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The Effects of Live Yeast Culture Use in Suckling Simmental Calves

on Performance and Health

Mustafa AYDOGDU™* M. Akif KARSLI2
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ABSTRACT The aim of this study was to evaluate the effects of live yeast culture (Saccharomyces cerevisiae) on calf live
weight gain, daily live weight gain, fed intake, feed efficiency and health. Three groups were created by using
calf fed starter diet without live yeast culture (Control group=C), with 5 gr/calf/day live yeast culture (Low
dose live yeast culture =LDLYC) or 10 gr/calf/day live yeast culture (High dose live yeast culture =HDLYC).
Blood samples were withdrawn from each calves at the end of experiment. Average birth weights of calves
were 41.58, 42.42, 41.17 kg whereas average weaning live weights were 81.50, 84.58, and 85.58 kg for C,
LDLYC and HDLYC, respectively. Daily live weight gains and total amount of weight gained during experiment
were 0.67, 0.70, and 0.74 kg/d; and 39.92, 42.17, 44.42 kg for C, LDLYC and HDLYC, respectively. Mean daily
feed intakes were 282.26, 300.65, and 254.01 gr/d for C, LDLYC and HDLYC, respectively. Mean feed
efficiency values were 418.89, 419.44, and 342.93 gr feed/kg daily weight gain for C, LDLYC and HDLYC,
respectively. Percentage of calves that had diarrhea during experiment was 83.33, 66.67 and 33.33 % for C,
LDLYC and HDLYC, respectively. While the percentages of lymphocyte (P=0.06) linearly decreased the
percentage of neutrophil (P=0.05) linearly increased with increasing levels of live yeast culture. In conclusion,
it was thought that even though it was not statistically significant, addition of live yeast culture improved live
weight gain, feed efficiency, and calf health and may have positive effect on immunity.

Keywords: Live Yeast Culture, Suckling Calf, Live Weight Gain, Feed Efficiency

0z Canh Maya Kiiltiirii Kullanmanin Siit Emen Simental Buzagilarda Performans ve
Saglik Uzerine Etkileri

Bu ¢alismada canli maya Kkiiltiiriiniin buzagilarin canh agirlik, canli agirlik artis;, yem tiiketimi, yemden
yaralanma ve saghg iizerine etkilerini degerlendirmek amaglanmistir. Katkisiz ticari buzag: baslangi¢ yemi
(K=Kontrol), ticari buzag baslangi¢ yemine ile 5 gr/buzagi/giin (DCMK=Diisiik Canli Maya Kiiltiirii) ve 10
gr/buzagi/glin (YCMK=Yiiksek Canli Maya Kiiltiirli) canli maya kiiltiirii tiiketen buzag1 gruplarindan olusan 3
grup olusturulmustur. Calismanin sonunda biitiin buzagilardan kan alinmistir. Dogum agirliklar1 K, DCMK,
YCMK sirasiyla; 41.58, 42.42, 41.17 kg, siitten kesme agirliklar: ise ayni sirayla 81.50, 84.58, 85.58 kg olarak
ol¢lilmistiir. Canl agirhik artislar1 degerlendirildiginde DCMK, YCMK ve K i¢in; 0.70, 0.74 ve 0.67 kg/giin,
toplam canli agirlik artis1 ise ayni sirayla 42.17, YCMK 44.42 ve kg 39.92 kg olarak belirlenmistir. Deneme
siiresince DCMK 18039.17 gr, YCMK 15240.83 gr ve K 16935.83 gr yem tiiketmislerdir. Ortalama giinlik
tiketimleri ise DCMK 300.65 gr/giin, YCMK 254.01 gr/giin ve kg 282.26 gr/giin olarak hesaplanmistir.
Yemden yararlanma degerleri ise DCMK 419.44 gr yem/kg agirlik artisi, YCMK 342.93 gr yem/kg canli agirhik
artis1 ve K 418.89 gr yem/kg agirlik artisi olarak hesaplanmistir. Deneme siireci boyunca buzagilarda isal
goriilme oranit DCMK de %66.67, YCMK de %33.33 ve K da ise %83.3 olarak tespit edilmistir. Kan
hiicrelerinden lenfosit orani katilan katt1 oranina paralel olarak azalikken nétrofil oraninin (P=0.05) ise lineer
olarak artis gosterdigi saptanmistir. Sonug olarak, siit buzagilarina verilen mayanin istatistiksel olarak olmasa
da canli agirlik artisi, yemden yaralanmayi, buzagi saghigini iyilestirdigi ve immum sistem iizerine de olumlu
etkisi olabilecegi kanaati olusmustur.

Anahtar Kelimeler: Canli Maya Kiiltiirt, Siit Buzagisi, Canli Agirlik Artisi, Yemden Yararlanma
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GiRiS

Siirtilerdeki temel ve en 6nemli sinirlandirici etken dogum
sonrasi buzagl mortaliteleridir. Diinya ¢apinda, neonatal
buzagl mortalite oranlart %8.7’den %67’ye kadar
degiskenlik gosterir. ilk aylarda gériilen neonatal buzagi
mortalitesi, toplam mortalite oranlarinin %84’iinl
olusturur ve ozellikle buzagilarin yasaminin {giincii
haftalarinda goriilme orani yiiksektir. Bazi arastirmacilara
gore; buzagillarda ve manda yavrularinda goriilen
mortalite oranlar1 %29.1 ile %39.8 aras1 degisir. Ayrica,
erken donemdeki buzag1 mortalitelerinin ortalama %25'i,
disiik verimli hayvanlardan olustugundan, bu sirada
kontrol amaciyla cesitli uygulamalar yapilsa da, siri
sagliginda yapilmasi gereken prosediirler daha zordur
(Anonim 2016).

Buzag olimleri gelismis lilkelerde %2-3 civarinda iken
maalesef bu oran iilkemizde %15 civarindadir. Yeni dogan
buzag ishalleri biitiin diinyada yaygin olarak gozlemlenir,
siit hayvanciligi ve besicilik yapilan isletmelerde 6nemli
ekonomik kayiplara yol agmaktadir. Mortalite orani
gelismis Avrupa tilkelerinde %10-15 arasinda degismekle
birlikte, isletmeden isletmeye farkli oranlarda ortaya
¢ikarak, %50'ye varan daha siddetli kayiplar s6z konusu
olabilecegi gibi, kayip orani % 1-2 olan isletmelerde
bulunabilir. Hastaligin problem oldugu ciftliklerde
buzagilarin %100'G hastaliga yakalanabilir. Isale bagh
buzag1 kayiplarinin iilkemiz icinde ciddi sorun oldugu
bilinmektedir (Sahal ve ark. 2017).

Hayvansal tiretimde kullanilan antibiyotiklerin, hayvansal
triinlerde kalinti biraktigi ve bu hayvansal {iriinleri
tiiketen insanlarda bazi alerjik reaksiyonlara yol actig1 ve
sonu¢ta insanlarda hastalilk yapan baz1 bakterilerin
tedavide kullanilan antibiyotiklere diren¢ kazanmalarina
yol actigi yolundaki bazi bulgular; antibiyotiklere olan
giivenin zayiflamasina yol agmistir. Bununla beraber,
sindirim sistemindeki patojen mikroorganizmalarla
beraber bazi faydali mikroorganizmalarin da o&liimiine
neden oldugu bildirilmektedir. Tiiketicilerin artan biling ve
baskilar1 sonucu, antibiyotiklerin verim artirici olarak
kullanilmasinin insan ve hayvan saghg izerindeki
olumsuz etkileriyle ilgili baz1 bulgularin ardindan ilk kez
1986 yilinda isvec'te bilyiitme faktérii amach kullanimi
yasaklanmis, daha sonra 01 Haziran 1999 yilinda Avrupa
Birligi'nde belirtilen amagla kullanimlarina sinirlama
getirilmistir. Ulkemizde ise bu karar Tarim ve Kdy Isleri
Bakanligi'nca alinmis ve 30 Eyliil 1999’da antibiyotiklerin
hayvan yemlerinde verim artirict olarak kullanilmasi
yasaklanmistir (Saygic1 ve Giinal 200; Oztiirk ve Yildirim
2004).

Antibiyotiklerle ilgili bu yasal gelismeler, olusan boslugun
doldurulmasi i¢in probiyotik, prebiyotik ve Dbitki
extraktlar1 gibi alternatif yem katki maddelerini giindeme
getirmistir. Probiyotiker, mide-bagirsak flora ve faunasini
diizenlemek, patojen mikroorganizmalarin gelisimini
engellemek ve yemden yararlanmayr artirmak gibi
amaclarla yeme toz, graniil, siv1 siispansiyon, kapsiil ve
pelet formlarinda karistirilan ya da igme suyuna verilen
canli bakteri veya maya kiiltiirleri iceren biyolojik
Uriinlerdir.

Bu ¢alismamizda siit emme donemindeki buzagilarda bir
probiyotik olan canli maya Kkiltirii kullaniminin
buzagilarin canh agirlik, canl agirhik artisi, yem tiiketimi,
yemden yaralanma ve saghgl lzerine etkilerini
degerlendirmek amag¢lanmistir.

MATERYAL ve METOT

Bu ¢alismada, Corum Merkez Ova Karapinar Kdyiinde bir
Simental Irki Damizlik Siit Sigir1 isletmesinde yeni dogan
buzagilardan dogum sirasi ve cinsiyete gore secilen 3 farkl
grupta toplam 18 adet buzaginin; Canlhi Saccharomyces
cerevisiae kiiltiirli iceren Vimasacc® isimi ticari maya’nin
buzagilarda canl agirlik artisi, yem tiiketimi, yemden
yararlanma ve saglhigl Tlzerine etkileri belirlenmeye
calisilmistir. Hayvanlar dogumlarindan itibaren dogum
siras1 ve cinsiyetine gore diisiik doz canli maya kiiltiirt
(DDG), ytiksek doz canli maya kiiltiirii (YDG) ve kontrol
grubu (KG) olmak iizere 3 gruba ayrilmistir. Her bir gruba
3 disi ve 3 erkek olmak tizere toplam 6 sar buzag
sec¢ilmistir. Kontrol grubu dahil denemeye alinan buzagi
sayisl 18 bastir. Her bir buzaginin dogumu takip eden ilk 2
saat icerisinde tartimi yapilarak dogum agirligi kaydedilip
bireysel buzagi kuliibelerine alinmistir. Kuliibelere
almirken Gida Tarim ve Hayvancilik Bakanliginin plastik
tanimlama  kiipesi ile  kiipelenerek = numaralari
kaydedilmistir.

flk ii¢ giin kolostrum verildikten sonra 4. giin ile beraber
diisik doz grubuna 5 gr/giin, yiksek doz grubuna 10
gr/giin canll maya kiltiiri siit icerisinde verilmeye
baslanilmistir. Kontrol grubuna ise her hangi bir katki
verilmemistir. Denemede kullanilan canli maya kiltiri
canli 12x101! CFU/kg Saccharomyces cerevisiae kiiltiirii ile
tastyict madde olarak kalsiyum karbonat ve kepek icerdigi
garanti edilen ticari maya 25 kg'lik agcilmamis paket olarak
temin edilmistir. Bitiin gruplarda bulunan hayvanlara
verilen siit miktarlar1 ayn1 miktarlarda ve 55. gline kadar
iki 6gln halinde, sagilan giinlik siitten alinarak siit
hazirlama makinesinde 38 °C ‘de verilmistir. Verilen
glinliik siit miktari, hayvanlarin yasi dikkate alinarak; 0-7
glinler arasi 2 1t/6giin, 8-28 giinler arasi 2,5 1t/6gtin, 29-42
glnler arasi 3 It/6glin, 43-49 giinler arasi 2,5 1t/6giin, 50-
53 glinler arasi1 2 1t/6giin, 54-55 glinler arasi 1 It tek 68ln,
56. giin ise siit verilmemistir. Yine siitten kesim stresini
azaltmak amaci ile 57. giin aras1 1 It tek 6gilin, 58. giin siit
verilmemis, 59. giin aras1 1 It tek 6giin siit verildikten
sonra buzagilar 60. glinden itibaren siitten kesilmistir. Siit
besleme tablosu asagida belirtilmistir. Siitle beslemeye ek
olarak, su ve % 18 HP ve 2700 kcal/kg ME iceren buzag:
baslangi¢c yemi 7. giinden itibaren buzagilara ad libitum
diizeyde verilmeye baslanmistir. Kullanilan buzag:
baslangic yemine ait besin madde analiz sonuglari
tablo1’de sunulmustur. Yem 7-15. giin 500 gr/giin, 15-30.
glin 1000 gr/giin, 30 -45. giin 1500 gr/giin, 45. giinden
itibaren siitten kesilene kadar ise 2000 gr/giin seklinde
giinliik olarak yemliklere konulmustur.

Buzagilarin tiiketmedigi yemler gilinliik olarak tartilmak
suretiyle alinmis, buzagilarin gilinlik yem tiiketimleri
hesaplanarak kayit altina alinmistir. Yemlerin tartim
islemleri 5 gr hassasiyeti olan 40 kg kapasiteli elektronik
terazi kullanilarak gergeklestirilmistir. Biitiin buzagilarin
dogum, 15, 30, 45 ve 60. glinlerinde 50 gram hassasiyetli
1000 kg kapasiteli hayvan kantar1 kullanilarak tartimlari
yapilmis ve kayit altina alinmistir. 60. giindeki tespit edilen
canli agirhk ayni zamanda siitten kesim agirligi (SKA)
olarak kayit altina alinmigtir. Buzagilarin saglik durumlari
deneme boyunca giinliik takip edilmis olup, 6zellikle ishal
olan buzagilar tespit edilip kayit altina alinmis ve siireg
boyunca takip dilmistir. ishal olan buzagilara standart
olarak Baytril K %2.5 (Her ml sinde 25 mg Enrofloksasin
icerir) ticari preparattan 2 ml IM olarak 3 giin, Fulimed (
Her ml sinde 50 mg Fluniksin Meglumin igerir) ticari
preparattan 2 ml IM olarak 3 giin uygulanmak suretiyle
tedavileri gerceklestirilmistir.
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Denemede kullanilan yem o6rneklerin kuru madde (KM),
ham kiil (HK), organik madde (OM), ve ham protein (HP)
icerikleri AOAC (1990) analiz sistemine, notral deterjan
fiber (NDF), Van Soest ve Robertson (1979)’a gore, asit
deterjan fiber (ADF) ise Goering ve Van Soest (1970)e
gore belirlenmistir. Deneme sonunda biitiin buzagilardan
EDTA’lW tiiplere kan alinarak hizhi bir sekilde Kirikkale
Universitesi Veteriner Fakiiltesi Biyokimya laboratuvarina
ulastirllmis ve bu kan orneklerinde kan hiicre sayimi
yapimistir. Denemede elde edilen veriler SAS istatistik
programi kullanilarak variyans analizine tabi tutulmus
(SAS 1995) ve ortalamalar arasindaki farklhiliklar ise
Duncan testi ile belirlenmistir (Steel ve Torie 1980).

BULGULAR

Calismada kullanilan buzag baslangic yeminin besin
madde icerigine iliskin veriler tablo 1’de, buzagilarin canl
agrililarina ait veriler Tablo 2’de, giinliik canli agirlik artisi
ve denede siiresince toplan canli agirlik artislarin iliskin
veriler Tablo 3’de sunulmustur.

Calismada kullanilan buzagilarin deneme siiresince toplam
yem tiiketim verileri Tablo 4’de, ortalama giinlik yem
tiikketim verileri Tablo 5 ve yemden yaralanma degerleri
ise Tablo 6'da gosterilmistir. Denemede kullanilan
buzagilardan deneme sonunda alinan kan parametrelerine
ait veriler Tablo 7’de, deneme siiresince ishal goriilme
oranina iliskin rakamlar ise Tablo 8’de sunulmustur.

Tablo 1. Buzagilara verilen buzagi baslangi¢ yeminin besin
madde igerigi, (%KM’de).

Table 1. Nutrient composition of calf starter feed fed to
calves, (DM%).

KM 93.06
Kiil 7.34
oM 92.66
NDF 23.55
ADF 5.19
CP 19.26

Tablo 2. Denemede kullanilan buzagilarin deneme siiresince canli agirlik verileri, kg.

Table 2. Live weight values of calves used in the experiment throughout the experiment, kg.

Canli Agirhk Kontrol DCMK YCMK P

Dogum Agirligi 41.58+2.16 42.42+1.61 41.17+£3.24 0.72
15. Glin 46.42+1.83 46.33+£1.67 45.75+2.69 0.78
30. Giin 57.58+2.35 58.50£2.31 57.67+3.04 0.74
45. Giin 69.75+1.67 70.92+2.15 73.00£2.29 0.13
60. Giin 81.50+3.11 84.58+3.17 85.58+3.59 0.14

Tablo 3. Denemede kullanilan buzagilarin deneme siiresince giinliik ve toplam canli agirlik artis verileri, kg.

Table 3. Daily and total live weight gains of calves used in the experiment throughout the experiment, kg.

Canh Agirhik Artisy, kg/g Kontrol DCMK YCMK P

0-15. Giin 0.26+0.04 0.32+0.03 0.31£0.05 0.59

0-30. Giin 0.53+0.04 0.54+0.04 0.55+0.02 0.94

0-45. Giin 0.63+0.03 0.63£0.03 0.71£0.05 0.24

0-60. Giin 0.67+0.03 0.70+0.04 0.74+0.03 0.31

0-90. Giin* 0.74+0.09 0.81+0.08 0.79+0.06 0.82

15-30. Giin 0.81£0.15 0.83£0.05 1.02+0.15 0.31

30-45. Giin 0.78+0.16 0.91£0.11 0.84+0.11 0.44

45-60. Giin 0.67+0.03 0.70+0.04 0.74+0.03 0.78

Toplam Canli Agirlik Artisy, kg 39.92+1.87 42.17+2.15 44.42+1.99 0.31

*[statistiksel tahmini degerlerdir

Tablo 4. Denemede kullanilan buzagilarin deneme siiresince toplam yem tiiketim verileri, gr.

Table 4. Total feed intake values of calves used in the experiment throughout the experiment, gr.

Toplam Yem Tiiketimi, gr Kontrol DCMK YCMK P
0-15. Giin 715.83+141.54 526.67+75.21 644.17+168.47 0.61
15-30. Giin 2776.67£618.24 2842.50+480.32 2847.50+£516.89 0.99
30-45. Giin 3901.67+£570.67 4431.67+654.20 4154.17+663.48 0.84
45-60. Giin 9541.67+1107.79 10238.33+1310.42 7595.00£1237.60 0.31
0-60. Giin 16935.83+2226.32 18039.17+2405.41 15240.83+2152.58 0.68
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Tablo 5. Denemede kullanilan buzagilarin deneme siiresince giinliik yem tiiketim verileri, gr/glin.

Table 5. Daily feed intake values of calves used in the experiment throughout the experiment, gr/d.

Giinliik Yem Tiiketimi Kontrol DCMK YCMK P

0-15. Giin 47.72+9.44 35.11+5.01 42.94+11.23 0.61
15-30. Giin 185.11+41.22 189.50+32.02 189.83+34.46 0.99
30-45. Gin 260.11+38.04 295.44+43.61 276.94+44.23 0.84
45-60. Glin 636.11+73.85 682.56+87.36 506.33+82.51 0.31
0-60. Giin 282.26+37.11 300.65+40.09 254.01+35.88 0.68

Tablo 6. Denemede kullanilan buzagilarin deneme siiresince yemden yararlanma verileri, gr yem/kg CAA.

Table 6. Feed efficiency values of calves used in the experiment throughout the experiment, gr yem/kg LWG.

Yemden Yararlanma gr/kg CAA Kontrol DCMK YCMK P

0-15. Giin 158.82+39.89 140.58+14.90 177.67+66.84 0.85
15-30. Giin 249.10+45.88 235.23+34.16 242.37+37.58 0.97
30-45. Glin 420.46+116.88 361.55+56.15 300.52+58.00 0.60
45-60. Glin 1180.06+431.57 748.44+29.09 640.04+£122.47 0.32
0-60. Giin 418.89+40.42 419.44+36.88 342.93+47.57 0.36

Tablo 7. Denemede kullanilan buzagilarin deneme sonu kan parametreleri.
Table 7. Blood parameter of calves used in the experiment at the end of the experiment.

Kontrol DCMK YCMK P
WBC 8.47+0.67 8.56+0.51 9.29+0.57 0.57
LYM 5.62+0.45 5.45+0.26 5.35+0.15 0.83
MON 0.26%0.13 0.17+0.04 0.19+0.04 0.71
NEU 2.40+0.41 2.72+0.31 3.38+0.46 0.25
EOS 0.33+0.06 0.30£0.05 0.36+0.01 0.71
BAS 0.02+0.00 0.02+0.00 0.02+0.00 0.90
LY% 65.58+1.90 63.50+2.14 58.43+2.97 0.06
MO0% 2.70£1.30 1.82+0.34 2.02+0.34 0.72
NE% 27.47+2.68 31.00+1.84 35.42+3.15 0.05
E0% 4.02+0.94 3.47+0.58 3.95+0.40 0.82
BA% 0.20+0.05 0.18+0.03 0.18+0.03 0.94
RBC 9.61+0.38 9.98+0.50 9.79+0.39 0.83
HGB 8.48+0.33 9.23+0.46 8.85+0.27 0.37
HCT 25.86+1.05 27.97+1.18 27.18+0.97 0.39
MCV 27.00+0.86 28.17+£0.75 27.83+x1.08 0.65
MCH 8.85+0.25 9.28+0.22 9.08+0.27 0.49
MCHC 32.73+x0.46 32.97+0.35 32.57+0.35 0.77
RDWc 30.80+1.35 28.40+0.74 30.03+x1.71 0.45
PLT 582.67+42.85 580.50+£62.09 512.33+41.57 0.54
PCT 0.30+0.02 0.33+0.05 0.27+0.03 0.46
MPV 5.08+0.10 5.58+0.20 5.13+0.13 0.06
PDWCc 29.08+0.96 31.40+0.94 29.40+1.38 0.31

Tablo 8. Buzagilarin ishale yakalanma % oranlar.

Table 8. Diarrhea prevalence of calves used in the experiment throughout the experiment, %.

Grup Toplam Hayvan Sayisi ishale Yakalanan Hayvan Sayisi ishal Olma Yiizdesi

K 6 5 83.33
DCMK 6 4 66.67
YCMK 6 2 33.33




[The Effects of Live Yeast Culture Use in Suckling Simmental Calves]

Van VetJ, 2020, 31 (1) 1-6

TARTISMA ve SONUC

Siit emme doénemindeki Simental 1rki buzagilara farh
miktarlarda canli maya kiiltiirii olarak verilen
Saccharomyces cerevisiae’nin buzag performans ve sagligi
izerine etkilerini arastirildigi bu ¢alismada, buzagilarin
canli agirlik verileri Tablo 2’de verilmistir. S6z konusu
tablo incelendiginde, denemeye alinan buzagilarin dogum
agiliklar1 birbirine yakin olup, istatistiksel ve kayda deger
rakamsal farkliligin olmadigr gorilmistir. 15 ve 30.
giinlerde yapilan 6l¢ctimlerde canli agirlik artislari birbirine
yakin iken, 45. giinden itibaren canli maya kiltirdli
gruplarda istatistiksel olarak farli olmamakla birlikte
rakamsal canl agirlik artist oldugu goriilmigtiir. Siitten
kesme yasi olan 60. giine gelindiginde DDG 84.58 kg, YDG
85.58 kg ve KG 81.50 kg olarak ol¢iimleri gerceklesmistir.
Calisma sonunda DDG nin KG ye gore yaklasik 3 kg, YDG
ise KG’'a gore 4 kg daha fazla canli agirhik aldig tespit
edilmistir. Diler ve Aydin (2009) isvicre Esmeri buzagilarla
yaptigi benzer bir c¢alismada buzagilarin dogum
agirliklarinin yaklasik 39 kg ve 8 hafta sonunda siitten
kesim agirliklarinin ise kontrol grubu 67.8 kg canli maya
kaltiirti tiiketen grubun ise 72.0 kg oldugunu ve gruplar
arasina yaklasik 4 kg fark olmasina ragmen farliligin
istatistiksel olarak oneli bulunmadig1 bildirilmistir. Yine,
Istk ve ark. (2004)'de Holstayn buzagilarla yaptig1
calismada, buzagilarin dogum agriliklarinin 34.0-39.8 kg, 2
ay sonunda ise canli agirliklarinin 64.0-72.0 kg araliginda
oldugu, canli maya kiltiri verilen grubun canh
agirliklarinin daha fazla olmasina karsin istatistiksel
olarak benzer bulundugu ifade edilmistir. S6z konusu
calismadaki buzagilarin gerek dogum ve gerekse 60 giin
sonunda siitten kesim agirliklar1 yukarida bahsedilen
calismalardan daha yiiksek olmakla birlikte, canli maya
kaltird kullanimimin etkisi her iki ¢alisma sonuglariyla
benzerlik gostermektedir. Canli agirliklarin farkli olusu
kullanilan irklarin yapilariyla ilgili oldugu
distiniilmektedir.

Canli agirlik artiglar degerlendirildiginde 0-15., 0-30. ve 0-
45. glnler de gruplardaki canli agirhk artislarinin
istatistiksel olarak 6nem arz etmedigi goriilmiistiir. Giinlitk
canli agirlik artisinin 0-60. Glinler arasinda DDG 0.70 kg/g,
YDG 0.74 kg/g ve KG 0.67 kg/g olarak hesaplanmistir. YDG
nin DDG ve KG ye gore, DDG’'nin de KG'ye gore daha fazla
giinliik canli agirhik artis1 sagladign goriilmistiir. Altmig
giinliik deneme sonunda, toplam canli agirlik artis1 DDG
4217 kg, YDG 44.42 kg ve KG 3992 kg olarak
belirlenmistir. YDG nin KG'ye gore yaklasik 4.5 kg ve
DDG’ye gore ise 2 kg daha fazla canl agirlik artisi olduguy,
DDG nin ise KG ye gore 2.2 kg’'lik daha fazla canl agirhik
artis1 kazandig1 goriilmiistiir. Bu kazanilan canlik agirliklar
oransal olarak ele alindiginda YDG'nin KG’ye gore %11.27,
DDG'nin KG’ye gore ise %5.51daha fazla canl agirlik arisi
saglandig1 goriilmektedir. Diler ve Aydin (2009) Isvigre
Esmeri buzagilarda 8 haftalik ortalama giinliik canli agirlik
artisinin canli maya kiiltiiri grubunda 0.569 kg, kontrol
grubunda 0.523 kg olup proiyotik grubunun, kontrol
grubuna gore sirasiyla %6.2 ve %8.9 daha fazla istiinlik
saglamis olmasina karsin aradaki farklilik istatistiksel
olarak dnemli bulunamadigini ifade etmistir. Yine Gill ve
ark. (1987) 307 buzagiya 28 giin siire ile canli maya
kiiltiirii verdigi denemede ortalama giinlik canli agirhk
artisinin %9.3 daha fazla oldugunu ifade etmistir. Mevcut
calismada giinlik canh agirhk artislarinin doz artisina
paralel olarak %5.51 ile %11.21 diizeyinde artirdig1
saptanmistir. Jatkauskas ve Vrotniakiene (2010) Litvanya
Alacasi buzagilarla yaptigt bir c¢alismada, 62 giinlik
deneme stiresinde kontrol grubundaki buzagilar 40.1 kg

toplam canli agrihik kazanirken probiyoik tiiketen
buzagilarin 47.9 kg canli agirlik kazandigini ve farkliligin
istatistikselde Onemli bulundugu ifade etmislerdir. Bu
sonugclar literatiir verileriyle uyum icindedir.

Denemede kullanilan buzagilarin toplam yem tiiketimleri;
0-15, 15-30, 30-45 ve 45-60. giinler araliklarindaki yem
tiiketimlerinin dénemsel olarak rakamsal farkliliklar arz
ettigi ancak bu sayisal farkliliklarin istatistiki agidan
onemli olmadigl gorilmistiir. 0-60. giinler arasinda yani
tim deneme siiresi boyunca toplam yem tiiketimi DDG
18039.17gr, YDG 15240.83 gr ve KG 16935.83 gr olarak
6lciilmiis ve bu veriler incelendiginde YDG nin DDG ye gore
yaklasik 3 kg KG'ye gore ise 1.5 kg daha az yem
tiketmesine ragmen daha fazla canh agirhk artisi
kazandig1 belirlenmistir. Giinliik ortalama yem tiiketimleri
0-15., 15-30., 30-45. gilinler de olcgilen gilinlik yem
tilketimleri gruplar bazinda birbirine yakin, 45-60.
arasinda DDG nin en fazla giinlik yem tiiketimine sahip
oldugu YDG'nin KG'den 130 gr/giin DDG den ise 174
gr/glin daha az yem tiikettigi goriilmistiir. Deneme siiresi
boyunca ortalama giinlik ortalama yem tiiketimleri ise
DDG 300.65 gr/giin, YDG 254,01 gr/giin ve KG 282.26
gr/gin olarak Dbelirlenmistir. S6z konusu veriler
incelendiginde DDG'nin KG'ye gore yaklasik 18 gr/giin
fazla oldugu, YDG'nin ise KG’ye gore 28 gr/giin az oldugu
goriilmiustiir. Isik ve ark. (2004) da Holstayn buzagilarin
ikinci ayda ortalama 615-759 gr/giin yem tiikettiklerini
ifade etmistir. S6z konusu ¢alismada, 0-60 gilnler
ortalamasi 300 gr civarinda olup ¢ok diistiktiir. Ancak, 45-
60. giinler arasi ortalama yem tiiketim degerleri Isik ve
ark. (2004) bildirdigi degerlerle uyum icinde oldugu
goriilmektedir. Mevcut calisma sonuglarina benzer olarak,
yapilan calismalarda canli maya kdltiirii kullaniminin yem
tiketimi Uzerine o6nemli bir etkisinin olmadigini ifade
edilmistir Gill ve ark. 1987; Diler ve Aydin 2009) .

Yemden yararlanma verilerine goére KG 45-60. glinler
arasinda 1 kg canli agirlik artisi saglamak i¢in 1180 gr yem
tiikettigi KG ye goére DDG nin 432 gr, YDG nin ise 540 gr
daha az yem tiikettigi hesaplanmistir. 0-15, 15-30 ve 30-
45. gilinlerde sayisal farkhiliklarin olustugu ancak bu
farklihklarin  istatistiki ~acidan  6nemli  olmadig
goriilmistiir. Deneme siiresi boyunca ortalama yemden
yararlanma degerleri ise DDG 419.44 gr yem/kg CAA., YDG
34293 gr yem/kg CAA. ve KG 418.89 gr yem/kg CAA
olarak belirlenmistir. KG ve DDG arasinda yemden
yararlanma ag¢isindan farklilik goriilmeyip YDG nin 1 kg
canli agirlik artisi icin her iki gruba goére yaklasik 80 gr
daha az yem tiikettigi gortilmiistiir. Buda yaklasik olarak
%19.05’lik daha az bir yem tiiketimi anlamina
gelmektedir. Isik ve ark. (2004) yapmis oldugu bir
calismada canli maya kiiltiirii kullaniminin buzagilarda
yemden yaralanma degerini %11.05 oraninda iyilestirdigi
ifade edilmistir. Yine benzer sekilde canli maya kiiltiirti
kullaniminin yemden yararlanmayi %5.6 (Hooper 1990)
ve %9.5 (Gill ve ark. 1987) iyilestigini bildiren ¢alismalar
mevcuttur. Mevcut c¢alismada canli maya Kiiltiiriilerin
etkisi literatiir bildirimleriyle uyumlu olmakla birlikte
istatistiksel fark tespit edilememistir. Bunun en énemli
sebebi mevcut ¢alismada kullanilan buzagi sayisinin biraz
az olusundan kaynaklandig1 diisiinmektedir. Canli maya
kiltird  kullaniminin  yararlarini  goésteren  bir¢ok
calismanin  olmasimna kasin, canli maya kiltiri
kullaniminin buzagilarda istatistiksel olarak dnemli bir
etkisinin tespit edilemedigini bildiren c¢alismalar da
bulunmaktadir (Alp ve Kahraman 1996). Bu tir
birbirinden farkli sonuglarin ortaya ¢ikisi; kullanilan canlt
maya  Kkiltiiriilerin ~ farkhiligi, denemde  kullanan
hayvanlarin irk-yas-cinsiyet farkliligy, farkh cevre sartlari
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ve uygulanan bakim-besleme programlarina kadar degisik
bircok faktoriin etkili olabilecegini gb6z Oniinde
bulundurulmalidir.

