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in Vitro Et’e Karsi Olan Tutumun Arastirilmasi: Erzurum Meslek Yiiksekokulu
Ogrencileri Ornegi

Alper BARAN**
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Ozet: Artan diinya niifusu nedeniyle ete olan talep giiniimiizde siirekli olarak artmaktadir. Mevcut kaynaklarin yetersiz olusu,
etik kaygilar, hayvan refahi gibi faktorler alternatif et kaynaklarinin kesfi konusunda yeni galismalar yapmaya tesvik
etmektedir. Bu alternatiflerden biri de temelde bir laboratuar ortaminda Uretilen in vitro ettir (IVE). IVE olduk¢a yeni ve
bilinmeyen bir alternatif oldugundan, tiketicilerin Grline karsi algilarinin ve algilarini etkileyen parametrelerin ortaya
konulmasiyla ilgili ¢alismalara ihtiya¢ duyulmaktadir. Bu baglamda, mevcut arastirmamiz, IVE'ye karsi genel tutumlari
arastirmak ve tiiketicilerin tutumlari Gzerinde bazi 6ngorici faktorlerin bir etkisi olup olmadigini incelemek igin kurulmustur.
Calisma Atatiirk Universitesi Erzurum Meslek Yiiksekokulunda okuyan 80 erkek ve 81 kadin égrenci katihmci kullanilarak
kurulmustur. Katilimcilara sorulan tim sorular 1 + 5 likert tipi 6lgekte sunulmustur. Katilimcilar IVE'yi denemeyeceklerini
belirttiyse, diger takip sorulari sunulmamistir Daha sonra tim katihmcilara, hangi kosullarda IVE'yi denemek
istemeyeceklerini arastiran ¢ok yénlii bir secenek verilmistir. istatistiksel analizler, 8grencilerin bir sekilde IVE tiiketmeye
istekli olduklarini gstermektedir. Diger taraftan IVE tiketimi konusunda tat/gérintsin éncelikli engel oldugu belirlenmistir.
Bununla birlikte, cinsiyet ve et tiiriiniin, IVE'ye yonelik tutumda en 6nemli degiskenler oldugu tespit edilmistir. Ancak elde
edilen tim sonuglar IVE algisi konusunda derin bir karmasinin oldugunu gostermektedir. Calisma kiigik olgekli olsa da, IVE'ye
yonelik algilarin 6lglilmesinde énemli bir adim oldugu ve IVE konusu hakkinda daha fazla arastirmanin gerekliligini ortaya
koymustur.

Anahtar Kelimeler: In vitro et, Ogrenciler, Tutum.

A Survey on the Investigation of Attitude Against In Vitro Meat: An Example of Erzurum Vocational
School Students

Abstract: The demand for meat is constantly rising due to the increasing world population. Factors such as insufficient
resources, ethical concerns, and animal welfare encourage the new studies to discover alternative meat sources. One of
these alternatives is in vitro meat (IVM), which is produced in a laboratory condition. Since IVM is a fairly new and unknown
alternative, studies are needed to find out consumers' perceptions and parameters that affect their perception. In this
context, our current research was established to investigate general attitudes towards IVM and to examine whether some
predictive factors have an impact on consumers' attitudes. The study was established using 80 male and 81 female students
attending Atatiirk University Erzurum Vocational School. All questions asked to the participants are presented ona 1+ 5
likert type scale. If the participants stated that they would not try IVM, other follow-up questions were not submitted.
Then, all participants were given a versatile option, which investigated under what conditions they would not want to try
IVM. Statistical analysis shows that students are somehow willing to consume IVM. On the other hand, it has been
determined that taste/appearance is the primary obstacle in terms of IVM consumption. At the same time, it has been
determined that gender and meat type are the most important variables in attitude towards IVM. However, all the results
show that there is a deep confusion about the perception of IVM. Although the study is small-scale, it has revealed that it is
an important step in measuring the perceptions of IVM and the need for further research on the subject of IVM.

Keywords: In vitro meat, Attitude, Students.

Giris

Gelismekte olan dlkelerde, nifus ve gelir refahi gibi sebeplerden o6tiri 6nemli bir endise
blylmesinin kisi basina daha fazla hayvansal kaynagidir (Bryant ve Barnett, 2018). Bu endiseler,
kaynakli protein tiketimine neden oldugu ve bu protein kaynagl olan besinlere olan talebin

sekilde et tlketiminin 2050 yilna kadar yaklasik
%73 oraninda artacagl tahmin edilmektedir
(McLeod, 2011). Ancak et Uretiminin gergeklestiril-
digi mevcut tesisler, yeralti suyu kirliligi ve sera gazi
emisyonlari gibi cevresel etkilerin yani sira
hastaliklarin kaynagi olma potansiyeli ve hayvan

onlimiizdeki on vyillar boyunca artmaya devam
edecegi tahminleriyle birlestiginde, daha
surdurilebilir, besleyici ve hayvan refahina duyarh
Uretim yontemlerine acil ihtiya¢ oldugu gorisuni
ortaya ¢ikarmistir. Bu noktada ¢6zUm igin son
yillarda ortaya c¢ikmis olan terimlerden biri de
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hiicresel tarimdir. Bu yontemle laboratuvar
kosullarinda kdltirleme teknikleri kullanilarak tipik
olarak  hayvanciliktan elde edilen drinler
Uretilebilmektedir. Doku mihendisligine dayali
hicresel tarim, canh hayvanlardan alinan hiicre
veya hiicre hatlari kullanilarak in vitro et (IVE)
Uretimine de imkan tanimaktadir. Bu yontemle
geleneksel  hayvancilik  yontemlerine  kiyasla
minimum miktarda hayvansal doku ile ylksek
miktarda tiketilebilir nitelige sahip doku liretmek
mimkiin olabilmektedir. Baslangic materyali olan
hicreler, bir biyopsi prosediirt  kullanilarak bir
hayvandan alinabilmektedir (Post ve ark., 2014;
Stephens ve ark., 2018).

Gilnlmizde bu amaca yonelik olarak ABD,
Hollanda ve Israil’de faaliyet gdsteren sirasiyla
Memphis Meats, MosaMeat ve The Kitchen
Foodtech Hub adli firmalar tarafindan prototip IVE
Uretimi yapilmis ve heniiz ticari olarak mevcut
olmasa da bes yil icinde IVE’nin ticari olarak satisa
sunulacag! tahmin edilmektedir. Bazi arastirmacilar
tliketici kabulliiniin IVE'nin 6nuindeki en bliylik engel
olabilecegini ileri slirmugseler de IVE'nin ticari bir
boyut kazanmasi ve GDO'lar gibi benzer gida
teknolojilerinin tiketici tarafindan yaygin bir sekilde
reddedilmesi géz 6nine alindiginda, artik IVE'nin
tiketici tarafindan kabul gormesine yonelik giderek
artan 6nemli bir ilgi mevcuttur (Stephens ve ark.,
2018; Sharma ve ark., 2015).

