.92
0.05mM VPA(3) 100 19 33 22.85+1.07 1-6* 100 21 36 25.22+1.14 1-6*
7* _7*
CP+VPA (4) 100 13 22 13.04+0.58 The 100 15 25 13642067 T
2.5mg/mL MCS (5) 100 48 75 65.59+1.69 5.6% 100 47 75 66.19£1.5 6-7%
5.0mg/mL MCS (6) 100 51 76 69.03+1.44 5-7% 100 46 77 70.39+1.34 6-8*
2.5mg/mL MCF (7) 100 49 77 68.43+1.53 g';: 100 47 76 70.02+1.25 1(7)'?’1**
5.0mg/mL MCF (8) 100 50 79 72.05+1.41 7:8* 100 48 78 71.95+1.27 11:12*
CP+MCS (9) 100 23 44 34.36+1.38 9.q0x 100 24 46 37.42+1.38 13-14%
CP+MCF (10) 100 25 47 37.10+1.40 11-10« 100 26 49 41.61+1.36
VPA+MCS (11) 100 28 51 42.10£1.57 13-14 100 31 52 43.76+1.58
VPA+MCF-(12) 100 32 54 45.01=1.62 100 33 56 47.30£1.70
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CP+VPA+MCS (13) 100 21 39 28.36+1.17

CP+VPA+MCF (14) 100 22 46 29.53+1.33
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22
24

100
100

41
41

29.13+£1.23
29.89+1.22

CP: Sisplatin, VPA: Valproik asit, MCS: Momordica charantia ¢ekirdek, MCF: Momordica charantia meyve, YY: Yasama yiizdesi, Max.: Maksimum,
SH: Standart hata, N: Birey sayisi *: Gruplar arasindaki fark p>0.05 diizeyinde 6nemsizdir.

8= KONTROK == 0.05mM CP 0.05mM VPA === 0.05mM CPAVPA =2 5ma/ml MCS

Sme/ml MCS 2 Smgfml. MCF 5/l MCT ~8—CPINICS. 8 CPIMCF

—8— VOAHMCE —8— CPHVPAHMCS

—8—CPHVPARMCF

% Hayatta Kals

51

Omiir (Giin)

Sekil 2. Ergin yasamlar siiresince farkli konsantrasyonlarda CP,
VPA, MCS ve MCF igeren besiyerinde yasayan D.
melanogaster ‘in disi bireylerine ait hayatta kalis egrileri

~#~KONTROL ~9—005mM CP 00SMMVPA  =8=00SmM CP+VPA =8~ 25mg/mLMCS a4
AR
Smg/mL MCS =2 SmEIMLMCF == Smg/ml MCF = CPHMCS e (P HMCF QU

—8—VPAHNICS ——VPAHMCF ~0-[PHPASMES  — 8= CPHVPAHMCE

% Hayatta Kaliy

46 49 52 5
Omiir (Giin)

Sekil 3. Ergin yasamlar: siiresince farkli konsantrasyonlarda CP,
VPA, MCS ve MCF igeren besiyerinde yasayan D.
melanogaster‘in erkek bireylerine ait hayatta kalis egrileri

4, Tartisma ve Sonu¢

Literatiirde CP’nin toksisitesi iizerine yeterli sayida veri
olmasma karsin VPA ve Momordica charantia ile yapilan
galigmalarm sayisinin az oldugu gorillmustiir. Toksik ve
koruyucu etkileri olan bu maddeler ilk kez birlikte
kullanilmis ve yapilan bu ¢alismayla toksik ilaclarin birlikte
kullanimi konusunda kaginilmasi gereken noktalarla, kudret
narmin koruyucu etkisi {izerine yeni bir yaklagim getirecegi
gosterilmistir.

Sisplatinin tek basina veya diger antineoplastik ajanlarla ya
da radyoterapi ile birlikte testis, over, mesane, prostat,
serviks, oOzofagus, akciger kanseri, agiz, bas-boyun
kanserleri gibi solid tiimoérlerin tedavisinde siklikla
kullanildigs, ayrica sisplatinin iyilestirici etkisinin yaninda
toksik etkisinin de oldugu rapor edilmistir (Boulikas ve
Vougiouka, 2003). Calis (2004) tarafindan yapilan bir
calismada, antikonviilsan etkili ilaglarm bir boliimii olan
antiepileptiklerin merkezi sinir sistemini segici olarak
deprese eden ilaglar oldugu gosterilmistir. Ayrica bu
ilaclarin kemik iligi depresyonu, karaciger ve bobrek
tahribati, gastrointestinal rahatsizliklar, uyusukluk ve
sitotoksik hasar olusturabilecek yan etkilere sahip oldugu da
belirtilmistir. Antineoplastiklerin antiepileptiklerle birlikte
uygulandig1 tedavi yonteminde antineoplastiklerin toksik
etkisinin daha da arttig1 gozlenmistir (Yeni ve Giirses,
2015). Can (2005), kuvvetli bir antineoplastik ajan olan

76

sisplatinin etki mekanizmasi ve yan etkilerini arastirarak,
antineoplastiklerin tek basmna veya farkli ilag gruplariyla
birlikte kullanildiklarinda kalp, bobrek, solunum sistemi,
karaciger, lireme ve sinir sistemi hiicreleri {izerinde hasara
sebep olabilecegini ifade etmistir. Yildirim ve ark., (2010),
25 hasta ve 25 saglikli birey lizerinde antiepileptik ilag
olarak 50-100ng/mL valproik ve 4-12ng/mL karbamazepin
kullandiklar1 bir ¢alismada, bireylerde ilacin isitme, denge
ve koordinasyon iizerine toksik etkilerini karsilagtirmis,
klasik antiepileptik ilaglarin (AEI) denge ve koordinasyon
iizerine kronik kullanimda kalic1 etkilerinin oldugunu,
sisplatin kullanan hastalarda ise karbamazepin ve valproik
asit seviyesinin azaldigin1 tespit etmistir.

Ryu ve ark., (2012) tarafindan fareler iizerinde yapilan bir
calismada, proteinleri upregiile edebilen ve valproik asit ile
kombine HSV-TK (MSCs-TK) eksprese eden insan kemik
iligi mezensimal kok hiicreleri kullanilarak gen terapisinin
anti-glioma etkisi degerlendirilmistir. Valproik asitin diger
ilaglarla kombinasyon tedavisinin, tekli tedavi gruplarina
kiyasla, tiimor biiylimesini 6nemli l¢iide inhibe ettigi ve
glioma tasiyan farelerin hayatta kalmasini uzattig
gosterilmistir. Insanlar ve deney hayvanlarinda antiepileptik
ilaglardan valproik asitin epilepsi nobetlerinde kuvvetli bir
sekilde etkili oldugu fakat uzun siireli kullanimlarda ve
farkli ilag bilesimleriyle beraber kullanimmin toksisiteyi
artirarak viicutta hasar artigina sebep oldugu belirlenmistir
(Yeni ve Giirses, 2015).