Kan analiz sonuglar1 degerlendirildiginde tam kan
parametrelerinin  tiim  gruplarda referans deger
araliklarinda oldugu ve bu degerlerin istatistiksel acidan
onem arz eden farhliklar olmadigi goriilmiistiir. Kan
hiicrelerinden lenfosit oram katilan katki oranina paralel
olarak azalikken noétrofil oranimin (P=0.05) ise lineer
olarak artis gosterdigi saptanmistir. Buda, NE% ve LY%
nin (P = 0.05) istatistiksel dneme yakinhigindan dolay1
canli maya kiltiirii tiiketiminin immun sistem tzerine
etkisi olabilecegini diisiindiirmektedir.

Denemede kullanilan buzagilar arasinda higbir o6lim
gorilmemistir. Deneme siireci boyunca DDG den 4 adet,
YDG den 2 adet KG den 5 adet buzag: ishal olmustur.
Hayvan sayilarina oranlandigi da isal goriilme orani KG’'da
%83.33, DDG’da %66.67 ve YDG'da ise %33.33 olarak
hesaplamistir. Buda canli maya kiltirid kullaniminin
buzagilarda isal goriilme sikligini ciddi anlamda azalttigin
gostermektedir. Yapilan ¢alismalar, buzagilarda canli maya
kltiiri kullaniminin ishal vakalarini 6nledigi ve ishal olma
sikliginmi azalttigini ortaya koydugu gorilmemektedir (Gill
ve ark. 1987; Abe ve ark. 1995; Isik ve ark. 2005; Aydin ve
ark. 2008; Diler ve Aydin 2009).

Sonug olarak, siit buzagilarina verilen mayanin istatistiksel
olarak olmasa da canl agirlik artisi, yemden yaralanmayz,
buzag: saghgini iyilestirdigi ve immum sistem iizerine de
olumlu etkisi olabilecegi kanaati olugsmustur. Kullanilan
mayanin daha fazla buzagi kullanilarak daha detayl olarak
etkilerinin arastirilmasinin faydali olacagi diistinilmustir.
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ABSTRACT In this investigation, mandible of 5 adult Aksaray Malakl dogs, regardless of gender, aged between 4 and 5
years, who died from various reasons, brought to Aksaray University Veterinary Faculty Veterinary Health
and Application and Research Center by Aksaray Malakli dog breeders between 2016-2018, were used. After
determining the macroanatomical features of the study, morphometric investigations were measured with
the help of digital caliper and the data were analyzed with arithmetic mean and standard error. The ramus
ventralis convex. The facies labialis was convex, the facies lingualis in carnivora showed a sharp concavity in
accordance with the language structure. It was found that the linea mylohyoidea S‘line in corpus mandibulae
was markedly folded. There were 2 foramen mentale in the corpus mandibulae. The jaw tooth formula was I3
C1 P4 M3. The length of the mandibulae was measured as 187.33 mm and the height of the ramus mandible
was 75, 09 mm. As a result, in this study macroanatomical and morphometric features of Aksaray Malakli dog
mandible were examined, and similarities and differences with other carnivore species were determined.

Keywords: Aksaray Malakli Dog, Mandible, Morphometric

0z Aksaray Malaklh Kopeklerinde Mandibula’nin Makro-Anatomik ve Morfometrik
Olarak incelenmesi

Calismada 2016-2018 yillar1 arasinda Aksaray Malakl képegi yetistiricileri tarafindan Aksaray Universitesi
Veteriner Fakiiltesi Veteriner Saglik ve Uygulama ve Arastirma Merkez'ine getirilen cesitli sebeplerden 6lmiis,
cinsiyet farki gézetmeksizin 4 ile 5 yaslar arasinda degisen toplam 5 adet eriskin Aksaray Malakli kdpeginin
mandibula’lar1 kullanildi. Arastirmada mandibula’nin makroanatomik 6zellikleri belirlendikten sonra
morfometrik incelemeleri digital kumpas yardimiyla odlgiilerek incelemeye ait veriler aritmetik ortalama ve
standart hata ile gosterildi. Corpus mandibulae’nin margo ventralis’inin digbiikey oldugu tespit edildi. Corpus
mandibulae’da facies labialis’in digbiikey, facies lingualis’in carnivor dil yapisina uygun olarak keskin bir
icbiikeylik gosterdigi saptandi. Corpus mandibulae’da yer alan linea mylohyoidea'nin “S” sekline benzer
belirgin bir kivrim gosterdigi ve corpus mandibulae’da materyallerin tamaminda 2 adet foramen mentale’nin
bulundugu belirlendi. Alt ¢cene dis formiiliiniin I3 C1 P4 M3 seklinde oldugu tespit edildi. Yapilan él¢timlerde
mandibulae’sinin uzunlugu 187,33 mm ve ramus mandibula’nin yiiksekligi ise 75,09 mm olarak o&l¢iildii.
Sonug olarak, Aksaray Malakli képegi mandibula’sinin makroanatomik ve morfometrik dzellikleri incelenerek
diger carnivor tiirleriyle olan benzerlik ve farkhliklari ortaya konuldu.

Anahtar Kelimeler: Aksaray Malakli Képegi, Mandibula, Morfometrik

GiRis Kangal kopegine gore penceleri daha biiyiikk ve kalin

. o o yapida oldugu, fakat siirii yonetiminde zayif, soguga karsi
Malakl képegi irkinin anavatam Aksaray ili ve ¢evresidir. dayaniksiz, sarkik dudakli yapisi nedeniyle suya
Bolgede yogun ol_arak yet.istirilmesi neden_iyle “Aksaray salyalarinin  aktigi ve siiri pesinde cabuk yorgun
Mala_khSl" da denilmektedir. Yapilan genetik calisma ve distiikleri belirtilmektedir (Yilmaz 2008, Atasoy 2011,
ar}ahzler. sonucund:.;l Akbas,. Kars ve Kangal .goban Atasoy ve ark. 2011, Yilmaz ve Ertugrul 2012, Atasoy ve
koépeklerinden genetik benzerlik bakimindan ayri bir grup ark. 2014, Ograk ve ark. 2018). Evcil kopek (Evans 1979,
olusturdugu icin farkh bir irk olabilecegi belirtilmistir Nickel ve ark. 1987, Dursun 1994), gri kurt (Atalar ve
(Atasoy ve Kanli 2005, Atasoy 2011, Atasoy ve ark. 2011). Temizer 2009), sansar (Atalar ve Temizer 2009), vasak
Aksaray Malakli kopegi boz renkli, iri yapil ve dudaklan (Atalar ve Temizer 2009), tilki (Atalar ve Temizer 2009),
sarkik bir yapiya sahiptir. Cogunlukla karsilastirildigi Alman kurt kopegi (Onar ve ark.1999), porsuk (Atalar ve
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Temizer 2009), su samuru (Karan ve ark. 2005), rakun
koépegi (Hidaka ve ark. 1998, Korablev ve ), Nijerya yerel
kopegi (Igado 2017) gibi carnivor’larin mandibula’si
tizerinde incelemeler yapildig1 tespit edilirken, Aksaray
Malakli képeginde mandibula kemiginin makroanatomisi
ve morfometrisi ile ilgili bilimsel bir ¢alismanin
yapilmamis olmasi, makroanatomik ve morfometrik yapisi
ile ilgili yapilacak arastirmalara kaynak olusturmasi
acisindan Onemlidir. Carnivorlar’da mandibula kemigi
ozellikle avin yakalanmasi ve par¢alanmasi sirasinda bas
ve boyuna yardimci olmasi nedeniyle 6nemli anatomik bir
yapidir. Bu c¢alismada, Aksaray Malaklh koépeginin
mandibula’sinin  makro-anatomik  ve = morfometrik
ozelliklerini tespit etmek ve diger etgillerle arasindaki
benzerlik ve farkliliklar1 ortaya koyarak literatiir bilgisine
katki saglamak amaglanmaktadir.

ile gosterildi (Tablo 1 ve 2). Terminolojik ifadelerin
yaziminda Nomina Anatomica Veterinaria (2012) esas
alind1.

MATERYAL ve METOT

Calismada 2016-2018 yillar1 arasinda Aksaray Malakl
kopegi yetistiricileri tarafindan Aksaray Universitesi
Veteriner Fakiiltesi Veteriner Saglik ve Uygulama ve
Arastirma Merkez'ine teshis ve analiz amaciyla getirilen
cesitli sebeplerden 6lmts, cinsiyet farki gozetilmeksizin 4
ila 5 yas araliginda olan 5 adet eriskin Aksaray Malakl
képeginin  mandibula’lar1  incelendi. Mandibula’larin
maserasyonu, maserasyon tekniklerine uygun olarak
gerceklestirildi (Tagsbas ve  Tecirlioglu 1966).
Maserasyondan sonra Malaklh koépegi mandibula’lar
incelendi ve fotograf makinasiyla (Canon CE 500, Japan)
makroanatomik yapilari goriintiilendi. Uzunluk 6l¢timleri
dijital kumpas (A marka, 200 mm’lik), a¢1 o&l¢timleri
acidlcer (Ruby, 90x15 mm’lik) kullanilarak yapildi.
incelemeye ait veriler aritmetik ortalama ve standart hata

BULGULAR

Mandibula’nin ventral kismini corpus mandibulae, dorsal
kismini ise ramus mandibulae olusturdugu gozlendi.
Synchondrosis intermandibularis tam birlesme durumu
gostermekteydi. Symphysis mandibulae piirtzlii kabarti
goriinimiindeydi. =~ Corpus  mandibulae’'nin  margo
ventralis'i digbiikey vaziyette tespit edildi. Corpus
mandibulae’da facies labialis disbilikey, facies lingualis
carnivor dil yapisina uygun olarak keskin bir i¢biikeylik
gostermekteydi. Corpus mandibulae’da yer alan linea
mylohyoidea’nin “S” sekline benzer belirgin olarak kivrim
gosterdigi ve corpus mandibulae’'nin caudal’indeki fossa
pterygoidea’nin s1g durumda oldugu tespit edildi. Foramen
mentale delikleri 2 adet bulunmaktayd:i (Sekil 1 ve 3).
Altcene dis formiilii I3 C1 P4 M3 seklinde idi. Ramus
mandibulae’'nin medial’indeki foramen mandibulae genis
bir delik durumunda gozlendi. Ramus mandibulae’daki
processus coronoideus genis ve geriye dogru yonelmekte
iken processus condylaris’in caput mandibulae’s1 kalin,
disbiikey bir yapiya sahip oldugu go6zlendi. Angulus
mandibulae’daki processus angularis yassi bir cikinti
seklinde caudal’e doniik olarak tespit edildi. Ayrica,
angulus mandibulae’daki fossa massetericanin oldukga
derin oldugu gozlendi (Sekil 1-4). Mandibula’'nin
morfometrik 6l¢ctimleri Tablo 1 ve Tablo 2’de gosterildi. Bu
6lctimlere gore processus condylaris’ten infradental’e olan
toplam  uzakhk  187,33+14,44 mm ve ramus
mandibulae’nin yiiksekligi 75,09+11,18 mm olarak tespit
edildi.

Tablo 1. Aksaray Malakli kdpegi mandibula’sinin ortalama ve standart sapma degerleri

Table 1. The mean and standard deviation values of the Aksaray Malakli dog mandible

Aksaray Malakl képegi
Ol¢iiler Aritmetik ortalama
+SP / mm
Processus condylaris’ten infradental’e olan toplam uzaklik 187.33+14.44

Processus angularis’den infradental’e olan uzaklik

Processus condylaris ile processus angularis arasindaki ¢entikten infradental’e olan uzaklik

Processus condylaris’den dens caninus’un alveol’iiniin aboral kenarina olan uzakhg:

183.916+13.61
176.17+£13.56
162.40+13.07

Processus condylaris ile processus angularis arasindaki ¢entikten dens caninus’un alveol'iiniin  152.80+£13.21

aboral kenarina olan uzakhk

Processus angularis’den dens caninus’un alveol’iiniin aboral kenarina olan uzaklik 158.21+£9.70
4. Premolar disin aboral kenarindan dens caninus’un alveol’iiniin aboral kenarina olan uzaklik 58.97+5.87
4. Premolar disin aboral’'inden corpus mandibulae’nin yiiksekligi 32.68£6.01
Ramus mandibulae’nin yiiksekligi 75.09+11.18
Premolar disleri arasindaki uzaklik 51.25+2.57
Molar disler arasindaki uzaklik 41.53+1.36
Tablo 2. Aksaray Malakli képegi mandibula’sinin agilari
Table 2. The angles of the Aksaray Malakli dog mandible
Aksaray Malakl kopegi
Agilar Aritmetik ortalama
+SP / mm

Corpus mandibulae’nin margo ventralis’i ile ramus mandibulae’nin margo caudalis’i arasindaki 154.75+3.80

agl

Processus condylaris’in tuber mandibulae’si ile ramus mandibulae’nin margo caudalis’i 27.24+2.36

arasindaki ag1

Ramus mandibulae ile pars molaris corporis mandibulae’nin margo alveolaris’i arasindaki a¢1

Corpus mandibulae’nin margo ventralis'inin 6n kisminin yaptig1 a¢1

iki corpus mandibulae arasindaki ac1

146.93+5.03
35.49+3.17
29.10+1.91




Sekil 1. Aksaray Malakl kopegi mandibula’s1 lateral
goriniimi. flb. Facies labialis, cm. Corpus mandibulae, f.
Foramen mentale, mv. Margo ventralis, agm. Angulus
mandibulae, pan. Processus angularis, prc. Processus
condylaris, pcn. Processus coronoideus, im. Incisura
mandibulae, rm. Ramus mandibulae, fm. Fossa
masseterica, 1ma. Corpus mandibulae’nin margo
ventralis’i ile ramus mandibulae’nin margo caudalis’i
arasindaki a¢i, 2ma. Processus condylaris’in tuber
mandibulae’si ile ramus mandibulae’nin margo caudalis’i
arasindaki a¢i, 3ma. Ramus mandibulae ile pars molaris
corporis mandibulae’nin margo alveolaris’i arasindaki agi,
4ma Corpus mandibulae’nin margo ventralis’inin 6n
kisminin yaptig1 agl.

Figure 1. Lateral view of mandible in Aksaray Malakl dog.
flb. Facies labialis, cm. Corpus mandibulae, f. Foramen
mentale, mv. Margo ventralis, agm. Angulus mandibulae,
pan. Processus angularis, prc. Processus condylaris, pcn.
Processus coronoideus, im. Incisura mandibulae, rm.
Ramus mandibulae, fm. Fossa masseterica, 1ma.The angle
between the margo ventralis of the corpus mandible and
the margo caudalis of the ramus mandible, 2ma. 2ma. The
angle between tuber mandible of processus condylaris and
margo caudalis of ramus mandible, 3ma. Ramus
mandibulae ile pars molaris corporis mandibulae’nin
margo alveolaris’i arasindaki aci, 4ma. The angle of the
anterior portion of the margo ventralis of the corpus
mandible.

Sekil 2. Aksaray Malaklh kopegi mandibula’st medial
goriinlimi. sm. Synchondrosis mandibulae, Im. Linea
mylohyoidea, rm. Ramus mandibulae, frm. Foramen
mandibulae, fsp. Fossa pterygoidea, cpm. Caput
mandibulae, fcl. Facies lingualis.

Figure 2. Medial view of mandible in Aksaray Malakli dog.
sm. Synchondrosis mandibulae, Im. Linea mylohyoidea,
rm. Ramus mandibulae, frm. Foramen mandibulae, fsp.
Fossa pterygoidea, cpm. Caput mandibulae, fcl. Facies
lingualis.

Sekil 3. Aksaray Malakli kopegi mandibula’s1 6l¢iimleri. id.
Infradental, cn.Canin dis, in3. 3.Incisive dis, p1.
1.Premolar dis, p2. 2.Premolar dis, p3. 3.Premolar dis, p4.
4.Premolar dis, p5. 5. Premolar dis, m1.1. Molar dis, m2.
2.Molar dis, m3. 3.Molar dis, rm. ramus mandibulae, prc.
Processus condylaris, pan. Processus angularis. a.
Processus angularis ile infradental’e olan toplam uzaklik,
b. Processus angularis’den infradental’e olan uzaklik, c.
Processus.condylaris ile processus angularis arasindaki
centikten infradental’e olan wuzaklik, d. Processus
condylaris’den dens caninus’'un alveolliniin aboral
kenarina olan uzakligi, e. Processus condylaris ile
processus angularis arasindaki ¢entikten dens caninus’un
alveol’'uniin aboral kenarmna olan uzaklik, f. Processus
angularis’den dens caninus’un alveol’iiniin aboral kenarina
olan uzaklik, g. 4. Premolar disin aboral kenarindan dens
caninus’'un alveol’liniin aboral kenarmna olan uzaklik, i.
Ramus mandibulae’nin yiiksekligi, h. 4. Premolar disin
aboral’'inden corpus mandibulae’nin yiiksekligi, j. Premolar
disleri arasindaki uzaklik, k. Molar disler arasindaki
uzaklik.

Figure 3. Measurements of mandible in Aksaray Malakl
dog. id. Iinfradental, cn. Canin, in3. 3.Incisive, p1.
1.Premolar, p2. 2.Premolar, p3. 3.Premolar dis, p4.
4.Premolar, p5. 5. Premolar, m1.1. Molar, m2. 2.Molar,
m3. 3.Molar, rm. ramus mandibulae, prc. Processus
condylaris, pan. Processus angularis. a. Total distance to
infradental with processus angularis, b. Distance from
processus angularis to infradental c. The distance from the
notch between the processus condylaris and the processus
angularis to the infradental, d. The distance of the dens
caninus from the processus condylaris to the aboral edge
of the alveoli, e. The distance from the notch between the
processus condylaris and the processus angularis to the
aboral edge of the alveoli of the dens caninus, f. The
distance from the processus angularis to the aboral edge of
the alveolus of the dens caninus, g. 4. The distance from
the aboral edge of the premolar tooth to the aboral edge of
the alveolus of the dens caninus, i. The height of the ramus
mandibulae, h. 4. The height of the corpus mandible from
the aboral of the premolar tooth, j. Distance between
premolar teeth, K. Distance between molar teeth



[Ramazan iLGUN and Zekeriya OZUDOGRU]

Van VetJ, 2020, 31 (1) 7-11

Sekil 4. Aksaray Malakli kopegi mandibula’st dorsal
goriiniimii. 5ma. iki corpus mandibulae arasindaki ag1.

Figure 4. Dorsal view of mandible in Aksaray Malakli dog.
5ma. The angle between the two corpus mandibulae.

TARTISMA ve SONUC

Evans (1979), Nickel (1987), Dursun (1994) kopek
mandibula’sinda synchondrosis intermandibularis’in tam
birlesme gosterdigini ve mandibula’nin corpus ve ramus
kisimlarindan olustugunu ifade etmislerdir. Aksaray
Malakl kdpeginde de benzer durumda gozlendi.

Literatiir bilgilerinde corpus mandibulae’'nin margo
ventralis’i rakun kopegi (Hidaka ve ark. 1998), porsuk
(Karan ve ark. 2005) ve su samurunda (Karan ve ark.
2005) diiz, kopek (Dursun 1994), kurt (Atalar ve Temizer
2009), tilki (Atalar ve Temizer 2009) ve sansarda (Atalar
ve Temizer 2009) disbiikey vaziyette oldugu rapor
edilmistir. Aksaray Malakli kopeginde de kopek, kurt, tilki
ve sansar da oldugu gibi corpus mandibulae’nin margo
ventralis’i disblikey olarak saptandi.

incelenen literatiir bilgilerinde porsuk (Karan ve ark.
2005), sansar (Atalar ve Temizer 2009), kdpekte (Dursun
1994) iki adet, vasak (Atalar ve Temizer 2009), kurt
(Atalar ve Temizer 2009), tilkide (Atalar ve Temizer 2009)
li¢ adet, su samurunda (Karan ve ark. 2005) bes adet
foramen mentale’nin bulundugu bildirmektedir. Arastirma
materyalinde porsuk, sansar ve kopekteki gibi iki adet
foramen mentale bulunmaktaydi.

Karan ve ark. (2005) su samuru, porsuk ve kedide linea
mylohyoidea’nin belirsiz, kopek ve sansarda ise az belirgin
olarak mandibula’nin medial yiizii boyunca longitudinal
uzanan bir ¢izgi seklinde, Atalar ve Temizer (2009) ise
vasak ve sansarda az belirgin iken, kurt ve tilkide ise silik
durumda oldugunu bildirmektedirler. Calisma
materyalimiz olan Aksaray Malakli koépeginde linea
mylohyoidea’nin belirgin bir durumda oldugu ve “S”
sekline benzer kivrim goésterdigi tespit edildi.

Yapilan literatiir arastirmalarinda alt ¢ene dis formiilleri
icin Karan ve ark.(2005) porsukta I3 C1 P3 M2, su
samurunda I3 C1 P3 M2, sansarda [3 C1 P3 M2, kdpekte i3
C1 P4 M3 ve kedide 13 C1 P2 M1 sekilde oldugunu
bildirmisler, Atalar ve Temizer (2009) kurtta I3 C1 P4 M3;
tilkide 13 C1 P4 M3, vasakta I3 C1 P2 M1 formiilii olarak
ifade etmislerdir. Aksaray Malakli képeginde alt ¢ene dis
formili tilki, kopek ve kurdun dis férmiiline benzer
sekilde I3 C1 P4 M3 olarak tespit edildi.

Arastirmacilar Evans (1979), Nickel (1987), Dursun
(1994), Karan ve ark.(2005) processus coronoideus’un
tlm tiirlerde genis oldugunu ve c¢ikintinin sansar, su
samuru, kurt ve tilkide yukari; vasak, kedi, képek ve
porsukta ise geriye dogru yoneldigini rapor etmislerdir.
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Aksaray Malakli kopeginde de literatiir bilgileriyle uyumlu
olarak genis bir sekilde oldugu ayrica, vasak, kedi, kopek
ve porsuktaki gibi geriye dogru yoneldigi gozlendi.

Dursun (1994) kopeklerde processus condylaris’in caput
mandibulae’simin digbiikey bir yapiya sahip oldugunu
bildirmektedir. Aksaray Malakli képeginde benzer sekilde
disbiikey bir yapiya sahip olmakla birlikte kalinlasmis bir
yapi olarak tespit edilmistir.

Arastirmacilar Dursun (1994), Karan ve ark.(2005)
processus angularis’in kopekte iyi gelismis durumda
oldugunu bildirmislerdir. Calisma materyalimiz de iyi
gelismis yassi bir ¢ikinti olarak tespit edildi. Atalar ve
Temizer (2009) kurtta processus angularis’in altinda
incisura vasorum facialium’un belirgin oldugunu ifade
etmektedirler. Aksaray Malakli kopeginde incisura
vasorum facialium belirgin degildi.

Mandibulae’'nin uzunlugu ile ilgili rakun (Hidaka ve ark.
1998) 86,11 mm; tilki (Korablev ve Szuma 2013) 108 mm;
Nijeryanin yerel képekleri (Igado 2017) 114,6 ve Alman
Kurt kdpeginde (Onar ve ark. 1999) 92,58 mm olarak
bildirilmistir. Yapilan bu ¢alismada Aksaray Malakli kopegi
mandibula’sinin uzunlugu 187,33 mm dir.

Sunulan bu c¢alismada Aksaray Malaklh kopegi ramus
mandibulae’sinin  yiiksekligi  75,09¢11 mm olarak
olciilmiistiir. Bu deger ile ilgili rakunda (Hidaka ve ark.
1998) 48,66; tilkide (Figueirido ve ark. 2011, Munkhzull ve
ark. 2018 ) 37,01; Alman kurt kdpeginde (Onar ve ark.
1999) 31,38 mm olarak ol¢iilmiistiir. Bu dlgiimlere gore
Aksaray Malakli Kkopeginin ramus mandibulae’sinin
yuksekliginin yukarida bildirilen tiirlerden daha yiiksek
oldugu tespit edilmistir.

Yapilan a¢1 6lctimlerinde corpus mandibulae’nin margo
ventralis'i ile ramus mandibulae’nin margo caudalis’i
arasindaki a¢1 154,75+3,80° iken corpus mandibulae’nin
margo ventralis’inin 6n kisminin yaptig1 a¢1 35,49+3,17%
dir. Onar ve ark.(1999) Alman kurt kopeginde bu
degerlerin  sirasiyla  138,26° ve 15,49° olarak
bildirmislerdir. Bu degerlere gore Aksaray Malakl
kopegi'nin corpus mandibulae’'nin margo ventralis
kenarinin Alman kurt kopeginkinden daha disbilikey
oldugu gozlenmistir.

Sonug¢ olarak, Aksaray Malakl koépegi mandibula’sinin
makro-anatomik ve morfometrik 6zellikleri incelenerek
onemli bulgular saptandi. Sansar, su samuru, tilki, Alman
kurt kopeginde, gri kurt, koépek, kedi, vasak gibi
carnivorlarin mandibula yapisina benzerlikler gdstermesi
yaninda bazi farkli anatomik 6zellikler de tasimaktadir. Bu
calismanin Aksaray Malakli kopegi ile ilgili yapilacak
calismalara katki saglayacag diisiiniilmektedir.
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ABSTRACT Turtles are important carriers of Salmonella agents worldwide. In this study, fecal swab samples were taken
from 43 adult turtles from a turtle farm in the west of Turkey. These examples were investigated for
Salmonella spp. with bacteriological methods. Salmonella enterica serotype Newport (SN) were isolated from
6 out of 43 fecal swab samples (13.95%). The isolates were identified with Vitek 2 Compact fully automated
identification device and with serological tests. SN causes significant food poisoning in humans through
vegetables such as lettuce and cucumber. These data show that turtles can play a porter role in Salmonella
infections in our country and can infect people through vegetables that grow in the soil. Although studies
around the world show that SN infects people with vegetables, there is little data on the role of turtle porters
in infection. This study also makes a contribution as it provides more data on a relatively overlooked subject.
More detailed studies should be carried out to reveal the relationship between vegetables grown in the soil,
turtles and Salmonellosis in Turkey. SN is also important with its rapidly developing antibiotic resistance.

Keywords: Salmonella enterica serotype Newport (SN), Testudo graeca ibera, Turtle

0z Tiirkiye'de Kiiltiire Edilen Kara Kaplumbagalarindan (Testudo Graeca Ibera) ilk
Salmonella enterica Serotype Newport (Sn) Izolasyonu

Kaplumbagalar diinyada Salmonella etkenlerinin énemli tasiyicilardir. Bu ¢alismada, Tiirkiye'nin batisindaki
bir kaplumbaga ciftligindeki 43 yetiskin kaplumbagadan fekal sivap 6rnegi alindi. Bu 6rnekler Salmonella spp.
yoniinden bakteriyolojik yontemlerle muayene edildi. Kirk ti¢ fekal sivap 6rneginin 6’sindan (%13.95)
Salmonella enterica serotype Newport (SN) izole edildi. izolatlar Vitek 2 Compact tam otomatik identifikasyon
cihazi ve serolojik testlerle identifiye edildi. SN, marul ve salatalik gibi sebzeler vasitasiyla insanlarda 6nemli
gida zehirlenmelerine neden olmaktadir. Bu veriler iilkemizde Salmonella enfeksiyonlarinda kaplumbagalarin
portdr rolii oynayabilecegini ve toprakta yetisen sebzeler araciligiyla insanlari enfekte edebilecegini
gostermektedir. Ayrica diinyadaki ¢alismalar SN'nin sebzelerle insanlara bulastigini gésterse de bulasmada
kaplumbaga portoérliigii hakkinda az sayida veri vardir. Bununla birlikte bu tilkemizde toprakta yetisen
bitkiler, kaplumbagalar ve salmonellozis arasindaki iliskiyi a¢iga ¢ikarabilmek i¢cin daha detayli ¢alismalarin
yapilmasi gerekmektedir. SN ayni zamanda ¢ok hizli gelisen antibiyotik direngliligi yoniiyle de énem arz
etmektedir.

Anahtar Kelimeler: Salmonella enterica serotype Newport (SN), Testudo graeca ibera, Kaplumbaga

INTRODUCTION the top three Salmonella serotypes associated with
foodborne outbreaks in the United States. In U.S.A,
childhood Salmonella cases were reported to be caused by
turtles and turtle rearing was banned till the establishment
of Salmonella-free turtle farms. Turtles are also kept as
pets in gardens and homes because they are believed to
bring good luck in Europe. Although there are no such
beliefs in our country, turtles live widely in nature and
contaminate food products grown on the ground with their

Salmonella is a Gram-negative, facultative intra-cellular
bacterium which may penetrate ocular, nasal, oral or
intestinal mucous membranes. Salmonellosis is an
important problem in global public health. In the United
States, Salmonellosis causes 1.4 million gastroenteritis
cases (Mead et al. 1999) anually and several billion dollars
of economic loss (Voetsch et al. 2004). 35% of these

Salmonella cases result with hospitalization and 25% with fecal matter. Kristina (2014) and Angelo et al. (2014) have
death while 40% respond quickly to treatment (Scallan et previously explained that SN with PFGE pattern
al. 2011). According to CDC (2006), S. newport ranked in JJPX01.0061 (outbreak strain) is the most pathogenic
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strain of SN. This agent is also reported to be a source of
contamination for vegetables grown in soil such as
cucumbers. A total of 275 SN intoxications were reported
in 29 districts in Columbia. Bayer et al. (2011) reported a
S. newport outbreak originating from Brussels sprouts in
Germany. In addition there is evidence of the spread of SN
through turtles (Hemmes 1958).

There is no report on SN isolation from turtles in Turkey.
The aim of this study is to report the first isolation of SN in
cultured turtles in Turkey and point out the fact that
turtles can contaminate vegetables with SN.

1997) and zones were evaluated according to reference
values (CLSI 2000).

MATERIALS and METHODS

Materials

43 adult turtles randomly selected from a turtle farm in
the west of Turkey were used in this study. Fecal swab
specimens taken asceptically were transported to the
laboratory under cold chain. Main stocks of turtles in this
farm were brought from all over Turkey. Farm
environment was observed to be identical to natural
conditions and the turtles lived in the soil under the trees
(Figure 1). The population on the farm varied between 10-
50.000 individuals for export periods.

N

he study

Figre 1. An
was carried out (Turtles living in a natural habitat).
Methods

Isolation of Salmonella spp.

Swab samples were transferred to 9 ml Buffered Peptone
Water (BPW) and incubated aerobically for 16-18 h. at
37°C. Then, 0.1 ml of the incubated BPW was inoculated
into  Rappaport-Vassiliadis = Medium  (Rappaport-
Vassiliadis Broth (RVS), Lab M, Lancashire, UK), and
incubated at 41.5°C for 24 h. 1.0 ml of the incubated RVS
was inoculated in Muller-Kauffmann Tetra-Thionate-
Novobiocin Broth (MKTT-Lab M, Lancashire, UK), and
incubated at 37°C for 24 h. Then plating on Xylose Lysine
Deoxycholate Agar (XLD) and Mac Conkey Agar was
carried out and they were aerobically incubated at 37°C
for 24 h (ISO 2002).

Identification of Salmonella isolates

We used Microscopy, Vitek 2 Compact device and
serological methods for identification. Serology was
performed using slide agglutination tests with polyvalent
somatic and flagellar antisera (SIFIN, Berlin, Germany)
according to Kauffmann-White serotyping scheme (Popoff
2001). Isolates’ antibiotic susceptibility patterns were
investigated with the disc diffusion method (Koneman
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RESULTS

In this study, 6 SN were isolated from fecal swab samples
of 43 adult turtles. Salmonella isolates were found to be
susceptible to ceftiofur (30 pg) and gentamycine (10 pg),
and resistant to florfenicol (30 pg), penicillin G (10 pg),
streptomycine (10 pg), oxytetracycline (30 pg),
trimethoprim-sulfamethoxazole (25 pg), amoxycillin (25
ug) and enrofloxacin (5 pg) (Oxoid).