IVE'nin  tilketici tarafindan kabul gorip
gormeyecegi son vyillarda gesitli calismalara konu
olmustur. Stephens ve ark. (2018) yakin bir
zamanda bunu sistematik bir incelemenin parcasi
olarak arastirmislardir. Bununla birlikte IVE’'ye olan
ilgiye  yonelik bu tlirden bircok ¢alisma
yayinlanmistir. Bu baglamda (ilkemizde heniiz bu
konuyu irdeleyecek anket dizeyinde toplumun
algilarini 6lgmeye yonelik yapilmis bir ¢alisma
bulunmamaktadir. Bu acidan mevcut
arastirmamizda kuglk Olgekli olarak Erzurum
Meslek Yiksek Okulu’nda IVE’e yonelik algilarin
ortaya konulmasi hedeflenmistir. Elde edilen
bulgularin, yeni gida teknolojilerini kamuoyunda
anlamaya calisan arastirmacilar ve endustride IVE
gelistiren arastirmacilar igin  yararli  olacag
umulmaktadir.

Materyal ve Metot

Deneysel tasarim: Eylll ve Kasim 2019 arasinda
yapilan vyiizylize bir anketle IVE olan algilar
incelenmistir. Bu ankete katilim tamamen anonim ve
gonliilli olarak belirlenmis ve anket baslangicinda bu
durum katihmcilar tarafindan onaylanmistir. Veri
toplamak igin hazir bir potansiyelinin bulunmasi ve
giincel teknolojik gelismelerden yaygin medya
araciligiyla bilgi sahibi olma potansiyeli yiksek olan

gen¢ popllasyon yogunlukta oldugu icin Erzurum
Meslek Yuksekokulu bu anketin vyeri olarak
secilmistir.

ilk olarak katiimcilara yaslar, cinsiyetleri,
egitim duzeyleri, yillik gelirleri ve et tuketimleri
hakkinda sorular sorulmustur. Bunu takiben
katihmcilardan IVE’ye olan algilari sorulmustur. Tim
katilimcilara katilimdan 6nce tasarlanan deneme
hakkinda kisa bir bilgilendirici metin verilmistir.
Anket sorulari Wilks ve Phillips (2017)’in bildirdigi
sekilde dizenlenmistir (Ek 1).

Katihmcilara, IVE'yi normal ete goére nasil
algiladiklari hakkinda bir dizi soru sorulmustur. Bu
sorular 1 (¢cok daha fazla) ile 5 (¢cok daha az)
arasinda degisen Likert tipi bir 6lgekte sunulmustur.
Bunu takiben katilimcilardan, IVE'nin ticari olarak
mevcut oldugunu ve tekrar Likert tipi bir 6lgekte (1
(kesinlikle evet)- 5 (kesinlikle hayir)) denemek
isteyip istemediklerini konusunda cevap istenmistir.
1 + 4 arasinda bir segenek belirlediyse katilimcilar-
dan, bu drini satin alma, deneme ve tliketme
isteklerini ve normal ete gore ne kadar para 6demek
istediklerini inceleyen bir dizi soru sorulmustur. Tim
sorular 1 = 5 likert tipi Olgekte sunulmustur.
Katihmcilar IVE'yi denemeyeceklerini belirttiyse,
diger takip sorulari sunulmamistir. Daha sonra tim
katilimcilara, hangi kosullarda IVM'yi denemek
istemeyeceklerini arastiran ¢ok yonli bir secenek
verilmistir. Katilimcilara daha sonra su anda hangi et
tirlerini  yediklerini ve in vitro ydntemlerle
uretildikleri takdirde hangi et tirlerini yemek
isteyeceklerini irdeleyen iki ¢cok cevapli soru daha
verilmistir.

istatiksel analizler: Veriler, SPSS istatistik
programi kullanilarak analiz edilmistir. Analizler,
hem ikili hem de ¢ok degiskenli lojistik regresyon ile
gerceklestirilmistir. Lojistik regresyon modelleri igin
logit link fonksiyonu kullaniimigtir. Normal et ve her
bir et c¢esidinin IVE'sini vyiyecegini bildiren
katilimcilarin oranindaki farkliliklar, ciftler halinde
Fisher's Exact testi ile analiz edilmistir.

Bulgular

Bu calismada, Tirkiye’'de ilk defa IVE'ye yonelik
tutumlar kiictk o6lgekli olarak Erzurum Meslek
Yiiksekokulu 6grencilerinde incelenmistir. Ankete
yaslari 18 ile 37 arasinda (Ort=21,7, SS=2,9) degisen
toplam 161 katiimci (80 erkek ve 81 kadin) dahil
edilmistir. Katihmcilara ait istatistiki bilgiler Tablo
1’de verilmistir. Ankete katiim gosterenlerin IVE ile
ilgili algilarinin 6l¢lilmesi icin sorulan sorular ve
alinan cevaplara iliskili oranlar Tablo 2'de
verilmistir. Anket katihmcilarinin dogal yollarla elde
edilen ete gore IVE algilarina dair sonuglar Tablo
3’te gosterilmistir. IVE'ye yonelik bireylerin mevcut
sahip oldugu tutumlarini agiklayan ifadelere karsilik
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alinan yanitlar Tablo 4’te gosterilmistir. Ankete
katilanlarin  6nemli bir 0Ongoriici faktér olan
cinsiyetlerine gore IVE'ye yonelik algilarinin yer
aldigi istatiksel analizler Tablo 5’te gosterilmistir.

Tablo 1. Arastirmada kullanilan demografik yanitlar

Kategorik Degiskenler
Soru/cevap secenekleri Cevap sayisi Oran (%)

Cinsiyet
Erkek 80 49,7
Kadin 81 50,3
Gelir
> 10000 TL 18 11,2
2000-3000 TL 103 64,0
3000-4000 TL 6 3,7
4000-5000 TL 23 14,3
6000-7000 TL 10 6,2
8000-9000 TL 1 0,6
Gida Tiiketim Aligkanhklan
Kirmizi Et 127 78,9
Sadece baliketi 1 0,6
Sadece tavuk eti 27 16,8
Vegan 2 1,2
Vejeteryan 4 2,5
Diger Degiskenler

Ortalama (0) Ss
Yas 21,7 2,9
Diyeti olusturan et ytizdesi 39,6 23,5

SS: Standart sapma

Tablo 2. Katimcilarin IVE ile ilgili algilari.