Son yillarda dogal kaynaklarin tedavi edici 6zelliklerinin
kullanimi  yaygilagmigtir. Kudret nar1  (Momordica
charantia L.) igerdigi saghiga yararli bilesenler sayesinde
sifali bitkiler arasinda kendine Snemli bir yer edinmistir.
Bitki, meyve ve tohum oziitlerinin birgok tibbi 6neme sahip
oldugu ve siklikla alternatif tip sisteminde kullanildig:
yapilan ¢aligmalar sayesinde bilinmektedir (Jayasooriya ve
ark., 2000). Kudret narinda bulunan fenolik bilesiklerin
mikroorganizmalarda bulunan enzimleri inhibe ettikleri ve
bdylece zararl: etkilerini ortadan kaldirdiklar: belirtilmistir
(Sahin, 2007; Kiltir, 2007) Kudret narinin kanser
hiicrelerinin olusumunu ve gelisimini engelleyen proteinler
icerdigi ifade edilmistir (Ganguly ve ark., 2000).
Momordin, alfa-momorcharin, beta-momorcharin,
cucurbitacin B  timér  olusumunu  Onleyerek
antikanserojenik etki gostermektedir (Grover ve Yadav,
2004; Taylor, 2002). Ray ve ark., (2010), Momordica
charantia ekstraktinin etkinligini degerlendirmek igin in
vitro model olarak insan meme kanser hiicrelerini, MCF-7
ve MDA-MB 231 ve insan meme epitel hiicrelerini
kullandiklar1 bir c¢alismada kudret narmnin hiicre
proliferasyonunda ve apoptotik hiicre hasarinda belirgin bir
diisiise neden oldugunu gostermistir. Ayrica kanserli
hiicrelerin biiyiimesinin engellenmesi i¢in Momordica
charantia nin sinyal iletim yollarin1 modiile ettigi ve meme
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kanserinin Onlenmesi i¢in bir diyet takviyesi olarak
kullanilabilecegini ifade etmistir. Arastirma bulgularindan
elde edilen sonuglarim literatiir ile ortiistiigli goriilmektedir.

CP ve VPA uygulanan gruplarda yasama yilizdesi ve omiir
uzunlugu iizerinde gozlenen toksik etkiye karsi MCF ve
MCS ekstrelerinin koruyucu etki géstermesinin muhtemel
sebebinin  sahip oldugu fenolik bilesenler oldugu
diisiiniilmektedir. Bu ¢alisma, giiniimiizde bitkisel tedavinin
gelismesine paralel olarak 6nem kazanan koruyucu etkili
Momordica charantia nin gevre ve insan sagligi tizerindeki
olumlu etkileri konusunda literatiire katki saglayacaktir.
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Abstract: In this study, performance improvements of alumina nanoparticles of metakaolin based geopolymer samples were
studied. It is aimed to develop a durable implant by combining the mechanical properties of inorganic polymers with the
bioactive behavior of substances such as calcium hydroxide and calcium phosphate. This material, which is an example of high-
tech engineering ceramics, has been calcined and it is use as an implant / prosthesis in biomedical fields as a result of
improvement. It is foreseen that the production of biogeopolymer will provide hard / soft tissue and bone regeneration. One of
the best ways to determine the bioactivity of biomaterials is to expose them to simulated body fluids. 7, 14 and 28-day cured
sample surfaces were investigated using characterization of Scanning Electron Microscopy, X-Ray Diffraction and Fourier
Transformed Infrared Spectrometry. As a result, in this study; the properties of alumina nanoparticles based metakaolin based
geopolymer samples and their usefulness in the form of implant, bone substitutes as biocompatible materials were investigated

and results were evaluated.

Keywords: Geopolymer, nanoparticle, alumina, metakaolen

1. Introduction

Nowadays, surgeons in medical practice areas increase the
demand for new materials for application in cases of bone
fractures or deficiencies caused by accidents, cysts, tumors
and other bone diseases.(Korkusuz et al. 2011) These
materials are produced from a variety of materials, such as
organic or inorganic cements, with the main characteristics
being biocompatibility, if possible, the ability to withstand
bone regeneration and / or mechanical loading. In this
study, it is aimed to develop a durable implant by
combining the mechanical properties of inorganic
polymers (geopolymers) with the bioactive behavior of
substances such as calcium hydroxide and calcium
phosphate. In order to increase the mechanical and
biological performance of the synthesized geopolymer,
alumina nanopowders was added. Geopolymer produced
under the study will be expected to be used in biomedical
areas as an implant / prosthesis after calcination.

Geopolymers are formed by mixing alkali or alkali-silica
solutions of solid silicate-aluminate raw materials.
(MacKenzie et al., 2007) The most important raw material
is generally calcined clays, such as heat activated kaolin.
(MacKenzie et al., 2010) Up to date, kaolinitic clays
(Oudadesse et al., 2007), metakaolin, fly ash, blast furnace
slag, fly ash-slag mixtures, metakaolin-fly ash mixtures,
metakaolin slag mixtures, slag-red sludge mixtures, kaolin
with fly ash and a kind of zeolite mineral Mixtures of non-

© EJBCS. All rights reserved.

calcined substances such as stilbite (Ros and Shima, 2013)
have been used. (Mohamed et al., 2016) In this study, raw
material, calcined kaolin clay, ie, metakaolin, were used as
the main phase of geopolymer mortar.

Before the incorporation of calcium phosphate and
calcium hydroxide compounds into the material,
metakaolin must be activated for the synthesis of
geopolymer. Sodium silicate solution with potassium
hydroxide and  sodium  hydroxide salts  for
geopolymerization was used as activator.

2. Materials and Method
2.1. Raw materials and characterization studies

Chemicals used in material preparation; metakaolin clay,
sodium hydroxide, potassium hydroxide, sodium silicate,
pure water, calcium hydroxide, calcium phosphate, nano
alumina powder, chitosan, acetic acid solution and
hydroxy apatite. X-ray diffraction and Fourier transformed
infrared  spectroscopy instrumental characterization
methods were applied to the metakaoline raw material
supplied.

2.2. Preparation of Reference Geopolymer Samples

Metakaolin-based geopolymer samples containing calcium
hydroxide and calcium phosphate powders were activated
with the alkali salts of sodium and potassium hydroxide.
Powdered chemicals containing metakaolin and calcium
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were first weighed. Weighing was continued with granular
salts. At this stage, sodium and potassium hydroxide were
weighed and then dissolved in some water. After
activation of these materials with metakaolin, salt and
sodium silicate, the appropriate amounts of calcium-
containing components were added. Homogenization is
essential here.

In the casting process, silicon molds with 30mm diameter
and 20mm height are thoroughly cleaned and lubricated.
The samples poured into the molds are compressed in the
shaker to prevent air pockets. Samples that were kept at
room temperature for 24 hours were kept in the curing
pool for 3, 7, 28 days by removal from the mold.

Prepared geopolymer samples were named GP 1, 2, 3 and
4 according to their alkali salt and calcium content. GP1
and GP3 were activated with potassium hydroxide, GP2
and GP4 sodium hydroxide salt. GP1 and GP2 contain
calcium hydroxide, GP3 and GP4 calcium phosphate. The
x-ray diffraction (XRD) and Fourier transformed infrared
spectroscopy  (FTIR) instrumental characterization
methods were applied to these reference samples.