DISCUSSION

Kristina (2014) and Angelo et al. (2014) stated in their
study that people diagnosed with SN were infected with
vegetables which caused the food poisoning epidemic.
However, researchers have not touched on the topic of
contamination of vegetables with SN, which could be
caused by turtles. On the other hand, our findings direct
our attention to turtle portership. Turtles are important
carriers of Salmonella. They have a fondness for raw
vegetables such as lettuce and cucumbers. They move
with their cloacae in close contact with the ground.
Therefore, they are prone to be carriers of pathogens
leading to food poisoning. Although turtles’ natural habitat
includes Turkey's agricultural land, similar food
poisonings are too sporadic to constitute a significant
threat to public health. However, a proper ecological
risk/benefit assessment should be taken into account if
they are to be included in disease monitoring/combat
programs. SN isolates resistant to at least nine
antimicrobials (including extended-spectrum
cephalosporins), especially, known as serotype Newport
MDR-AmpC isolates, have been rapidly emerging as
pathogens in both animals and humans throughout the
United States (Zhao et al. 2003).

Antibiotic resistant foodborne pathogens can be associated
with an increased risk of hospitalization for infected
people. Furthermore, a large proportion of resistance
mechanisms are encoded on genetic mobile elements,
which can be transmitted horizontally to other bacteria
potentially present in the intestinal tract (CDC 2006). The
fact that Salmonella bacteria isolated in the study is
resistant to ceftiofur and other antibiotics but susceptible
to gentamycin supports this data. On the other hand, turtle
diseases are among the least studied diseases in our
country. Therefore, this study includes original data. This
study may also help new business ideas flourish in our
country because there is only one turtle farm in Turkey
and the export aspect is strong.

CONCLUSION

SN were isolated from 6 out of 43 fecal swab samples
(13.95%) of adult turtles in a turtle farm in Turkey for the
first time. It is also evident that the turtles in our country
can infect humans with SN through raw vegetables. In
addition, further studies are necessary to reveal the
releationship between vegetables grown in the soil, turtles
and Salmonellosis in Turkey.
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ABSTRACT In this study, the effect of used immunostimulating drugs with FMD vaccine on immunoglobulins was aimed
to investigate in sheep. For this purpose 40 healthy sheep were divided into 4 groups. Blood and serum
samples were taken from all animals from 0 days before the study. Blood samples were measured
immediately, and IgA, IgG, IgM, Ig and Zn values from biochemical parameters were stored for
measurement. Group [ was applied only FMD vaccine, group II Levamisole with the FMD vaccine, group III
Zinc with FMD vaccine and the last group IV AD3E was applied with FMD vaccine. After 21 days, blood and
serum samples from all groups were taken again and hematologic and IgA, IgG, IgM, IgE and Zn values were
compared according to the values of day 0. No statistical difference was found between the groups except for
PLT in hematological parameters (p> 0, 05) when compared to pre-vaccination and post-vaccination. In
groups II and III there was a significant increase in PLT levels. Biochemical analysis showed IgA, IgG, IgM and
IgE levels to be higher in IgG (p <0, 05) and IgE (p <0,001) in groups II and III when levels compared to before
vaccination. There were statistically significant increases in IgM (p <0.05) in group IV.

Keywords: FMD, Inmunoglobulin, Inmunostimulant Drugs, Sheep

0z Koyunlarda Sap Asis1i ile Birlikte Kullamlan Immunstimiillan flaglarin
immunglobulinler Uzerine Etkisi

Koyunlarda sap asisi ile birlikte kullanilan immunstimiilan ilaglarin immunglobiilinler iizerine etkisi
arastirildi. Bu amagla 40 adet saglikli koyun 4 gruba ayrildi. Calisma 6ncesinde tiim hayvanlardan 0. giin kan
ve serum Ornekleri alindi. Hematolojik parameterler hemen 6l¢iildii, biyokimyasal parametrelerden IgA, IgG,
IgM, IgE ve Zn degerleri 6l¢lilmek lizere serumlar saklandu. I. gruba sadece sap asis1 uygulandy, II. gruba sap
asisi ile birlikte Levamizol, III. gruba sap asisi ile birlikte Cinko ve son grup olan IV. gruba da sap asisi ile
birlikte AD3E vitamini uygulandi. 21giin sonra tiim gruplardan kan ve serum 6rnekleri tekrar alind1 ve 0. giin
degerlerine gére hem hematolojik hem de IgA, IgG, IgM, IgE ve Zn degerleri kiyaslandi. Hematolojik
parametrelerin PLT ve NEU hari¢ gruplar arasinda herhangi bir istatistiksel fark belirlenmedi. 0. ve 21.
giinlere gore kiyaslamada II. ve IIl. gruplarda PLT diizeylerinde 6énemli artis (p<0.05) tespit edilirken IV.
grupta NEU duzeyinde istatistiksel olarak azalma goriildii (p<0.05). Biyokimyasal analizlerden IgA, IgG, IgM,
IgE degerlerinde, 0. giine gore II. Grupta IgG (p<0,05) ve IgE (p<0,001), III. grupta IgM (p<0,05), IgE (p<0,001)
ve IV. grupta sadece IgE (p<0,001) diizeylerinde artis belirlendi. Gruplar aras1 kiyaslamada da II. ve III. grup
IgG diizeyleri kontrol grubuna gore artis belirlendi (p<0,05). Sonug olarak Sap asisi ile birlikte kullanilan
levamizole veya ¢inko uygulanmasinin hayvanlarda 6zellikle IgG ve IgM tizerine olumlu etkilerinin oldugu, as1
ile birlikte bu ilaglarin uygulanmasinin tavsiye edilebilecegi kanisina varildi.

Anahtar Kelimeler: FMD, Immunglobiilin, Inmunostimiilantlar, Koyun, Sap

INTRODUCTION vesicles on the tongue, mucosa and feet, sudden death in
) . ) ) ) young (Barnett et al. 2002; Wong et al. 2003; Ko et al.
Foot and mouth disease (FMD) is a sever infectious disease 2012; Horsington et al. 2015).

of the animals especially ruminant caused by a small,
positive-sense RNA virus in the Genus Aphthovirus, Family
Picor-naviridae, seven serotypes virus include (SAT1, O,
SAT2, A, C, Asia 1 and SAT) characterised by high fever,

The disease can distribute by contact with animals infected
with disease directly, or via contacted with contaminated
animal products like during feeding or during drinking
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water from the same pool because virus shed mostly in
saliva. In ruminants, virus may persist beyond 28 days in
the oropharynx of animals for months to years (Paton et al.
2014). Susceptible flock may be infected due contact with
infected animals directly or by indirectly and indirect
contact with an infected environment. The disease is very
rapid transmission when disease animal or these animals
that suspected to infecting are in close area, due to contact
with each other or through air droplets (Alexandersen et
al. 2003). What is the role of sheep herd and what is the
role of sheep in transmission of the disease when disease
epidemics occur it is not quite clear. By the way,
transmission of the diseasedue to sheep has been showed
to be limited, but may be suspected sheep cause of the
transmission of disease (Eble et al. 2015).

The mortality rates are alreadylow but rate of morbidity
are high when FMD out break occurs, with the decrease in
milk yield, meat production andpoor skin quality and
cause abortion with repeat breeding problem in animals
and causes in severe economic losses to the flock industry,
especially in FMD-free countries of the world (Ko et al.
2012; Rajasekhar et al. 2013; Jeong et al. 2015).
Vaccination is the only practicable method to control FMD
in endemic countries, vaccines adjuvant with aluminium
hydroxide or oil has been successfully used worldwide. But
in countries free of FMD includes North and Central
America, Europe, Japan, and Australia, control of the
disease is based on the prevention and control of entering
of the disease through tight regulation entrance and
quarantine. So when disease entre into these areas,
emergency vaccination may have to support,and should be
controlling the movement of animals and use stamping out
untilquarantine the disease (Hohlich et al,. 2003; Clavijo et
al. 2004; Sharma et al. 2012; Bucafusco et al. 2014;
Saravanan et al. 2015). Because FMD disease have several
serotype and not cross-section between serotype so,
vaccination generally does not protect against all
serotypes, and even between some strains, thus the choice
of correct strain of vaccineshould take in the vaccination to
protection of the animals (Barnett et al. 2002; Uddowla et
al. 2012). In this study we used immunostimulant drugs
(levamisole, zinc and AD3E vitamin) with FMD vaccine to
increase the immunity that produced in sheep.These three
immunostimulants drugsand immunomodulatorssuch as
LMS, zinc and vitamin combinations enhance the humoral
and nonspecific cellular defence mechanisms in animals.

In the present study; we aimed to define how the
immunostimulant  drugs  effect on level of
immunoglobulins (IgM, IgG, IgA, IgE) in sheep when these
immunostimulant drugs used together with FMD vaccine.
The most effective drugs were also aimed to determine
and compaction will also be made.

MATERIALS and METHODS

Materials

In this study, 40 femal sheep (1-3) years were selected
from a flock of sheep in the region of Van. All routine
clinical examinations were performed on the animals,
according to the methods described in clinical examination
procedures (Lovatt, 2010). After checking heart rate,
respiratory rate, body temperature, mucous membrane
and skin, 40 sheep were selected which were healthy and
in good conditions. The data collected from selected sheep
were kept in the record. Final report of the research
project detailed above was approved by Yiziinci Yil
University Animal Local Research Ethic Committee in the
session held on 24.11.2016 (decision number 2016/11).
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Methods

After checking all Physical examinations of each individual
sheep: temperature, pulse, respiration, mucous membrane
colour, all 40 selected sheep were in good condition and
health. Then all clinical examinations were collected and
the data obtained was recorded.

The 40 selected healthy sheep were divided into 4 groups.
Each group consisted of 10 sheep. Blood and serum
samples were taken from all animals from 0 days which
was kept in tubesfor measuring serum levels of
immunoglobulin and zinc. All serum and plasma samples
in Eppendorf tubes were preserved in freezer (-20 2C).

Food and mouth disease vaccine (AFTOVAC 0il®) obtained
from market and approved by Food Agriculture and
Livestock (Republic of Turkey), was administered to all 4
groups of sheep in the following ways:

Group . Only FMD vaccine (AFTOVAC 0il®) (1 ml SC) was
used.

Group II. In this group, FMD vaccine (AFTOVAC 0il®) (1 ml
SC) and levamisole tablet (5 mg/Kg per oral) (Zelensin,
Sanovel®) were used.

Group IIL In this group FMD vaccine (AFTOVAC 0il®) (1 ml
SC) and zinc tablet (30mg/50 Kg per oral) (ZINCO 30 mg
Tab. BERKO®) were applied.

Group IV. In this group, FMD vaccine (AFTOVAC 0il®) (1
ml SC) and vitamin AD3E (IM) (ADEMIN-CEVA-DiF®) were
injected.

After 21 days of applying the vaccines and
immunostimulating drugs on all groups for measuring
serum levels of immunoglobulin and zinc.

Laboratory examinations
Haematological examinations

Blood samples taken from all groups and preserved in
EDTA-containing tubes and then analyzed by Veterinary
Haematology (MSs-S). Blood parameters including total
WBC, lymphocyte count (LYM), monocyte count (MONO),
neutrophil count (NEUT), eosinophil count(EOS), red
blood cell count (RBC), haemoglobin concentration (HGB),
heamatocrit level (HCT) and platelet count (PLT) were
measured on days 0 and 21 of the study.

Measurement of immunoglobulin levels

ELISA kits from COSABIO BIOTECH CO., Ltd. (CUSABIO®,
China) and ELISA reader (ELISA reader®- DAS) were used
to determine Ig values.

Measurement of zinc levels

Serums were isolated from centrifuged blood samples and
were then prepared for other biochemical examinations.
Zinc levels were determined in the serum samples
byAtomic Absorption Spectrometer (AAS) (Thermo®).

Statistical Analysis

Descriptive  statistics for the studied variables
(characteristics) were presented as mean, standard
deviation. After normality test with Kolmogorov- Smirnov
test, One-way ANOVA was used for the comparison of
means. And then Duncan multiple comparison test was
carried out for determination of different groups’ mean. In
addition Paired t test was performed to compare before
and after vaccination in each group. Statistical significance
level was considered as 5% and SPSS (ver: 13) statistical
program was used for all statistical computations.
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RESULTS

Clinical Findings

All sheep used for the present study were healthy and had
normal respiratory rate, normal heart rate (70-80) bpm,
normaltemperature (38.3-39.9°C), normal lymph nodes,
normal conjunctival colour, normal appetite and ruminal
movement.

In this study, 30 independent food businesses were visited.
Twenty-seven of these plants were restaurants or cafés
which were serving animal originated foods while the
other 3 were small businesses serving homemade.

Haematological Findings

Haematological findings in all excremental before and after
vaccination in table 1.

Serological Findings

Serum immunoglobulin level in the experimental sheep,
before and after vaccination in table 2.

Zinc Measurement

Serum levels of Zn in table 3.

Table 1. Descriptive statististics and comparison results for the haematological characteristics

Parameters Day Group I Group II Group III Group IV p*
[Only vac. (n=10)] [Vac+LMS. (n=10)] [Vac. +Zn (n=10)] [Vac.+AD3E
(n=10)]

0 10.33+0.37 9.18+0.87 10.21+0.46 10.85+0.87 0,211
WBC (109/L)

21 10.40£1.17 8.78+0.78 9.05+0.47 10.06+0.87 0,198
p* P 0,258 0,343 0,061 0245

2.46+0.47 2.71£0.26 3.15+0.41 3.25+0.36 0,058

LYM (109/L)

21 3.06+0.49 2.96+0.32 2.81+0.30 2.66+0.48 0,210
p* 0,226 0,555 0,555 0,065
MONO 0 1.31+0.06 1.35%0.16 1.41+0.14 1.43+0.25 0,140
(10%/L) 21 1.13+0.18 1.20+0.85 1.15+0.03 1.45+0.13 0,161
p* 0,010 0,587 0,010 0,396

0 5.90+0.76 5.03+0.75 5.58+0.48 6.10+£0.54 0,058
NEUT (109/L)

21 6.26+0.53 a 4.53+0.58 b 4.88+0.47 b 5.88+0.98a 0,001
p* 0,633 0,036 0,010 0,746

0 0.10+ 0.00 0.08+0.08 0.07+0.08 0.07+0.08 0,373
EOS (109/L)

21 0.03+0.06 0.08+0.16 0.03+ 0.05 0.07+0.05 0,005
p* 0,010 0,368 0,010 0,914

0 8.42+1.75 8.39+ 1.45 8.83+ 1.05 8.47+ 091 0,176
RBC (109/L)

21 8.52+1.53 8.84+1.23 8.36+ 0.78 8.01+ 0.46 0,081
p* 0,615 0,091 0,032 0,751

0 9.30+1.35 9.73+1.10 10.13+1.27 9.87+1.23 0,653
HGB (g/dl)

21 9.27+0.96 10.13+1.17 9.43+1.01 9.13+£0.25 0,068
p* 0,571 0,724 0,103 0,696
HCT 0 27.90+ 4.04 29.20+ 3.30 30.40+ 3.81 29.60+ 3.68 0,428
(%) 21 27.80+ 2.88 30.40+ 3.51 28.30+ 3.03 27.40+ 0.75 0,605
p* 0,614 0,619 0,213 0,069
PLT (10°/L) 0 202.33+94.83 b 282.66+77.47 b 314.16+£41.58 ab 397.66+£70.73 a 0,010

21 387.66£82.32 b 370.83+48.77b 371.00+£40.33b 520.83+61.94 a 0,010
p* 0,010 0,016 0,010 0,010

Different lower cases at the same row represent statististically significant differences among the groups (p<0.05).p*: p value

of Paired t test, p™: p values of ANOVA
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Table 2. Serum immunoglobulin level in the experimental sheep, before and after vaccination

Group I Group II Group III Group IV p*
Parameters Day
[Only vac. (n=10)] [Vac.+ LMS. (n=10)]  [Vac. + Zn (n=10)] [Vac.+ADsE (n=10)]
52.07+6.57 a 45.17+£6.07 a 42.08£291b 35.61+5.75b 0,010
IgM (pg/mL)
21 56.42+7.13 a 48.89+4.78 a 52.09+5.66 a 35.67+2.37b 0,010
p* 0,803 0,113 0,010 0,632
25.53£1.65b 33.97+£7.23b 42.99+3.70 a 28.81+0.30 b 0,010
IgG (ng/mL)
21 30.35+5.21b 44.28+6.28a 49.49+7.48 a 25.64+2.30 b 0,010
p* 0,068 0,548 0,010 0,302
15.47+3.25b 34.87+4.78 a 24.69+5.86 b 30.61+5.35a 0,010
IgA (ng/mL)
21 46.36+1091a 35.17+#5.81b 33.68+9.76 b 28.38+3.37b 0,010
p* 0,010 0,066 0,063 0,057
506.42+192.01 445.22+161.02 424.17+253.21 554.36+103.41 0,473

IgE (ng/mL
gk (ng/mL) 21 578.73+298.12 b

p# 0,201 0,010

690.79+£104.15 a

732.40£101.12 a 769.05+268.02 a 0,041
0,010 0,010

Different lower cases at the same row represent statististically significant differences among the groups (p<0.05).p#: p value

of Paired t test, p™: p values of ANOVA

Table 3. Serum levels of Zn in experimental sheep, on days 0 and 21

Parameter Day Group I Group II Group III Group IV p*
[Only vac. (n=10)] [Vac. + LMS. [Vac. +Zn (n=10)] [Vac.+ADsE
(n=10)] (n=10)]
Zn (mg/L) 0 0.72+0.17 0.57+0.11 0.64+0.13 0.50+0.11 0,071
21 0.60+0.12 0.70+ 0.23 0.88+0.21 0.65+0.17 0.059
p* 0,084 0,348 0,254 0123

Different lower cases at the same row represent statististically significant differences among the groups (p<0.05).p#: p value

of Paired t test, p™: p values of ANOVA

DISCUSSION

Foot and mouth disease is a severe infectious disease of
animals.FMDV is a small, positive-sense RNA virus in the
Family of Picornaviridaeand genus Aphthovirus,
characterised by high body temperature, vesicles appear
on the tongue, mucosa and feetWhen young animals
infected it cause sudden death (Barnett et al. 2002; Wong
etal. 2003; Ko etal. 2012; Horsington et al. 2015).

Vaccination is the only practicable method to control FMD
in endemic countries.Vaccines adjuvant with aluminium
hydroxide or oil has been successfully used worldwidein
the regions including Europe, Japan, Australia, and North
and Central America. Controlling and preventing the FMD
is based on the prevention of introducing the virus,
through tight importation regulation and quarantine. In
case of a disease entry into these areas, emergency
vaccination may be used, controlling the movement of
animal and stamping out for eradication of the disease are
also required (Hohlich et al. 2003; Clavijo et al. 2004;
Sharma et al. 2012; Bucafusco et al. 2014; Saravanan et al.
2015).

Transmission of the virus occursinside or among herds;
this is different among sheep herds and cattle herds.
Vaccination affectstransmission of FMD and clinical
disease differ among the animal species.

Before taken blood samples from all sheep, all animals
examined for any abnormality in respiratory rate, body
temperature, heart rate, lymph nodes and eye mucus
membrane. Blood was taken and FMD vaccineand
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immunostimulant agents were given to the different
groups. After blood sample were taken, haematological
examinations were done immediately and serum samples
were also prepared and stored at -20 2C for serology. In
this study, LMS, Zn and vitamin AD3E were used with FMD
vaccine to see whether they enhance immunity or not and
also to made a comparison among these three agents
regarding their immunostimulant activity.

After haematological examination of blood in day 0, it was
found that all blood parameters were normal according to
Jackson and Cockcroft (2002). According to the result in
table 1 we found that in group of LMS, WBC decreased
after 21 day but was not statistically significant. This result
was similar to those of Pekmezci and Cakiroglu (2009),
Shah et al. (2011) and Raina and Sachar (2014). In zinc
group, the level of WBC decreased but was not statistically
significant. This result was similar to those of Ramulu et al.
(2015). Level of WBC not changed ADsE group after 21
day. This result was similar to those of Pekmezci and
Cakiroglu (2009).

Lymphocytelevel decreased after 21 day but not
statistically significant. This result was similar to those of
Mohri et al. (2005), Pekmezci and Cakiroglu, (2009) and
Raina and Sachar, (2014). Level of NEUT in groups of
levamisole and zinc decreased in 21 day but was not
statistically significant.In vitamin AD3E group, the level of
NEUT decreasedafter 21 days and statistically was
significant (P<0.05), this result was in agreement to the
result of Shah et al. (2011) but different from those of
Spears (2000) that supplementation of vitamin and (-
carotene did not consistently affect neutrophil activity.
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The main function of neutrophils is chemotaxis and
phagocytosis with subsequent destruction of the bacteria.
Neutrophilia occurs mostly in infectious diseases,
particularly acute bacterial infections. No significant
changes occurred in eosinophil counts in LMS group. This
result was similar to those of Pekmezci and Cakiroglu
(2009). EOS however did not change notablyin Zn group.
This result was similar to those of Raina and Sachar
(2014). RBC level non-significantly declined in animals
treated with Zn. This result was similar to those of Raina
and Sachar (2014). Changes in RBC were still within
normal range. HGB in levamisole group increased but
statistically not significant. This result was similar to those
of Pekmezci and Cakiroglu (2009). Decrease in HGB and
HCT might be due to RBC lysis/destruction and greater
prevalence of erythroblasts (immature RBCs) in the
general circulation in zinc treated animal. Support for the
present viewpoint can be derived from the findings by
Raina and Sachar (2014). Increased level of PLT in sheep
treated with AD3E was not statistically significant.
Increased level of PLT in sheep treated with LMS was
statistically ~significant (P <0.05). This result was
differentfrom those of Pekmezci and Cakiroglu (2009).
Increased level of PLT was statistically significant (P<0.05)
in sheep treated with Zn. This result was differentfrom
those of Raina and Sachar (2014). A majorcomponent of
platelet alpha granules is thrombospondin that plays
animportant role in blood coagulation. Also, platelet-
derived endothelial cellgrowth factor enhances the growth
and chemotaxis of endothelialcells in vitro and
angiogenesis in vivo (Eales, 2003). The present study
define how the immunostimulants effectedthe level of
Igsin sheep, by measuring the level of Ig types (IgM, IgG,
IgA and IgE) in the serum of four groups of experimental
sheepand compared between level of Igs before and after
using the vaccines and immunostimulant drugs.

Group I only vaccinated against FMD, levels of IgM, IgG, IgA
and IgE were increased after 21 days. This explained that
vaccine has worked properly and immunne response
against FMD was enhanced. Levamisole is an
imidazothiazole derivative and used commonly as an
anthelminthic against a broad range of nematodes in
different hosts including ruminant, horses, dogs, chickens
and humans. Renoux and Renoux (1971) was first
reported the immune stimulatory effect of LMS and used
to enhance the protection of a Brucella vaccine.

Based on the investigation of Gopalakannan and Arul
(2006) it was evident that LMS (250 mg/kgof diet)
certainly promoted the nonspecific immunity of
Cyprinuscarpioin ponds. Thus LMS acts as an
immunostimulant that appears to improve the immune
status and growth of C. carpioin fish farms. It is hoped that
this base line information will be of potential use in fish
farming. In group II, levels of IgM and IgA increased but
were not statistically significant, and level of IgG increased
and was statistically significant (P<0.05). IgE increased
and was statistically significant (P<0.001). When LMS used
with Kkilled viruses can induce IgG production more rapidly
and at higher levels, LMS injected with a DNA vaccine
against the FMDV stimulated both humoral and cellular
immune responses in conjunction with a strong
production of IFN-y, (Stelletta et al. 2004; Kang et al. 2005;
Fu et al. 2016). Levamisole and vitamin E administered
groups resulted with high concentrations of IgM than
control calves on day 22 and again increaselevel of IgG
than that of control calves on day 1, 8, 15 and 22 of the
trial (Pekmezci and Cakiroglu, 2009).

The effects of LMS on the immune system is complex, and
stimulate T-cell responses by enhancing T-cell activation
andproliferation, enhance formation of antibodies to
various antigens, promote macrophage and monocyte
functions such as phagocytosis and chemotaxis and
increased neutrophil locomotion, adherence, and
chemotaxis (Ocal et al. 2007; Sadigh-Eteghad et al. 2011).
According to Stelletta et al. (2004), Kang et al.(2005), Ocal
et al. (2007), Pekmezci and Cakiroglu (2009), Sadigh-
Eteghad et al. (2011) and Fu et al. (2016), LMS enhances
immune system and increases level of the IgG significantly
but increased level of IgE might be due to FMD vaccine
since it contains adjuvant.

The immunomodulatory importance of Zn was first
described by Brazdo et al. (2015) who displayed that Zn
may act in cell proliferation, DNA metabolism and repair,
oxidative defence and cellular signalling pathways, besides
being a protective agent against the apoptosis,
furthermore, it has been shown that apoptosis is
potentiated in Zn deficiency (Brazado et al. 2015). Animal
immunityalso affected by the level of Zn, ithas
immunostimulatory activities and keeps the homeostasis
of oxidation/reduction. Among the Zn sources studied,
organic Zn sources showed better immune activity
compared to ZnSO4 (Lin et al. 2013). In group III,
increased level of IgA and IgG were not statistically
significant but the level of IgM was statistically significant
(P<0.05) and IgE increased and statistically was significant
(P<0.001). These finding resembles Schafer et al. (2015).
IgG and IgM are the major Igs which are responsible in the
complement activation, opsonisation, neutralization of
toxins (Shah et al. 2011). Zn deficiency reduced the
concentration of IgE and IgG in rats that infected with
gastrointestinal nematodes. Thus, the increase in the levels
of these Igs in supplemented animals may be initially a
result of better mineral supply of zinc (Schafer et al. 2015).
And the results were similar to Brazdo et al. (2015) it has
been indicated that Zn supplementation causes changes in
humoral immunity such as stimulation of B-lymphocytes
and increased serum Igs levels like IgA and IgG. Thus, the
intracellular killing of parasites are triggered or stimulated
by zinc treatment. Development of B cells from immature
and pre-mature B cells and production of antibody affected
by Zn deficiency. Zn deficiency reduces PMN cells
chemotaxis and inversely a super-physiological Zn
concentration (500 pM) generates PMN chemotaxis in
vitro. A Zn deficiency decreases phagocytosis but Zn
supplementation increases it (Bonaventura et al. 2015). Zn
decreases T-cell proliferation and causes a shift in the T
helper Th1/Th2-balance towards a Th2 response. Thus,
especially T cell-mediated cellular immune responses are
usually affected by imbalanced Zn levels (Rosenkranzet al.
2015). Zn is also an important factor responsible for the
maintenance of physiological balance between the Thl,
Th2 and Th17 lymphocyte subtypes. Zinc deficiency
decreases the production of cytokines by Thl and Th17
cells, but has lower effect on the Th2 response (Mtyniecet
al. 2015). The increased serum globulin concentrations by
Zn supplementation implies better immune response with
Zn supplementation. An increase in plasma globulin
concentration with Zn supplementation was also observed
in lactating Friesian cows (Ramuluet al. 2015). According
to Bonaventura et al. (2015), Brazdo et al.(2015), Mtyniec
et al. (2015), Ramulu et al. (2015), Rosenkranz et al.
(2015) and Schafer et al. (2015) use of vaccine and Zn
promotes immune system and increased level of IgG and
IgM. But increase of IgE in the present study might be due
toadjuvant in FMD vaccine.
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A statistically significant variation was found in level of IgG
between LMS and Zn groups in the same line (P<0.05) day
21. Based on this results Zn was more effective than LMS
on the IgG level. In group 1V, IgM was not changed. Levels
of IgG and IgA decreased were not statistically significant.
Level of IgE increased was statistically significant
(P<0.001). Kizil and Gul (2008) used vitamin AD3E with
FMD vaccine to a group of cattle. The result was a good
protection against FMD. This result might explain the anti-
stress property of vitamin AD3E which has minimized the
negative effects of the vaccination Gammaz et al. (2010)
studied the effect of vitamin ADsE on growth performance
in fish and found that, besides its positive effect on growth,
it has also enhanced defense mechanism against diseases
via its role in both innate and adaptive immune responses.
Vitamin E functions as an antioxidant that scavenges free
radicals and protects against lipid peroxidation. The role of
vitamin E as an antioxidant may explain its importance in
immune responses (Spears, 2000). Combination between
multivitamins ADsE with Newcastle disease vaccine causes
increase in antibody titer against Newcastle disease. This
element is important for the development of the immune
cell structure and eicosanoid formation (Al-zuhairy and
Jameel, 2014). When Newecastle disease virus causes
infection in poultry with vitamin A deficiency, the result
wasa decrease in IgG titres and the risk for secondary
infection may increase (West et al. 1991). These results
were similar to those of West et al.(1991) but were in
contrast to those of Kizil and Gul (2008). During normal
activities of the cells, oxidant molecules produced
continuously in the body and vitamin A and vitamin Ehave
been reported toremove these oxidant molecules. High
dose of vitamin E has been shown to enhance immune
response, neutrophil activity and cellular humoral
immunity (Kizil and Gul, 2008). Zn deficiency in animals
may occur as a result of its deficiency in soil and pasture,
or may be due to stressful conditions such as vaccinations
or diseases causing Zn depletion in the body tissues and
fluids. Immunity of animal also effect by the Level of Znin
dietary diet, organic Zn sources showed better immune
activity compared to ZnSO4 (Lin et al. 2013).

CONCLUSION

it has been concluded that the application of LMSor Zn
with FMD vaccine, has positive effects on sheep Igs
especially IgG,IgM and IgE, and that animals respond early
to infection after use these drugs with FMD vaccine during
vaccination. Thus, it is advised to use LMS and Zn with
vaccines to potentiate immune responses.
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ABSTRACT In this study, the antimicrobial effect of bitter almond (Amygdalus nana L.) and sweet almond (Amygdalus
trichamygdalus) extract were investigated. The extracts of the sweet almond which plants collected from
Diyarbakir Ergani district and the extracts of the bitter almond which plants collected from Van Tusba
district. The almonds dissolved in deionized water, alcohol, and ether. Fungus, gram positive and gram
negative bacteria were used as pathogens in this study. The effects of the extracts on pathogens were
determined by using the disk diffusion method. According to the zones that were formed by almond extract
against bacteria; The highest inhibitory effect of the extract of Amygdalus nana L. (Bitter Almond) showed the
highest inhibitory effect on Enterococcus faecalis and the extract of Amygdalus trichamygdalus (Sweet

Almond) on Staphylococcus aureus and Escherichia coli.
Keywords: Amygdalus Nana L., Amygdalus Trichamygdalus, Antimicrobial Effect, Extraction

0z Amygdalus Trichamygdalus (Tath Badem) ve Amygdalus nana L. (Ac1 Badem)
Bitkilerinin Antimikrobiyal Etkisinin Arastirilmasi

Yapilan ¢alismada acibadem (Amygdalus nana L.) ve tath badem (Amygdalus trichamygdalus) ekstraktlarinin
antimikrobiyal etkisi arastirlmistir. Diyarbakir Ergani ilgesinden toplanan tath badem ve Van Tusba
ilcesinden toplanan ac1 badem bitkilerinin ekstraktlarinin deiyonize su, alkol ve eter igerisinde ¢dziinmesi
saglanmistir. Calismada patojen olarak, maya mantari, gram pozitif ve gram negatif bazi1 bakteriler
kullanilmistir. Ekstraktlarin patojenler lizerine etkileri disk difiizyon metodu kullanilarak belirlenmistir.
Badem ekstraktlarinin bakterilere karsi olusturdugu zonlar géz 6niine alindiginda Amygdalus nana L. (Aci
badem) bitkisininden elde edilen ekstraktin gosterdigi en yiiksek inhibitdér etkinin Enterococcus faecalis’e
kars1 oldugu belirlenmistir. Amygdalus trichamygdalus (Tath Badem) bitkisinden elde edilen ekstraktin
gosterdigi en yiliksek inhibitor etkinin Staphylococcus aureus ve Escherichia coli bakterilerine karsi oldugu
gorilmiistir.