IVE denemek ister misiniz? Cevap sayisi  Oran (%)

Emin degilim 34 21,1
Evet muhtemelen 32 19,9
Evet kesinlikle 30 18,6
Hayir kesinlikle olmaz 45 28,0
Hayir muhtemelen degil 20 12,4
Diizenli olarak IVE yer misiniz?*

Emin degilim 39 40,6
Evet muhtemelen 17 17,7
Evet kesinlikle 3 3,1
Hayir kesinlikle olmaz 12 12,5
Hayir muhtemelen degil 25 26,0
Normal et yerine IVE yemeye istekli misiniz? *

Emin degilim 41 42,7
Evet kesinlikle 6 6,3
Evet muhtemelen 14 14,6
Hayir kesinlikle olmaz 9 9,4
Hayir muhtemelen degil 26 27,1

Eger IVE satin alacak olsaydiniz, normal ete kiyasla ne
kadar 6demek isterdiniz?

Biraz daha 6 6,3

Biraz daha az 42 43,8
Daha az 38 39,6
Ne fazla ne eksik 10 10,4

*IVE denemeye istekli olmadigini (kesinlikle ve muhtemelen
hayir)  bildiren  katilimcilar  sonraki  sorularin  diginda
tutulmustur.

Tartisma ve Sonug

Elde edilen sonuglar, 6grencilerin biylk bir
¢ogunlugunun IVE tuketmeye istekli olduklarini
gostermektedir. Katilimcilarin yaklasik Ugte biri
IVE'yi (muhtemelen ya da kesinlikle)
deneyebilecegini, yine yaklasik Ugte biri ise bunu
deneyemeyecegini (muhtemelen ya da kesinlikle)
belirtmistir. Bununla birlikte, dizenli olarak IVE
yiyebilecegini belirten katilimci sayisi distktir. Bu
baglamda katihmcilarin yaklasik beste biri duzenli
olarak IVE yiyebilecegini belirtmistir (muhtemelen
veya kesinlikle). Bu durum, katihmcilarin IVE
denemeye istekli olmasina ragmen, dizenli olarak
tiketime dair daha gugli c¢ekincelere sahip
oldugunu gostermektedir. Yapilan benzer
calismalarda (Wilks ve Phillips, 2017; Slade, 2018;
Hocquette ve ark., 2015) da genel olarak, ¢ogu
tiketicinin IVE'yi denemek istedigi, ancak nispeten
kiigik bir oranin normal et veya diger et
alternatiflerine gore sececegi gosterilmistir. Pratikte
bu tercihin tat, fiyat ve popdllerlik gibi bir dizi
faktore dayali oldugu dusunilmustir. Ancak IVE
Uretimi su anda ticari olarak mevcut olmadigindan,
bunlari net olarak acgiklamak igin henliz erken
oldugu disliniImastir.

IVE tliketimine katilim icin potansiyel engeller 4
kategoride toplanmistir. Bu nedenleri belirten
katilimcilardan % 35'i (n = 82) Griiniin tat/gorindsa,
% 27’si (n = 63) etik kaygi, % 14’0 dini gerekgeler (n
= 33) ve % 19'u (n=45) diger sebeplerden 6tiri IVE
tiketimine mesafeli yaklagsmaktadir. Tim sonuglar
gbz oOninde bulunduruldugunda tat/g6rinisin
oncelikli engel oldugu ve ardindan etik kaygi oldugu
gorulmektedir. Bu bulgular tat/goéruntsiun IVE
tiketim uygulamalarina katilmanin ontindeki en
onemli engel oldugunu ©One siren o©nceki
arastirmalarla uyumludur (Bryant ve ark., 2019;
Stephens ve ark., 2018; Tucker, 2014; Wilks ve
Phillips, 2017).

Mevcut arastirmamizda  katilimcilara  6n
bilgilendirme yapilarak konu hakkinda kisa bir bilgi
verilmistir. Yapilan konu ile ilgili diger ¢alismalarda
kabul 6élglimlerinin 6nceden yapilan bilgilendirmeye
duyarh oldugunu géstermektedir. Ornegin Verbeke
ve ark. (2015a), katihmcilara gevre ve halk saghg
icin faydalari hakkinda ek bilgi verildiginde
kendilerine bildirilen IVE icin daha fazla deneme,
satin alma ve daha fazla 6deme yapma istekliliginin
arttigini tespit etmislerdir. Bu bulgu, Bekker ve ark.
(2017) ve Marcu ve ark. (2015) tarafindan da
bildirilmistir. Ancak mevcut arastirmamizda bu
durumun degerlendirilmesine ydnelik bir 6lgim
yaptimamistir.

Hem normal ete kiyasla hem de IVE'ye yonelik
genel algilar incelenmistir. Katilimcilar, IVE'nin daha
az saghkli, daha az dogal, daha az gekici, normal ete
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Tablo 3. Normal ete kiyasla ortalama IVE algilari (1 ¢ok daha fazla - 5 ¢ok daha az).

Sorular Ortalama SS
Sizce IVE’nin, normal etle karsilastirildiginda ne kadar saghkli oldugunu diigiintiyorsunuz? 3,93 1,20
Sizce IVE’nin normal etle karsilastirildiginda ne kadar dogal oldugunu disiniiyorsunuz? 4,28 1,03
Sizce IVE’nin, normal ete kiyasla ne kadar gevre dostu oldugunu dislniiyorsunuz? 3,13 1,47
Sizce IVE’nin normal et ile karsilastirildiginda ne kadar etik oldugunu distntyorsunuz? 3,60 1,22
Sizce IVE’nin normal et ile karsilastirildiginda ne kadar g¢ekici oldugunu diistiniiyorsunuz? 3,89 1,22
Sizce IVE’nin, normal et ile karsilastirildiginda ne kadar lezzetli olacagini distntyorsunuz? 4,11 1,09
Hayvanlardan insana bulasici hastalik transferi igin IVE ile normal et karsilastirildiginda riskinin ne

kadar olacagini diisliniyorsunuz? 3,49 1,37
Kuresel dlzeyde, et talebinin karsilanmasinda laboratuvarda uretilen etlerin kullanilmasi, normal

etten daha ucuz veya daha pahali olacagini diistiniiyor musunuz? 2,79 1,42

Tablo 4. IVE'ye yonelik tutumlarla ilgili ifadeler (1 kesinlikle katiliyorum - 5 kesinlikle katiimiyorum)