2.3. Strength Measurements

The compressive strength of geopolymer samples was
tested with 3, 7, 14 and 28 days curing according to ASTM
C109 and ASTM C191 (Annual Book of ASTM Standard,
2005) standards. Strength measurements were performed
using a universal tensile compression device from Mohr
Federhaff AG.

3. Results

The XRF results of the chemical composition of the
metakaolin clay we use as raw material in all of the
geopolymer samples are as follows.

Table 1. Chemical Composition of Metakaolin Clay

Percentage %

SiO2 A0 KO NaxO Fe0:3 TiOo

5980 3520 0.7 0.6 1.2 15

The co-occurrence of reference geopolymer samples with
the XRD analysis result for metakaolin is as follows.
Either way, the upper spectrum is red and belongs to GP1
and GP2, respectively. The underlying spectrum is blue
and belongs to metakaolin.
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a)

b)

Figure 1. a) GP1 and Metakaolin XRD Spectrum, b) GP2 and
Metakaolin XRD Spectrum

When evaluating the XRD analysis results, phase
identification for the reference geopolymer samples was
carried out.

b)

Figure 2. a) GP1 Phase
identification

identification, b) GP2 Phase
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XRD spectra obtained from geopolymers including
calcium components based on metakaolin and metakaolin
are shown in Figures 1 a and b. In both ways, blue-colored
spectra were observed in metakaolin clay and
geopolymeric structure with red colored spectrum. When
the spectra of metakaolin raw material and geopolymer
samples were evaluated together, some phases were lost
and it was observed that amorphous structure was formed
with quartz. X-ray analysis parameters are 20 and 10° -
80°. The sloppy slope-shaped slope obtained from the
analyzes shows that the metakaolin clay is an amorphous
material (Barbosa et al., 2000). The amorphous structure
of the metakaoline, which is used as the raw material, is
closely related to the geopolymer amorphous structure.
Therefore, it is not possible to say that the structure is a
geopolitical structure. In order to support this finding,
structural analyzes such as FTIR are needed.

a)

b)

c)

Figure 3. a) Metakaolin FTIR spectrum, b) GP1 (Non-calcined
geopolymer sample) FTIR spectrum, c¢) GP2 (Calcined
geopolymer sample) FTIR spectrum

Eurasian J Bio Chem Sci, 2(2):79-83, 2019

FT-IR spectroscopy is used to identify the variety of
metakaolin clay and geopolymer materials. Molecular
structures containing Si—O-Si and Al — O bonds have been
defined in geopolymeric structures. Metakolin and calcium
containing references and FTIR analyzes of calcined
geopolymers at 750° C are given in Figure 3 a, b and c,
respectively.

The peaks of water added to the geopolymer material are
shown in Figures 3 b and c. The bands in the 3300-3500
cm? wave number region are due to the structure-
dependent water molecules. Geopolymerization increased
water molecules. The peaks in the 1640-1650 cm™ wave
number indicate the H-O-H tendency (Lee and Van
Deventer, 2002).

The peaks around the 700 cm™ wave number represent the
Si-O symmetric vibration band. The peaks around the 580-
590 cm-1 wave number refer to Si-O-Si or Si-O-Al
symmetric strain. Si-O-Si or Si-O-Al network structure is
observed around 450 peaks.

Strength measurements; the reference geopolymer was
carried out at 500° C and 750° C on calcined and fully
cured samples. The average tensile strength of the samples
tested is shown in Table 2.

Table 2. Tensile strength measurement results of
geopolymer samples
TENSILE STRENGTH [MPa]

SAMPLES Unheated 500 °C 750 °C
Nano Al203

powder GP 3.10(0.32)  1.99(0.75) 0.80 (0.44)
Ca'hyg;f’x'de 435(046) 0.68(0.57)  0.97(0.39)
Caploshale  361(042)  4.04(085)  121(0.65)
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Samples with calcium hydroxide measured in 15 samples
with the highest average strength among the reference
samples followed by samples containing calcium
phosphate and reference geopolymers (4.35, 3.61 and 3.10
MPa) respectively. The reference geopolymer resistance
without calcium or nanoparticle having a tensile strength
of 3.10 MPa is the lowest sample.

The lowest tensile strength (0.68 MPa) is the sample
containing calcium hydroxide. The reason is that it has
developed surface cracks before the test in the sample.
Reference geopolymer samples were obtained with a
tensile strength of 1.99 MPa. Samples containing calcium
phosphate were obtained as 4.04 MPa. It describes the
higher strength of the calcium phosphate containing
sample in the alumina ceramics and the phosphate bonds
known to occur in cements (Odler, 2000). It has been
reported that phosphorus can be incorporated into the
network structure of geopolymers and that geopolymers
give higher strength (MacKenzie, 2003), (MacKenzie et
al., 2007). Table 3 shows the tensile strength of other
bioceramics and bone compared to one of the results
measured in this study.
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Table 3. Comparison of tensile strengths of bone and some

bio-ceramic materials (MacKenzie et al., 2010)

TENSILE
MATERIAL STRENGTH REFERENCE
(MPa)
Bone 60 — 160 (Heimann, 2002)
(Thompson and
Cancellous Bone 3 Hench, 1998)
. (Thompson and
Hydroxyl Apatite 80 Hench, 1998)
. (Thompson and
Bioglass ® 42 Hench, 1998)
. (Bresciani et al.,
Bioglass ® 5.54 (SD 0.529) 2004) 1
Bioglass ® / 10.15 (Thompson and
Polyethylene * ' Hench, 1998)
Bioglass ® / 15 (Thompson and
Polysulfone * ' Hench, 1998)
Apatite —
Wollastonite Glass - 14.87 (Thompson and
Ceramic / ' Hench, 1998)
Polyethylene *
Ca-Phosphate
Geopolymer 4.04 i
(500°C)
Nano Al.03 Powder
Geopolymer 3.10 t

Eurasian J Bio Chem Sci, 2(2):79-83, 2019

“k” and “n” are co-efficiency. “n” is between “/%” and “%”
are used (Mohamed et al., 2016). The old value was used
by the American Concrete Institute, but Gardner and Poon
later found another value, in both cases the cylinder was
used. In general, the most appropriate expression is:
f1=0.3(f)*® (Gardner and Poon, 1976)

where “ft” (splitting force) and “fc” are both compressive
strength of the cylinders as MPa. The graphs show the
compressive strength of the empirical formula. According
to the data obtained from the empirical formula given by
the references, the graphical results were obtained by
considering the compressive strength results and their
relations with the tensile strength.

Table 4. Compression strength test results of 3, 7 and 28-
day geopolymer samples

NaOH KOH Al20s

Nanop

CaOH GP Cas(POs); CaOHGP Cas(POs), ovgé,er

(MPa) GP(MPa) (MPa) GP (MPa) (MPa)

3 403 11.42 10.96 1010  10.03
days

T 4645 36.09 30.61 3056  37.16
days
28

56.29 42.19 46.67 3849  39.40
days

1: Diametral compression testing
*: %40 ceramic, %60 polymeric phase

The direct comparison of the tensile strengths of the
materials listed in Table 3 is not appropriate because of the
non-constant parameters of the test methods. The result
obtained from the unknown test method (Thompson and
Hench, 1998) was much higher than the result obtained
from the diameter compression test (Bresciani et al., 2004)
(42 and 5.54 MPa, respectively).