Anahtar Kelimeler: Amygdalus Nana L., Amygdalus Trichamygdalus, Antimikrobiyal Etki, Ekstraksiyon

GIRIiS ark. 2001). Allium  schoenoprasum L. (Sirmo)
yapraklarindan elde edilen etanol ekstraktinin karaciger

Birgok bitkinin yapisinda bulunan fenol bilesikleri, organik
asit ve yaglarin ozellikle patojen mikroorganizmalara karsi
inhibe edici etki gosterdigi bilim insanlar1 tarafindan
belirlenmistir. Insanlarin dogal iiriinlere yénelmesi
sonucunda  bitkisel {riinlerin  yapisinda  bulunan
antimikrobik etken maddeler gida endiistrisinde 6nemli
bir noktaya gelmistir (Sengiin ve Oztiirk 2018).

Bitkilerde bulunan ve sekonder metabolit olarak
adlandirilan bilesikler genellikle alkaloitler fenolik asitler
ve tiirevleri, kuinonlar, saponinler, flavonoitler, taninler ve
cesitleri, kumarinler ve terpenoitler olarak bilinir (Sengiin
ve Yiicel 2015). Giinlimiizde enfeksiyon hastaliklarinin
tedavisi icin kullanilan etken maddelerin yaklasik
%380'inin bitkisel odakli oldugu diisiiniilmektedir (Keles ve

koruyucu (Hepatoprotektif) etkisinin oldugunu
bildirilmektedir (Kogak ve ark. 2019). Bitkilerin
icerisindeki bilesenlerin farkl etkilerinden dolay1 bir¢ok
alanda kullanilmaktadir (Meydan 2019).

Kullanilan maddelerin in vitro etkinligini belirlemek
amaciyla mikroorganizmalara karsi denenmesi ig¢in
antimikrobiyal aktivite c¢alismalar1 gergeklestirilir. Bu
calismalarin kolay uygulanabiliyor olmasi ve diisiik
maliyet gerektirmesi nedeniyle antibiyotik duyarhliginin
saptanmasinda yaygin olarak kullanilmaktadir (Canh
2016). Bilim diinyasinda, antimikrobiyal maddelerin elde
edilmesinde ilerleme kaydedilmesine karsin,
Staphylococcus, Streptococcus, Candida albicans ve
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Pseudomonas gibi ilaclara direngli mikroorganizmalarin
varligi stirmektedir (Mann 2012).

Gida ve kozmetik endiistrisinde kullanilan lavanta
(Lavandula stoechas), ada gay1 (Salvia officinalis), papatya
(Matricaria chamomilla) ve kekik (Thymus vulgaris),
bitkilerinden elde edilen wugucu yaglar ve etken
maddelerin, bazi bakteri ve mantarlarin metabolizmalarimi
olumsuz etkiledigi tespit edilmistir (ilkimen ve
Giilbandilar 2018).

Badem giilgiller familyasinda bulunan giizel ¢icekli bir
agacin meyvesidir. Badem meyvesi sert ve kabukludur.
Ulkemizde bircok bolgede kuruyemis olarak
tiiketilmektedir. Badem ¢ok fazla miktarda mineral ve
vitamin igerir. Ayrica pek¢ok hastaliga iyi geldiginden ¢ok
eski zamanlardan beri kullanilmaktadir. Ac1 bademler ve
tatl bademler olmak iizere iki gruba ayrilir. Ac1 bademler
siyanidrik asit icerdigi icin zehirlidir ve yenilmesi
sakincalidir. Genellikle badem yag1 ¢ikarmak i¢in kullanilir
(Ozsu 2003). Bitki ekstraktlar1 ve ugucu yaglar; gidalarin
muhafazasi, farmasotik, alternatip tip ve dogal tedavilerde
kullanimi dahil olmak tizere pek ¢ok uygulamanin temelini
olusturmaktadir (Dulger ve Gonuz 2004).

Tatli bademlerde siyanidrik asit ya ¢ok az bulunur veya
hi¢ yoktur. Ulkemizde badem neredeyse her yerde tohum
olarak ekilebilen veya yetistirilebilen bir aga¢ meyvesidir.
Badem yag1 hem cilt i¢cin hem de kabiz ¢ocuklar igin
kabizlig1 giderici olarak ¢ok eskiden beri kullanilmaktadir.
Ayrica ac1 bademin kalp ve damar hastaliklarina karsi
koruyucu etkisinin oldugu bilinmektedir. Bu etkilerinin
yaninda balgam sokiicii, dalak ve cigerden ¢ikan damarlari
acma, cinsel istegi artirma, cilt enfeksiyonunun etkilerini
azaltma, bronglar ve bogaz agrilarini giderme gibi pek¢ok
faydas1 oldugu sodylenmektedir (Ozsu 2003). Baz1 bilim
insanlar1 bir¢ok tibbi bitkiyi tanimlamis ve bu bitkilerin
icerisindeki etken maddelerin ¢ogunun etkisi bilimsel
olarak kanitlanmistir (Ertiirk 2003). Antimikrobiyal
ajanlarin etki mekanizmalari, mikroorganizmalarin hedef
bolgeleri ve bakterinin hiicresel yapisiyla iligkilidir
(Karaman 2011).

Giintimiizde kullanilan sentez yoluyla elde edilen ilaglarin
yan etkilerinin fazla olmasindan dolay: ve organizmalarin
antimikrobiyal sentetik ilaclara karsi diren¢ olusturmalari
sebebiyle modern tibbin hastalik tedavisinde yetersiz
oldugu bazi noktalari ortaya ¢ikarmaktadir. Bundan dolay1
dogal bitkisel kaynaklarin ve bu maddeleri tasiyan
bitkilerin 6nemi giin gectikce artmaktadir (Nakipoglu
1992). Yapmis oldugumuz bu ¢alismada, iilkemizde bir¢ok
sektorde kullanilmak amaciyla yetistirilen ac1 ve tath
bademin farkli patojen mikroorganizmalar {izerine
etkilerini incelemeyi amagladik.

tizere 7 farkl referans sus kullanildi. Mikroorganizmalar
Van Yiiziinci Yil Universitesi Fen Fakiiltesi Molekiiler
Biyoloji ve Genetik Boliimii Laboratuvarindan temin edildi.

Badem Eksraktlarinin Hazirlanmasi

Ekstratlar, Ozdek ve ark. (2018)nin kullandiklari
yontemde minimal degisiklikler yapilarak hazirlandi.
Toplanan meyveler, giines altinda 4-5 giin ince bir sekilde
serilip sikca karistirilldiktan sonra kurumasi saglandi.
Kontrolii yapilan ve nem diizeyi istenilen diizeye gelen
bademler muhafazaya alindi. Dis kabuktan ayirma islemi
yapildiktan sonra iki giin giineste bekletilerek kurumasi
saglandi.

Kurutma isleminden sonra bademlerin kabuklar1 kirilarak
icleri ¢ikarildi. Bademler serin, kuru, havali ortamda bir
stire depolanarak muhafaza edildi. Daha sonra bir 6giitiicti
yardimiyla toz haline getirildi. Her materyalden 15 g
tartilarak 150 ml ¢6ziicii (deiyonize su, etanol ve eter)
icerisinde 48 saat bekletildi. Elde edilen ¢ozeltiler vakumlu
rotary evaporatdrden gecirilerek ¢oziiciilerin
buharlasmasi saglandu.

Antimikrobiyal Aktivitenin Belirlenmesi

Test edilecek mikroorganizmalarin Miiller Hinton besiyeri
icinde aktive edilmis kiiltiirleri kullanildi. Disk difiizyon
metodu ile ekstraktlar patojen mikroorganizmalar
tizerinde denendi (Murray ve ark. 1995). Stoklardan alinan
mikroorganizmalar Miiller Hinton besiyeri icinde 48 saat
37 °Cde inkiibe edildi. 101 diliisyonu yapilan canh
kiiltirden steril swaplar yardimiyla énceden hazirlanmis
olan kati Nutrient Agar besiyeri lizerine ekimleri yapildi.
Bir siire beklenerek agarin bakteri soliisyonunu emmesi
saglandi. Daha sonra ekstrakt emdirilmis diskler steril
pens yardimiyla besiyerinin iizerine diizenli bir sekilde ve
hafifce bastirilarak yerlestirildi.

Pozitif kontrol olarak, kullanilan referans suslara kars: etki
gosteren Neomycin antibiyotigi kullanildi. Bu sekilde
hazirlanan petriler inkiibasyon i¢cin 37 °Cde 48 saat
boyunca bekletildi. Inkiibasyon siiresi sonunda olusan
inhibisyon zon c¢aplar1 6l¢iilerek antimikrobiyal aktivite
tespiti yapildi.

MATERYAL ve METOT
Materyal
Calismada  kullanilan  tath  badem  (Amygdalus

trichamygdalus) Diyarbakir Ergani ilgesindeki gri-
kahverengi govdeli, sik dalcikh ve yaklasik 6-7 metre
uzunlugundaki agaglardan alinmistir. Act  badem
(Amygdalus nana L.) ise Van Tusba ilgesindeki ¢ali formu
seklinde biiyliyen parlak kahverengi govdeli bitkilerden
toplanmustir.

Referans Mikroorganizmalari

Bu calismada sirasiyla kullanilan mikroorganizmalar;
Staphylococcus aureus ATTC 29213, Escherichia coli ATCC
25952, Bacillus cereus ATCC 10876, Bacillus subtilis ATCC
6633, Pseudomonas aeruginosa ATCC 27853, Enterococcus
faecalis ATCC 29212, Candida albicans ATTC 90028 olmak
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BULGULAR

Amygdalus nana L. ve Amygdalus trichamygdalus
bitkilerinin meyvelerinden elde edilen ekstraktlarin
antimikrobiyal etkisinin arastirildigi calismada,
mikroorganizmalara karsi olusan inhibisyon zon g¢api
Olclimleri Tablo 1, 2, 3, 4’te verildi.

Buna gore Amygdalus nana L. (Act badem) bitkisininden
elde edilen ekstraktin gosterdigi en yiiksek inhibitér
etkinin Enterococcus faecalis bakterisine karsi oldugu
goriildi. Bunun yani sira Staphylococcus aureus ve Bacillus
subtilis bakterilerine de etki ettigi gozlendi. Amygdalus
trichamygdalus (Tath Badem) bitkisininden elde edilen
ekstraktin gosterdigi en yiiksek inhibitdr etkinin
Staphylococcus aureus ve Escherichia coli bakterilerine
kars1 oldugu goriildi.

Ayrica Bacillus subtilis, Pseudomonas aeruginosa ve
Enterococcus faecalis bakterilerine de etki ettigi gozlendi.
Her iki ekstraktin da Bacillus cereus ve Candida albicans
mikroorganizmalarina karsi inhibitoér etkisinin olmadig:
gorilda.
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Tablo 1. Amygdalus nana L.ve Amygdalus trichamygdalus ekstraktlarinin Staphylococcus aureus ve Escherichia coli bakterileri
lizerine etkileri ve inhibisyon zonlar1.

Table 1. Effects of Amygdalus nana L. and Amygdalus trichamygdalus extracts on Staphylococcus aureus and Escherichia coli
bacteria and inhibition zones.

Test Mikroorganizmalari ve inhibisyon Zonlar1

Ekstrakt Staphylococcus aureus Escherichia coli
Su Etanol Eter Neomycin Su Etanol Eter Neomycin
(Antibiyotik) (Antibiyotik)
Amygdalus Yok 9 7 22 Yok Yok Yok 17
nana L.
Amygdalus 11 12 10 18 11 11 9 18
trichamygdalus

Tablo 2. Amygdalus nana L.ve Amygdalus trichamygdalus ekstraktlarinin Bacillus cereus ve Bacillus subtilis bakterileri lizerine
etkileri ve inhibisyon zonlar1.

Table 2. Effects of Amygdalus nana L. and Amygdalus trichamygdalus extracts on Bacillus cereus and Bacillus subtilis bacteria
and inhibition zones.

Test Mikroorganizmalari ve inhibisyon Zonlar:

Ekstrakt Bacillus cereus Bacillus subtilis
Su Etanol Eter Neomycin Su Etanol Eter Neomycin
(Antibiyotik) (Antibiyotik)
Amygdalus Yok Yok Yok 24 Yok 8 9 32
nana L.
Amygdalus Yok Yok Yok 24 7 11 8 24
trichamygdalus

Tablo 3. Amygdalus nana L.ve Amygdalus trichamygdalus ekstraktlarinin Pseudomonas aeruginosa ve Enterococcus faecalis
bakterileri tizerine etkileri ve inhibisyon zonlar1.

Table 3. Effects of Amygdalus nana L. and Amygdalus trichamygdalus extracts on Pseudomonas aeruginosa and Enterococcus
faecalis bacteria and inhibition zones.

Test Mikroorganizmalari ve inhibisyon Zonlar1

Ekstrakt Pseudomonas aeruginosa Enterococcus faecalis
Su Etanol Eter Neomycin Su Etanol Eter Neomycin
(Antibiyotik) (Antibiyotik)
Amygdalus nana Yok Yok Yok 10 8 12 11 13
L.
Amygdalus Yok 7 8 8 Yok 9 8 15
trichamygdalus

Tablo 4. Amygdalus nana Lve Amygdalus trichamygdalus ekstraktlarinin Candida albicans bakterisi lizerine etkileri ve
inhibisyon zonlar1.

Table 4. Effects of Amygdalus nana L. and Amygdalus trichamygdalus extracts on Candida albicans bacteria and inhibition
zones.

Test Mikroorganizmalari ve inhibisyon Zonlar:

Ekstrakt Candida albicans
Su Etanol Eter Neomycin
(Antibiyotik)
Amygdalus yok yok yok 7
nana L.
Amygdalus yok yok yok 6
trichamygdalus
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TARTISMA ve SONUC

insanlarin dogal ve saglikh gidalara yénelmesi ile birlikte
tibbi ve aromatik bitkilerin degeri ve 6nemi her gecen giin
daha ¢ok artmaktadir. Bitkilerle yapilan ¢alismalar 6nemli
hale gelmistir. Bitkilerden elde edilen etken maddelerden
dogal ilag tiretimi saglanabilmesinden dolay bitkilere olan
ilgi giin gectikce daha da artmaktadir (Baytop 1984) . Son
yillarda antibiyotiklere diren¢ saglayan bakterilerin ortaya
cikmasi ve dogal kaynakli ilaglarda goriilmeyen ya da ¢ok
az goriilen yan etkilerin sentetik ilaglarda ¢ok olmasi, bilim
insanlarini dogal kaynakl ilaglar1 arastirmaya yoneltmistir
(Dirger ve ark. 1999). Bitkilerden elde edilen etken
maddelerin patojen mikroorganizmalara karsi gostermis
oldugu etkinin belirlenmesi, gittikce artis gosteren
antibiyotik direncinin ©6nlenmesi noktasinda ¢6ziim
olacaktir (Singh ve ark. 2011). Bitkilerin tedavi amagh
kullanimi ¢ok eski tarihlere dayanir. Geleneksel ilag olarak
kullanilan pek ¢ok bitki bulunmaktadir (Parseh ve ark.
2012). Mikroorganizmalarin  antibiyotiklere  direng
kazanmalar1 ve yeni patojen mikroorganizmalarin ortaya
cikmasindan dolay1 giiniimiizde bilim insanlari, tibbi ve
aromatik bitkilerin antimikrobiyal o6zelliklerini
arastirmaya yonelmislerdir (Naz ve ark. 2007). Oztiirk ve
Hamzagebi (2019) yaptigi c¢alismada, Ulva lactuca
ekstraktlarinin bazi gram pozitif bakterilere karsi yiiksek
etki gosterdigini ve ¢oziicii olarak etanol’iin kullanildigi
ekstraktin ¢ok etkili oldugunu ve sonug¢ olarak Ulva
lactuca’dan elde edilen ekstraktin gida ve ila¢ sektoriinde
koruyucu madde potansiyelinin oldugunu tespit etmistir.
Yapmis oldugumuz  calismada  kullanilan  bitki
ekstraktlarinin patojenlere karsi olusturdugu zonlar goz
online alindiginda  ozellikle farmasotik alanlarda
kullanilabilecek etken madde icerme potansiyeli oldugu
diistiiniilmektedir.

Sinop ilinde dort bitki ile hazirlanan (Jurinea kilae, Isatis
arenaria, Verbascum degenii ve Pancratium maritimum)
metanol ve etil alkol ekstraktlarinin, bazi hastalardan izole
edilen enfeksiyon sebebi mikroorganizmalar lizerine ¢ok
onemli antimikrobiyal faaliyet gosterdikleri tespit
edilmistir (Avsar ve ark. 2016). Tung ve ark. (2013) Punica
grantum L. (Nar) bitkisinin meyve kabuklarindan elde
ettikleri ekstraktlar1 antibakteriyel olarak c¢alismistir.
Calisma sonucunda bitki ekstraktlarinin en genis
inhibisyon zon ¢aplarim1 Staphylococcus aureus ve
Staphylococcus epidermis bakterilerine karsi gosterdigini
tespit etmislerdir. Pterigynandrum filiforme
karayosunundan elde edilen ekstraktin bazi bakteri ve
maya tiriine Kkarsi yapilan antimikrobiyal inceleme
sonucunda gram pozitif ve gram negatif olan bazi bakteri
tlirlerine etki ettigi bildirilmistir (Yetgin ve ark. 2017). Bu
calismada elde ettigimiz sonuglara bakildiginda maya
mantarina karsi antifungal etkinin olmadigi, buna karsin
gram pozitif ve gram negatif baz1 bakterilere Kkarsi
antibakteriyel etkinin goériildigi belirlendi.

Zonguldak'ta bazi aktarlardan alinan Portakal, Limon,
Kavun, Nar Cekirdegi Yag1 ve Ahududu bitkilerinden elde
edilen oziitlerin antimikrobiyal aktivitesi incelenmis ve
mikroorganizmalara karsi etkisinin oldugu belirlenmistir
(Koger ve Sugecti 2015). Eliuz (2018) yaptig1 ¢alismada
zeytinyagl ve mahlep yag iceriklerini Escherichia coli ve
Bacillus subtilis mikroorganizmalar1 tizerine etkilerini
inceleyerek etnobotanik ag¢idan 6nemli sonuglar elde
etmistir.

Calismamizda Amygdalus nana L. bitkisinin meyvelerinden
elde edilen ekstraktin idrar, kan, yaralar ve balgam olmak
iizere bir ¢ok yerde bulunan patojen Enterococcus faecalis
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(Ding ve ark. 2009) bakterisine kars1 gli¢lii antibakteriyel
etki gosterdigi gozlendi. Amygdalus trichamygdalus
meyvelerinden elde edilen ekstraktin ise Staphylococcus
aureus ve Escherichia coli bakterilerine karsi giiclii
antibakteriyel etki gosterdigi gozlendi.

Dogada bircok bitki, bakteri ve mantarin mikrobiyal
ajanlara karsi etki gosterdigi bilinmektedir. Bu ¢alismada
badem meyvesi ekstraktlarinin bazi patojen bakterilere
kars etkileri invitro olarak ¢alisildi. Onemli bulgular elde
ettigimiz bu c¢alismamizda bitki ekstraktlarinin igerik
analizleri sonucunda antimikrobiyal etkiyi meydana
getiren faktorlerin tespit edilmesi ile basta saglhk sektori
olmak tzere bir¢ok alanda bilim diinyasmna Kkatki
saglayacagi kanaatindeyiz.
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ABSTRACT

The aim of the study is to investigate the role of lycopene on diethylnitrosamine (DEN)-induced chronic
hepatotoxicity using biochemical, molecular and histopathological approaches. Thirty five male Wistar albino
rats were assigned into five groups of 7 rats each. Groups were formed as control, lycopene, DEN,
lycopene+DEN and DEN+lycopene. Lycopene was applied to rats every other day at 10 mg/kg/bw, gavage for
10 days. DEN was applied intraperitoneally to rats at a single dose, 200 mg/kg/bw for 90 days. Lycopene
administration was started 10 days before the DEN administration in lycopene+DEN group, together with the
DEN administration in DEN+lycopene group. The study was terminated 90 days after DEN administration.
DEN caused the oxidative stress by the increased malondialdehyde level and the decreased reduced
glutathione level, antioxidant enzyme activities (p<0.001). Lycopene administration improved the
biochemical indices of both blood and liver tissue compared to the DEN group. RT-PCR analysis revealed that
the catalase enzyme in the DEN group increased expression levels. Histopathologically, many histopathologic
changes such as karyomegaly, necrosis and hydropic degeneration were observed in the liver tissues of the
DEN and lycopene+DEN groups. Both biochemical and histopathological results showed that healing of
DEN+lycopene group was better than lycopene+DEN group. These results suggest that besides the protective
effects, the therapeutic effect of lycopene is due to its antioxidant effects on DEN-induced hepatotoxicity.

Keywords: Antioxidant, Diethylnitrosamine, Lycopene, Malondialdeyhde, CAT Enzyme Expression

0z

Biyokimyasal, Molekiiler ve Histopatolojik Veriler Kullanilarak Likopenin
Dietilnitrozamine Bagh Kronik Hepatotoksisite Uzerine Koruyucu ve / veya Tedavi
Edici Etkilerinin Arastirilmasi

Calismanin amaci, likopenin dietilnitrozamin (DEN) kaynakli kronik hepatotoksisite iizerindeki roliinii
biyokimyasal, molekiiler ve histopatolojik yaklasimlar: kullanarak arastirmaktir. 35 adet erkek Wistar albino
rat, her grupta 7 rat olacak sekilde 5 gruba ayrilmistir. Gruplar, kontrol, likopen, DEN, likopen+DEN ve
DEN+likopen seklinde olusturulmustur. Likopen, giin asir1 olarak 10 mg/kg/viicut agirhigr dozunda gavaj
yoluyla 10 giin uygulanmistir. DEN, ratlara 200 mg/kg viicut agirligi dozunda intraperitoneal olarak tek doz
90 glin uygulanmistir. Likopen uygulamasi, likopen+DEN grubunda DEN uygulamasindan 10 giin 6nce,
DEN+likopen grubunda ise DEN uygulamasi ile birlikte baslamistir. DEN uygulamasindan 90 giin siire sonra
calisma sonlandirilmistir. DEN, dokularda malondialdehid diizeylerinde artisa, rediikte glutatyon diizeyi ve
antioksidan enzim aktivitelerinde diisiise sebep olarak oksidatif strese neden olmustur (p<0,001). Likopen
uygulamasi hem kan hem de karaciger dokusunda DEN grubuna kiyasla biyokimyasal endekslerde iyilesme
saglamistir. RT-PCR analizlerinde DEN grubundaki katalaz enziminin ekspresyon diizeylerini arttirdigi
belirlenmistir. Histopatolojik olarak, DEN ve likopen+DEN gruplarinin karaciger dokularinda karyomegali,
nekroz ve hidropik dejenerasyon gibi bir¢ok histopatolojik degisiklikler g6zlenmistir. Hem biyokimyasal hem
de histopatolojik sonuglarda DEN+likopen grubundaki iyilesmesinin likopen+DEN grubundan daha iyi oldugu
gozlenmistir. Bu sonuglar, likopenin koruyucu etkisinden ziyade tedavi edici etkisinin DEN’e bagh
hepatotoksisitede likopenin antioksidan etkisine bagh kaynaklandigini géstermektedir.

Anahtar Kelimeler: Antioksidan, Dietilnitrozamin, Likopen, Malondialdehid, KAT Enzim Ekspresyonu
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INTRODUCTION

Nitrosamines and nitroso compounds are one of the most
important chemicals and adversely affect human health
and can cause tumor formation. They exhibit this activity
mainly by interacting with nucleic acids and proteins
(Jahan et al. 2007). The dose, frequency of exposure, and
method of administration of the nitrosamines may affect
different organs (e.g. lung, kidney or liver) and may lead to
tumor formation (Lijinsky and Kovatch 1989; Lijinsky
1992). Toxic effects of nitrosamines, particularly
diethylnitrosamine (DEN), are primarily seen in the blood
and liver. Most drugs lead to nitrosamine formation and
increase of cancerous cells in the liver when used with
sodium nitrite. Furthermore, other organs where blood
flow is high, such as kidneys, are also affected at a lower
dose than the liver (Yilmaz et al. 2008).

DEN is a carcinogenic substance, widely used in
experimental animal models. DEN causes degenerative,
proliferative, and neoplastic lesions in the liver (Gayathri
etal. 2009). DEN is hydroxilated in the liver by cytochrome
P-450 isoenzymes and becomes bioactivated by alkylation
mechanism. Activation results in the production of radical
metabolites, mainly ethyl radical (CH3CH:.) (Lijinsky
1992). DEN increases reactive oxygen species (ROS), and
by this way leads to cell damage and oxidative stress. The
generation of ROS may be responsible for the carcinogenic
effects of DEN (Yamada et al. 2006; Gayathri et al. 2009).
High intracellular levels of ROS lead to mitochondrial
damage, DNA modification, and lipid peroxidation (LPO),
resulting in many diseases, including cancer (Yamada et al.
2006; Pradeep et al. 2007). The metabolites of DEN
mediate the binding of tumor promoters by covalently
binding to the DNA with one or two oxidation-providing
electrons. The tumor promoter causes the formation of
reactive oxygen molecules and hydrogen peroxide (H202)
by acting as a superoxide radical (0z.”) inducer (Yamada et
al. 2006; Pradeep et al. 2007).

Lycopene have anticarcinogenic, anti-inflammatory and
antioxidant effects. The relationship between free oxygen
radicals and lycopene is as follows: adding a new radical to
the free radical, neutralizing the radical by removing a
hydrogen atom from its structure, and neutralizing the
radical by transferring an electron from structure of the
free radical (El-Agemey et al. 2004). Lycopene can protect
cells against oxidative stress by acting together with
various mechanisms (e.g. singlet oxygen scavenger) as an
antioxidant. Before being reduced, a molecule of lycopene
can bind thousands of singlet oxygen molecules (Krinsky
1988). Its effectiveness in capturing singlet oxygen
depends on conjugated double bonds number it mainly
contains (Ukai et al. 1994).

The aim of the study was to determine the possible
protective and / or therapeutic effects of lycopene on DEN-
induced oxidative damage and CAT expression in the blood
and liver tissues using biochemical, molecular and
histopathological approaches in rats.

MATERIALS and METHODS

Animals and experimental groups

A total of 35 male Wistar-Albino rats (weighing 250-300 g,
aged 3 months) were used in this study. Ethics committee
approval was obtained from Firat University Local Ethics
Committee for Animal Experiments (2014/18). The
animals to be used in the study were obtained from the
Firat University Experimental Research Center.
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The experimental applications were conducted
conveniently with the conditions for the care and use of
laboratory animals (12 hours light; 12 hours darkness;
24+30C). During the experimental applications, the rats
were provided the commercial rat feed (pellet feed) and
tap water ad libitum.

The animals were randomly divided into five experimental
groups, including seven rats in each. These groups were
arranged as follows: control group (not treated), lycopene
group (lycopene was administered), DEN group (a single
dose of DEN was administered), lycopene+DEN (lycopene
was started 10 days before the DEN administration),
DEN+lycopene group (DEN and lycopene were
administered together).

Lycopene was suspended in corn oil and it was
administered to the animals by gavage every other day at
the dose of 10 mg/kg body weight for 10 days. DEN was
administered the animals a single intraperitoneal (i.p.)
dose at the dose of 200 mg/kg body weight dissolved in
serum physiological (0.9% NaCl) for 90 days. The doses of
DEN (El-Shahat et al. 2012) and lycopene (Kumar ve
Kumar 2009) used in this study was selected according to
previous studies.

Sample collection

Following the applications, rats were sacrificed and tissue
samples were obtained from blood and liver. Blood
samples were collected in tubes containing anticoagulant
(ethylenediaminetetraacetic acid [EDTA]) and centrifuged
for 10 min at 3000 rpm at +4°C to separate plasma.
Autoanalyser (Advia 1800 Chemistry Analyser, Siemens
Healthineers, Germany) was used to determine the
aspartate transaminase (AST), alanine transaminase
(ALT), alkaline phosphatase (ALP), lactate dehydrogenase
(LDH) enzyme activities. Before starting the analyses, liver
tissues were washed with saline and then diluted 1:10
with distilled water and homogenized in a Potter-Elvehjem
homogenizer. Homogenates were centrifuged at 3500 rpm
for 15 min for malondialdehyde (MDA), reduced
glutathione (GSH), CAT, glutathione-S-transferase (GST)
and superoxide dismutase (SOD) analysis and at 14000
rpm for 55 min for glutathione peroxidase (GSH-Px)
analysis.

For the reverse transcription-polymerase chain reaction
(RT-PCR) analyses, blood and liver samples were taken
into tubes containing RNA stabilization solution and stored
at -800C until the study was performed.

Biochemical analysis

MDA and GSH levels, CAT, GSH-Px, GST, SOD activities,
protein, hemoglobin levels were determined by
spectrophotometric methods in tissue samples.

The MDA level was tested according to the method
described by Placer et al. (1966). This method was based
on the reaction of thiobarbituric acid (TBA) with MDA, one
of the aldehyde products of lipid peroxidation. The GSH
level was determined by the method of Ellman et al.
(1961). This method was a spectrophotometric method
based on the formation of highly stable yellow colour of
sulphhydryl groups when 5,5'dithiobis-2-nitrobenzoic acid
(DTNB) was added.

The CAT activity was carried out by using Aebi’s method
(1984). It was determined by measuring the resolution of
H202 at 240 nm. The GSH-Px activity was determined by
the Beutler method (1984). GSH-Px catalyses the oxidation
of GSH to oxide glutathione (GSSG) using H202.
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The method described by Habig et al. (1974) was utilised
to test GST activity. The enzyme activity was determined
by measuring the amount of enzyme catalysing 1 pmol of
1-(S-glutathionyl)-2.4 dinitrobenzene per minute at 340
nm at 37°C using GSH and 1-chloro-2,4-dinitrobenzene.
The SOD activity was tested by quantifying Oz~ generated
by xanthine and xanthine oxidases reacting with nitroblue
tetrazolium (Sun et al. 1988). In the determination of
hemoglobin level, Frankel et al. (1970) method is used.
The protein concentration was determined using the
method described by Lowry et al. (1951).

Total RNA isolation and gene expression analysis

Both blood and liver were processed based on the method
of Rotimi et al. (2017). Blood samples were placed into
RNAprotect® animal blood tubes containing stabilization
reagent; whereas, liver tissues were preserved in
RNAlater. The gene expression levels of CAT enzyme was
assessed using semi-quantitative reverse transcriptase
polymerase chain reaction (RT-PCR). RNA was extracted
from the blood using an RNAprotect® animal blood kit
(Qiagen, Germany). RNA was extracted from liver using an
RNeasy® Plus Mini Kit according to the manufacturer's
protocol. cDNA was obtained from RNA samples via a
Reverse Transcription System Kit (First Strand Kit, Qiagen,
Germany) as well as an Applied Biosystem, 7500 Fast RT-
PCR System.

The RNA samples were incubated for 15 minutes at 42°C,
as well as for 5 minutes at 95°C for cDNA synthesis in
accordance with the manufacturer's protocol. The gene
specific primers (rat CAT primer (NM_012520)) for RT-
PCR were obtained from Qiagen. Reactions were prepared
in 25 pl volumes by the SYBR Green Master Mix (Qiagen,
Germany). The cycling conditions were performed
according to the manufacturer’s protocol as follows: 15
minutes at 95°C, 15 seconds at 95°C, and 1 minute at 60°C
(repeated for 40 cycles). The RT-PCR analysis results were
then normalized against the expression level of the
internal control 3-Actin (NM_031144). The values of all the
samples were expressed as percentages with respect to
the control.

Histopathological examination

Following necropsies, liver tissue samples were fixed in
10% neutral buffered formalin, were embedded in paraffin
and cut at a thickness of 5 pm. Then, they were stained
with Hematoxylin and Eosin (H&E). After that, 10 random
microscopic areas were examined at x40 magnification.
The changes were rated to be none (0), mild (1), moderate
(2), and severe (3) (Luna, 1968).