Soru Ortalama SS

IVE, dogal degildir 1,78 1,07
IVE, dogaya saygisizliktir 2,49 1,34
IVE, diinyadaki mutlu hayvan sayisini azaltacaktir 2,57 1,54
IVE, insanlarin yenilme ihtimalini artiracaktir, yani yamyamlik meydana gelebilir 3,04 1,47
IVE etiktir 3,14 1,31
IVE, hayvan refahi kosullarini iyilestirir 2,81 1,43
IVE diinyadaki kitlik sorunlarini ¢ézebilecektir 2,58 1,33
Gelecekte, IVE, normal etlere uygulanabilir bir alternatif olacaktir 2,70 1,31
IVE, kiiresel isinmanin giftgilikle ilgili etkisini azaltacaktir 2,63 1,37
IVE Uretiminin geleneksel giftgiler Gzerinde olumsuz etkisi olacaktir 1,94 1,26

Tablo 5. Regresyon katsayilari, P degerleri, Olasiliklar orani ve gtiven araliklari ile cinsiyetten 6nemli 6lgtide etkilenen IVE anketine ortalama
erkek ve kadin yanitlari (1: gok daha fazla/kesinlikle katiliyorum/kesinlikle evet; 5: ok daha az/kesinlikle katilmiyorum/ kesinlikle hayir)

Soru Erkek Kadin Regresyon P degeri 00 %95 GA
Katsayisi
(B)

Daha 6nce IVE terimini uydunuz mu? (1=Evet, 2=Hayir) 1,69 1,65 0,79 >0,05 1,082 0,50-2,33
Sizce IVE’'nin, normal etle karsilastirildiginda ne kadar saglkl

oldugunu diisiiniiyorsunuz 4,15 3,70 -,642 <0,05 0,53 0,33-0,83
Sizce IVE’nin, normal ete kiyasla ne kadar gevre dostu oldugunu

dusgtintyorsunuz? 3,00 3,26 ,519 <0,05 1,68 1,18-2,38
Sizce IVE'nin normal etle karsilastirildiginda ne kadar etik oldugunu

dustntyorsunuz? 3,56 3,63 ,452 <0,05 1,57 1,03-2,40
Sizce IVE'nin normal et ile karsilastirildiginda ne kadar gekici

oldugunu distiniiyorsunuz? 3,98 3,81 -,277 >0,05 0,76 0,50-1,16
Sizce IVE'nin, normal etle karsilastirildiginda ne kadar lezzetli

olacagini duistiniiyorsunuz 4,15 4,06 ,171 >0,05 1,19 0,76-1,85
IVE denemek ister misiniz? 3,28 2,95 -,188 >0,05 0,83 0,58-1,18
IVE, dogal degildir 1,81 1,74 ,310 >0,05 1,36 0,88-2,11
IVE etiktir 3,26 3,01 -,269 >0,05 0,76 0,52-1,12
Gelecekte, IVE, normal etlere uygulanabilir bir alternatif olacaktir 2,73 2,68 -,055 >0,05 0,95 0,72-1,25
IVE, kiiresel isinmanin giftgilikle ilgili etkisini azaltacaktir 2,78 2,49 -,198 >0,05 0,82 0,60-1,12
IVE Uretiminin geleneksel giftgiler Uzerinde olumsuz etkisi olacaktir 1,98 1,91 -,331 >0,05 0,72 0,48-1,08
IVE, dogaya saygisizliktir 2,34 2,64 ,373 <0,05 1,45 1,02-2,06
IVE, insanlarin yenilme ihtimalini artiracaktir, yani yamyamlik

meydana gelebilir 2,98 3,10 ,146 >0,05 1,16 0,87-1,54

GA: Glven araligi; OO: Olasiliklar Orani

gore daha az lezzetli, daha az gevre dostu oldugunu
buna karsin normal ete kiyasla daha ucuz olacagini
duslinmustiir. Burada ilging olan degerlendirme ise
IVE'nin gercekte zoonoz hastaliklar yoniyle risk
tasima olasiiginin  disiik olmasina ragmen
katihmcilarin bu konuda ikna olmamasidir.

Tablo 4’te gorulecegi lizere katilimcilar, daha
once yapilmis calismalarda (Laestadius ve ark.,

2015; Mancini ve Antonioli, 2019; Tiberius ve ark.,
2019; Wilks ve Phillips, 2017) elde edilen sonuglarla

uyumlu bir sekilde, IVE'nin dogallik ile ilgili
endiselerinin  oldugunu  belirtmiglerdir.  Ayrica
katilimcilar, IVE'nin normal ete bir alternatif

olabilecegi konusuna katilmazken dinyadaki kithk
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IVE'nin dogaya saygisizlik oldugu veya diinyadaki
mutlu hayvan sayisini azaltacagl konusunda ayni
fikirdedir. Bununla birlikte, katilimcilar, ortalama
olarak, IVE’nin geleneksel ciftgiler Gzerinde olumsuz
etkileri olacagini da belirtmislerdir. Tim bu sonuglar
gdz onidnde bulunduruldugunda IVE ile hem
bagimsiz hem de normal ete gore bazi genel kaygilar
olmasina ragmen, katilimcilarin bazi basliklarda
olumlu sonuglari tespit edebildiklerini
goriilmektedir. Bununla birlikte, onceki
arastirmalarda tanimlandigi gibi (Wilks ve Phillips,
2017; Verbekeve ark., 2015b), bu olumlu sonuglar
daha dislk iken, endiseler daha fazladir.

Cinsiyet, sorularin yaklasik %30’unda (4/13)
farkhhklar gostererek en o6nemli demografik
Ongorict  olarak bulunmustur. Genel olarak
bakildiginda, erkeklere kiyasla, kadinlarin IVE'ye
yonelik  tutumlarinin  daha  pozitif  oldugu
belirlenmistir. Kadinlarin bir Griin olarak IVE
tiketme konusunda daha istekli olduklari ve 4 soru
disinda Urin hakkinda daha olumlu gérislere sahip
olduklari bulunmustur. Bulunan bu sonug ABD’deki
erkek bireylerin IVE konusunda daha pozitif bir
goruse sahip oldugunu bildiren Wilks ve Phillips’in
(2017) yapmis oldugu c¢alismayla farklidir. Bu
durum, et tiketme algisinin cinsiyete bagimli bir
sekilde degisebilecegini ifade eden Ruby ve Heine
(2011)'nin bildirdigi sonugla uyumludur. Nitekim
normal et, erkek bireyler tarafindan IVE'ye karsi
savunularak geleneksel aliskanhklar 6n planda
tutulmustur. Tim tablo goz onlinde
bulunduruldugunda her ne kadar farkhliklar
gozlemlense de cinsiyetin IVE'ye yonelik algidaki
etkilerinin disiik diizeyde oldugu saptanmustir.