All data obtained during mechanical experiments are the

maximum load of the material. Tensile strength is
calculated using the following formula:
2P
o= Dt (1)

The applied load is P, D is diameter and t is the thickness
of the sample. It is possible to determine the compressive
strength by examining the relationship between
compressive strength and tensile strength. Numerous
empirical formulas have been proposed, many of which
connect the following type of ft (tensile stress) and fc.
fe=k(fe" (Rosand Shima, 2013), (Mohamed et al.,
2016)
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4. Conclusions
The conclusion for the geopolymer samples examined;

- Geopolymerization was performed for both calcium
contents and using the FTIR method proved geopolymeric
structure. Using two alkali activators had positive results
in terms of geopolymerization and the XRD analysis
helped to identify the phase for the minerals in the
metakaolin composition.

- High strength values were obtained especially in
samples activated with sodium hydroxide and added
calcium hydroxide compound.

- Although geopolymer samples containing alumina
nanoparticles showed low strength values compared to
calcium containing geopolymers, they were relatively
close and showed good strength compared to literature
values.
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Abstract: Exopolysaccharides (EPS), which are produced by halophilic bacteria and have protective properties against adverse
environmental conditions, have wide application areas. In this study, EPS production of Halomonas aquamarina (NB2) and
Halobacillus trueperi (NB7, NB8, NB9, NB10, NB11) strains in culture media was determined. EPS production of the strains was
range from 15-55 mg/L. One strain with the highest EPS production capacity and the best development in the culture medium
(NB7-47 mg/L) was selected and the influence of different concentrations of salt (5, 10, 15, 17.5, 20, 25, and 30%) and different
carbon sources (sucrose, glucose, galactose, mannose) on EPS production was studied. When NB7 strain was grown in medium
containing different concentrations of salt, the EPS production was changed (0-40 mg/L). The highest level of EPS production of
the NB7 strain was observed in the medium with sucrose (488 mg/L) while the lowest level of EPS production of the NB7 strain
was observed in the medium with galactose (144 mg/L). In this study, also, biofilm activities of these strains was determined. NB2,
NB7, NB8, NB9 and NB10 strains were found to be strong biofilm producers and NB11 strains were intermediate biofilm
producers. Finally, emulsification of lyophilized EPS (1-EPS) were designated. Emulsification activity of I-EPSs on hydrocarbons
was found in the range of 3-26%. In the field of environment application of lyophilized EPS obtained from halophilic bacteria used
in this study; it has the potential for use as an emulsifying agent.

Keywords: Halophilic bacteria, exopolysaccharide, emulsification, biofilm

Halofilik bakterilerde ekzopolisakkarit (EPS) iiretimi

Ozet: Halofilik bakteriler tarafindan iiretilen ve olumsuz gevre sartlarina karst koruyucu 6zelligi olan ekzopolisakkaritler (EPS)
genis kullanim alanlarina sahiptirler. Bu ¢alismada, halofilik bakterilerden Halomonas aquamarina (NB2) ve Halobacillus trueperi
(NB7, NB8, NB9, NB10, NB11) suslarinin kiiltiir ortamlarindaki EPS iiretim yetenekleri belirlenmistir. Suglarin EPS iiretimi
miktarlar1 15-55 mg/L arasinda degistigi tespit edilmistir. Kiiltiir ortaminda en iyi gelisim gosteren ve yiiksek EPS iiretim
kapasitesine sahip olan halofilik bakteri susu secilerek (NB7-47 mg/L), farkli tuz konsantrasyonlar1 (%5, %10, %15, %17,5, %20,
%25 ve %30) ve farkli karbon kaynaklarinin (siikroz, glikoz, galaktoz, mannoz) EPS iiretimine etkisi tespit edilmistir. Farkli tuz
konsantrasyonlarinda NB7 sugunda EPS {iretiminin konsantrasyon degisikligine bagl olarak degistigi (0-40 mg/L) tespit edilmistir.
NB?7 susu, farkli karbon kaynaklarindan, siikrozlu ortamda en yiiksek (488 mg/L), galaktozlu ortamda ise en diisiik (144 mg/L)
EPS iiretimi gostermistir. Caligmada ayrica, bakterilerin biyofilm iiretme yetenekleri belirlenmistir. NB2, NB7, NB8, NB9 ve NB10
suslarinin gii¢lii biyofilm iireticisi, NB11 susunun orta diizey biyofilm iireticisi oldugu bulunmustur. Son olarak, bakterilerden izole
edilen EPS’ler liyofilize edilerek, 1-EPS’lerin emiilsifikasyon aktivitesi belirlenmistir. I-EPS’lerin kullanilan hidrokarbonlar1 %3-
26 arasinda degisen oranlarda emiilsifiye ettigi gézlenmistir. Bu ¢alismada kullanilan halofilik bakterilerden elde edilen liyofilize
EPS’lerin ¢evre uygulama alaninda; emiilsifiye ajan olarak kullanim potansiyeli olabilir.

Anahtar Kelimeler: Halofilik bakteri, ekzopolisakkarit, emiilsifikasyon, biyofilm
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1. Giris

Halofilik  mikroorganizmalar, hipersalin  kosullarda
yasayabilen ve gelismeleri icin yliksek konsantrasyonlarda
tuza (2-5 M NaCl) ihtiya¢ duyan mikroorganizmalardir.
Halofiller, Diinya’da asir1 tuzlu ortamlarda, ¢ok yogun tuzlu
sularn  bulundugu kurak bolgelerde, denizlerin derin
bolgelerinde, denizden tuz elde etmek igin olusturulmus
yapay tuzlalarda ve salamura besinlerde bulunmaktadir

© EJBCS. All rights reserved.

(Baltaci ve ark., 2017). Ekzopolisakkaritler (EPS),
dallanmig veya tekrar eden birimlerde sekerler/seker
tirevleri ve diger karbonhidrat olmayan bilesenlerden
olugmaktadir (Sethi ve ark., 2019). Mikroorganizmalar
genellikle yiiksek bir hiicresel yogunluklu biyofilm ile
baglantilidir ve stabilitesi polisakkarit zincirleri arasindaki
etkilesimler  yoluyla  EPS'ler tarafindan  kontrol
edilmektedir. Biyofilm olusumuna, hiicrelerin bir yiizeye
yapismasi, ardindan ¢ogalmasi, mikrokolonilerin olusumu
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ve hiicre dist polimerik maddelerin (EPS) iiretimi ile
baslanmaktadir. Hiicreleri saran EPS matriksi esas olarak
proteinlerden, polisakkaritlerden, lipitlerden ve niikleik
asitlerden olusmaktadir (Volkel ve ark., 2018). EPS’lerin
bakteriyi olumsuz ¢evre sartlarindan korunmasi ve gesitli
yiizeylere tutunmasini saglamasi Ozelliklerinden yola
¢ikarak bilim insanlar1 halofilik mikroorganizmalarmn,
benzersiz EPS'lerin yeni biyoteknolojik islemlerde degerli
bir kaynak saglayacagi yaygin olarak kabul edilmektedir
(Guveark., 2017; Yang ve ark., 2018; Wang ve ark., 2019).
Yiiksek viskoziteli ve psodoplastik yapiya sahip halofilik
EPS’ler, tuza toleransli bir yilizey aktif madde gorevi
gorebilir ve jellestirici ajanlar, emiilsifiye edici ajanlar ve
metal baglayicilar olarak genis kullanim alanina sahiptirler
(Arias ve ark., 2003; Chikkanna ve ark., 2018).