Statistical analysis

Shapiro-Wilk normality test was applied to determine
whether the raw values of all the measured parameters
showed normal distribution and as a result of the test, it
was determined that the values in all parameters showed
normal distribution. Based on the result of this test, one-
way analysis of variance (ANOVA) was used to determine
differences between groups, and post hoc Tukey test for
paired comparisons.

All statistical analyses were performed using SPSS version
22.0 software (IBM Corporation, Armonk, NY, USA). The
data obtained as a result of the study are expressed as
mean and standard error. A p value of <0.05 was
considered statistically significant.

RESULTS

MDA, GSH levels, and antioxidant enzyme activities

Tables 1 and 2 show the MDA, GSH levels and CAT, GSH-Px,
GST and SOD activities in blood and liver tissues. When the
DEN treated group was compared with the control group,
an increase was observed in the MDA levels and a decrease
in GSH levels, CAT, GSH-Px, GST and SOD activities in blood
and liver tissue samples (p<0.001). When the DEN group
was compared with the group in which lycopene was
started before DEN administration (lycopene+DEN group)
and group in which lycopene was started together with
DEN administration (DEN+lycopene group), MDA levels
were found to decrease whereas GSH levels, CAT, GSH-Px,
GST and SOD activities were found to increase in the blood
tissue and the values of the DEN administered groups
approached the values of the control group (p<0.001).
Similar changes were observed in the liver tissue and the
changes were found to be more significant in the group in
which lycopene was given with DEN administration
(DEN+lycopene group).

CAT enzyme gene expression levels

Figures 1 and 2 show CAT enzyme gene expression levels
in blood and liver tissues. The CAT enzyme gene
expression levels were found to be significantly higher in
the liver tissues of the DEN treated group compared to
those of the control group, however, there was no
statistically significant change in blood tissue compared to
the control group. A significant decrease was observed in
the expression levels in the liver tissue in the lycopene
supplemented groups (lycopene+DEN and DEN+lycopene
groups) compared to the DEN group and this decrease was
found to be higher in DEN+lycopene group.

AST, ALT, ALP and LDH activities

Plasma AST, ALT, ALP, LDH activities are given in Table 3.
A statistically significant increase was observed in all
values in the DEN group compared to the control group
(p<0.05 and p<0.001). When the lycopene+DEN group and
DEN group were compared, no difference was observed in
the lycopene+DEN group in terms of AST and ALP
activities whereas ALT, LDH activities decreased and
approached to the control group values. In the
DEN+lycopene group, there was a decrease in AST, ALT,
LDH activities compared to the DEN group, but there was
no change in ALP activity.

Histopathological results

Microscopic lesions and scoring values of control and
experimental groups are given in Table 4. While the
severity and distribution varied according to groups, the
most significant microscopic changes were generally as
follows: cloudy swelling, necrotic changes characterized by
karyopyknosis, karyomegaly and apoptosis in hepatocytes
and disorganization, sinusoidal and portal congestion,
periportal cell infiltration, intra- and extra-cellular bile
pigment accumulations, and Kupffer cell hyperplasia on
the hepatic cord. The most severe microscopic changes
were observed in DEN and lycopene+DEN groups. In the
DEN+lycopene group, it was noted that there was a
decrease in the severity of degenerative changes in the
liver compared to the DEN group.
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Table 1. Effects of Lycopene on MDA and GSH levels and CAT, GSH-Px, SOD activities in blood tissue of DEN treated rats.

Control Lycopene DEN Lyco.+DEN DEN+Lyco.
MDA (nmol/ml) 8,34+0,042b 8,00+0,102 11,50+0,17¢ 8,57+0,10b 8,79+0,14b
GSH (pmol/ml) 47,21+0,22a 47,01+£0,402 36,03+0,84¢ 45,58+0,382 45,60+0,382
CAT (k/g Hb) 65,33+0,782 65,22+0,522 44,370,634 62,81+0,992 61,84+1,402
GSH-Px (U/g Hb) 86,07+1,742 82,41+2,11a 60,63+2,74b 78,55+2,432 79,16+0,412
SOD (U/g Hb) 72,93+0,492 72,01+0,442 65,84+0,67> 71,52+0,412 72,34+0,332

The data are expressed in mean+S.E. for seven animals per group. Within rows, means with different letters (a, b, ¢, and d)
are significantly different.

Table 2. Effects of lycopene on MDA and GSH levels and CAT, GSH-Px, GST, SOD activities in liver tissue of DEN treated rats.

Control Lycopene DEN Lyco.+DEN DEN+Lyco.
MDA (nmol/g doku) 0,63+0,01abc 0,61+0,012 0,930,024 0,68+0,01¢ 0,65+0,07abe
GSH (pmol/ml) 17,120,232 17,080,102 15,10+0,07¢ 16,39+0,05P 16,930,052
CAT (k/mg protein) 0,378+0,01a 0,381+0,01a 0,183+0,01¢ 0,332+0,022 0,335£0,01=
GSH-Px (U/g rotein) 34,191,312 35,07+0,882 28,43+1,11b 32,611,062 32,281,592
GST (U/mg protein) 20,92+0,282 20,560,462 17,44+0,26¢ 19,37+0,23b 19,96+0,302b
SOD (U/mg protein) 0,646+0,012 0,645+0,01a 0,629+0,01¢ 0,643+0,01a 0,639+0,01ab

The data are expressed in mean+S.E. for seven animals per group. Within rows, means with different letters

(a, b, ¢, and d) are significantly different.
Table 3. Effects of lycopene on AST, ALT, ALP, LDH activities in plasma of DEN administrated rats.

Control Lycopene DEN Lyco.+DEN DEN+Lyco.
AST (U/L) 171,0045,772b 146,33£2,872 225,00+5,974 242,50+5,714 189,66+12,51bc
ALT(U/L) 78,25+6,102 83,75+2,32ab 96,00+2,22bc 88,71+5,62ab 87,50+6,632b
ALP(U/L) 6,500,222 7,00+0,282 15,00+0,88p 14,33+£2,92b 13,50£2,46P
LDH(U/L) 794,00+£49,072b 724,57+63,342 1363,20+73,63¢ 980,66+27,79b 853,00+28,98ab

The data are expressed in mean#S.E. for seven animals per group. Within rows, means with different letters (a, b, ¢, and d) are

significantly different.

Table 4. Microscopic lesions observed in liver of DEN treated rat.

Control Lycopene DEN Lyco.+DEN DEN+Lyco.
Karyomegaly 0.14 £ 0.0 0.14 0.0 2.00 £ 0.31bc 2.14 + 0.34¢ 1.86 + 0.14b
Sinusoidal Congestion 0.57+0.202 1.00 £ 0.0b 2.00 = 0.0¢ 1.71 £ 0.18bc 2.00 = 0.0¢
Karyopyknosis 0.14 £ 0.02 0.14 0.0 1.57 +0.20b 2.00 £ 0.0¢ 1.29+0.18
Cloudy Swelling (Periasiner) 0.0 +0.02 0.44 + 0.20P 3.00 £ 0.0¢ 3.00 = 0.0¢ 1.71 +0.18bc
Single Cell Necrosis 0.0 £ 0.02 0.57 £0.202 2.57 £0.20b 2.71£0.18b 1.43 £0.182b
Fatty Degeneration 0.14 +0.14- 0.0 £ 0.02 1.00 + 0.0ab 1.00 = 0.0ab 1.00 + 0.02b
Bile Duct Proliferation 0.0 £ 0.02 0.14 +0.02 2.00 = 0.0¢ 1.00 £ 0.0b 1.00 £ 0.0b
Apoptotic Bodies 0.14 +0.02 0.14 +0.02 2.00 = 0.0¢ 1.00 £ 0.0b 1.00 £ 0.0b
Kupffer Cell Activation 0.0 £ 0.02 0.0 £ 0.02 0.43 £ 0.202b 1.00 £ 0.0b 1.00 £ 0.0b
Periportal Cell Infiltration 0.57 £0.202 0.71+0.182 1.43 +0.20V 1.29 +£0.18b 1.00 + 0.02b
Hepatic Cord Disorganization 0.29 +0.18a 0.29 £ 0.18= 2.57 £0.20¢ 2.00 = 0.31bc 2.00 £ 0.21bc
Portal Congestion 1.00 £ 0.02 1.00 £ 0.0 1.29+0.18b 1.43 +£0.20b 1.43 £ 0.20
Bile Pigment Accumulations 0.0+0.0 0.0£0.0 1.00+0.0 1.00+0.0 1.00+0.0

The data are expressed in mean*S.E. for seven animals per group. Within rows, means with different letters (a, b, and c) are
significantly different (p<0.001).
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Figure 1. The effect of lycopene supplementation on blood
CAT expression level.
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Figure 2. The effect of lycopene supplementation on liver
CAT expression level (*P < 0.001).

Figure 3. Light microscopic view of the liver of DEN-
treated rats. A. Control Group, normal appearanced liver

structure. B. Lycopene Treated Group, normal
appearanced liver structure. C. DEN Treated Group,
karyomegaly (arrowhead), necrosis-necrotic changes (*),
single cell necrosis (thick arrow), bile duct proliferation
(thin arrow). D. Lycopene+DEN Treated Group, cloudy

swelling (*), periportal cell infiltration (thick arrow),
apoptotic bodies (thin arrow). E. DEN+Lycopene Treated
Group, karyomegaly (arrowhead), fatty degeneration (thin
arrow). (H-E staining, magnification x40).

DISCUSSION

The free radical formation may be suggested as the main
mechanism of hepatotoxicity although many opinions have
been reported in the pathogenesis of DEN-induced toxicity.
If the generation of free radicals exceeds the protective
effects of the defense system, they adversely affect
metabolism. The increase in the MDA level is an important
sign of oxidative stress (Gawet et al. 2004). In the present
study, the increase in MDA levels in plasma and liver
tissues obtained from rats in the DEN group can be
considered as an indicator of the DEN-induced damage.
This increase may be further related to the metabolism of
DEN, which reacts with cellular components, particularly
with polyunsaturated fatty acids, in the cell membrane and
causes the release of iron ions that increases the MDA
levels. GSH prevents the peroxidation, protects -cell
membranes and allows the removal of free radicals
(Farombi and Fakoya 2005). In the present study, the
decrease observed in the GSH levels in blood and liver
tissues of the rats in the DEN group is attributed to DEN or
its metabolites forming a conjugate with GSH to facilitate
its excretion from the body. Furthermore, GSH plays a
critical role in protecting tissues against the harmful
effects of DEN and therefore, GSH consumption can also
lead to significant decreases in GSH-Px activity. The
decrease in GSH-Px activity following the DEN
administration may be due to decreased levels of the
relevant substrate (GSH) and ROS-induced changes in the
protein structure (Farombi and Fakoya 2005; Halliwell
and Gutteridge 2015).

In the present study, MDA levels in plasma and liver
tissues were found to be significantly higher in the DEN
group than in the control group. This indicates that DEN
causes high levels of free radical formation that cannot be
tolerated by the cellular antioxidant defense system.
However, lycopene administration decreased the MDA
level to the level in the control group, suggesting that
lycopene may be effective in clearing free radicals,
inhibiting LPO, and protecting membrane lipids against
oxidative damage in plasma and liver of rats.

Antioxidant enzymes such as CAT and GSH-Px are the first
line antioxidant defense system against ROS and their
activities have been observed to decrease by DEN. The
decrease in the CAT and GSH-Px activities due to the DEN-
induced oxidative stress may be due to the possible
inhibitory effect of DEN-induced ROS on these enzymes,
and decreased availability of GSH as a substrate while
GSH-Px catalyzes the conversion of lipid peroxide to
hydroxy acids in the presence of GSH (Farombi and Fakoya
2005; Halliwell and Gutteridge 2015). In the study,
lycopene supplementation increases blood antioxidant
activities and thus prevents the detrimental effects of
peroxidation products.

In a study by Kim et al. (1997), in which different
nitrosamines (DEN, N-methyl-N-nitrosourea, and 1,2-
dimethylhydrazine) were used in mice, the combination of
DEN (10 mg/kg i.p.) with other nitrosamines has been
reported to increase the neoplasia and oxidative stress in
the lungs of mice at the end of 32 weeks. In a study by
Pradeep et al. (2007), the effects of silymarin on DEN-
induced hepatotoxicity (200 mg/kg i.p.) has been
investigated and authors have reported an increase in
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some liver-specific enzymes and LPO whereas there is a
decrease in the antioxidant enzyme levels in the DEN
group. In another study by the same authors investigating
the effects of Cassina fistula on DEN-induced
hepatotoxicity (100 mg/kg i.p.), they have reported that
some liver-specific enzymes and LPO have increased
whereas antioxidant enzyme levels have decreased,
similar to their previous study (Pradeep etal. 2010).

In a study published in the literature, a significant decrease
has been reported in gene expression levels of GST, CAT
and GSH-Px enzymes in the DEN group in parallel with the
decrease in antioxidant enzyme activities. The decrease in
antioxidant enzyme activities and CAT gene expression
after DEN administration has been attributed to the
increase in the production of free radicals during DEN
metabolism (Sayed-Ahmed et al. 2010). In a study by
Bingiil et al. (2015), a decrease has been reported in the
CAT activity and expression levels in DEN treated rats.
However, CAT enzyme expression levels were found to
increase in groups treated with DEN in our study, contrary
to other studies in the literature. The difference between
CAT activity and expression level is thought to be due to
the procedures performed after the post-translational
transformations. There are studies, in which antioxidant
compounds were used against oxidants in different tissues
in oxidative stress, showing that these oxidant compounds
increase (Kim et al. 2009) or decrease (Fustinoni-Reis et al.
2016) the CAT gene expression levels in particular among
the antioxidant enzymes. Changes in the present study are
thought to be caused by DEN-induced oxidative DNA
damage in rat liver. Metabolites formed during the
metabolism of DEN via cytochrome P-450 lead to
oxidative, mutagenic and genotoxic damages in tissues.

In the present study, CAT enzyme activity in blood and
liver tissues decreased significantly but the expression
level of the same enzyme increased in DEN treated groups
compared to the control group. The difference between
CAT activity and gene expression level is thought to be due
to variation in protein and mRNA transformation.
Furthermore, the relationship between genotype and
mRNA/protein levels can be also influenced by various
factors such as environment and transcriptional
regulation.

There are studies reporting that lycopene significantly
changes LPO levels and antioxidant enzyme activities. In a
study by Gupta et al. (2013) involving mice, the group
received pretreatment with lycopene was compared with
the DEN treated group and pretreatment with lycopene
has been reported to have no significant effect on the
activity of phase I enzymes, to decrease the LPO and GSH
levels and to increase GSH-Px, GST and SOD activities.
Blanche et al. (2013) have investigated the effects of Apo-
10'-lycopenoic acid (10 mg/kg diet), a lycopene
metabolite, in mice that were given DEN initially and fed
with a high-fat diet for 24 weeks. They have observed a
decrease in both the development of hepatic
carcinogenesis and incidence of lung tumors. Abdallah et
al. (2004) have investigated the protective effects of
lycopene in DEN-induced (200 mg/kg body weight)
experimental hepatocarcinogenesis and hepatocellular
carcinoma has been reported to develop in rats after six
weeks and lycopene has been observed to inhibit the
development of hepatocellular carcinoma. In rats that a
single dose of DEN was administered intraperitoneally for
30 days, it was determined that lipid peroxidation levels
and liver-specific enzyme activities were increased, and
antioxidant enzyme activities and CAT enzyme expression
levels were changed in compared to the control group. It
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was found that lipid peroxidation levels and increased
liver-specific enzyme activities decreased and CAT enzyme
expression levels approached control values in the group
with lycopene application with DEN. It has been
emphasized that lycopene exhibited an antioxidant
property against DEN-induced LPO and related enzymes in
rats (Kaya etal. 2019).

There are studies in the literature showing that
pretreatment with lycopene is effective and pretreatment
with lycopene has been reported to be effective (Qu et al.
2013). There are also studies showing that lycopene is
effective when applied together with toxic substances
(Yilmaz et al. 2006). In the present study, lycopene has
been found to be more effective in DEN-induced
hepatotoxicity in the group where it has been started
together with DEN administration.

The increase in some liver-specific enzymes activities have
a correlation with the number of cells transformed in the
event of cancer (Jahan et al. 2007). Many studies have
shown that DEN administration causes an increase in some
liver-specific enzyme activities (Liu et al. 2005; Jahan et al.
2007; Shaarawy et al. 2009; Taha et al. 2010). In this study,
DEN administration has significantly increased plasma
AST, ALT, ALP, LDH activities, which is a sign of
hepatocellular injury. This may be due to the rapid release
of these enzymes from the cytoplasm into the bloodstream
following the breakage of the plasma membrane and
cellular damage.

CONCLUSION

Increased LPO levels and liver-specific enzyme activities
and decreased enzymatic and non-enzymatic antioxidant
levels are the signs of a liver injury. Moreover, elevated
levels of CAT expression due to the increased oxidative
stress are supportive. Considering the results of our study,
it can be concluded that oxidative stress plays an
important role in DEN-induced liver injuries. Furthermore,
the effect of lycopene given together with DEN
administration has been observed to be higher than the
effect of lycopene given before DEN administration. Based
on the biochemical, molecular and histopathological
results of the study, the therapeutic effect of lycopene can
be said to be more evident than its protective effect.
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ABSTRACT This study was carried out to obtain the three-dimensional reconstruction by computed tomography, the
anatomical structures, the morphometric and volumetric measurement values of the clavicle and scapula
which are the bones forming the forelimb skeleton in adults Van cats, which have an important position
among the world's cat breeds and to show the differences between these indicators in both genders. A total of
sixteen adult Van cats, 8 male and 8 female, were used in the study. According to morphometric analyses,
statistically significant differences (p <0.05) were observed between measured values of the clavicle and
scapula in both gender of Van cats. The volumetric measurement values of the clavicle and scapula were
found to be higher in male cats than in female cats. These differences were also determined to be statistically
significant (p <0.05). In conclusion, the clavicle and scapula bones were evaluated morphologically,
morphometric and volumetric in Van cats. Morphometric and volumetric measurement values of these bones
were determined to be statistically different in males and females cats. In addition, it was observed with this
study that some anatomical structures would be learned or taught with medical imaging methods by giving
support to their vitality and comfort without any physical damage to living beings.

Keywords: Clavicle, Computed tomography, Scapula, Three-dimensional reconstruction, Van cat

0z Van Kedilerinde Clavicula ve Scapula’nin Bilgisayarh Tomografi Gériintiilerinin Ug
Boyutlu Olarak Incelenmesi

Bu ¢alisma diinya kedi 1rklar1 arasinda énemli bir konuma sahip olan Van kedilerinin 6n bacak iskeletini
olusturan kemiklerden olan clavicula ve scapula’nin bilgisayarli tomografi ile {i¢ boyutlu rekonstriiksiyonunu
yapmak, anatomik yapilarini, morfometrik ve voliimetrik dl¢lim degerlerini elde etmek ve bu degerlerin
cinsiyetler arasindaki farklhliklarini ortaya koymak amaciyla yapildi. Calismada 8 erkek, 8 disi olmak tizere
toplam 16 adet erigkin Van Kkedisi kullanildi. Morfometrik analiz sonuglarina bakildiginda 6n bacak
kemiklerindeki clavicula ve scapula’nin 6l¢iim degerlerinde cinsiyetler agisindan istatistiksel farkhiliklar
oldugu gozlendi (p<0.05). Clavicula ve scapula’ya ait voliimetrik 6l¢iim degerlerinin ise erkek kedilerde disi
kedilere gore daha yiiksek oldugu saptandi. Bu farkhliklarin da istatistik olarak énemli diizeyde oldugu
goriildi (p<0.05). Sonug olarak, Van kedilerinin clavicula ve scapula kemikleri morfolojik, morfometrik ve
voliimetrik olarak degerlendirildi. Morfometrik ve voliimetrik dl¢iim degerlerinin istatistiksel olarak erkek ve
disiler arasindaki farklhiliklar: tespit edildi. Ayrica bu ¢alismayla, baz1 anatomik yapilarin canhlara herhangi
bir bedensel zarar verilmeden, canliliklar1 ve konforlar1 dikkate alinarak medikal goriintiileme y6ntemleriyle
ogrenilebilecegi veya dgretilebilecegi gozlendi.

Anahtar Kelimeler: Bilgisayarli tomografi, Clavicula, Scapula, Ug boyutlu rekonstriiksiyon, Van kedisi

GiRiS kaynagi olan Van Kkedileri, essiz fiziksel ozelliklerinden
dolay1 tarih boyunca insanlarin ilgisini ve begenisini
kazanmistir (Odabasioglu ve Ates 2000). Insanda iyi
gelismis fonksiyonel bir kemik olan clavicula (Standing
2008; Liebich ve ark. 2015), evcil memeli hayvanlarda ya

Evcil kediler, gliniimiizde diinyanin hemen hemen her
yerinde yasayabilmektedir (Randi ve ark. 2001). Son
zamanlarda diinya ¢apinda oldukga biiyiik bir ilgi toplayan
evcil kedilerden birisi de, Van Golii ve ¢evresinde yasayan yoktur ya da m. brachiocephalicus'un igerisine gomiilii
V;%n ke:disi'"dir. V.an yéresind? yeti§ti1?ilen,vDogu Anafiol.u halde bulunur. iskelet kemiklerine baglanmayan kiiciik,
Bolgesi ve lilkemiz agisindan 6nemli bir deger ve zenginlik yassi ve hafif kavisli bir kemiktir (Liebich ve ark. 2015).
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Scapula ise, yassi1 ve liggen seklinde bir kemiktir. Govdeye
kaslar araciligiyla baglanir (synsarcosis). Articulatio
humeri araciligiyla kendisinden sonra gelen kemik olan
humerus’a eklemlesir (Dursun 2002a). Son yillarda
medikal goriintiileme alanlarindaki teknolojik gelismeler
ve li¢ boyutlu rekonstriiksiyon programlar1 sayesinde
anatomi o6gretiminde, hastaliklarin teshisinde ve tedavi
etkinliklerinin degerlendirilmesinde 6nemli degisiklikler
meydana gelmistir (Brenton ve ark. 2007; Ozkadif ve ark.
2019). Ozellikle kedi, kopek gibi kiigiik pet hayvanlarinda
bilgisayarli tomografi ve f{i¢ boyutlu rekonstriiksiyon
programlar1 iskelet sistemindeki anatomik yapilarin
morfolojik, morfometrik, voliimetrik ve patolojik olarak
degerlendirilmesinde  olduk¢a yaygin bir sekilde
kullanilmaktadir (Ohlerth ve Scharf 2007; Yilmaz 2018).

Bu c¢alismada Yetiskin Van kedilerindeki clavicula ve
scapula’larinin bilgisayarli tomografi goriintiilerinden ii¢
boyutlu rekonstriiksiyonu yapilarak anatomi egitimi
agisindan kullanilmasinin saglanmasi, morfolojik olarak
incelenmesi, morfometrik ve  volimetrik  6l¢iim
degerlerinin elde edilmesi, bu 6&l¢im degerlerinin
cinsiyetler arasindaki biyometrik farkliliklarin ortaya
konulmasi amaglanmistir. Bununla birlikte, elde edilecek
bulgular  vasitasiyla, Van  Kkedilerinin = anatomik
ozelliklerinin ortaya ¢ikarilmasi ile ilgili yapilacak olan
bilimsel ¢alismalara katki saglanmasi diisiiniilmektedir.

MATERYAL ve METOT
Deney Hayvanlari

Arastirmada Van Yiiziincii Yil Universitesi Van Kedisi
Arastirma ve Uygulama Merkezi'nden temin edilen 4 ile 6
yaslar1 arasinda, 3100- 6000 gr (disilerde ortalama agirhik
3600 gr, erkeklerde ortalama agirlik 4912,5 gr) agirhginda
8 erkek, 8 disi olmak iizere toplam 16 adet eriskin Van
kedisi kullanildi. Belirlenen kedilere ¢alismadan 24 saat
oncesine kadar ad libitium olarak igme suyu ve standart
kedi yemi verildi. Sunulan bu ¢alisma, Van Yiiziinci Yil
Universitesi Hayvan Deneyleri Yerel Etik Kurulu’nun
26.01.2017 ve 2017/01 sayili karari ile gergeklestirildi.

Anestezi

Calismaya dahil edilen Van kedileri numaralandirilarak 24
saat oncesinden a¢ birakildi. BT uygulamasina alinan
kedilerin anestezisi icin 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 ilaclari, izmir) kombinasyonu kullanildu.

Bilgisayarli Tomografi Gériintiilerinin Alinmasi

Kedilerin bilgisayarli tomografi (BT) tetkikleri icin Van
Yiiziincii Yil Universitesi Tip Fakiiltesi Radyoloji Ana Bilim
Dali'nda mevcut 16 dedektorlii ¢ok Kkesitli bilgisayarl
tomografi (BT) cihazi (Somatom Sensation 16; Siemens
Medical Solutions, Erlangen, Germany) kullanildi. Anestezi
altindaki kediler, gantri icerisine serilen “disposable” ortii
tzerine “head first” olacak sekilde prone pozisyonunda
simetrik bir sekilde yerlestirildi. Cekim sirasinda 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 kalinligy,
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 pixel olacak sekilde belirlendi. BT
uygulama dozlarinin parametreleri ve yapilan taramalar,
standart protokoller ve literatiir esas alinarak
gerceklestirildi (Prokop 2003; Kalra ve ark. 2004). Elde
edilen imajlar DICOM formatinda islenmek {izere is
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istasyonuna (Leonardo, Siemens Medical Solutions,
Erlangen, Germany) aktarildi.

Goriintillerin U¢ Boyutlu Rekonstriiksiyonu ve
Olgiimlerinin Alinmasi

Gorintilerin 3 boyutlu (3B) rekonstriiksiyonlar1 is
istasyonunda bulunan Syngo CT software kapsamindaki
“volume rendering plus InSpace MPR” yazilimi kullanilarak
gerceklestirildi. 3B goriintii rekonstriiksiyonlar1 0,75 mm
kalinlikta olusturuldu.

U¢  boyutlu
degerlendirilmesi

rekonstriiksiyon goriintiilerinin
Is istasyonundaki yazilim programi kullanilarak, elde
edilen 3B rekonstriiksiyon goriintiilerindeki yapilar;
anatomik, morfometrik ve volumetrik olarak
degerlendirildi.

a. Anatomik Degerlendirme: U¢ boyutlu rekonstriiksiyonu
gerceklestirilen clavicula ve scapula’nin 6ncellikle yazilim
programi kullanilarak baglanti yerlerinden ayrilmasi
saglandi. Daha sonra kemikler iizerinde yer alan yapilarin,
anatomik  o&zellikleri bakiminda morfolojik olarak
degerlendirilmeleri yapildi.

b. Morfometrik Degerlendirme: Anatomik yapidaki
morfometrik o6l¢ctimler (uzunluk, c¢ap, en, boy vs.), is
istasyonu tizerindeki goriintiilerden ve olusturulmus 3B
rekonstriiksiyon imajlarindan elektronik caliperler ile
yapildi (Sekil 1).
A 1 RN e [ L
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Sekil 1. Van Kkedilerinde clavicula (1) ve scapula (2)
kemiklerine  ait  rekonstriiksiyon  goriintiilerinden
morfometrik 6l¢iim degerlerinin alinmasi islemi.

Figure 1. The process of obtaining morphometric
measurement values from the reconstruction images of the
clavicula (1) and scapula (2) bones in Van cats

Kemikler tizerindeki noktalarin morfometrik o&lgtimleri
yapilirken referans noktalari literatiirler (Von Den Driesch,
1976) temel alinarak, su sekilde belirlendi:

b.1. Clavicula’nin morfometrik 6l¢iimleri i¢in kullanilan
referans noktalar::

Uzunluk (cm): Clavicula'min proximal ucu ile distal ucu
arasindaki mesafe; Genislik (cm): Clavicula’nin orta
noktasinin kesitsel goriintiisiindeki latero-medial uzaklig

b.2. Scapula’nin morfometrik o6l¢limleri icin kullanilan
referans noktalar::

Uzunluk (cm): Margo dorsalisin en u¢ noktas: ile
acromion’un ucu arasindaki mesafe; Genislik (cm): Margo
cranialis ile margo caudalis arasindaki mesafe; Collum
scapula’nin ¢ap1 (cm): Collum scapulae’nin cranio-caudal
uzaklig;; Spina scapula’nin uzunlugu (cm): Scpina
scapula’'nin margo dorsalis’teki sonlanan noktasi ile
acromion’'un ucu arasindaki mesafe; Spina scapula’nin
ylksekligi (cm): Spina scapula’nin orta kisminin dorso-
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ventral uzakligi; Fossa supraspinata’nin genisligi (cm):
Spina scapula’nin orta noktasi ile margo cranialis’in orta
noktasi arasindaki uzaklik; Fossa infraspinata’nin genisligi
(cm): Spina scapula’nin orta noktasi ile Margo caudalis’in
orta noktasi arasindaki uzaklik; Tuberculum
supraglenoidale’nin  uzunlugu (cm): Tuberculum
supraglenoidale’nin  cranio-caudal uzaklhig;; Cavitas
glenoidalis’in ¢ap1 (cm): Cavitas glenoidalis’in cranio-
caudal uzakligy; Proc. suprahamatus’'un uzunlugu (cm):
Proc. suprahamatus’un cranio-caudal uzakligi

c. Voliimetrik Degerlendirme: Clavicula ve scapula’ya ait
volim ol¢limlerini yapabilmek amaciyla, is istasyonu
izerinde goriintiilerden her bir kemiksel yap1 i¢in, kemigin
girdigi tiim kesitler kemik korteksini de icine alacak
sekilde ¢izildi. Cizilen kemik konturlar is istasyonunda
bulunan Syngo CT software kapsamindaki “BT voliim
aplikasyonu (CT volume applications)” araciligiyla
birlestirilerek voliimetrik dl¢iimler elde edildi (Sekil 2).

ot entat pe |ma

Sekil 2. Van Kedilerinde clavicula (1) ve scapula (2)
kemiklerine  ait  rekonstriiksiyon  goriintiilerinden
voliimetrik 6l¢iim degerlerinin alinmasi islemi.

Figure 2. The process of taking volumetric measurement
values from the reconstruction images of the clavicula (1)
and scapula (2) bones in Van Cats.

istatiksel Analiz

Calismada, Van kedilerindeki clavicula ve scapula
kemiklerinin bilgisayarli tomografiyle ii¢ boyutlu olarak
incelenmesi sonucunda elde edilen veriler i¢in tanimlayici
istatistikler; ortalama, standart sapma, minimum ve
maksimum degerler olarak ifade edildi. Kedilerin clavicula
ve scapula’sindan 6lgiilen stirekli degiskenler bakimindan
gruplar1  karsilastirmada;  normallik  varsayiminin
saglandig1 ozellikler icin Student t testi, saglanmadig1
ozellikler icin ise Mann-Whitney U testi kullanildi. Bu
degiskenler arasindaki iliskiyi belirlemede normallik
varsayiminin saglanip saglanmadigina goére gruplarda ayri
ayr1 olmak iizere Pearson veya Spearman Korelasyon
katsayilar1 hesaplandi. Hesaplamalarda istatistik anlamlilik
diizeyi %5 olarak alindi ve hesaplamalar i¢in SPSS (IBM
SPSS for Windows, Ver: 13) istatistik paket programi
kullanildi. Calismada terminolojik terimler i¢in Nomina
Anatomica Veterinaria (Nomina Anatomica Veterinaria,
2017) esas alindi. Ayrica ¢alismada kullanilan kedilerin
kilo élgimleri i¢in digital terazi (TESS®, RP-LCD, Comak
Terazi, istanbul) kullanildi.