Yapilan anket galismamizda verilen cevaplara
gore bir diger ongorici faktor bireylerin beslenme
aliskanliklariydi.  Yapilan istatiksel analizlerde
beslenme aliskanligi yéniunden katilimcilarin diigtik
sayida sadece balik eti, vegan ve vejeteryan tercih
gostermesi sebebiyle sadece kirmizi et ve tavuk eti
g6z onlinde bulundurularak IVE'ye yonelik tutumlari
dikkate alinmistir. Elde edilen sonuglara gore tavuk
eti tiketenler kirmizi et tliketenlere nazaran IVE'nin
normal ete kiyasla daha c¢evre dostu oldugunu
belirtmislerdir (B=-,612, p= 0,02, O0O= 0,64, (%95
GA, 0,33-1,24)). Buna karsin kirmizi et tiiketenlerin
IVE tlUketme konusunda tavuk eti tlketenlere
nazaran daha istekli olduklari gorilmistir (B=,866,
p= 0,01, O0= 2,38, (%95 GA, 1,41-3,99). Diger
taraftan tavuk eti tiketenler kirmizi eti tiketenlere
nazaran kiresel 1sinmanin giftgilikle ilgili etkisini
azaltacagini belirtmislerdir (B=-1,025, p= 0,01, O0=
0,36, (%95 GA, 0,20-0,64). Diger sorulan sorulara
alinan vyanitlar beslenme aliskanliklari yoniyle
istatiksel olarak 6nemsiz bulunmustur.

Tavuk eti tlketenler IVE tiiketme noktasinda
daha az istekli gorinmektedir. Buna karsilik, et

yiyenler, etik/saglk bakis agilarina bakilmaksizin
drinle daha ilgili  goriniyorlardi.  Dahasl,
diyetlerinde bildirilen et ylzdesi daha yiiksek olan
katiimcilar, daha dusik bir ylzdeye sahip
olanlardan daha az pozitif IVE gorislerini ifade etme
egilimindeydi, ancak drinle gercekten ilgilenme
istekliligini bu durum etkilememistir. Bu, daha fazla
et yiyen insanlarin, IVE gibi normal ete iliskin daha
olumlu bir gorisle iliskili olabilecek alternatif bir et
kaynagina girme konusunda istekli olabilecegini
disindirmektedir. Yine belirgin bir sekilde IVE'nin
daha cevreci ve kiiresel 1sinma Uzerine etkilerinin
daha iyi olacagl konusunda goris bildiren tavuk eti
tiketenlerin IVE tiketimi konusunda daha az istekli
olmalari ilging bir paradoks olarak karsimiza
¢tkmaktadir. Benzer bir sonug¢ Wilks ve Phillips
(2017) tarafindan da bildirilmistir.

Ankete katilanlarin gelir dizeyi ile IVE'ye
yonelik algillar arasinda anlamh  bir iligki
kurulamamustir.

Tim bu sonuglar gbéz online alindiginda
bireylerin IVE'ye doniik algilarinda kompleks bir
iliski oldugu gorilmektedir. Bu durum heniiz daha
yeni bir kavram olan IVE'ye yonelik bireylerin nasil
ve ne sekilde davranacagiyla ilgili oldugundan ileri
geldigi dustnlUlmustir. IVE'nin glindelik hayatta
kullaniminin  yoklugu ve/veya azhginin vyanisira
lezzet, goriinls vb. gibi 6zelliklerinin bilinmemesi
IVE'ye vyonelik algilarda daha kuskulu davranis
olarak karsimiza cikmaktadir. Yine bu galismanin
ilging sonuglarindan biri de ankete katihm gésteren
kadinlarin erkeklere gore IVE'ye donik nispeten
daha pozitif algilandir. Bu c¢alismada IVE'nin
kabuliinde engel olarak ahlaki mutlakiyetgciligin
onemli rolii oldugu dislintlmustir. Bireylerin sahip
olduklari gida tliketimi konusundaki aliskanliklarinin
sorgulanmasi yeni Grinlerin  Gretimi  konusunda
onemli bir bariyer olarak goérilmektedir. Bu
bakimdan toplumsal kabull tesvik etmek icin bu
endiseleri nasil ele alabilecegimiz ¢6zlilmesi gereken
bir problem olarak goriilmiistiir. ilerleyen vyillarda
bu alanda gergeklestirilebilecek adimlarin nasil
karsilanacagi ile ilgili Tirkiye c¢apinda yapilmasi
gerekli daha fazla arastirmaya ihtiya¢ duyuldugu
distnilmisttr. Mevcut arastirmamiz her ne kadar
kiicik olgekli olsa da IVE'ye yonelik algilarin
arastirildigi ilk galisma olmasi agisindan énemlidir.
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EK1

Ankette sorulan sorularin listesi

Katihmcilara ankete katilimdan 6nce asagidaki metini okumasi saglanmistir.
“Bu ankette in vitro et iretimine karsi olan tutumlarinin incelenmesi amaglanmaktadir. Sorulan sorularda kisisel 6nem arz eden
bilgiler yer almamakta olup elde edilecek veriler sadece akademik ortamda paylagilacaktir.”

Sorular
S1 Galismanin kosullarini okudum ve anladim. Katilimin tamamen gondlli ve isimsiz oldugunu onayliyorum.
OEvet (2)

OHayir (1)
Hayir'i segen katilimcilarin degerlendirmeleri dikkate alinmamistir.

S2 Lutfen yaginizi belirtin (yil olarak).

S3 Cinsiyetiniz nedir?
OMale (1)
OFemale (2)

S4 Yillik geliriniz nedir?
(O2000-3000 TL (1)

O3000-4000 TL (2)
O4000-5000 TL (3)
Q6000-7000 TL (4)
Q8000-9000 TL (5)
(10000 TL ve Uzeri (6)

S5 Gida tuketme aliskanliklariniz nelerdir?
OKirmizi Et (1)

OSadece tavuk eti (2)

OSadece balik eti (3)

OVejeteryan (Saglik agisindan bazen et tiiketir) (4)
QVegan (Higbir sekilde et tiiketmez) (5)

S6 Diyetinizin yaklasik yiizde kagi etten olusuyor?