Cevre sorunlarinin artmasiyla birlikte aranan biyoteknolojik
¢oziimler hayatimizin bir pargast olmaktadir. Diinyada
birgok alanda tuz birikmesi nedeniyle asir1 tuzluluk
gostermekte ve bu da alanlarnt  verimsiz hale
getirebilmektedir. Asir1 tuzcul ortamlar bircok canli igin
yasamin miimkiin olmadig: alanlardir. Bu nedenle bu salin
alanlarda yasayan halofilik mikroorganizmalarin sahip
olduklar1 o6zelliklerin ve yeteneklerin aragtirilmasi 6nem
tagimaktadir. Bu amagla bu c¢aligmada, hipersalin
ortamlardan izole edilen 6 halofilik bakterinin kiiltiir
ortamlarindaki EPS iiretimlerinin belirlenmesi, iyi gelisim
gosteren ve yiiksek EPS iiretim kapasitesine sahip bir susun
secilerek farkli tuz konsantrasyonlarinin ve farkli karbon
kaynaklarmin ~ EPS  iretimine  etkisinin  tespiti
amacglanmistir. Ayrica, bakterilerin kiiltiir ortamimda
biyofilm iiretim kapasitesi ve liyofilize EPS’lerin (1-EPS)
emiilsifikasyonu belirlenerek emiilsifiye ajani1 olarak
kullanilabilirliginin agiga cikartilmasi hedeflenmistir.

2. Materyal ve Metot

Arastirma, G. U. Fen Fakiiltesi Biyoteknoloji Laboratuvari
kiiltiir koleksiyonunda bulunan, Tiirkiye’nin g¢esitli halofilik
bolgelerinden izole edilen ve 16S rRNA bolgesine gore
molekiller tanimlamalar1 yapilan Halomonas (1) ve
Halobacillus (5) cinsine ait bakteriler ile yiiritilmiistiir.
Bakterilerin gelistirilmesinde Medyum C Besiyeri (175 ¢
NaCl; 20 g Mg.Cl».6H,0; 5 g K»SOs,; 0,1 g CaCl,.2H,0; 5
g yeast ekstrakt; 1 L distile su) kullanilmustir.

2.1. Halofilik bakterilerin EPS iiretimlerinin belirlenmesi
ve EPS izolasyonu

Kiiltiir ortaminda EPS miktarini belirlemek ve izole etmek
amaciyla Tsuda ve ark.,’nin (2008) metodu uygulanmis ve
izole edilen EPS’ler liyofilize (I-EPS) edilmistir. Liyofilize
EPS'lerdeki EPS miktarlarini belirlemek i¢in standart olarak
glikoz kullanilarak fenol-siilfiirik asit metodu (Dubois ve
ark., 1956) ve protein igerigi, standart olarak BSA
kullanilarak Bradford metodu (Bradford, 1976) ile
belirlenmistir.
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2.2. Farkh tuz konsantrasyonlarinda ve karbon
kaynaklarinda EPS iiretimlerinin belirlenmesi

Kiiltiir ortaminda en iyi gelisim gosteren ve yiiksek EPS
iiretim kapasitesine sahip olan halofilik bakteri susu
secilmis (NB7), Medyum C besiyerinde farkli tuz
konsantrasyonlar1 (%5, %10, %15, %17,5, %20, %25 ve
%30) ve farkli karbon kaynaklar1 (%1 siikroz, glikoz,
galaktoz, mannoz) ilave edilerek EPS {iretim
miktarlarindaki degisimler Tsuda ve ark.,’nin (2008)
metoduna gore tespit edilmistir.

2.3. Halofilik bakterilerde biyofilm aktivitesi

6 halofilik bakterinin biyofilm olusturma o&zelliklerinin
incelenmesi i¢in Liagat ve ark., (2014) tarafindan &nerilen
yontem modifiye edilmistir. Bakterilerin biyofilm {iretim
kapasiteleri Stepanovic ve ark., 2000; Vestby ve ark., 2009
tarafindan verilen sinir degerlerinin doniisiimleriyle iiretici

degil, zayif, orta diizey ve giligli Tretici olarak
degerlendirilmistir.

2.4.1-EPS’ lerde emiilsifikasyon aktivitesi

I-EPS’ lerin emiilsifikasyon aktiviteleri Cooper ve

Goldenberg (1987) ile Patel ve Desai (1997) tarafindan
tanimlanan metoda gore yapilmstir. Kontrol i¢in Tween 20,
Tween 80 ve Triton X-100 kimyasal yiizey aktif maddeleri
kullanilmistir (Mata ve ark., 2006).

2.5. Istatistiksel analiz

Istatistiksel analizlerde SPSS 22.0 Evaluation programi
kullanilmigtir. Pearson korelasyonuna gore, suslarin EPS
iretimi ile biyofilm aktivite, I-EPS ile emiilsifikasyon
aktivitesi arasinda korelasyon olup olmadig incelenmistir.
ANOVA analizine gore, suslarin EPS iiretimi-farkli karbon
kaynagi, EPS iiretimi-farkli tuz konsantrasyonlarina gore
farklilik olup olmadig1 incelenmistir.

3. Sonuglar
3.1. Halofilik bakterilerin ekzopolisakkarit (EPS) iiretimi

Calisgmada kullanilan suslarm kiiltlir ortamindaki EPS
iiretim miktarlar1 Tablo 1’de gosterilmistir. EPS iiretim
kapasitesi yilksek olan suslar Halobacillus trueperi NB11
(5542 mg/L), NB7 (47+]1 mg/L), NB10 (42+4 mg/L) iken,
diistik EPS iireten suslar Halobacillus trueperi NB9 (15+2
mg/L) ve NBS8 (2243 mg/L) olarak belirlenmistir.

Calismada, halofilik bakterilerden izole edilen EPS’lerin
liyofilizasyon sonrasi EPS’lerdeki (I-EPS) EPS miktarlar
belirlenmigtir (Tablo 1). Sonuglara gore, NB9 susu harig
suslarin  kiiltiir ortaminda belirlenen EPS miktar1 ile
liyofilizasyon sonrast EPS miktarlar1 paralellik gostermistir
ve tiim suglarda liyofilizasyon sonrast EPS miktarinin daha
fazla oldugu dikkat cekmektedir.
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Tablo 1. Liyofilizasyon 6ncesi ve sonrasinda suslarin EPS
iretim miktarlari.

Eurasian J Bio Chem Sci, 2(2):84-89, 2019

Sekil 2. NB7 susunun farkli tuz konsantrasyonlarinda ve
karbon kaynaklarinda EPS tiretim miktarlari.