BULGULAR

Clavicula’nin Morfolojik, Morfometrik ve Voliimetrik
Degerlendirilmesi

Clavicula’nin humerus’un proximal ucunun hemen 6niinde
yer aldigr belirlendi. Erkeklerde ortalama 2,49 cm,
disilerde ortalama 1,98 cm uzunlugunda oldugu tespit
edildi. Ayrica clavicula’nin iskelet kemiklerinden bagimsiz,
kiictik ve hafif kavisli bir kemik oldugu goériildii. Cinsiyete

gore clavicula 6l¢ciim degerleri Tablo 1'de verilmistir. Buna
gore kedilerdeki clavicula’nin voliim, uzunluk ve genislik
degerlerinin erkek kedilerde disi kedilere gore daha
ylksek oldugu saptanmistir. Bu farklarin istatistik olarak
onemli diizeyde oldugu goriilmiistiir (p<0.05). Tablo 2’de,
kedilerdeki clavicula 6l¢iim degerleri ile yas, agirlik ve
voliim degerleri arasindaki iliskiye bakilmistir. Buna gore
erkek kedilerin total agirlig1 ile clavicula'nin uzunlugu
arasinda 6nemli bir iliskiye rastlanmistir (p<0.01). Fakat
bu durum disi kedilerde aynmi degildir. Benzer sekilde
disilerde clavicula'nin genisligi ile yas arasinda da iligki
onemli bulunmustur (p<0.05). Diger olclimlere ait iliski
onemli bulunmamistir. Sekil 3’'te, Clavicula 6&l¢lim
degerlerinin cinsiyete gore dagilimi verilmistir. Genel
olarak erkek kedilerde bu degerlerin daha yiiksek oldugu
gozlenmistir.

Yag
I8 Volim (cm3)
Uzuniuk (cm)
57 — B Geniglik (cm)

0] Agrik (kg)
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Sekil 3. Clavicula degerlerinin cinsiyete gore dagilimi.
Figure 3. The distribution of Clavicula values by gender.

Scapula’nin Morfolojik, Morfometrik ve Voliimetrik
Degerlendirilmesi

Scapula’nin ii¢ kenar1 (margo dorsalis, margo cranialis,
margo caudalis), ¢ agis1 (angulus cranialis, angulus
caudalis, angulus ventralis), iki yiizii (facies lateralis, facies
medialis) olan, yass1 ve liggen seklinde bir kemik oldugu
gozlendi. Scapula’nin facies costalis’inde; belirgin olarak
sekillenmis olan fossa subscapularis ile c¢ok belirgin
olmayan facies serrata’larin varligi tespit edildi. Facies
lateralis’de; margo dorsalis’in orta noktasindan baslayarak
bu yiiziin orta %’sine kadar yiikselen, daha sonraki seyrini
sabit bir yiiksekligi koruyarak devam ettiren spina
scapulae goriildii. Spina scapulae’nin seyri boyunca ¢ok az
belirgin olarak tuber spinae scapulae’'nin varligina
rastlanildi. Spina scapula’nin 6n ve iist tarafinda fossa
supraspinata’nin sekillendigi goriildi. Benzer sekilde ayni
cikintinin arka ve alt tarafinda fossa infraspinata’nin
sekillendigi goriildi. Yapilan 6l¢iim degerleri sonucunda
fossa infraspinata’nin genisliginin fossa supraspinata’nin
genisliginden ¢ok az bir farkla biiyiik oldugu saptandi.
Spinae scapulae’'nin distal ucunda sekillenmis olan
acromion’un cavitas glenoidalis sinirini hafif astig1 tespit
edildi. Acromion’un u¢ kisminda proc. hamatus ve margo
caudalis’e  dogru yonelmis belirgin bir proc.
suprahamatus’un varligi tespit edildi. Scapula’nin margo
dorsalis’inin margo cranialis’e dogru yaklastik¢a kalinhig
azalan bir egim gostermekte oldugu gozlendi. Bu egimden
dolay1 margo caudalis’in margo cranialis'ten daha uzun
oldugu belirlendi. Margo cranialis'in margo caudalis’ten
daha ince ve keskin bir kenar oldugu goriildii. Margo
cranialis ve margo caudalis, angulus ventralis bolgesinde
birbirine yaklasip, daralarak collum scapulae’yi meydana
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getirdigi gozlendi. Margo cranialis’in alt tarafinda inc.
scapulae’nin genis bir c¢entik olarak sekillendigi tespit
edildi. Angulus ventralis bolgesindeki cavitas glenoidalis
tizerinde belirgin bir inc. glenoidalis'in varligina
rastlanilmadi. Bununla birlikte gayet belirgin bir
tuberculum supraglenoidale ve burasinin {zerinde
mediale dogru yonelmis proc. coracoideus tespit edildi.
Benzer sekilde bu anatomik cikintinin arka kenarinin st
tarafinda az belirgin bir tuberculum infraglenoidale
gozlendi (Sekil 4).

Sekil 4. Van Kedilerinde scapula’nin rekonstriiksiyon
goriintiisi. A- Scapulamin lateral’den goriiniisi; B-
Scapula’nin  cranial’den  goriintisii; C-  Scapula’nin
medial’'den goriintisii. (1- Margo dorsalis, 2- Margo
caudalis, 3- Margo cranialis, 4- Spina scapulae, 5- Proc.
suprahamatus, 6- Proc. hamatus, 7- Tuberculum
infraglenoidale, 8- Tuberculum supraglenoidale, 9- Proc.
crocoideus, 10- Inc. Scapulae, 11- Cavitas glenoidalis, 12-
Fossa subscapularis, 13- Angulus caudalis, 14- Angulus
cranialis, 15- Fossa infraspinata, 16- Fossa supraspinata

Figure 4. Reconstruction view of scapula in Van Cats. A-
Scapula's view from lateral; B- Scapula's view from cranial;
C- Scapula's medial view. (1- Margo dorsalis, 2- Margo
caudalis, 3- Margo cranialis, 4- Spina scapulae, 5- Proc.
Suprahamatus, 6- Proc. Hamatus, 7- Tuberculum
infraglenoidale, 8- Tuberculum supraglenoidale, 9- Proc.
Crocoideus, 10 - Inc. Scapulae, 11- Cavitas glenoidalis, 12-
Fossa subscapularis, 13- Angulus caudalis, 14- Angulus
cranialis, 15- Fossa infraspinata, 16- Fossa supraspinata

Cinsiyete gore scapula Olgiim degerleri Tablo 3’te
verilmistir. Buna gore kedilerdeki agirlik, scapula’ya ait
voliim, uzunluk, genislik, collum scapula’nin ¢api, spina
scapula’nin uzunlugu, spina scapula’nin yiiksekligi, fossa
supraspinata’nin genisligi, fossa infraspinata’nin genisligi,
tuberculum  supraglenoidale’'nin  uzunlugu, cavitas
glenoidalis’in ¢ap1 ve proc. suprahamatus’'un uzunlugu
degerlerinin erkek kedilerde disi kedilere gore daha
yliksek oldugu gorilmistir. Bu farklar istatistik olarak
onemli bulunmustur (p<0.05). Tablo 4’te, kedilerdeki
scapula 6l¢ciim degerleri ile yas, agirlik ve voliim degerleri
arasindaki iligkiye bakilmistir. Buna gore erkek kedilerde
scapula’nin genislik ve proc. suprahamatus’'un uzunluk
degerleri ile kedinin total agirhigi arasinda onemli bir
iliskiye rastlanmistir (p<0.05). Fakat bu durumun disi
kedilerde ayni olmadig1 goriilmiistiir. Erkeklerde collum
scapula’nin capi ile yas arasindaki iliskinin énemli oldugu
gorilmustir  (p<0.05). Ayrica erkek Kkedilerde, fossa
supraspinata’nin genisligi ile scapula’nin volim degerleri
arasindaki iliski 6nemli bulunmustur (p<0.01). Benzer
sekilde erkeklerde fossa infraspinata’nin genisligi ile yas
arasindaki korelasyonun o6nemli oldugu gozlenmistir
(p<0.01). Erkek ve disi kedilerin diger 6l¢iim degerlerine
ait iliskinin 6nemli diizeyde olmadigl goriilmiistiir. Sekil
5’te, scapula 6l¢ciim degerlerinin cinsiyete goére dagilimi
verilmistir. Genel olarak erkek kedilerde disilere oranla bu
degerlerin daha yiiksek oldugu goézlenmistir.

ORTALAMA
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Sekil 5. Scapula degerlerinin cinsiyete gore dagilimi.
Figure 5. Distribution of Scapula values by gender.

Tablo 1. Cinsiyete gore clavicula degerlerinin tanimlayici istatistikleri ve karsilastirilmasi.
Table 1. Descriptive statistics and comparison of clavicula values by gender.

N Ort Std. Sap. Min. Max. *p.

Erkek 8 4.500 7559 4.0 6.0
Yas Disi 8 4500 7559 4.0 6.0 1.000

Total 16 4.500 7303 4.0 6.0

Erkek 8 4912.500 591.4570 4100.0 6000.0 001
Agirhik (gr) Disi 3600.000 481.0702 3100.0 4300.0

Total 16 4256.250 854.7660 3100.0 6000.0

Erkek 8 2713 05768 20 34
Voliim (cm3) Disi 8 .1113 02748 .08 16 00t

Total 16 .1913 09344 .08 34

Erkek 8 2.49388 481967 1.744 3.326 o1
Uzunluk (cm) Disi 1.97975 143298 1.789 2.183

Total 16 223681 434134 1.744 3.326

Erkek 8 .34325 078043 253 472 007
Genislik (cm) Disi 8 .24138 046285 176 306

Total 16 .29231 .081300 176 472

* Mann-Whitney U testi sonuglari; p<0.05 olanlar istatistik olarak anlamli (6nemli) bulunmustur.
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Tablo 2. Cinsiyete gore clavicula degerleri arasindaki iliski (korelasyon).
Table 2. Relationship between the clavicula values by gender (correlation).

. » Erkek (n=8) Disi (n=8)
.(p<0.05);™. (p<0.01) = — — ~
Yas Agirlik (gr) Voliim (cm3) Yas Agirlik (gr) Voliim (cm3)
Ya R 1000 -225 159 1000  -397 207
§ P . ; 592 .gog ) 331 622
. R .22 1.000 56 397 1.000 430
Agirhik (gr) P 592 . 145 331 . 287
i R 159 565 1.000 207 430 1.000
Voliim (cm?) P 707 145 . 622 287 .
R -137 878" 443 316 .120 539
Uzunluk (cm) P 745 004 272 446 776 168
. R -316 .586 228 _729° 253 -228
Genislik (cm) P 446 127 588 040 545 588

Tablo 3. Cinsiyete gore scapula degerlerinin tanimlayici istatistikleri ve karsilastirilmasi.
Table 3. Descriptive statistics and comparison of scapula values by gender.

* Mann-Whitney U; p<0.05 N Ort Std. Sap. Min. Max. *p.
Erkek 8 4.500 .7559 4.0 6.0
Yas Disi 8  4.500 .7559 4.0 6.0 1.000
Total 16 4.500 .7303 4.0 6.0
Erkek 8 4912500 5914570 4100.0 6000.0
Agirlik (gr) Disi 8 3600.000 481.0702 3100.0 4300.0 .001
Total 16 4256.250 854.7660 3100.0 6000.0
Erkek 8  6.4975 71412 5.31 7.39
Voliim (cm3) Disi 8  4.0638 .38693 3.52 4.63 .001
Total 16 5.2806 1.37381 3.52 7.39
Erkek 8  6.99625 336322 6.480 7.490
Uzunluk (cm) Disi 8  6.29088 422940 5.756 6.997 .002

Total 16 6.64356 .518598 5.756 7.490
Erkek 8  4.38450 .293454 3.985 4.909

Genislik (cm) Disi 8 3.89400 .104709 3.693 4.061 .001
Total 16 4.13925 .330849 3.693 4.909
Erkek 8 .79813 .061957 710 .870

Collum scapula’nin ¢api (cm) Disi 8 .60975 .042610 .535 .675 .001
Total 16 .70394 110006 .535 .870
Erkek 8  6.12375 336126 5.639 6.642

Spina scapula’nin uzunlugu (cm) Disi 8 541450 462204 4874 6.100 .003

Total 16 5.76913 .535315 4874 6.642
Erkek 8  1.27100 .108932 1.070 1.383

Spina scapula’nin yiiksekligi (cm) Disi 8 .98575 .057933 927 1.072 .001
Total 16 1.12838 169711 927 1.383
Erkek 8  2.02525 101937 1.921 2.177

Fossa supraspinata’nin genisligi (cm) Disi 8 1.82250 .091742 1.611 1.905 .001
Total 16 1.92388 .140495 1.611 2.177
Erkek 8  2.16450 192641 1.959 2.507

Fossa infraspinata’nin genisligi (cm) Disi 8 1.91425 .061979 1.810 2.004 .004
Total 16 2.03938 .189238 1.810 2.507
Erkek 8  .62400 .044233 .564 677

Tuberculum supraglenoidale’nin uzunlugu (cm) Disi 8 .34838 026971 311 .386 .001
Total 16 .48619 146666 311 677
Erkek 8  1.03288 .061397 914 1.118

Cavitas glenoidalis’in ¢ap1 (cm) Disi 8 .84463 .069937 762 .982 .001
Total 16 .93875 116154 762 1.118
Erkek 8  .80525 .107825 .654 951

Proc. suprahamatus’un uzunlugu (cm) Disi 8  .54613 .030352 510 .597 .001
Total 16 .67569 154146 510 951

38



[Osman YILMAZ et al.]

Van Vet ], 2020, 31 (1) 34-41

Tablo 4. Cinsiyete gore scapula degerleri arasindaki iliski (korelasyon).

Table 4. Relationship between scapula values by gender (correlation).

Erkek (n=8) Disi (n=8)
Agirhk " 3 Agirhk M 3
Yas (er) Voliim (cm3) Yas (er) Voliim (cm3)
Ya R 1.000 -225 151 1.000  -397 674
s p 592 721 331 067
. R -225 1.000 537 2397 1.000  -012
Agirhik (gr) P 592 170 331 977
Voliim (cm?) R -151 537 1.000 674 -012 1000
P 721 170 067 977
Uzunluk (em) R .082 -439 143 399 -012 238
P 846 276 736 328 977 570
Gentslik (cm) R -567 736" 383 055 000 286
$ P 143 037 349 897 1.000  .493
Collum scapula’nm capt (cm) R -729° 293 381 096 072 286
p sap P .040 482 352 821 865 493
Spina scapula’nmn nzanlugu (cm) R .302 -220 -119 591 -133 333
p p g P 467 601 779 123 754 420
Spina scapula’nin yiiksekligi (cm) R .536 366 071 082 -084 143
P p y g P 171 373 867 846 843 736
Fossa supraspinata’nin genisligi (cm) R -151 634 9057 674 ~566 571
prasp genisiig P 721 091 002 067 143 139
Fossa infraspinata’nin genisligi (cm) R -866" 317 048 2179 313 143
0ssd Ihiraspinatanin genisigt (¢ P .005 444 911 672 450 736
Tuberculum supraglenoidale’nin R -674 171 381 151 217 167
uzunlugu (cm) P .067 .686 352 721 606 .693
Cavitas glenoldalis'ln gaps (cm) R .674 -293 -333 192 145 429
g sap P 067 482 420 648 733 289
Proc. suprahamatus’un uzunlugu (cm) R -550 7817 357 495 ~265 262
- Sup g P .158 022 385 212 526 531

*. Spearmen korelasyon katsayis1 6nemli bulunmustur (p<0.05); **. Spearmen korelasyon katsayisi énemli bulunmustur

(p<0.01).

TARTISMA ve SONUC

Yapilan calismalarda clavicula'nin kuslarda (Dursun
2002b), siirtingenlerde (reptilia) ve ilkel memelilerde
(monotremata) tam olarak tesekkiil ettigi (Bahadir ve
Yildiz 2008), tavsanlarda (Diizler ve Cakir 2003), guinea
piglerde, ratlarda (Ozkan 2002), wombatlarda ortak bir
ozellik olarak bulundugu (Saber 2013), ruminant ve
equide gibi tirnakli hayvanlarda m. brachiocephalicus’un
icerisinde fibréz bir c¢izgi haline gelerek kayboldugu
(Bahadir ve Yildiz 2008), lemur (Makungu ve ark. 2015),
kirpi (Ozkan 2004; Hashemi ve ark. 2009) gibi
hayvanlarda manubrium sterni ile scapula arasinda
uzandigy, kopeklerde yaklasik 1 cm, kedilerde yaklasik 2-5
cm (Liebich ve ark. 2015), aslanlarda yaklasik 8,5 cm (Eren
ve ark. 2001) uzunlugunda oldugu bildirilmistir. Yapilan
calismada ise, clavicula’'nin humerus’un proximal ucunun
hemen oOniinde, erkeklerde ortalama 2,49 cm, disilerde
ortalama 1,98 cm uzunlugunda, iskelet kemiklerinden
bagimsiz, kiigciik ve hafif kavisli bir kemik oldugu tespit
edilmistir.

Scapula’nin facies costalis’inde Girgin ve ark. (1988)’lari,
képek ve kurtta fossa subscapularis’in, scapula'nin
proximal %5’ iinde belirgin bir linea ile kesildigini, tilkilerde
ise bu linea'nin silik bir sekilde bulundugunu bildirmistir.
Ayni sekilde sansarlarda (Atalar ve Karan 2002) ve
sincaplarda (Karan ve Atalar 2003) yine bu ytiz lizerinde

39

NAV’da ismi bulunmayan ¢ok belirgin bir crista ve kemik
cikintilarinin  bulundugunun tespit edilmesine ragmen
yapilan calismada bdyle olusumlara rastlanilmamistir.
Bununla birlikte mevcut calismada bu yiiz iizerinde
belirgin bir fossa subscapularis’in varligl literatiir
verileriyle uyum gostermektedir (Evans ve Christensen
1979; Tecirlioglu 1983; Dursun 2002a; Adams 2004;
Ozkan 2004; Bahadir ve Yildiz 2008; Kahraman 2012;
Karan 2012; Saber 2013; Tobechukwu ve ark. 2015).

Kopek (Dursun 2002a), kedi (Bahadir ve Yildiz 2008), rat
(Kahraman 2012), wombat (Saber 2013), grasscutter
(Tobechukwu ve ark. 2015) scapula’sinda fossa
supraspinata ile fossa infraspinata’nin esit genislikte
oldugu, kirpi (Ozkan 2004), oklu kirpi ( Yilmaz ve ark.
1998), sansar (Atalar ve Karan 2002), su samurlari (Yilmaz
ve ark. 1999), Hint kaplan1 (Mahapatra ve ark. 2016) ve
sincaplarda (Karan ve Atalar 2003) fossa supraspinata’nin
fossa infraspinata’dan, mole-rat (Ozkan 2002), lemur
(Makungu ve ark. 2015), yaban domuzu (Karan 2012) ve
tavsanlarda (Ozkan ve ark. 1997) ise fossa infraspinata’nin
fossa supraspinata’dan daha genis oldugu bildirilmistir.
Yapilan c¢alismada mole-rat, lemur, yaban domuzu ve
tavsanlarda oldugu gibi fossa infraspinata’nin fossa
supraspinata’dan genis oldugu tespit edilmistir.

Girgin ve ark. (1988)lar1 kurt ve tilki'de spinae
scapulae’nin distal ucunda sekillenmis olan acromion’un
proc. hamatus’unun cavitas glenoidealis sinirini astigini,
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kopekte ise bu smirda kaldigini bildirmistir. Yapilan
calismada ise proc. hamatus’un kurt ve tilkilerdeki gibi
cavitas glenoidalis siirini hafif astif1 tespit edilmistir.
Bununla birlikte ¢alismada tespit edilen acromion’un
ucundaki margo caudalis’e dogru yonelmis proc.
suprahamatus’un, evcil carnivor’lardan kedilerde (Evans
ve Christensen 1979; Dursun 2002a), su samurlarinda
(Yilmaz ve ark. 1999), porsuklarda, sansarlarda (Atalar ve
Karan 2002), sincaplarda (Karan ve Atalar 2003), ratlarda
(Ozkan 2002), tavsanlarda (Ozkan ve ark. 1997), kirpilerde
(Ozkan 2004), oklu kirpilerde (Yilmaz ve ark. 1998),
pandalarda, wombatlarda (Saber 2013), Hint kaplani’'nda
(Mahapatra ve ark. 2016), aslanlarda (Kirberger ve ark.
2005) ve mirketlerde (Staden 2014) bulundugunun tespit
edilmesine ragmen; yerli tilki, cakal, yerli kopek (Giiltekin
ve Ugar 1980) ve lemur (Makungu ve ark. 2015) iizerinde
yapilan ¢alismalarda proc. suprahamatus’un bulunmadigi
tespit edilmigtir.

Ozkan (2002) mole-ratlar iizerinde yaptig1 arastirmada
scapula’nin angulus ventralis bélgesinde inc. glenoidalis ve
proc. coracoideus’un iyi  gelistigini, tuberculum
supraglenoidalis’in tuberculum infraglenoidalis’ten daha
bilyiik oldugunu bildirmisgtir. Ayni sekilde kirpi (Ozkan
2004), oklu kirpi (Yilmaz ve ark. 1998), sansar (Atalar ve
Karan 2002), tavsan (Ozkan ve ark. 1997) ve sincap (Karan
ve Atalar 2003) scapula’sinda da proc. coracoideus’un
belirgin oldugu bildirilmistir. Ayrica Atalar ve Karan
(2002) sansarlarda, Karan ve Atalar (2003) sincaplarda
inc. scapula ve inc. glenoidalis’in oldukga belirgin oldugunu
bildirmislerdir. ~Yapilan c¢alismada da tuberculum
infraglenoidale’ye gore gayet belirgin bir tuberculum
supraglenoidale ve burasinin tlizerinde mediale dogru
yonelmis belirgin bir proc. coracoideus tespit edilmistir.
Ayrica inc. scapulae’nin genis bir c¢entik olarak
sekillenmesine ragmen, belirgin bir inc. glenoidalis
sekillenmemistir.

Scapula’nin sekli ve biytkligi hayvanin lokomotif
yapisinl yansitmaktadir. Scapula ¢alisan (is giicli lireten)
memelilerde genellikle adim uzunlugunu artirmaya olanak
saglayacak sekilde uzun, dar ve vertical yonli olarak;
gezici memelilerde dar, ama horizontal yonlii olarak; kazici
ve yilizen memelilerde ise biiyiik bir ii¢ggen seklinde
bulunur. Ayni zamanda scapula’nin angulus caudalis kismi
kazic1 ve ylizen memelilerde nispeten genislemistir. Bu
durum 6n bacagin addiiksiyonunu saglayan ve angulus
caudalis’ten baslayan m. teres major'un daha giigli
addiiksiyon saglamasina olanak vermektedir. Ayrica bazi
kazici ve ylizen memelilerin scapula’sinda zayif ikincil bir
spina scapulae bulunabilmektedir (Polly 2007). Van
kedilerinin scapula’sinin iicgen sekilde olmasi, margo
dorsalis’inin margo cranialis’e dogru yaklastik¢a azalan bir
kalinlik ve egim gostermekte olmasi itibariyle kazici ve
ylziici memeli scapula’sinin 6zelligini gostermekte olup,
yapillan c¢alismada ikincil bir spina scapulae’ye
rastlanilmamaistir.

Sonu¢ olarak; Van kedilerinde clavicula ve scapula
kemikleri anatomik 6zellikleri bakimindan incelendi. Bu
kemiklerden alinan morfometrik ve voliimetrik o6l¢iim
degerlerinin istatistiksel olarak erkek ve disiler arasindaki
farkliliklar1 tespit edildi. Ayrica bu g¢alismanin, Van
kedilerinde iskelet sistemi ile ilgili anatomi egitimi basta
olmak iizere, cerrahi ve Kklinik uygulama alanlarinda
veteriner hekimlere ve egitim alan 6grencilere, antropoloji
alanindaki calismalara faydali olabilecegi
distiniilmektedir.
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ABSTRACT Bingol province and its districts are very suitable for beekeeping with rich vegetation and suitable climatic
conditions. Eight honey samples were collected from Bing6l province and districts and analyzed. As a result of
these analyzes, the mean free acidity was 10.675 meq / kg, the number of diastases was 22.5, the HMF was
45.148 mg / kg, the water-insoluble dry matter was 0.00575% and the ash percentage was 0.45%. The
biochemical analysis of the samples shows that the honeys examined meet the criteria of Turkish Food Codex.
In order to ensure the development of beekeeping and quality honey production in the region, educational

activities, controls and financial support should be increased with various projects.
Keywords: Ash percentage, Diastasis, Flower honey, HMF

0z Bingol ve ilgelerinde Uretilen Baz1 Bal Orneklerinin Asitlik, Diyastaz Sayisi, HMF,
Suda Coziilmeyen Kuru Madde ve Kiil Yiizdesi Degerlerinin Arastirilmasi

Bingol ili ve ilgeleri zengin bitki ortiisii ve uygun iklim kosullar ile aricilik i¢cin ¢ok uygun bir bolgedir.
Sunulan ¢alismada Bingdl ve ilcelerinde tretilen bazi bal 6rneklerinin serbest asitlik, diyastaz sayisi, HMF,
suda ¢oziilmeyen kuru madde ve kiil yiizdesi 6l¢iilerek sonuglarin standartlara uygunlugunun arastiriimasi
amaglandi. Bingo6l ili ve ilgelerinden 8 adet bal drnegi toplanarak analizleri yapildi. Bu analizler sonucunda
ortalama serbest asitlik 10.675 meq/kg, diyastaz sayis1 22.5, HMF 45.148 mg/kg, suda ¢ozlilmeyen kuru
madde %0,00575 ve kiil yiizdesi %0,45 olarak bulundu. Orneklerin biyokimyasal analizleri incelenen ballarin
Tirk Gida Kodeksi kriterlerine uydugunu gostermektedir. Bolgede aricilifin gelismesini ve Kkaliteli bal
iretimini saglayabilmek i¢in egitimsel faaliyetlerin, kontrollerin ve ¢esitli projelerle mali destegin arttirilmasi
gerekmektedir.

Anahtar Kelimeler: Cicek bali, Diyastaz, HMF, Kiil yiizdesi

GIRiS disaridan herhangi bir madde eklenmesi ya da balin
bilesimindeki bir maddenin uzaklastirilmasi yonetmelik ve
kanunlar ile yasaklanmistir (Karadal ve Yildirim 2012).
Tiirk Gida Kodeksi Bal Tebligi'ne gore balda olmasi istenen

Bal, arilar (Apis mellifera) tarafindan ¢igeklerden nektarlar
toplanarak leziz bir gida triiniine doéniistiiriilen, sekerden

daha yararh oldugu bilinen dogal bir iriindiir (Vanhanen
ve ark. 2011). Cogunlukla seker (fruktoz ve glikoz) ve
enzimler, amino asitler, organik asitler, karotenoidler,
vitaminler, mineraller ve aromatik maddeler gibi diger
bilesenlerden olusan bir besindir. Cok cesitli biyolojik
etkiler gosteren flavonoidler ve fenolik asitler bakimindan
zengindir ve dogal antioksidanlar gibi davranir (Algarni ve
ark. 2012). Bal tretim kaynagina gore cicek ve salgi bal
olarak siniflandirilmaktadir. Cigek bali bitki nektarlarindan
elde edilir, salg1 bali ise bitkilerde bulunan canli kisimlar
listiinde yasayan bitki emici boceklerin salgilarindan veya
yine bitkilerdeki canli bdliimlerin salgilarindan elde edilir
(TGK 2012). Dogal bir gida olan bal icerisinde saglk i¢in
yararll bir¢ok biyoaktif madde bulundurur. Bal igerisine

bazi 6zellikleri asagida Tablo 1’de verilmistir (TGK 2012).

Tiirkiye, bal liretimi i¢in uygun mevsim sartlari, topografik
yapist ve zengin bitki florasina sahip nadir iilkelerden
biridir. Bingdl ili ise Tiirkiye'nin dogusunda bulunmakla
birlikte cografi yapisi ve zengin bitki ortiisiiyle Tiirkiye’'nin
en verimli ve Kkaliteli ballarinin dretildigi bir ilimizdir.
Tiirkiye Diinyada balli bitki tiirlerinin doértte {igiine sahip
olmasina ragmen, bal lretimi ve tiiketimi bakimindan
diinyada yerini tam olarak alamamistir (Sisek ve ark.
2007). Yapilan bu c¢alismada Bingél ili ve ilcelerinde
iretilen ballarin bazi kimyasal parametrelerinin
standartlarla iligkisi arastirilmaktadir.
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Tablo 1. Bal Tebligi'ne (2012/58) gore balin sahip olmasi
gereken ozellikleri (TGK 2012)

Table 1. According to the Communiqué on Honey
(number: 2012/58), honey should have the characteristics
(TGK 2012)

MATERYAL ve METOT

Bingo6l, Tirkiye'nin Dogu Anadolu Bélgesi'nde yer alan bir
ildir. ilin yiizél¢iimii 8.004 m?'dir. Il merkezinin denizden
ylksekligi 1159 m'dir. Bingdl ilinin genelinde iretilen
ballarin asitlik, diyastaz sayisi, HMF, suda ¢6ziilmeyen

Ozellik (100 g Cicekbali Salgibali Karisim kuru madde ve kil yiizdesi o6zelliklerini belirlemek
balda) amaciyla 2013 yilimin Agustos, Eylil, Ekim aylari
S fazla, 20 20 20 icerisinde, Bing6l ve ilcelerinde bal iiretimi yapan
u (en fazla, g) aricilardan temin edildi. Bu ¢alismada materyal olarak 8
Sakkaroz 5-10 5-10 5-10 ayri ¢icek bali kullanildi. Bal 6rnekleri, agzi kapali kaplarda
(en fazla, g)' topland1 ve analiz siiresi boyunca oda sicakliginda
Fruktoz + glikoz 60 45 45 (22°C’'de) muhafaza edildi. Muhafaza esnasinda bal
(en az,"g)" orneklerine herhangi bir fiziksel veya kimyasal islem
Sud(;ldgozulmeyen 0.1 0.1 0.1 uygulanmadi.
1(1;:;11 fagla ) Ballarda serbest asitlik tayini TS 13360’ a gore, diyastaz
Serbest a;s%tlik 50 50 50 sayisl tayini TS 13364 e gore, hidroksi metil furfural (HMF)
(en fazla muhtevasi tayini TS 13356’ya gore, suda ¢6ziinmeyen kuru
meq/kg), madde tayini TS 3036’ya, kil yiizdesi tayini TS 2131’e gore
Diastaz sayis1 8 8 8 yapimigtr.
(enaz)
HMF 40 40 40 BULGULAR
%’erglfiizﬁjilgtlzﬂ) 300 300 300 Bingo6l ve ilcelerinde diretilen ballarda asitlik, diyastaz
(en az, ppm) sayisi, HMF, suda ¢6ziilmeyen kuru madde ve kiil ytlizdesi
Naftal‘irllnr)niktarl 10 10 10 analizleri yapildi. Sonuglar tablo seklinde asagida
(en fazla, ppb) verilmistir.
Tablo 2. Bingdl ve ilgelerinde tiretilen bal 6rneklerinin analiz sonuglari
Table 2. Analysis of honey samples produced in Bing6l and districts
Asitlik Diastaz HMF Suda Coziilmeyen Kiil Yiizdesi
(meq/kg) Sayisi (mg/kg) Madde Miktar1 (%) (%)
Bingol-Karliova 25 17.9 35.315 0.007 0.42
Bingo6l-Solhan 20 8.3 23.595 0.009 0.54
Bingo6l-Geng 21 10.9 36.335 0.008 0.39
Bingol-Merkez 25 23 34.725 0.001 0.43
Bingo6l-Sancak Beldesi 22.5 1 28.98 0.011 0.51
Bingo6l-Yedisu 23 10.9 28.92 0.002 0.47
Bingo6l-Caytepe koyt 21.5 2.5 42.22 0.001 0.45
Bingo6l-Yayladere 22 10.9 27.01 0.007 0.41
Ortalama Deger 10.675 22.5 45.148 0.00575 0.45

TARTISMA ve SONUC

Bal arilar tarafindan iiretilen dogal bir gida olup, diger
aricilik triinleri olan propolis, arisiitd, ar1 zehri, balmumu,
polen gibi diger ar iirlinlerine gore temin edilebilirligi ve
tiiketimi daha ytiksektir (Karadal ve Yildirim 2012). Bu
ozelligi sebebiyle lizerinde en kolay oynanan gidalardan
biridir. Saf bal hi¢bir katki maddesi olmadan arilarin ¢igcek
nektarlarindan trettigi gidadir. Ancak verimi arttirmak
icin cesitli seker suruplari kullanilarak da bal tretimi
yapilmaktadir (Paradkar ve Irudayaraj 2001).