2(2) 33) | 4(4) 5(5) 6(6) 7(7) |86 |99 |10(10
%10 o o o o o o o o o o

S7 Daha énce "invitro et (in vitro et)" terimini duydunuz mu??

O O]

Bir sonraki sorulari cevaplayabilmek icin bu kismi mutlaka okumalisiniz. in vitro et (invitro et), higbir zaman canl bir hayvanin bir
pargasi olmayan, ancak bunun yerine hayvanlarin kas kék hicreleri kullanan bir laboratuarda yetistirilen bir hayvan eti Grintdir. Bu kok
hiicreler, hayvana zarar vermeden cikarilarak elde edilir. in vitro et ayni zamanda kiiltiire edilmis et, schmeat veya sentetik et olarak da
adlandirilir. Agustos 2013'te, bilim adamlari dinyanin ilk Laboratuvar ortaminda Uretilerek elde edilen etten hazirlanmis hamburger
koftesini tanitmigtir. Halen ticari olarak temin edilememektedir, ancak gelecekteki potansiyel et Uretim teknigi olarak tanitiimasi igin
arastirmalar yapiimaktadir. Diinyanin ilk in vitro et hamburgeri Londra’da tanitilmistir.

S8 Sizce In vitro etin, ciftlik etiyle karsilastirildiginda ne kadar saglikli oldugunu diisiiniiyorsunuz?
OCok daha fazla saghkli (1)

OBiraz daha saglikli (2)

ONe daha saglikh ne de daha az saglikh (3)
OBiraz daha az saglikli (4)

OCok daha az saglikli (5)

S9 Sizce in vitro etin giftlik etiyle karsilastirildiginda ne kadar dogal oldugunu distiniiyorsunuz?
QOCok daha fazla dogal (1)

OBiraz daha dogal (2)

ONe daha dogal ne de daha az dogal (3)
OBiraz daha az dogal (4)

OCok daha az dogal (5)
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$10 Sizce in vitro etin, ciftgilik ete kiyasla ne kadar gevre dostu oldugunu diisiiniiyorsunuz?
OCok daha fazla gevre dostu (1)

OBiraz daha gevre dostu (2)

ONe daha gevre dostu ne de daha az gevre dostu (3)
OBiraz daha az ¢evre dostu (4)

QOGCok daha az gevre dostu (5)

S$11 Sizce in vitro etin ciftlik etiyle karsilastirildiginda ne kadar etik oldugunu distiniiyorsunuz?
QOCok daha fazla etik (1)

OBiraz daha etik (2)

ONe daha etik ne de daha az etik (3)
OBiraz daha az etik (4)

OCok daha az etik (5)

S$12 Sizce In vitro etin giftlik eti ile karsilastirildiginda ne kadar gekici oldugunu disiiniiyorsunuz?
OCok daha fazla gekici (1)

OBiraz daha gekici (2)

ONe daha gekici ne de daha az gekici (3)
OBiraz daha az gekici (4)

OCok daha az gekici (5)

S$13 Sizce in vitro etin, ciftlik etiyle karsilastirildiginda ne kadar lezzetli olacagini diisiiniiyorsunuz?
OCok daha fazla lezzetli (1)

OBiraz daha lezzetli (2)

ONe daha lezzetli ne de daha az lezzetli (3)
OBiraz daha az lezzetli (4)

OCok daha az lezzetli (5)

S14 Hayvanlardan insana bulasici hastalik transferi icin in vitro et, ciftlik eti karsilastinldiginda riskinin ne kadar olacagini
distintyorsunuz?
OCok daha fazla riskli (1)

OBiraz daha riskli (2)

ONe daha riskli ne de daha az riskli (3)
QBiraz daha az riskli (4)

OCok daha az riskli (5)

S15 Kiresel duzeyde, et talebinin karsilanmasinda laboratuvarda uretilen etlerin kullanilmasi, ciftlik etinden daha ucuz veya daha
pahali olacagini distniiyor musunuz?
QCiftlik etinden ¢ok daha ucuz (1)

QCiftlik etinden biraz daha ucuz (2)

OCiftlik etinden ne daha az ne de daha ucuz (3)
OCiftlik etinden biraz daha pahali (4)

QCiftlik etinden ¢ok daha pahali (5)

S16 in vitro et denemek ister misiniz?
OEvet kesinlikle (1)
OEvet belki (2)
QEmin degilim (3)
OHayir muhtemelen degil (4)
OHayir kesinlikle olmaz (5)

“In vitro et denemek ister misiniz” sorusunun cevabi eger Hayir ise anket bitirildi. Evet ise sonraki sorular soruldu.

$17 Diizenli olarak in vitro et yer misiniz?
OeEvet kesinlikle (1)

OEvet belki (2)

OEmin degilim (3)

OHayir muhtemelen degil (4)
OHayir kesinlikle olmaz (5)
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$18 Ciftlik etinin yerine in vitro et yemeye istekli misiniz?
OEvet kesinlikle (1)
OEvet belki (2)
OEmin degilim (3)
OHayir muhtemelen degil (4)
OHayir kesinlikle olmaz (5)

S$19 Eger in vitro et satin alacak olsaydiniz, ciftcilik etine kiyasla ne kadar demek isterdiniz?
OnDaha fazla (1)
OBiraz daha (2)
ONe fazla ne eksik (3)
OBiraz daha az (4)
QnDaha az (5)

Bu kisimdaki sorular tim katilimcilar igin sorulmustur.

$20 Neden in vitro et denemek istemiyor olabilirsiniz? Uygun olanlari segin.
Oktik kaygilar (1)
QODini sebepler (2)
QUriinan tadi/gériindsi (3)
ODiger (4)

S21 Su anda ne tiir et yiyorsunuz?
OBalik ve deniz trinleri (1)

OKiimes hayvanlari (2)
QPastirma, salam, sosis, kavurma (3)
QSigir eti (4)

S22 Laboratuvar yontemiyle Uretilmis olsaydi ne tir et yerdiniz?
OBalik ve deniz trtnleri (1)
QOKumes hayvanlari (2)
QPastirma, salam, sosis, kavurma (3)
OSigir eti (4)

S23 Lutfen asagidaki ifadelere ne derece katildiginizi degerlendirin.