Suslar EPS! (mg/L) EPS? (mg/L)
“aBtlgmonas agquamarina 3341 44941
Halobacillus trueperi NB7 47+1 798+1
Halobacillus trueperi NB8 2243 448+2
Halobacillus trueperi NB9 15+2 684+7
Halobacillus trueperi NB10 4244 841+6
Halobacillus trueperi NB11 5542 647+3

1: Kiltirlerin inkiibasyon sonrast EPS tiretim miktart

2: Saflagtirilmis ve liyofilize edilmis toz halindeki EPS’deki toplam karbohidrat miktar:

Liyofilize edilmis EPS’lerin protein miktar1 sonuglar1 Sekil
I’de  verilmistir. ~ Kiiltir =~ ortamindan  saflastirilip
liyofilizasyon sonrasi elde edilen EPS’lerin (I-EPS) protein
miktar1 analizinde, en diisiik protein miktar1 NB8 ve NB9
(0,022 mg/mL) suslarinda, en yiiksek protein miktar1 NB7,
NB10 ve NB11 (0,028 mg/mL) suslarinda bulunmustur.
0,0
0,022 0,022

Sekil 1. I-EPS’lerin protein miktarlari.
0,025 +— —
0,02 +— —
0,015 +— —
001 +— —
0,005 +— —
0

NB2 NB7 NB8 NB9 NB10 NB1i1

003 — 0028 0028 0,028

Protein miktar: (mg/mL)

3.2. Farkhh tuz konsantrasyonlarinda karbon

kaynaklarinda EPS iiretiminin belirlenmesi

ve

Elde edilen sonuglara gore halofilik bakteriler arasinda hem
kiiltiir ortaminda EPS iretim miktart hem de 1-EPS miktar:
diger bakterilere gore daha iyi sonucu veren H. trueperi
NB7 susunun, farkli tuz konsantrasyonlarmda ve farkli
karbon kaynaklarinda tirettigi EPS miktarlar1 Sekil 2’de
gosterilmistir.  NB7  susunda %5 wve 10 tuz
konsantrasyonlarinda EPS {iretimi tespit edilmezken en
yiksek  EPS  iretimi  %17,5’luk  (kontrol) tuz
konsantrasyonunda (47 mg/L) belirlenmistir. NB7 susu,
farkli karbon kaynaklarindan, stikrozlu ortamda en yiiksek
(488 mg/L), galaktozlu ortamda ise en diisiik (144 mg/L)
EPS diretimi gostermis ve besiyerine karbon kaynagmin
eklenmesi EPS iiretimini arttirmistir.
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50 47
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E 30 / N\

2 20 / A\
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o | te t;ve/‘
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Konsantrasyonlar (%)

30%

Karbon kaynaklari
600 -
—~ 500 -
-
> 400 -
E 300 -
2 200 - 144
L
100 -
0 i
Kontrol Siikroz Glikoz Mannoz Galaktoz

(Karbonsuz)

%1 karbon kaynaklar:

t.e: tespit edilmedi.

3.3.  Halofilik Uretim

Karakteristikleri

Bakterilerin  Biyofilm

Mikro plak yontemi ile belirlenen halofilik bakterilerin
biyofilm tretim karakteristikleri Tablo 2’de verilmistir.
Buna gore NB2, NB7, NB8, NB9, NBI10 suslar1 giiclii
tiretici, NB11 susu ise orta diizey iretici olarak tespit
edilmistir.

Tablo 2. Halofilik bakterilerin
karakteristikleri.

biyofilm  {iretim

Sinir degeri (cut Biyofilm iiretim

Suslar off) karakteristigi
2,212<2,548

NB2 Gigli dretici
2,096<2,539
0,980<2,055

NB7 Gliclii iiretici
1,052<2,073
1,764<2,251

NB8 Gigli tretici
1,776<2,254
1,140<2,095

NB9 Gigli dretici
1,084<2,081
1,788<2,257

NB10 Giiglii tiretici
1,708<2,234

1,242<2,431<2,484
NB11 Orta diizey iiretici

1,294<2,457<2,588
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3.4. |-EPS’
belirlenmesi

lerde  emiilsifikasyon  aktivitelerinin

Suslardan izole edilen liyofilize EPS’lerin emiilsifikasyon
aktiviteleri zeytinyagi, mineral yag, oktan, izopropil
miristat, benzen, n-hekzan, toluen ve ksilol hidrokarbonlari
ile calistlmistir (Tablo 3). [-EPS’lerin emiilsifikasyon
aktivitesinde suslardan izole edilen I-EPS’nin kullanilan
hidrokarbonlar i¢in emiilsifiyer Ozelliklerinin degistigi
belirlenmistir. I-EPS’lerin genel olarak H. aquamarina NB2

susuna ait I-EPS harig, en yiiksek ksilol ve toluen
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hidrokarbonlarini; izopropil miristat yagmni ise tim I-
EPS’lerin emiilsifiye ettigi goriilmiistiir. H. trueperi NB10
susunun deneyde kullanilan tiim yaglar1 ve hidrokarbonlari
emiilsifiye ettigi goriilmiistiir. Suslar arasinda NBI10
susundan elde edilen 1-EPS’nin ksilolu (%26), NB7
sugsundan elde edilen I-EPS’ nin tolueni (%23) en fazla
emiilsifiye ettigi belirlenmistir. Kontrollerle
karsilastirildiginda 1-EPS’lerin diisiik emdilsifiye ozellikte
oldugu belirlenmistir.

Tablo 3. I-EPS’ lerin ve kontrollerin emiilsifikasyon aktiviteleri.

Emiilsifikasyon aktiviteleri (%E24)

Test edilen Zeytin Mineral izopropil

suslar N - Oktan i n-hekzan Benzen Ksilol Toluen
yagi yag miristat

NB2 340 - 542 340 - - - -

NB7 - 3+0 14+0 82 3+0 10+0 1710 23+0

NB8 6+0 - 340 940 11+1 8+0 2240 110

NB9 340 340 542 9+0 - 1440 8+2 8+1

NB10 13+2 9+0 10+0 8+2 6+0 19+1 26+2 15+2

NB11 940 340 - 8+2 - 542 6+0 130

Kontroller

Tween 20 - Homojen - - - - - -

Tween 80 - - - Homojen - - - -

Triton X-100 71 74 74 77 74 45 91 86

-: sonug vermedi.