Balin asitligini iceriginde bulunan mineral maddeler ve
organik asitler, karbonhidratlar ve aminoasitlerdir (Otles
1995). Asitlik, balin bitkisel kaynagina ve iiretim yapilan
bolgeye bagh olarak farklilik gosterebilmektedir. Serbest
asitlik balin depolanma siiresi ve nem igerigine bagh
olarak biraz artmakta, ancak depolama sicaklig1 ile degisim
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gostermemektedir (Terrab ve ark. 2004). Dogu ve
Giineydogu  Anadolu  bolgelerinden  toplanan  bal
orneklerinde yapilan bir ¢calismada ortalama serbest asitlik
degeri 22.3 meq/kg tesbit edilmistir (Yimaz ve
Kiifrevioglu 2001). Batu ve arkadaslar1 (2013) yaptiklar
calismada toplam asitlik degerlerini 6.73-47.06 meq/kg
arasinda ve ortalamasini da 32.49 meq/kg olarak
belirlemislerdir. Ulkemizde aycicek ballarinda yapilan
baska bir arastirmada toplam asitlik miktar1 ortalama
14.35 meq/kg olarak dl¢iilmiistiir (Velioglu ve Kése 1983).
Gaziantep bolgesinde liretilen cicek ballarda yapilan baska
bir calismada ise asitlik degerlerinin ortalama 26.1106
meq/kg oldugu gérilmistir (Kutlu ve Bengii 2015).

Calismamizda toplam asitlik bakimindan en diisiik deger
20 meq/kg ile Bingol-Solhan, en yiiksek deger ise 25
meq/kg ile Bing6l-Karliova érneklerinden elde edilmistir.
Tim oOrneklerin ortalamast 22.5 meq/kg olarak
bulunmustur. Tirk Gida Kodeksi Yonetmenligine gore,
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baldaki toplam asitlik degeri 50 meq/kg’t asmamalidir.
Calismamizdaki ¢icek ballarinin 6lgiilen asitlik degerlerinin
Tirk Gida Kodeksi Bal Tebligi'ne uygun oldugu tespit
edilmistir.

Diastaz sayis1 40 °C'de 1 saatte 1 gram balin parcaladigi
nisastanin gram olarak degeridir (Sahinler ve ark. 2001).
Tiirk Gida Kodeksi Bal Tebligi'ne (2012/58) gore diastaz
sayisl ballarda en az 8 olmalidir. Balin olgunlastirilmasi
sirasinda, bal arilar diyastaz enzimini salgilarlar, bu enzim
151 etkisi ile kolay alarak pargalanabilmektedir. Isiya maruz
kalan ballarin diyastaz sayilar1 hizla azalir, diyastaz sayisi
ylksek olan ballarda ise fazla asit olusumuna bagh daha
¢abuk mayalanma olusmaktadir (Tolon 1999). Balin
tiretildigi bitkilerin kaynagina ve boélgenin florasina bagh
olarak balda degisik diizeylerde bulunurken, diyastaz
sayisinin tahmin edilen miktardan az ya da ¢ok tespit
edilmesi balin kalitesinin belirlenmesinde yardimci
olabilmektedir (Artik 2004).

Batu ve arkadaslarinin (2013) yaptiklar1 analiz
sonuglarina gore bal 6rneklerinin diyastaz sayilarinin 8.3-
17.9 arasinda degistigini ve ortalama ise yaklasik 13.9
olarak  gergeklestigini  bildirmislerdir. Yapilan bir
calismada c¢icek ve salgi ballarinin diyastaz sayilarini
sirasiyla 22.68 ve 25.29 olarak bulmuslardir (Sorkun ve
ark. 2002). Kutlu ve Bengii (2005) Gaziantep bolgesindeki
bal 6rneklerinde diastaz sayisi dlglimleri sonucunda en
disiik 2.5 en yiiksek 38.5 ortalama 19.83 olarak
degerlerini bulmuslardir. Yapilan farkl g¢alismalarda ise
bal o6rneklerinin diyastaz sayilarinin ortalamalari, 14.6
(Tolon 1999), 11.23 (Yilmaz ve Kiifrevioglu 2001), 17.97
(Velioglu ve Kose 1983), 29.40 (Sahinler ve Giil 2007) ve
20.19 (Giil 2008) olarak 6lgmiislerdir.

Calismamizda biitiin bal numunelerinin diastaz sayilari
hesaplanmig. En yiiksek diastaz sayisi 17.90 ile Bingél-
Karlova, en diisiik diastaz sayisi ise 1 ile Bingdl-Sancak
Beldesi numunelerinde tespit edilmistir. Bing6l-Sancak
Beldesi ve Bingdl- Caytepe kéyli numuneleri hari¢ diger
tliim numunelerde diastaz sayis1 8'in lizerinde Tiirk Gida
Kodeksi Bal Tebligine uygun ¢ikmistir.

Bal igerisindeki karbonhidratlarin 1sitilmasi yada ballarin
1s1 bakimindan saklama ortaminin uygun olmamasi
durumunda HMF isimli madde olusur. Bu madde insan
sagligl acisindan zararl bir maddedir. Balin uygunsuz bir
sekilde depolanmasi ve uygulanan 1s1l islem, balin icerdigi
sekerler ve aminoasitler arasindaki baga bagh olarak HMF
bilesigini olusturmaktadir (Zappala ve ark. 2005). Tirk
Gida Kodeksi Bal Tebligine gore balda yiiksek 40 mg/kg
HMF bulunabilecegi éngériilmektedir (TGK 2012). Olgiilen
degerin bu miktarin lizerinde ¢ikmasi balin uygun olmayan
sicak bir ortamda depolandigini ya da 1s1l isleme maruz
kalmis olabilecegini géstermektedir ve bu 6zellikli ballarin
satis1 yasaktir (Zappala ve ark. 2005). Gaziantep bdlgesi
ballarinda yapilan bir ¢alismada HMF degeri en az 14.284
mg/kg, en yiikksek 51.456 mg/kg ortalama 27.690 mg/kg
olarak ol¢mislerdir (Kutlu ve Bengii 2015). Batu ve
arkadaslarinin (2013) yaptiklari ¢alismada 6l¢limii yapilan
ballardaki HMF degerleri 0,14 mg/kg ile 24.39 mg/kg
arasinda ortalama olarak 5.50 mg/kg olarak tespit
etmislerdir. Yapilan diger arastirmalarda HMF igerikleri
ortalama 3.3 mg/kg (Yilmaz ve Kiifrevioglu 2001), 7.84
mg/kg (Sorkun ve ark. 2002), 5.44 (Sahinler ve Giil 2004)
ve 17.8 mg/kg (Terrab ve ark. 2002) olarak bildirilmistir.

Calismamizda 6lgillen HMF degerlerinin en diistigi 23.59
mg/kg ile Bin6l-Solhan numunesinde en yliksek deger ise
42.22 mg/kg olarak Bing6l-Yedisu numunesinde, ortalama

olarak 32.14 mg/kg olarak élciildii. Olciilen degerlerden
sadece Bingdl-Caytepe Koyl numunesi 42.22 mg/kg degeri
ile Tiirk Gida Kodeksi Bal Tebligine uygun ¢ikmamis kalan
numunelerin  timii 40 mg/kg altinda olup HMF
bakimindan standartlara uygun ¢ikmistir.

Tirk Gida Kodeksi Bal Tebligine gore balda suda
¢oziilmeyen madde miktarinin en ¢ok %0.01 olabilecegi
soylenmistir. Kutlu ve Bengii (2015) arastirmalarinda
Gaziantep bolgesindeki ballarda suda ¢6ziilmeyen madde
miktarint  %0,002 ile %0,093 araliginda Olgmiisler,
ortalamasini ise %0,027 olarak bildirmislerdir. Baska bir
arastirmada bal 6rneklerindeki suda ¢oziilmeyen madde
miktar1 %0,01ile %0,09 arasinda, ortalama %0,03 olarak
bildirilmistir (Cetin ve ark. 2011). Calismada en diisiik
suda ¢ozilmeyen madde miktar1 % 0.001 ile Bingol-
Merkez, en yiiksek deger % 0.011 ile Bingol-Sancak
Beldesi bal o6rneklerinde Oolglilmiistiir. Ortalama suda
¢oziilmeyen madde miktar1 % 0.00575 olarak
hesaplanmistir. Elde ettigimiz tiim sonuglarin Tiirk Gida
Kodeksi Bal Tebliginin maksimum degerinin altinda
oldugu gorillmustir.

Bal icerisindeki kiil igerigindeki mineral maddelerden
kaynaklanmaktadir. Kiiliin miktari ise arinin kaynak olarak
kullandig1 bitkilere gore farklilik gosterir. Baldaki renk
tonuyla icerdigi kil miktar1 arasinda bir baglanti
bulunmaktadir. Balin rengi koyulastikca icerdigi kiil orani
da c¢ogunlukla artmaktadir (Thawley 1969). Batu ve
arkadaslarmin (2013) yaptiklar1 ¢alismada analizi yapilan
ballarda kiil oraninin %0.02 ile %0.19 arasinda degistigi,
ortalama %0.07 oldugu gorilmistir. Yapilan diger
arastirmalarda analizi yapilan ballarda kiil oranlar1 %0.11
(Gul 2008), %0.13 (Sahinler ve Giill 2004) ve %0,19
(Terrab ve ark. 2003) olarak bulunmustur. Tirk Gida
Kodeksi Bal Tebligi standartlarina gore ¢icek ballarinda
olas1 kiil miktarinin %0.6 degerinin altinda olmasi
gerekmektedir. Calismamizda 6l¢iilen kiil miktarlarinin en
diisiigli % 0.39 ile Bindl-Gen¢ numunesinde en yiiksek
deger ise % 0.54 olarak Bing6l-Solhan numunesinde,
ortalama olarak % 0.45 olarak o6l¢iildii. Elde ettigimiz
sonuglara gore bal numunelerinin tiimii Tiirk Gida Kodeksi
Bal Tebligi standartlarina uymaktadir.

Sonug¢ olarak o6lglilen parametrelere gore Bingél ili ve
ilcelerinden toplanan bal oOrneklerinin 3 bal Ornegi
haricinde Tirk Gida Kodeksi Bal Tebligi standartlarina
uydugu gorilmiistiir. Bingol cografi acidan oldukca zengin
bir bitki Ortiistine sahiptir. Bitki Ortiisiiniin olusumunda
yilin biytk bir boliimiinde glinesin fazla olmasinin etkisi
oldukca fazladir. Bolgede kislar ¢cok sert gegmektedir.
Yazlarda kislarin aksine olduk¢a sicak gecmektedir.
Bolgenin zengin bitki ortiisii aricilik i¢in ¢ok uygundur.
Uretilen ballarin kalitesi aricilhigin gelisimi ile artmaktadir.
Ancak insanlarin kolay para kazanabilmek icin balda
sahtekarliklar yapmasi bu Kkalitenin diismesine sebep
olmaktadir. Bunun engellenebilmesi icin hem saticilarin
hem de alicllarin konu hakkinda bilinglendirilmesi
onemlidir.
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ABSTRACT The aim of the present study is to investigate the effects of three different steroid hormones; 17 8 estradiol,
Diethylstilbestrol and progesterone on cell viability in F98 glioblastoma cells. F98 glioblastoma cells were
treated with different concentrations of Progesterone (10, 20, 50, 100 uM), DES (2.5, 5, 10, 20, 50, 100 puM)
and 178 estradiol (0.01, 0.1, 1, 10 uM)) for 24, 48 and 72 hours and MTT assay was applied to determine
thecell viability. Progesterone inhibits glioblastoma cell growth in a dose and time dependent manner.
Antiproliferative effect of 17 3 estradiol was observed at low doses. Biphasic distribution was observed in
decreasing cell viability in DES applications. These results suggest that Progesterone, 173 estradiol and DES
can inhibit the proliferation of glioblastoma cells. However, further study is necessary to identify the
pathways involved.

Keywords: Diethylstilbestrol, Estrogen, Glioblastoma, Progesterone

0z Hormon Uygulamalarinin F98 Hiicre Hattinda Hiicre Canlihg1 Uzerine Etkisi

Bu calismada 17 B 6stradiol, Dietilsitilbesterol ve progesteron gibi steroid hormonlarin F98 glioblostomo
hiicre hatlarinda hiicre canlilig1 tizerine etkilerinin arastirilmasi amaglanmistir. F98 glioblastoma hiicrelerine
farl dozlarda Progesteron (10, 20, 50, 100 uM), DES (2.5, 5, 10, 20, 50, 100 pM) ve 17 estradiol (0.01, 0.1, 1,
10 pM) 24, 48 ve 72 saat siire ile uygulanmis ve hiicre canliiginin belirlenmesi amaciyla MTT hiicre canlilik
testi uygulanmistir. Progesteron glioblostoma hiicrelerinin biiyiimesini doz ve zaman bagimh olarak inhibe
etmistir. 17 (8 estradiol diisiik dozlarda antiproliferatif etki gostermistir. DES uygulamalar: hiicre canlihigl
uzerinde iki yonlii etki gostermistir. Elde edilen sonular Progesteron, 17f estradiol ve DES’in glioblostoma
hiicrelerinde hiicre ¢ogalmasini inhibe ettigini gdstermektedir. Ancak bununla ilgili yolaklarin belirlenmesi
icin daha fazla ¢alisma yapilmasina ihtiyag vardir.

Anahtar Kelimeler: Dietilstilbestrol, Ostrojen, Glioblastoma, Progesteron

INTRODUCTION

Glioblastoma (GB) isa very common malignant primary
brain tumor in adults. Though these tumors occur mostly
in adults, no age is immune. It has a very poor prognosis. It
was previously known as glioblastoma multiform. Surgical
resection, followed by radiotherapy and chemotherapy is
applied fortherapeutic purpose (Virgil et al.2018).

The incidence of glioblastoma in general increases with
age. Men have higher incidence than woman showing
estrogen may have protective effects in women. In glioma
development endogenous estrogens could have beneficial
effects which explain that men are approximately 1.5-2
times more likely to develop proportional GB. In
experimental studies, glioblastomas transplanted female
animals showed a slower growth rate than in male animals
(Kabat et al. 2010). Steroid hormones are biosynthesized
in the mitochondria. Cholesterol derivatives are used for

the synthesis of steroid hormones (Miller and Bose2011)
based on their biosynthesis, steroid hormones are
classified as corticosteroids and sex steroids. Sex steroids
(estrogen, progesterone, and androgen) are responsible
for the development and maintenance of sexual
characteristics in addition to general reproductive
function. Besides their role in normal reproductive
development, sex steroids may also play a role in the
development and progression of several cancers (Marceau
et al.2015). Estrogens are steroid hormones that exert
important effects on the reproductive and gastrointestinal
systems, mammary glands, skeletal and immune systems,
and even the central nervous system (Tavares et al. 2016).
Diethylstilbestrol (DES) is a synthetic form of the female
hormone estrogen. DES also hasbeen used in the treatment
of prostate cancer to reduce testicular androgen
production secondary to inhibition of LH released from the
pituitary gland (Ali Shah 2015).
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Progesterone participates in the regulation of several
reproductive processes, including ovulation and sexual
behavior. In synergism with estrogen, progesterone also
influences neuronal excitability; learning and neoplastic
proliferation of glial cells (Tavares et al. 2016). Steroid
hormones play a key role in brain development and
differentiation. Furthermore, ovarian steroid hormones
are neuroprotective in a variety of neurologic disorders.
These neuroprotective effects include improved
myelination, decreased edema, inhibition of apoptosis and
decreased inflammation (Tavares et al. 2016). Steroid
hormones may also play a role in the development of brain
tumors, because steroid hormone receptors are members
of a superfamily of ligand-activated transcription factors
that are potentially oncogenic (Kabat et al. 2010). In this
study the effect of 17 f3 estradiol, Diethylstilbestrol (DES)
and progesterone on glioblastoma cells were investigated.

MATERIALS and METHODS

F98 rat glioblastoma cells were cultured in Dulbecco’s
Modified Eagle’s Medium containing 10% fetal bovine
serum at 37°C in a 5% CO2 environment. Progesterone,
DES (a synthetic estrogen) and estrogen stocks were
prepared in dimethylsulfoxide (DMSO) and further diluted
in culture medium. The final concentration of DMSO used
in dilution was kept at <2.5pl/ml. Cells were exposed to
different concentrations of Progesterone (10, 20, 50, 100
uM), DES (2.5, 5, 10, 20, 50, 100 uM) and 17f estradiol
(0.01,0.1,1, 10 uM)) for 24, 48 and 72 hours. Glioblastoma
cell viability was assessed by MTT assay. The MTT assay is
widely used to measure cell death/proliferation. In the
reaction tetrazolium ring is cleavage to the pale yellow
MTT into dark blue formazan crystals. Mitochondrial
dehydrogenase enzyme in viable cells is responsible in this
reaction. Formazan crystals impermeability to the cell
membrane thusaccumulate within the cells and SDS
(100pl) is added to solubilize these crystals. The intensity
of blue formazan solution is directly proportional to the
number of surviving cells. Concentrations were
determined by photometric analysis. Briefly, 10 pl of MTT
solution (5 mg/ml in phosphate buffered saline) was
added per well and incubated at 37°C for 4 h until a purple

precipitate was visible. SDS (100 pl) was added to
solubilize the crystals and the absorbance was read at 570
nm.

Statistical Analysis

The experiment was replicated at least four times. The
results were expressed as mean * SD. Data were analyzed
using one-way analysis of variance (ANOVA), followed by
Duncan’s post hoc test to determine significant differences
in all parameters among all groups. SPSS/PC computer
program (IBM SPSS Statistics version 22.0) was used for
statistical tests and differences with values of P < 0.05
were considered statistically significant.

RESULTS

Cell viability of rat F98 glioblastoma cells was measured at
24, 48 and 72 h after exposed todifferent concentrations of
Progesterone (10, 20, 50, 100 uM), DES (2.5, 5, 10, 20, 50,
100 uM) and 17f estradiol (0.01, 0.1, 1, 10 uM)(Table 1, 2,
3). After 24-hour exposure, decreased cell viability in all
doses of DES applicationswere observed. Decrease in all
groups compare to control group was significant (p <0,
05). After 48 hours cell viability in 20 uM and 50 uM DES
applied cell was the same level compare to control cells.
But in other doses cell viability decreased compared to
control group (p <0,05). After 72-hour exposure there was
a reduction in cell viability in all groups compare to control
group (p <0,05). Most distinctive reduction in cell
viability /proliferation of F98 cells in72h application was in
100uM DES applied cells (Figure 1).These differential
effects could be due to the activation of distinct signaling
mechanisms by DES, depending on its concentration and
time. DES, a synthetic form of the female hormone
estrogen, had remarkable effect on cell viability in all doses
after 24-hour exposure (Figure 1). 17 {3 estradiol estrogens
showed antiproliferative effect on cell viability.
Antiproliferative effect of 17 B estradiol was observed at
all doses (0.01-1 uM) (p <0, 05) after 24 hours. There were
no differences in cell viability at 10pg 17 B estradiol
concentrations compare to control (Figure 2).Cell viability
in rat F98 glioblastoma cells at 48 and 72 hours decreased
in all doses of 17 §3 estradiol compare to control (p <0,05).

Table 1. The mean (* SD) cell viability (%) of F98 cells, 24h, 48h and, 72h exposure of different DES concentrations (2.5, 5,

10, 20, 50, 100 uM)

Groups 24h n 48 h n 72h n
% cell viability % cell viability % cell viability
(xSD) (= SD) (+SD)
Control 99.83 + 5.462 6 100.00 £ 13.83a 7 100.13 +11.18a 8
DES (2.5 uM) 50.67 £7.64b 6 79.86 £ 13.11b 7 67.00 +4.05¢ 6
DES (5 uM) 40.45 * 6.37bc 6 78.00 + 13.25b 7 64.40 + 5.64¢ 5
DES (10 pM) 37.23 +4.67bc 6 73.14 +5.43b 7 66.40 +11.01¢ 5
DES (20 pM) 46.23 + 6.88bc 6 99.25 + 7.54a 4 84.40 + 4.56b 5
DES (50 uM) 42.05+7.18¢ 6 100.88 +12.91a 8 77,88 £ 6,62b 8
DES (100 uM) 46.27 +13.06¢ 6 54.33 + 28.36¢ 6 13,17 £ 5,744 6
P value <0,05 <0,05 <0,05

ab Different superscripts within the same column demonstrate significant differences
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Table 2. The mean (* SD) cell viability (%) of F98 cells 24h, 48h and, 72h exposure of different progesterone concentrations

(10, 20, 50, 100 pM)

Groups 24h n 48 h n 72 h n
% cell viability % cell viability % cell viability
(£ SD) (£ SD) (xSD)
Control 80.65 * 40.4072 6 79.00 £ 3.91a 6 100.33 + 14.14a 6
Progesterone (10 pM) 76.57 £12.382 6 64.83 £ 21.7442b 6 60.17 + 25.64bc 6
Progesterone (20 pM) 70.47 + 36.102 6 50.50 £ 31.13ab 6 54.60 * 26.65bc 6
Progesterone (50 pM) 64.00 + 2.862 6 70.17 + 3.492b 6 69.83 + 3.602b 6
Progesterone (100 uM) 20.85 +11.02b 6 36.80 £ 18.030b 5 35.33+16.53¢ 6
P value <0,05 <0,05 <0,05

ab Different superscripts within the same column demonstrate significant differences

Table 3. The mean (+ SD) cell viability (%) of F98 cells 24h, 48h and, 72h exposure of different 17 3 estradiol concentrations

(0.01,0.1,1, 10 uM)

Groups 24h n

48 h n 72 h n

Control

178 estradiol (0.01 uM)
178 estradiol (0.1 pM)

% cell viability
(£ SD)

99.83 £ 5.462
60.38 £ 7.41b
71.00 + 24.51b

% cell viability
(+ SD)

% cell viability
(£ SD)

61.00 £ 17.47b
93.38 £17.002

178 estradiol (1 uM)
178 estradiol (10 pM)
P value <0,05

@ N 0 o o

100.00 + 13.83a 7 100.17 + 5.352 6
89.50 + 26.56ab 4 68.71 +12.98b 7
74.17 £10.91b 6 71.67 + 6.35b 6
72.71 + 6.53b 7 70.33 +£15.25b 6
78.25 + 5.85b 4 75.00 + 6.44b 5
<0,05 <0,05

ab Different superscripts within the same column demonstrate significant differences
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Figure 1. Cell viability assay. Graph of MTT assay showing
the rate of viability of F98 cells 24h, 48h and, 72h exposure
of different DES concentrations (2.5, 5, 10, 20, 50, 100
uM) along with controls.
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Figure 2. Cell viability assay. Graph of MTT assay showing
the rate of viability of F98 cells 24h, 48h and, 72h exposure
of different 17 B estradiol concentrations (0.01, 0.1, 1, 10
uM) along with controls.
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Figure 3. Cell viability assay. Graph of MTT assay showing
the rate of viability of F98 cells 24h, 48h and, 72h exposure
of different progesterone concentrations (10, 20, 50, 100
uM) along with controls.

DISCUSSION
In various functions related to the brain, including central
and  peripheral nervous system  development,

neurotransmitter systems regulation, and myelination,
steroid hormones have a role in regulation. In addition to
these function properties, they have also role in cognition,
emotion, mood, sexual behavior and social behavior
(Rossetti et al. 2016). Cholesterol or steroidal precursors
imported from both neurons and glia are used de novo
synthesis of steroid hormones. Locally synthesized
hormones, neurosteroids, binds their receptorsto regulate
several central nervous system functions. They also play a
role in neurodegenerative disease and ageing mechanism
(Rossetti et al. 2016). In the brain and other tissues,
depending on the estrogen receptors (ERs) concentration
and the expression estrogen may induce cell growth or cell
death. According to Altiok et al. estradiol induces apoptosis
and suppresses cell growth in a concentration and time-
dependent manner in C6 glioma and T98G glioblastoma
cells. SinceC6 glioma and T98G glioblastoma cells express
ERs, estradiol may have effects glioblastoma cells because
it regulates the ER-mediated transcription of genes
involved in cell survival and death and activates of
intracellular signaling pathways on neurons and glial cells
(Altiok et al. 2011). According to Ho et al, the incidence of
gliomas has increased in the last 21 years (Ho et
al. 2014). Estrogens may influence the development and
control of brain tumor growth by interacting with their
receptors or activating potentially oncogenic mediators.
Estrogens seem to have a protective effect on the
development of gliomas because they occur more
commonly in men than in women. In women, the incidence
of gliomas increases during the postmenopausal period,
when estrogen levels are low (Duefias Jiménez et al. 2014;
Kabat et al. 2010; Patel et al. 2012). In previous study, it
was indicated that estradiol suppresses cell growth in C6
glioma and T98G glioblastoma cells (Altiok et al. 2011). In
our study, similar result obtained in F98 cell line. But
comparing the effect of diethylstilbestrol (DES), 17 (8
estradiol did not have remarkable effect on cell viability.
This effect may be due to the fact that DES is estimated to
be five times more potent than the naturally occurring
estrogen, estradiol (Korach et al. 1978;IARC 2012).
Hormonally inactive compounds (such as 3-di-enestrol) or
compounds that retain estrogenic activity (like DES-
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epoxide or quinone metabolites) are produced following to
oral absorbsion and metabolism of DES (Korach et al.
1978; IARC  2012). In vitrostudies indicate that
progesterone promotes cell proliferation in astrocytomas,
as well as the expression of genes that are important for
tumor growth and dissemination, for example vascular
endothelial growth factor (Dinget al. 2000). However,
there are several studies in the literature confirming that
progesterone has anti-proliferative and apoptotic effects
on ovarian, breast, endometrial and colon tumors as well
as gliomas (Atif et al. 2015; Cabrera-Muiioz et al. 2011;
Tang et al. 2006). According to Atif et al, high doses of
progesterone inhibit the growth of glioblastoma
multiforme, both in vitro and in animal experiments. This
effect was shown to mainly involve the inhibition of
cellular proliferation and angiogenesis and the induction
of apoptosis. They also found that progesterone improves
Temozolomide (TMZ)’s (an anticancer agent) efficacy in
glioblastoma cells and reducing its adverse effects it
protects primary healthy cells (Atif et al. 2015).

CONCLUSION

These findings suggest those hormones such as
progesterone, diethylstilbestrol (DES), and 17 8 estradiol
can reduce glioblastoma cells proliferation. There is need
for further studies to clarify their way of action.
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ABSTRACT Listeria monocytogenes is a food-borne intracellular pathogen that is resistant to adverse conditions of food
processing and is a causative agent of high mortality listeriosis disease. Analysis of large food lots is limited
by culture methods. Nowadays, although the conventional culture methods have been adopted as the gold
standard method, they can be insufficient to control food parties that reach very large quantities. Biosensors
with on-site detection potential and their characterizing with high accuracy and precision offers many
opportunities for real-time estimation of industrial contamination. As the most promising technique for rapid
detection of L.monocytogenes, ones based on surface plasmon resonance (SPR) and fiber optic biosensors
(FOBs) where direct or indirect detections can be made by detecting the interaction of the biomarker
element with the optical field without marking or labeling, have come to the fore. SPR and FOBs can be
detected directly in the range of 102-106 cfu/ml and <101-103 cfu/ml, respectively.

Keywords: Listeria monocytogenes, Biosensor, Surface plasmon resonance, Fiber optic

0z Gidalardan Listeria monocytogenes’in Optik Biyosensorlerle Belirlenmesi

Listeria monocytogenes gida kaynakli intraselliiler patojen olarak gida islemenin olumsuz kosullarina
dayanikli ve ytliksek mortaliteli listerioz hastaliginin etkenidir. Biiyiik gida partilerinin kiiltiir yontemleri ile
analizi sinirhdir. Gliniimiizde, geleneksel kiiltiir yontemleri altin standart yontem olarak benimsenmesine
karsin, ¢ok biiylik miktarlara ulasan gida partilerini kontrol etmede yetersiz olabilirler. Biyosensoérlerin
yerinde tespit potansiyeli ile yiiksek dogruluk ve hassasiyetle karakterize edilmeleri, endiistriyel
kontaminasyonlar1 gercek zamanl tahminde bir¢ok firsat sunmaktadir. Listeria monocytogenes, hizl tespitte
en umut verici teknik olarak isaretleme veya etiketleme yapilmadan optiksel alanla biyotaniyici eleman
etkilesiminin optik sinyallerle belirlenerek dogrudan veya endirekt tespitlerin yapilabildigi ylizey plazmon
rezonans (SPR) ve fiber optik biyosensoér (FOB) esash olanlar1 6n plana ¢ikmistir. SPR ve FO biyosensorleri
ile sirasiyla 102-10¢ kob/ml ve <101-103 kob/ml araliklarinda dogrudan tespit yapilabilmektedir.

Anahtar Kelimeler: Listeria monocytogenes, Biyosensér, Yiizey plazmon rezonans, Fiber optik

INTRODUCTION on-site detection of the, which allows rapid monitoring of
important or critical control points in food processing.
The high accuracy and sensitivity of biosensing techniques
have made it the key to increasing biosensor applications
in food quality control.

Listeria monocytogenes is defined as a food-borne
pathogen and as causative agent of listeriosis disease with
low morbidity and high mortality. The pathogen can
survive under most of adverse conditions of food
processing stages and cause contamination. In many
countries, the restrictions are imposed to food products,
especially the number of ready-to-use products.

It is possible to classify biosensors used in foodborne
pathogen and toxin detection as optical, electrochemical
and piezoelectric biosensors on the basis of transduction
mechanisms. Most of the biosensors used in the food
industry and research laboratories are optical ones. In this
review, we will investigate the use and the advantage of
optically based biosensors in the detection of
L.monocytogenes in foods.

Nowadays, although the conventional culture methods
have been adopted as the gold standard method, they can
be insufficient to control food parties that reach very large
quantities. Precise, fast and reliable methods come to the
fore. There are many quick detection methods based on . .
different principles. Listeria monocytogenes

L. monocytogenes was firstly isolated from a human with
meningitis in France in 1921, then from other mammalian

and non-mammalian species. It was not identified as the

In addition to providing rapidly and directly to obtain the
results, biosensors also have the potential to provide the
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causative agent of food-borne outbreaks in humans until
the 1980s (Walland et al. 2015).

L. monocytogenes, which is common in nature, can grow at
refrigerator temperature, may contaminate many foods
during production, packaging, transportation and storage,
is a food pathogen, becoming an important public health
subject with consumption such as contaminated foods
because of causing severe and nonenteric features of
listeriosis in humans as intracellular pathogen (Mor-Mur
and Yuste 2010; Sireli and Erol 1999). The bacterium is
Gram positive, facultative anaerobe, oxidase negative,
catalase positive, small moving shaped-rods (0.4-0.5x1-2
um) and non-spore. It is movable at 22-30 °C and is
immobilized at 37 °C due to its inability to develop
flagellum. In addition it can develop in adverse
environmental conditions such as high salt concentration,
low temperature (development at 40.4 °C), high
temperature (development at maximum 45 °C), a wide pH
range (4.4-9.4) and low water activity (as like 0.9) . The
pathogen is completely inactivated at 75°C (Chlebicz and
Slizewska 2018).

L. monocytogenes is characterized by high genetic
differences. In other words, it contains numerous strains.
There are reports of differences between strains related to
virulence and contamination (Walland et al. 2015). The
serotyping developed for subtype differentiation revealed
that the majority of human and animal infections were
caused by only three different serotypes (1/2a, 1/2b and
4b). These serotypes are also the most common serotypes
isolated from food (Walland et al. 2015).

The presentation of the intracellular pathogenicity of L.
monocytogenes in host organisms means the infection. The
pathogen has the ability to penetrate not only the
intestinal cells, but also the spleen, liver, brain, heart and
placenta. It settles in the vacuole after cell invasion. The
pathogen separated from this location begins proliferation,
and is activated in other cells by the actin-based motility
mechanism without stimulating the immune response of
the host organism. The pathogenicity is due to a number of
virulence factors such as the adhesive protein (LAP),
internalin, listeriolysin O, phospholipase C, actin
polymerization protein (ActaA), which is the superficial
protein, and OrfX protein (Chlebicz and Slizewska 2018).