Kesinlikle Biraz Ne
katiliyorum (1) katiliyorum (2)
katilmiyorum (3)

Biraz

katiliyorum ne | katilmiyorum (4)

Kesinlikle
katilmiyorum (5)

in vitro et, dogal | O o Q Q Q
degildir

in vitro et, dogaya | QO o o] o o
saygisizliktir

in vitro et, dinyadaki | O o Q Q Q
mutlu  hayvan  sayisini
azaltacaktir

in vitro et, insanlarin | O o Q Q Q
yenilme ihtimalini
artiracaktir, yani yamyamhk
meydana gelebilir

in vitro et etiktir o] o o] o] o]

in vitro et, hayvan | QO o o] o o
refahi kosullarini iyilestirir

in vitro et diinyadaki | O o
kitlik sorunlarini
¢Ozebilecektir

Gelecekte, in vitro et, | O Q o o o
ciftlik etlerine uygulanabilir
bir alternatif olacaktir

in vitro et, kiiresel | O Q o o o
isinmanin  ciftgilikle ilgili
etkisini azaltacaktir

in vitro et tretiminin | O o o] o o

geleneksel ciftgiler Gzerinde
olumsuz etkisi olacaktir
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Koroner Arter Hastaligi Olan Képeklerde Hipertansiyonun inflamatuar
Etkisinin Ekokardiyografi ile Degerlendirilmesi
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Ozet: Bu calisma; koroner arter hastaligi (KAH) bulunan képeklerde hipertansiyonun olusturdugu (HT) inflamatuvar siireci
Gzerine olasi etkilerini belirlemek Uzere yapilmistir. Ankara ilindeki 6zel pet kliniklerine gelen, farkli yas, kilo, cins ve
irklardaki toplam 25 kopek tzerinde yuritildi. Hayvanlara elektrokardiyografi, tansiyon, telegrafi, tam kan ve C- reaktif
protein (CRP) Olg¢timleri yapildi. Ekokardiyografilerinde ise 2D, M-mod, ve renkli Doppler ekokardiyografi yontemleri
kullanilarak, sol ventrikil sistol ve diyastol ¢aplari, ventrikll duvar kalinliklari, ventrikiil duvar hareketlerindeki anormallikler
ile kapak patolojileri degerlendirildi. Hayvanlarin ekokardiyografilerinde sol ventrikil konsantrik hipertrofi (LVH) ve diastolik
diskfonksiyonu tespit edildi. Ayrica; Ekokardiyografide Mitral kapak tutulumlari ile kapakgiklar tzerinde aniiler kalsifikasyon
izlendi. interventrikiiler septum kalinhginda énemli lgiideki artislarla beraber sol ventrikiil arka duvar kalinliginda bir artis
belirlendi. Bununla birlikte; yiiksek olan CRP ve kolestrol degerlerinde ise anlamh bir artis belirlendi. Yapilan rutin
ekokardiyografilerde parasternal uzun eksende M mode teknigi ile sol ventrikil diastolik ve sistolik gaplari (cm),
interventrikller septum ¢api (cm), posterior duvar kalinhig (cm), ejeksiyon fraksiyon (%), fraksiyon kisalma (%), aort ¢api
(cm) ve sol atriyum(cm) 6lguldi. Parasternal kisa eksende mitral kapagin yapisi, segmenter duvar hareket bozuklugu,
pulmoner arter ¢api ve pulmoner kapak degerlendirildi. Apikal bosluklarda 2,3,4 ve 5 bosluklari atriyoventrikiiler kapaklari
(mitral-trikiispit kapak) ve semilunar kapak (aort kapak) degerlendirildi. inflamasyonun siirecinin artisi, damarlarda olusan
kolestrol plaklarini da tetikleyebilecegi ya/ya da daha fazla pihti yaratabilecegi seklindedir. Hipertansiyonun kardiyovaskuler
hastaliklar icin 6nemli risk faktorlerinden hem morbidite hem de mortaliteyi 6nemli 0&lglide arttirdigi seklinde
disunilmektedir. Bitiin bu degerlendirmelerimiz de ekokardiyografi, sol ventrikiil hipertansiyonun tanisinda
elektrokardiyografinin yani sira vazgegilemez bir tani yontemi olarak karsimiza ¢ikmaktadir

Anahtar Kelime: Ekokardiyografi, Képek, inflamation, Sol ventrikiil.

Evaluation of Inflammatory Effect of Hypertension by Echocardiography in Dogs with Coronary
Artery Disease

Abstract: The present investigation was performed to determine the possible effects of hypertension-induced (HT)
inflammatory process in dogs with coronary artery disease (CAD). It was carried out on 25 dogs of different ages, weights,
and breeds coming to private clinics in Ankara. Electrocardiography, Blood Pressure, Telegraphy, whole blood, and C-
Reactive protein (CRP) measurements were performed on the animals. In the echocardiography, 2D, M-Mode, and color
doppler methods were used to evaluate left ventricular systole and diastole diameters, ventricular wall thickness
abnormalities in ventricular wall movement, and valve pathologies. Left ventricular concentric hypertrophy (LVH) and
diastolic dysfunction were detected in echocardiographies of animals. In echocardiography anular calcification was
observed on the valves and mitral valve involvement also. However, an increase in left ventricular posterior wall thickness
was determined and significant increases in ventricular septum thickness. Although high increase CRP and cholesterol
values were determined. The routine echocardiography, left ventricular diastolic and systolic diameters (cm),
interventricular septum diameter (cm), posterior wall thickness (cm), ejection fraction(%), fraction shortening(%), aortic
diameter (cm), and the left atrium (cm) with M mode technique on long axis were measured. The structure of the mitral
valve, segmental wall motion disorder, pulmonary artery diameter, and pulmonary valve were evaluated in the parasternal
short axis. Atrioventricular valves (mitral-tricuspid valve) and half-moon valve (aortic valve) in the apical 2,3,4, and 5 spaces
were evaluated. The increase of the inflammation process is that it may also trigger cholesterol plaques formed in the
vessels and / or create more clots. It is thought that hypertension significantly increases both morbidity and mortality,
which are important risk factors for cardiovascular diseases. In addition to the defined electrocardiography of left
ventricular hypertension, echocardiography appears as an indispensable diagnostic method.

Keyword: Dog, Echocardiography, Left ventricule, Inflammation.