4, Tartisma

Ekstremofilik organizmalardan elde edilen endiistriyel
olarak onemli biyopolimerler yalnizca saglam &zelliklere
sahip degil, ayn1 zamanda diisiik maliyetlidirler (Chikkanna
ve ark., 2018). Ekzopolisakkaritler bakteriler i¢in koruyucu
bariyer gorevi yapmaktadirlar. EPS iiretim miktar1 bir¢cok
farklt 6rnegin agir metal konsantrasyonu, tuz iyonlari, pH
derecesi, sicaklik, oksijen konsantrasyonu veya besiyeri
bilesimi gibi kosullardan etkilenmektedir (Gupta ve Diwan,
2017; Kilig ve Donmez, 2019). Yapilan c¢aligmalarda,
halofilik bakterilerde optimum tuz konsantrasyonlarinda
EPS iiretiminin en yiiksek oldugu bildirilmistir. Optimum
%7,5 tuz konsantrasyonunda H. ventosae ve H.
anticariensis tiirlerine ait suslarda 28 —49 g/L arasinda EPS
iretimi (Mata ve ark., 2006), H. almeriensis M8T susunda
1,7 g/L EPS iiretimi (Llamas ve ark., 2012), optimum %10
tuz konsantrasyonunda Chromohalobacter canadensis 28
susunda 58 pg/mL EPS diretimi (Radchenkova ve ark.,
2018) ve optimum %5 tuz konsantrasyonunda H.
nitroreducens WB1 susunda 125 mg/mL EPS iiretimi
(Chikkanna ve ark., 2018) oldugu bildirilmistir. Bu
galigmada, EPS iiretim miktarlar1 Halomonas aquamarina
NB2 susunda 33 mg/L ve Halobacillus trueperi (NB7, NB8,
NB9, NB10, NB11) suslarinda 15-55 mg/L arasinda oldugu
belirlenmistir. Elde edilen sonuglara goére, halofilik
bakterilerin EPS diretim miktarinin ayni tiir igerisinde
suslara gore degisebildigini gdstermektedir. H. trueperi
NB7 susu, %5 ve %10 tuz konsantrasyonunda gelisme

gostermedigi i¢in, bakteri bu tuz konsantrasyonlarmda EPS
iiretimi gostermemistir.

Mikrobiyolojik calismalarda mikroorganizmalarin
biiylimesini ve EPS firetimlerini etkileyen en Onemli
faktorlerden birisi de kullanilan karbon kaynagidir (Nour
El-Dein ve ark., 2004). Ekzopolisakkarit tiretiminde en ¢ok
kullanilan karbon kaynaklar1 siikroz ve glikozdur. Yapilan
caligmalarda, H. almeriensis M8T susunda (1,7 g/L)
glikozlu ortamda (Llamas ve ark., 2012), Halomonas sp.
AAD6 susunun (1,0726 g/L) siikrozlu ortamda (Kazak,
2009), Chromohalobacter canadensis 28 susunun (130
pg/mL) laktozlu ortamda (Radchenkova ve ark., 2018) en
yiiksek EPS firetimine sahip olduklart bildirilmistir. Bu
calismada, H. trueperi NB7 susunun en yiiksek siikrozlu
ortamda (448 mg/L) EPS drettigi tespit edilmistir.
Besiortami kompozisyonu EPS iiretiminde 6nemli rolii
oldugundan, tim karbon kaynaklarmda EPS iiretimini
oldukca arttirmasi bir avantaj olarak goriilmistiir.
Istatistiksel olarak, kullanilan karbon kaynaklari- tuz
konsantrasyonlar1 ve EPS fiiretimi arasinda p=0,00<0,05
diizeyinde anlamli bir fark oldugu belirlenmistir.

Calismada, suslarin kiiltiir ortaminda belirlenen EPS
miktart ile liyofilizasyon sonrasi EPS (1-EPS) miktarlart
belirlenmistir. En yiiksek EPS {iretimine sahip Halobacillus
trueperi NB10 susundan elde edilen 1-EPS’nin miktar1
841+6 mg/L; en diisiik EPS iiretimine sahip Halobacillus
trueperi NB8 susundan elde edilen 1-EPS nin miktar1 448+2
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mg/L  olarak belirlenmistir. Elde edilen sonuglar
liyofilizasyon oncesi ve sonrasinda, NB9 susu harig,
paralellilik goéstermis olup, liyofilizasyon sonrasit EPS
miktarinin ¢ok daha fazla oldugu goriilmiistiir. Bunun
nedeni olarak, liyofilizasyonda yiiksek hacimde kiiltiirlerin
kullanilmast ve yiiksek hacimde EPS’nin kismi olarak
saflagtirilarak elde edilmis olmasindan kaynakli oldugu
diistiniilmiistiir.

EPS'lerin esas organik fraksiyonlar1 karbonhidratlar ve
proteinlerdir (Nouha ve ark., 2015). Yapilan ¢alismalarda,
halofilik Salipiger mucosus A3T susuna ait EPS’nin % 1,6
(w/w) (Llamas ve ark., 2010), Halomonas sp. AAD6 susuna
ait EPS'nin %0,5125 (Kazak, 2009), H. almeriensis susuna
ait EPS’de %1,1 (w/w) (Llamas ve ark., 2012) protein
igerigine sahip olduklar1 bildirilmistir. Bu ¢aligmada, kiiltiir
ortamindan saflagtirilip liyofilizasyon sonrasi elde edilen
EPS’lerin (I-EPS) protein miktar analizinde, en disiik
protein miktar1t NB8 ve NB9 (0,022 mg/mL) suslarinda, en
yiiksek protein miktar1 NB7, NB10 ve NBI11 (0,028
mg/mL) suslarinda bulunmustur. Literatiirlere gore
calismada kullanilan bakterilerin diigiik protein igerigine
sahip oldugu belirlenmistir. Istatistiksel olarak, I-EPS
miktart ile protein miktar1 (p=0,618) arasinda orta diizey
pozitif yonde anlaml bir iliski oldugu tespit edilmistir.

Mikrobiyal biyofilmlerin insan sagligi tizerinde olumsuz
etkilerinin (Sarikaya ve ark., 2017) yan1 sira yer alt1 su
kaynaklarinin kontaminasyonun engellenmesi,
kullanilmayan ve g¢evreye =zararli olabilecek petrol
yataklarinin ¢evrelenmesi ve maden yataklarindan cevreye
yayilan siilfiir ve benzeri yan iiriinlerin detoksifikasyonu
seklinde olumlu etkileri de gosterilmistir (Unal, 2011). Bu
calismada, tiim suslarin biyofilm ireticisi oldugu tespit
edilmistir. Biyofilm olusumu her ne kadar saglik i¢in tehdit
olustursa da ozellikle hipersalin ortamlar icin biyofilm
ireticisi olan suslarm  kontaminasyon Onleyici ve
endiistriyel atiklar uzaklastirma gibi cevre
uygulamalarinda olumlu yonleri bulunmaktadir. Ancak
biyofilmin etkisi hakkinda daha detayli caligilmasi
gerekmektedir.  Biyofilm  kapasitesini  belirlerken
ekzopolisakkarit miktar1 esas alindigindan, EPS firetimi ile
biyofilm iiretimi arasinda bir iliski oldugu bildirilmektedir
(Coenye ve Nelis, 2010). Bu calismada, EPS iretimi ile
biyofilm aktivitesi arasinda orta diizey pozitif yonde
(p=0,515) bir korelasyon bulunmustur.