1. Biosensors

The detection of L. monocytogenes is primarily important
for the food industry, water and environmental quality
control and public health. In technologies where
biosensors are used, biological receptors are physically or
chemically coupled to converter called as the transducers,
thereby yielding unique tools with great potential for
rapid, online and real-time diagnosis of biological agents.
The basic model of its use is the determination of
pathogens from food and environmental sources (Soni et
al. 2018).

Biosensors are defined as analytical devices that combine
the recognition molecule biologically derived such as
antibody, phage, aptamer, single-stranded DNA with a
suitable physicochemical transduction mechanism (Igbal
etal. 2000). In other words, these devices from consist of a
biomolecule (eg, tissue, microorganism, cell receptors,
organelles, antibodies, nucleic acids, enzymes, etc.), that
interacts with the targeted analyte in the analyzed sample
and is indicated by signals generated the presence of the
analyte, a biologically derived molecule (eg, engineered
proteins, recombinant antibodies, aptamers, etc.) or
biomimic molecule (eg combinatorial receptors, synthetic
catalysts, imprinted polymers (Soni et al. 2018).
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Biosensors generate an electronic or optical signal that can
be measured and recorded in proportion to the specific
biological interaction between the analyte and the
recognition molecule. With these signals, a wide variety of
targets can be detected from small molecular weight
proteins to pathogens. If the sensitivity and selectivity of
the biosensor is very high, the faster results can be
achieved as an alternative to the culture method in
practical field applications. In comparison with traditional
analysis methods, the biosensor is a device capable of
detecting pathogenic antigens and does not require highly
trained personnel (Turner 2000).

Biosensors are desired to have many features such as
accurate, close to real time, sensitive, specific,
reproducible, robust and easy to use. In order to be
acceptable practical devices, the number of false positive
and false negative results should be very low and zero if
possible. Since the most important characteristics of the
traditional culture methods are the analysis period, this
period should be less than one hour. Sensitive sensors are
a must for the food industry. Any false negative results can
result in high cost collection and loss of community trust.
On the other hand, the false positive result will lead to cost
increases that are reflected to the producer and ultimately
to the consumer. It is desirable that responses from
biosensors be quantitative and reproducible. It must be
mechanically and biochemically resistant and robust.
Ultimately, the biosensors to be used in the analysis should
carry the easiness that does not require the need for highly
trained and qualified personnel.

To date, the various biosensors have been developed for
the detection of L. monocytogenes. Recently, the other
many biosensor devices that use piezoelectric,
thermometric, micromechanical, cell based and
electrochemical transduction elements, and especially
optical ones have been extensively investigated for rapid
detection (Igbal et al. 2000; Soni et al. 2018).

In this study 200 food handlers from different plants were
interviewed. Questionnaires were responded individually,
in the presence of the researcher, 30 minutes time
required for completion.

2. Optical biosensors

Optical biosensors (OBSs) are analytical devices capable of
detecting interaction the biorecognition between the
optical field. Thanks to the transducers used, it is possible
to detect bacteria directly without marking or labeling.
They can even detect small changes in refractive index and
thickness resulting from binding of cells to receptors fixed
to the transducer surface.

Optical sensor signals are multi-purpose signals because it
is possible to use in the pathogen detection directly or by
increasing their intensity with other techniques. OBSs are
subcategorized according to their reflection, refraction,
resonance, dispersion, infrared absorption, Raman
scattering, chemiluminescence, fluorescence. Unlike the
others, in fluorescent sensors, a fluorescent compound
conjugated to the antibody assists in the detection of the
pathogen (Arora et al. 2011). The most commonly used
marker routinely is fluorescein isothiocyanate. It is
reported that some lanthanides can also be used for the
same purpose (Aroraetal. 2011).

Currently, fiber optic biosensors (FOBs) are developed for
the detection Listeria spp. and other pathogens as E. coli
0157: H7, Salmonella spp., botulinum and staphylococcal
enterotoxin. (Arora et al. 2011). It has been reported that
OBSs are commonly used in surface plasmon resonance
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(SPR) and evanescent FOB techniques. (Lee et al. 1997;
Turner 2000).

2.1. Surface plasmon resonance based biosensors

Surface plasmon resonance (SPR) biosensor technology is
one of the most promising methods for rapid pathogen
identification (Joung et al. 2007). There is an increase in
the use of SPR-based OBSs that are close to real-time and
allow detection without labeling. With these sensors,
pathogen detection in the food chain can be made directly
and indirectly. (Bergwerff and Van Knapen 2006).
Monoclonal or polyclonal antibodies identified to the
target pathogen facilitated the direct detection. In
pathogen isolation from food, antibodies are immobilized
to the solid phase of the sensor. Antibodies can be used in
inhibition-like analysis. Incubation of antibodies with the
target pathogen prior to detection of unbound antibodies
is envisaged. The free antibodies are screened on the
surface of an SPR sensor coated with either purified
antigens or Fc or Fab binding antibodies. Diagnosis can be
made by SPR analysis on the polymerase chain reaction
products of toxin genes of pathogens. On the other hand,
the possibility of using various metabolic products as
biomarkers has provided the possibility of indirect
detection with SPR biosensors developed (Bergwerff and
Van Knapen 2006).

In the SPR technique, when the target analyte binds to the
ligand immobilized to the transducer surface, the OBS
detects signals where are produced near the top surface of
the sensor, which result from small changes of several
hundred nanometers in the refractive index (Joung et al.
2007;Rich and Myszka 2001). SPR biosensors have been
developed at wide ranges for the direct detection of L.
monocytogenes and other food pathogens. The detection
range was reduced to 102-107 bacteria/ml with developed
sensors at very low levels depending on the type of
detection (Joung et al. 2007).

SPR is defined as an optical event in which resonance is
generated by surface plasmon waves, known as excitation
and increase in density of electrons by polarized light. The
structure of an SPR sensor is formed by a generally gold
metal covering electrically insulating material such as
quartz. The wave area, which is known as the evanescence
wave (EW) field (EWF) and whose amplitude decreases, is
formed between the metal and the insulating material and
spreads to the external environment. Since EW are
exponentially reduced from the surface, surface
interactions can be detected by SPR technique (Dover et al.
2009;Shankaran et al. 2007). When SPR occurs, there is a
significant reduction in reflected light intensity. The
wavelength or angle at which resonance occurs is
dependent on the refractive index (RI) of the other
insulating layer adjacent the metal layer. Resonance
deviations can be determined by monitoring changes in
reflected angle, wavelength or reflection intensity. The RI
of interface can be calculated from the resonance angle or
wavelength (Tubb et al. 1997).

The Krestchmann figuration, which consists of a metal
layer placed on the base of the quartz prism, is popular for
the usage in surface plasmon resonance devices, and the
devices produced on the basis of this figuration are
commercially available. Koubov et al. (2001) were able to
detect L. monocytogenes at 106 cfu/ml by SPR technique
based on the placement of an optical sensor in the classical
Kretschmann prism figuration. Leonard et al. (2004), in
the indirect detection of L. monocytogenes in buffered
solution by SPR technique using BIA3000 detector, firstly
incubated L. monocytogenes with polyclonal rabbit

antibodies and then removed dead bacteria and unbound
antibodies from the solution medium by centrifugation
and determined the amount of antibody, could not form
antigen-antibody complex from the supernatant, by
biosensor they developed. They reported that the
pathogen had been detected as 105 cfu/ml .

In the quantitative and simultaneous detection study of
four different pathogen bacteria with an eight-channel
optical SPR sensor, it reported that the detection at the
level of approximately 3.5x103 cfu/ml may be obtained by
complexing biotinylated rabbit polyclonal antibodies
immobilized on the sensor surface with L. monocytogenes
which prepared in phosphate buffered saline (PBS) at a
concentration of 5x105 cfu/ml (Taylor et al. 2006). Nanduri
et al. (2007) detected the pathogen at 2x106 cfu/ml by
applying the biosensor, which they developed by using the
single-chain scFv antibody expressed from the surface of
Lm P4: A8 coded phage specific ActA, to the SPR technique.

Poltronieri et al. (2009) detected L. monocytogenes at 102-
106 cfu/ml in the SPR technique by using an
immunosensor consisting of secondary antibodies fixed to
the gold electrode. With this study, it was concluded that
the use of SPR sensor in water, vegetable and
environmental samples would be appropriate. In a study
using phage endolysins, firstly affinity levels of endolysins
were determined by using SPR technique in pico and
nanomolar ratios, then endolysins were labeled with
fluorescent marker dyes of various colors. Thereafter,
multiplex determinations could be made both species and
serotype levels with fluorescence microscope in 15
minutes after they were incubated with milk and cheese
samples with inoculated Listeria spp. (Schmelcher et al.
2010).

In a study which a gold-plated microchip biosensor was
designed for the detection of L. monocytogenes and
different pathogens by diffraction-network coupled
surface plasmon resonance imaging, known as combining
the parallel light with surface plasmons, two different
monoclonal anti-Listeria antibodies and one rabbit
polyclonal anti-Listeria antibody and the negative control
antibodies were immobilized on microchips at equivalent
concentrations and analyzed with a sample containing L.
monocytogenes heat-killed at a concentration of 1.65x10°
cfu/ml in PBS with 0.5% Tween 20. It has been found LZF
monoclonal antibody caused deviation with a much larger
resonance angle than LZH1 polyclonal antibody and
reported that the slight differences in the affinity for L.
monocytogenes of the antibodies may be due to the
procedure used to kill the pathogen (Marusov et al. 2012).
Together this study, the single-use chips were opened and
compact microarray sensoric chips were equipped with
antibodies or other specific recognition molecules for
multiplex analyte detection. With these chips, the listerias
can be detected at a detection limit of 106 cfu/ml compared
to other pathogens.

In a study conducted with resonance mirror SPR biosensor
(IAsys) produced by imbolization of MAb-C11E9
monoclonal antibody, which used in immunoseparation
and immunosensor applications, to carboxylate cuvette,
live L. monocytogenes V7 bacteria were detected in high
concentrations such as 1x108, 2.5x108 and 5x108 cfu/ml
(Lathrop et al. 2003). In this study, the lack of signal from
the IAsys sensor was related to the sensing of EWF at 200-
300 nm from the surface. However, in the same study, it
was reported that raw surface proteins extracted from L.
monocytogenes could receive signals. In a study using anti-
InlA monoclonal antibodies with code mAb2B3 prepared
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for the serotype of L. monocytogenes 1/2a on a platform
based on SPR and ELISA, it was reported that virulent L.
monocytogenes could be detected at concentrations of 107
cfu/ml (Hearty et al. 2006).

In a study aimed at the rapid and simultaneous detection
of L. monocytogenes and three food pathogens with surface
plasmon resonance (SPR) biosensors, by analyzing the
homogenates prepared from sonication of suspensions of
different concentrations of pathogens using with SPR
biosensors and sensor chips produced by polyclonal
antibodies spesific to the pathogens, it was concluded that
the working with the precipitates obtained from the
centrifugation of homogenates increased the detection
sensitivity and reported that the lower detection limit of L.
monocytogenes may be 0.7x107 cfu/ml if the detection
from precipitates with a multichannel SPR biosensor is
carried out, even if non-target pathogens are at
concentrations of 105-108 cfu/ml (Zhang et al. 2014).

2.2. Fiber optic based biosensors

Fiber optic-based biosensors (FOBs) are produced from
tapered silica or polystyrene microfiber material for better
transmission and reception of light signals, and react
responsively to EWF changes resulting from RI exchange
when analyte is bound (Arora et al. 2011; Sharma and
Mutharasan 2013; Soni et al. 2018).

FOBs are defined as a sandwich immunoassay based on
collecting target pathogens on a polystyrene guide wave
with a pathogen-specific fluorophore-tagged
biotransmission molecule including antibodies, aptamers
and receptor proteins. FOBs can be used directly in
preenriched/selectively enriched samples in culture media
and results can be obtained within 8-24 hours depending
on pathogen type and assay sensitivity. L.monocytogenes
and many other food pathogens can be used successfully
for identification. The pathogen counts can also be done
since the signal intensity is proportional to the
concentration (Abdelhaseib et al. 2016).

If the sensing surface of fiber is prepared with recognition
biomolecules, the target analytes such as pathogen or toxin
bind to this fluorescent labeled surface. When binding
occurs, they are excited by laser wave (635 nm). The
fluorescent signals being by stimulating are detectable by a
fluorescent detector. If the biomolecule is antibody,
binding can be achieved by avidin-biotin interaction or by
simple adsorption. Such binding can be used as a sandwich
immunoassay system (Arora et al. 2011; Sharma and
Mutharasan 2013; Soni et al. 2018).

When the target analyte is binding to the optical fiber, the
changes in optical yield are observed, surface RI
modulation occurs as an indicator of EWF change. The
fibers operate with minimal loss of light due to the total
internal reflection of the transmitted or passed light in the
fiber core. The emitted light has two components, which
are the core guiding field and exponentially decreasing
EWF in metal coating. In EWF sensing, since interaction
with the environment is important, this can only be
achieved by thinning the metal coating. Because the EWF
has a size of up to several hundred nanometers, the
analyte binding leads to extremely small RI change on the
surface, resulting in significant changes in optical
transmission (Sharma and Mutharasan 2013). The light
emission in fiber is explained by wave theory, and the
properties of light in the core are determined by the
number of modes (N). In multimode fiber, there is a one-
to-one relationship between modes and angle of incidence.
The number of modes is directly related to a unitless
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parameter known as the V value as seen in formula [ (Buck
1995).

In single-mode fiber with uniform diameter, light is
emitted in single mode. However, if the V value changes
throughout the fiber due to changes in shape or local RI of
the fiber, the single mode fiber may exhibit a multimode
fiber property. The matching can be done in modes, in
which case the transmission takes place in multiple mode,
thereby increasing the evanescence ratio of the
transmission. The increase in EWF increases the amount of
light that interacts with the surface immobilized
molecules, thus achieving the purpose of the analysis for
detection.

Veore = (Zn/l)p[ngore - ncz‘over]l/z (M
(In the formula, Vcore: The number of modes p: The central
radius A: The wavelength of the light ncore and ncover: the
core and cover of refractive index values, respectively)

Although various methods have been developed to
increase EWF in FOBs, the most useful one is conical
geometric fibers. There are their some advantages such as
low cost, small size, multi-channel and remote sensing
(Abdelhaseib et al. 2016).

There are two types of conical fiber optic biosensor
(CFOB) geometry useful in today's biosensings. These are
tapered ends and continuous tapered fibers (Sharma and
Mutharasan 2013). Tapered fibers consist of optical fibers
that gradually decrease in diameter to become a micron-
size tip. The tapered tip is used as a sensing element. This
taper of the tip serves as a conductor for collecting the
reactive light, both for receiving light from the light source
and for measuring. At the present time, various conical
geometry tips such as stepped, conical and combined
conical are being investigated extensively for biochemical
and clinical applications. The step-shaped tips are
produced by dipping into hydrofluoric acid, resulting in a
rapid reduction in diameter, resulting in a chemically
etched fiber tip. This geometry was found to be of low
sensitivity due to the weak V number match leading to a
large power loss (Anderson et al. 1993; Kharat et al. 2006).
In contrast, the diameter of the elongated tip, while
retaining its conical shape, is continuously reduced in the
tapered ends and eventually becomes a tip with a
nanometer sized radius. Thus, the advanced optical design
is obtained. The diameter of the combined tapered ends is
reduced non-linearly, which results in a continuous match
of the V number, resulting in very low signal loss
(Anderson et al. 1993). The biorecognizing molecule is
fixed to the conical surface of this region having the
smallest diameter, where the strength of EWF is very high.
The continuous biconic fibers consist of three regions,
which are convergence region or the convex region, the
region of fixed diameter called the waist and the region of
increasing diameter (Rijal et al. 2005). Because of the
waist region in smaller diameter, the EWF is at the
maximum level and this region is used for detections. Here,
absorption, scattering, fluorescence and resonance
changes may occur. Absorption, fluorescence and
transmitted light resulting from fluorescence are collected
in the region of increasing diameter for the purposes of
different diagnostic methods. The two main optical sensing
mechanisms of CFOBs are associated with the severity and
absorption of light. The sensors based on light severity
measurement are ones that have been researched and
used today (Sheeba et al. 2005). When the light is passed
through a tapered fiber, provided that the analytes
attached to the conical surface produce absorption at the
wavelength of the transmitted light, the EWF interaction



[Listeria monocytogenes in Foods with Optical Biosensors]

Van Vet ], 2020, 31 (1) 50-55

with the analytes results in a decrease the transmitted
light intensity and the magnitude of the decrease is
proportional to the analyte concentration. Therefore, the
thinning-tapered fibers can be used only by selecting the
wavelength of light according to the absorption spectra of
the analyte. The magnitude changes in the EWF are
determined by measuring the power output changes in a
uniform unclad fiber or CFOBs. Factors such as bending,
radius, length and taper ratio affect the sensitivity of the
CFOBs because the geometric parameters are effective in
the performance of density-based sensors. The bending of
a tapered fiber increases the EWF ratio in the detection
region, thus increasing the measurement accuracy (Diaz-
Herrera et al. 2003; Guo and Albin 2003; Mackenzie and
Payne 1990; Mignani et al. 1998; Sheeba et al. 2005;
Villatoro et al. 2005). Similarly, the smaller radius provides
a higher sensibility (Diaz-Herrera et al. 2003). The longer
fibers are used to increase the penetration depth at
shorter wavelengths (Chen 2004). On the other hand, the
tapered region at the bottom also enables the lower row
modes to be efficiently matched to the higher row modes
in the fiber cover (Guo and Albin 2003).

A light model is to define the relationship of penetration
depth with refractive index, conical ratio, length, angle of
incidence, numerical aperture and position on conical axis.
In this model, the optimal taper ratio (taper
diameter/fiber diameter) is required for sensitive
response. When the taper ratio is large, EWF can be
omitted, but this leads to a decrease in sensor accuracy.
Similarly, if the conical ratio is small, the mode propagates
so high that it tends to be a free-space wave, causing low
signals to be sent to the detector, resulting in a decrease in
sensor sensitivity (Ahmad and Hench 2005; Bures and
Ghosh 1999). Due to the above mentioned reasons, the
choice of the optimum conical ratio takes into account the
optical properties of the medium or solution in which the
sample is analyzed and the wavelength used.

Currently, FOBs with various antibodies are being
developed for the detection of L. monocytogenes, other
food pathogens, botulinum toxin and staphylococcal
enterotoxins. Sample analysis in buffer solutions can be
easily performed. If non-target molecules are present in
the sample matrix, their non-specific binding to
recognition molecules may interfere with detection (Arora
etal. 2011).

In a study in which L. monocytogenes was determined to be
4.3x103 cfu/ml in medium culture by the combination of
FOBs and antibody-based sandwich fluorescence
technique, it was found that the sensor was specific to L.
monocytogenes and is reported that there is no decrease in
the received signal strength in the presence of various
Listeria species and microorganisms in the medium
(Aguilar and Fritsch 2003). In addition, in this study, it was
remarked that the pathogen was detected by 24 h
enrichment from bologna type sausages with hotdog
prepared by inoculation of L. monocytogenes with another
FOB with 10-103 cfu/g. In another L. monocytogenes
detection study of <10 cfu/ml at count over 20 hours using
FOB and EWEF, it was reported that enrichment increased
antigen expression, an increase in detection occurred, and
total detection time after enrichment did not exceed 20-45
minutes (Tims et al. 2001). In a study conducted with FOB
developed by using polystyrene guide wave for multiplex
determination of L. monocytogenes and three other
important pathogen bacteria from fast food meat products,
it was reported that FOB determined these pathogens
multiplex at a concentration of 103 cfu/ ml from bovine,
chicken and turkey meat samples after inoculated at a

level of approximately 102 cfu/25 g from each pathogen
following to incubated 18 h. Furthermore, it is stated that
each pathogen can be identified successfully in less than
24 hours from enriched meat samples with FOB in this
study (Ohk and Bhunia 2013). In another study in which
the combination of antibody and aptamer was shown to be
a functional FOB model, it has been reported that L.
monocytogenes could be detected as 103 cfu/ml in both
pure and mixed bacterial cultures with Aptamer-A8, which
is a single specific ligand targeted to internalin A in single
chain and oligonucleotid structure, and biotinylated
polyclonal P66 antibody. In addition, it is stated that this
method has the potential to detect the pathogen in case 18
hours of enrichment is made after the inoculation of L.
monocytogenes as 102 cfu/25 g in low rate for ready-to-eat
meat products such as sliced meat, chicken and turkey
(Ohk et al. 2010).

OBS's superiority in selectivity and sensitivity in the
research of foodborne pathogens has put these sensors in
the most popular category. Among the OBSs, the FOSs are
the first commercial sensors marketed by Research
International (Monroe, WA) (Arora et al. 2011). It is
reported that L. monocytogenes can be detected with a
predefined commercial FOS end sensor (RAPTOR™) (Kim
et al. 2006). In a hot dog sample with this sensor, it was
reported that the pathogen in the buffer solution could be
identified as 5.4x107 cfu/ml, and if the flow process was
applied, the number could be reduced to 1x103 cfu/ml
(Nanduri et al. 2006). In the study of bologna sausages
and hotdog ones contaminated at a rate of 10-1000 cfu/g
and ones contaminated in a natural way, biotin-
streptavidin reaction was used to collect pathogen on
optical fiber and the identification was completed by using
polystyrene fiber waveguides in less than 24 hours (Geng
et al. 2004). In a study in which an optical biosensor was
developed to use quantum dots with magnetic nano beads
for rapid and specific detection of L.monocytogenes and the
fluorescence intensity was measured with a probe
produced from optical fiber material, L. monocytogenes
was isolated in very short time as 1.5 hours in decimal
dilutions prepared from pure cultures and counted very
low concentrations such as 2-3 cfu/ml (Wang et al. 2007).

In conclusion, to date, pathogen determinations have
generally been made by performing binding affinity, which
can vary or degrade between antibodies and specific
antigens. In this sense, biosensors are easy to use, close to
real-time results in sensitivity and selectivity comparable
to culture methods. With these devices, highly complex
samples can be studied without the need for enrichment,
without significant reduction in sensitivity or selectivity.
Their uses are critical in providing on-site monitoring of
pathogens from food matrices. Despite the current
research, their potentials can be increased in many
respects, especially the specificity of distinguishing target
bacteria from multiple organism matrices, direct bacterial
detection sensitivity without any enrichment, getting close
to real-time results, overcoming natural technical
deficiencies, and reducing false positive result numbers. It
has become controversial due to the need to check for
reliability, robustness and reproducibility in bacterial
detection. Another important consideration is the design,
which is relatively simple and inexpensive. The
conventional enrichment and identification methods of L.
monocytogenes have proven to be highly sensitive.
However, the practical application of these methods is
slow due to the multi-step processing of samples during
analysis, such as enrichment and separation.
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Biosensor-based methods are needed for accurate and
rapid detection. Among the biosensors used in
identification, optical ones provide better sensitivity than
others, especially electrochemical ones, but this method is
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ABSTRACT

In this study, a 2-year-old female rock pigeon and two 4-month-old tumbler domestic pigeon brought to
Erciyes University, Faculty of Veterinary Medicine, Department of Pathology, for necropsy were diagnosed as
tuberculosis. On the macroscopic examination, several nodules with yellowish colour were seen in the
pulmonary sections as well as in the rock pigeon. The grey-yellowish nodules were found on the right wings
(1x1.5x 0.8 cm in size), the liver surface and the jejunum in the small intestine (with a size ranging from 0.5-
1 mm to 1 cm) and near the craw (0.3 x 0.8 cm in size) of the one tumbler pigeon. In other, grey-yellowish
nodular structures were seen in the lungs 1 x 1.2 x 0.5 cm and 0.5 x 0.7 x 0.6 cm in the liver. Histopathological
examination showed that these lesions were tuberculous lesions consisting of homogeneous eosinophilic
colourized casein necrosis, surrounding multi-nucleated giant cells, epithelioid histiocytes, histiocytes,
lymphocytes and, most extensively, typical tubercles with a fibrous capsule. According to In the Ziehl-Neelsen
staining, tuberculous bacillus was not observed in the tissue of rock pigeon, while tuberculous bacillus was
found in a large number of dense red in tubercle structures in both of the tumbler pigeons. Because of the
zoonotic nature of the agent and the risk of contamination, it was evaluated as a case report.

Keywords: Histopathology, Pigeon, Tuberculosis

0z

iki Giivercin Siiriisiinde Spontanéz Tiiberkiiloz Vakalari

Bu ¢alismada, Erciyes Universitesi Veteriner Fakiiltesi Patoloji Anabilim Dalr’na nekropsi amaciyla getirilen 2
yash disi kaya-cami giivercini ve 4 aylik 2 adet evcil taklaci giivercinde tiiberkiiloz olgusu tanimlandi.
Makroskobik incelemede, kaya giivercininde kasektik tablo ile birlikte akciger kesitlerinde toplu igne basi
biiyiikliigiinde sarimtirak renkte birka¢ nodiil goriildii. Taklaci giivercinlerin bir tanesinin sag kanat altinda
gri-sarimtirak renkte 1 x 1.5 x 0.8 cm ebatlarinda, karaciger yiizeyinde ve barsakta jejunum iizerinde 0.5-1
mm’den 1 cm’ye kadar degisen biiytikliikte, kursaga yakin 0.3 x 0.8 cm’lik gri-sarimtirak renkte nodiillerin
varlig1 dikkati ¢ekti. Diger taklaci giivercinde ise akcigerde 1 x 1.2 x 0.5 cm ve karacigerde 0.5 x 0.7 x 0.6 cm
ebatlarinda gri-sarimtirak renkte nodiiler yapilar goriildi. Histopatolojik incelemede bu nodiiller lezyonlarin
homojen eozinofilik renkte kazeifikasyon nekrozu oldugu, bunlarin ¢evresinde ¢ok cekirdekli dev hiicreleri,
epiteloid histiyositler, histiyosit, lenfosit ve en dista da fibréz bir kapstilden olusan tipik tiiberkiillerden
olusan tiliberkiiloz lezyonlar1 oldugu gozlendi. Yapilan Ziehl-Neelsen boyamasinda kaya giivercininde
tliberkiiloz basilleri gozlenmezken, taklaci giivercinlerin her ikisinde de tiiberkiil yapilarinda ¢ok sayida
yogun kirmizi renkte kiiciik kiimeler halinde tiiberkiiloz basilleri tespit edildi. Etkenin zoonoz karakterde
olmasi ve kontaminasyon riski nedeniyle olgu sunumu seklinde degerlendirilmistir.

Anahtar Kelimeler: Giivercin, Histopatoloji, Tiiberkiiloz

INTRODUCTION

Tuberculosis is a chronic and contagious disease caused by
Mycobacterium avium in poultry (Thoen and Karlson
1991). Although most of the poultry tuberculosis is
reported in chickens (Gonzalez et al. 2002), it has also
been reported in turkey (Gerhold and Fischer 2005), goose
(Orug¢ and Bali 2004), pigeon (Bougiouklis 2005; Terim
Kapakin et al. 2010; Terim Kapakin and Algigir 2009),
ostrich (Garcia et al. 2001), quail (Tell et al. 2003),

pheasant (Hsieh et al. 2009), psittacine birds (Lennox
2007), parrots, budgerigars, canaries, eagles and other
domestic and wild birds (Thoen and Karlson 1991). In
particular, while pigeons are highly resistant to M. avium
infection, pheasants are susceptible to disease (Singbeil et
al. 1993; Hejlicek and Treml 1994).

In poultry tuberculosis without clinical-pathological
findings, the transmission is transmitted through
respiration and digestion (infected feed and water), so that
infected birds can infect each other and humans (Thoen
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and Karlson 1991; Moébius et al. 2006; Fulton and Thoen
2000; Ozcan et al. 2001; Kriz et al. 2010).

In recent years, the zoonosis tuberculosis has been
observed in the pigeons, was fed for a hobby. Due to effects
on public health, this research plays an important role in
providing different perspective on literature.

CASE HISTORY

In the study, cachexia 2 years old, a female rock- mosque
pigeon (Columba livia) and cachectic and other non-
diarrhea without any signs of death were seen in two 4-
month old tumbler pigeons (Columba domestica) were
brought in the Erciyes University, Faculty of Veterinary
Pathology Department in order to necropsy.

In this study 200 food handlers from different plants were
interviewed. Questionnaires were responded individually,
in the presence of the researcher, 30 minutes time
required for completion.

Tissue samples from pigeons with systemic necropsy were
detected in 10% buffered formaldehyde. The detected
tissues were blocked after trimming and the sections of 5-
6 micron thickness were stained with hematoxylin-eosin
(HE). In addition, selected sections were stained with
Ziehl-Neelsen (ZN) method and evaluated under a light
microscope.

In rock pigeon necropsy, no macroscopic lesion was found
except a few yellowish nodules on the lung sections. In the
necropsy of one tumbler pigeon, one nodule, 1 x 1.5 x 0.8
cm, (Figure 1A) was located under right wing of one of
them, other was on the surface of liver that has grown
considerably and has a size ranging from 0.5-1 mm to 1 cm
(Figure 1B) and on the jejunum of the intestine (Figure
1C). The grey-yellowish nodules, 0.3 x 0.8 cm, were found
near the craw (Figure 1D).1 x 1.2 x 0.5 cm (Figure 2A) and
0.5x 0.7 x 0.6 cm grey-yellowish nodular (Figure 2B) were
seen in the lung and in the liver, respectively in the other
tumbler pigeon.

Figure 1. A. View of the mass of 1 x 1, 5 x 0,8 cm in gray-
yellowish color under wing. B. The appearance of nodular
structures ranging from 0.5-1 mm to 1 cm on the enlarged
liver surface. C-D. Appearance of gray-yellowish nodules
0,3 x 0,8 cm on the jejunum.
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Figure 2. Lung 1 x 1, 2 x 0,5 cm (A), liver in the size of
0.5x0.7x0.6 cm (B) size of the gray-yellowish-colored
nodular structures.

Histopathological examination showed that these lesions
were tuberculous lesions consisting of homogeneous
eosinophilic colourized casein necrosis, surrounding
multi-nucleated giant cells, epithelioid histiocytes,
histiocytes, lymphocytes and, most extensively, typical
tubercles with a fibrous capsule in the rock pigeon of lung
and spleen (Figure 3 A, B, C, D). Tuberculosis bacilli were
not observed in Ziehl-Neelsen staining. In both of the
tumbler pigeons, several caseous necroses of homogenous
eosinophilic including multiple masses in the lungs, liver,
spleen and intestines, below the wings, multinucleated
giant cells, epithelioid histiocytes, histiocytes, lymphocytes
and extrinsic a fibrous capsule are observed. (Figure 4 A, B,
C, D, E). In Ziehl-Neelsen staining, tubercles were observed
in small mass of tuberculosis bacilli (Figure 4 A’, B’, C’, D’,

the lungs (A, B, C), in the homogenous eosinophilic case, in
case of necrosis of caseinification, multinucleated giant
cells around it, epitheloid histiocytes, histiocytes,
lymphocytes and a fibrous capsule at the outermost.
Necrosis of caseinification in the spleen (D) homogenous
eosinophilic color, the appearance of multinucleated giant
cells around them, H x E.
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Figure 4. Lung (A), liver (B), mass under wing (C), spleen
(D) and intestine necrosis focuses on homogenous
eosinophilic color in intestines (E), multinucleated giant
cells around them, epithelioid histiocytes, histiocytes,
lymphocytes and the outermost appearance of typical
tubercle structures consisting of a fibrous capsule, HxE.
Tuberculosis bacilli in small clusters in the tubercle
structures found in the lung (A", liver (B’), mass under the
wing (C"), spleen (D’) and intestines (E’), ZN.

DISCUSSION

Rarely, tuberculosis in domestic animals has been
observed and not only tuberculosis but also poultry
tuberculosis has played an important role in zoonotic
infections. Therefore, poultry tuberculosis is a disease with
high mortality and morbidity and is of great importance
because it is highly contagious (Fulton and Thoen 2000;
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