EPS’ler, farkli yag ve su karigimlarmi verimli bir sekilde
stabilize eder. Hidrofobik fazlar bitkisel yag, mineral yag
veya bir hidrokarbondur. Endiistriyel islemlerde,
emiilgatorler asir1  sicaklik, cevre, pH ve tuzluluk
degerlerine maruz kalabilir (Freitas ve ark., 2009).
Proteinler, bazi EPS’lerin emiilsifiye edici kapasitesinde
onemli bir rol oynamaktadir (Mata ve ark., 2006; Llamas ve
ark., 2010). Yapilan ¢alismalarda, halofilik bakterilere ait
suslarda emiilsifikasyon aktivitelerinin %35,5 ila %85
arasinda degisen oranlarda oldugu bildirilmistir (Mata ve
ark., 2006; Chikkanna ve ark., 2018). Bu ¢alismada,
literatiirlerle karsilagtirildiginda daha diisiik
emiilsiyonlastirict etki goriilmiistiir. Bunun nedeni, 1-EPS
igerisindeki protein miktarinin diisiik olmasindan kaynakli
olabilir. Istatistiksel olarak, 1-EPS ile emiilsifikasyon
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aktivitesi arasinda zayif diizeyde anlaml bir iliski oldugu
belirlenmistir.

5. Sonug

Calisma sonucunda elde edilen veriler ile H. aquamarina
(NB2) ve H. trueperi (NB7, NB8, NB9, NB10, NB11)
suglarnin  ekzopolisakkarit {iiretim yetenegine sahip
olduklar1 belirlenmistir. H. trueperi NB7 susunun optimum
tuz konsantrasyonu ve karbon kaynagi belirlenerek,
ekzopolisakkarit ~ {iretim  yeteneginin arttirilmasi
biyoteknolojik  uygulamalarda bir avantaj olarak
goriilmiistiir. Ekzopolisakkarit iretim yetenegine sahip
suslarin biyofilm iireticisi oldugu ve 1-EPS’lerin emiilsiyon
yapici olarak uygulamalarda kullanilabilir 6zelliklere sahip
oldugu gosterilmistir. Halofilik bakterilerin irettigi 1-
EPS’lerin verimini ortalama 20 kat arttirarak yiikseltmesi,
protein agisindan diisiik olmasi ve farkli hidrokarbonlarda
emiilsifikasyon aktivite gdstermesi nedeniyle birgok alanda
emiilgator olarak kullanilabilecegi diisiintilmistiir. EKstrem
sartlarda gelisme gosteren halofilik bakteriler ile ¢aligmak
zaman alic1 ve maliyetlidir. Ancak hipersalin ortamlar i¢in
potansiyel uygulamalara sahiptir. Bu ¢aligmada kullanilan
halofilik bakterilerin, elde edilen EPS’lerin (6zellikle 1-
EPS’lerinin) ilk kez calisilmis olmasi, c¢evre igin geri
kazanimda ve biyoteknolojik potansiyel uygulamalarda
kullanilabilir olabilecegini diisiindiirmiistir. Daha net
sonuglar elde edilebilmesi igin daha fazla caligma yapilarak
desteklenmesi gerekmektedir.
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Abstract: The occurrence of new chemical and microbiological contaminants in the aquatic environment has become an issue of increasing
environmental concern. Integrated antibiotic resistance surveillance is one of the objectives of the World Health Organization global action
plan on antimicrobial resistance. Urban wastewater treatment plants (UWWTPSs) are among the most important receptors and as a spot of
antibiotic — Bacteria interaction. Thus, wastewater treatment plants (WWTPs) play an important part in the dissemination of so-called new
emerging pathogens and antibiotic resistances. So, the periodical survey of antibiotic resistance genes in WWTP and finding new
techniques consider the best step to reducing this emergence problem.

Key words; Antibiotics resistance, Wastewater, resistance bacteria

1.Introduction

Waste water treatment plants (WWTPs) and Wastewater
(WW) play as big reservoirs for both antibiotic resistance
bacteria (ARB) and antibiotics residues (AR). and due to
incomplete metabolism of antibiotics in humans or by
disposal of unused antibiotics this WWTPs will be a
disseminating spots for ARB & AR (Bouki C et al. 2013).
Since Waste water contains a complex combination of
different chemical material like disinfectants, antibiotics
and heavy metals which can trigger antibiotics resistance
by selection pressure, even in low concentrations. Also can
increase the chance of antibiotics resistance because
WWTP consider interaction area for Antibiotics and
Bacteria from Different Sources (Karkman A et al . 2018).
Every day municipality WWTPs receive wastes that full of
bacteria and antimicrobial agents from various sources,
making it ideal environment microbes to interact and
exchange genes horizontally with different microbial
species ( Berendonk T.U et al. 2015; Martinez J.L. 2009;
Pal C et al. 2016)

Recent reports estimates that, by 2050, 10 million people
will die every year due to antibiotics resistance unless a
global societies response to this problem (Kraker M.E.A et
al. 2016). Because of this problem expanding day after day

© EJBCS. All rights reserved.

(Shadman T.S &Yasa I. 2018). it must be there periodical
research and development for assessment of ARB & ARG
from waste water and apply new practical methods to
enhance the quantification and identification of these
pollutants.

Therefore, according to our experienceses in this field we
highlights some practical nots to be taked in considerations
by other researchers whene they starting this kinde
researches.

2.ARB & ARGs quantification methods

For the past 70 years, research in antibiotic resistance has
focused mainly on pathogens. Isolating microbial pure
cultures still the most important method in microbiology.
In the other side antibiotic susceptibility testing of bacteria
is relatively inexpensive and gives important data on
resistance patterns that are needed for the clinical treatment
of patients (Karkman A et al. 2018). Most scientific reports
showed that ARGs identification studies have focused on
the use of real-time PCR (polymerase chain reaction) or
real-time quantitative PCR (Q-PCR).

Now days (Q-PCR) amplification is widely applied for
determining ARG within environmental samples without
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the need for culturing especially in WWTPs (Zhu Y G et
al. 2013; Yuan Q et al. 2016; Turolla M et al. 2018).

Culturing based methods give us the number of total
bacterial cells but cannot give us real quantity of resistance

In the following we will put some notes in researchers
hand to be followed when start to work on ARB &
ARGS:-
1- Study of UWWTP Samples separately from
industrial or hospital WWTPs.
Starting with the most commonly used antibiotics
in specific geographic of sampling site to make a
survey about the amount of antibiotics eliminated
to the environment.
Some antibiotics used profusely in winter like
erythromycin and some used plenty in other
seasons, so must be taken in consideration, this
mean that ARG & ARB can be changed according
seasons. for examples ARG in salmonella typhi
and Vibrio cholera bacteria can be rare in winter.
Collecting water samples in dark glass bottles are
better than plastic bottles to avoid any
degradations by light or interactions with plastics.
Do not collect samples in rainy weather to avoid
interacting with water coming from other source
out of WWTP canals.
Transport samples by ice containers and process
within 2- 4 hour.
Water samples must be concentrated firstly by
filtration through nitrocellulose membranes filters
(pore size 0.45 mm) and the filters were rinsed
with saline to provide optimium filteration.
Using R2A agar medium is better than Luria-
Bertani Medium (LB) medium for total bacterial
counting and must be immediatly performed after
filtration, Max 6h.
Filtrate can be store in (- 80 °C) for DNA
extractions in coming days.
Antibiotics resistance increased with presence of
antibiotics residues,pesticides and heavy metals.
So, antibiotics resistance genes survey also need
analyses of these materials.

2-
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bacteria and ARG, for this reason the best method is using
PCR technique.

11- Some antibiotics are sensitive for degradation and
unstable, like ampicilline and tetracycline, so its
recommended to take precautions in the time of
sample processe.
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