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2020; Cilt 9, Sayi 2 107



Harran Univ Vet Fak Derg, 2020; 9 (2): 107-111

Arastirma Makalesi

Giris

Bugiin lilkemizde ve diinyada ateroskleroza bagl
Ollimlerin nedenler arasinda ilk sirada yer aldigi
bildirilmektedir ~(Gordon ve Kannel, 1971).
Aterosklerotik  plak, birgok yonlyle kronik
inflamasyona benzemektedir. inflamasyonun
aterosklerotik olayinin ilerlemesi ve trombotik
komplikasyonlarin gelismesine kadar her evrede
roli belirlenmistir. Koroner arter hastaligi (KAH)
kalp kasini besleyen ve koroner arterler olarak
adlandirilan atardamarlarin daralma veya tikanmasi
sonucu kan akiminin kismen ya/ yada tamamen
kesilmesine bagh olarak ortaya ¢ikan bozukluklar
olarak tanimlanmaktadir. Sebebi olarak ta damar
sertligi olarak bilinen "ateroskleroz" oldugu goérusi
hakimdir. Bu hastaligin en onemli ozelligi ileri
dénmelerde hayati tehdit edebilen kalp krizine yol
acabilmesidir (Felmeden ve ark., 2003; Gordon ve
Kannel, 1971, Martinez ve ark.,1985).
Hipertansiyon, koroner arter hastaligi icin biyik bir
risk faktord oldugundan gogunlukla KAH ile birlikte
gorilebilmektedir. Gerek sistolik gerekse diyastolik
kan basinglarindaki artislarin KAH riskini arttirdigini
gosteren ve epidemiyolojik ¢alismalara dayanan ¢ok
sayida bildirimler bulunmaktadir. Hipertansiyon
koroner aterosklerozun gelisimini hizlandirmakta,
koroner aterosklerozu gelismis hastalarda ise
miyokardin oksijen ihtiyaci daha da arttirmaktadir.
Hipertansiyona  bagh olarak sol ventrikiil
hipertrofisinin  gelismesi durumunda koroner
dolasimda bazi bozukluklar meydana gelmektedir
(Sieg-Dobrescu ve ark., 2001). Miyokard dokusunun
artmasina bagh olarak ekstravaskiler koroner
direncte artmakta olup, bunun sonucunda da
Koroner Mikrodolasimin gelismesi de sol ventrikil
kitle artisinin oldukca gerisinde kalmaktadir.
Koroner direng damarlarinin tonusun da fonksiyonel
bir artisa yol acarak koroner rezervi azaltmaktadir.
Bltin bu nedenlere bagl olarak hipertansif
hastalarda ozellikle sol ventrikil hipertrofisi de
varsa iskeminin daha da arttig gorilmektedir. Sol
ventrikdl hipertrofisi olan bir hasta miyokard
infarkttisi (MI) gecirecek olursa, Ml daha yaygin
olmakta ve infarktin ilerleme hizi daha da
artmaktadir (Hingorani ve ark.,2000; Maat ve
ark.,2002). Hasta infarktis gegirirken antihipertansif
tedavi alirsa bu akselerdeki degisiklikler kismen de
olsa 6nlenebilmektedir. Yine hipertansif hastalarda
iskemiye yanit olarak elektrofizyolojik bozukluklarda
daha fazla artis ve ani 6lim gorilmektedir. Koroner
arter hastaliginin hipertansiyonla birlikte bulunmasi
durumunda bagh morbidite ve mortalite oranlari
belirgin olgiide yikselmektedir. Kan basinci ile KAH
arasindaki iliski pozitif bir iliski gostermekte
hipertansif sayllmayacak degerlerde baslamaktadir.

Bu arastirmadaki temel amacimiz stabil KAH'da
hipertansiyonun inflamatuvar sirece Uzerine ilave
katkisinin olup olmadigini belirlemektir.

Materyal ve Metot

Calismamiz 2004 -2019 vyillari arasinda Ankara
ilinde 6zel pet kliniklerine gelen, farkl yas, kilo, cins
ve 1Irklarda olan toplam 25 kopek Uzerinde
yaritildi. Cahsmamizda etik kurul belgesine gerek
bulunmamaktadir. Klinige gelen hasta hayvanlarda
solunum glicligl, kalp atim sayisinda artis, efor
kapasitelerinde azalma, Okslrik ve halsizlik gibi
semptomlar belirlendi. Képeklerin yas ortalamalari
(7+/-2) arasinda degismekteydi. Hasta hayvanlara
fiziksel muayeneden sonra Elektrokardiyografi,
tansiyon,  telegrafi, kan ve  biyokimyasal
parametreleri belirlemenin  yani sira kardiak
enzimlere bakildi. Kan érneklerinin alinmasi 12 saat
ac olarak bekletilen hayvanlardan bes dakika
dinlendirildikten sonra gergeklestirildi.

Tim hayvanlarin transtorasik
ekokardiyografileri AU5, HP Sonos 5500 cihazi ile
yapildi. Ayica; bu hayvanlarda Mitsubishi high-
performance digital color Printer sistem ile
fotograflari gekildi. Ekokardiyografi'de ise 2D, M-
mod, Doppler ve renkli Doppler ekokardiyografi
yontemleri kullanilarak, rutin olarak yapilan
parasternal uzun eksen, parasternal kisa eksen,
modifiye kesit ve apikal kesitlerle sol ventrikiil sistol
ve diyastol caplar, ventrikil duvar kalinliklari,
ventrikil duvar hareketlerindeki anomaliler ile
kapak patolojileri degerlendirildi (Fu, 1995;
Martinez ve ark., 1985; Renaudin ve ark., 1995).

Bulgular

Hayvanlarda iki boyutlu, M mode ve Doppler
ekokardiyografide sol ventrikll konsantrik hipertrofi
(LVH) ve diastolik diskfonksiyonu tespit edildi.
Mitral kapakta CRP 'lerin yiiksek olmasina bagh
olarak kapakcik tutulumlari ve kapaciklar tzerinde
andler kalsifikasyon izlendi. Ayrica; interventrikiler
septumda anlamli artislarla beraber sol ventrikiil
arka duvarda da artis izlendi.

Ozellikle  kopeklerde elektrokardiyografisi
anlamli olan her hastaya tansiyon bakildi.

Hipertansiyon hastalarinda o6zellikle kilolu, ileri
yas ve bazi rklarda diyastolik disfonkiyon
¢ogunlukla izlendi.

Sistolik kan basinci degerleri 150-180/mm Hg,
diastolik kan basing degerleri ise 90-110/mm Hg
arasinda degisen araliklarda belirlenerek
hipertansiyon tespit edildi. Alinan kan 6rneklerinde
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total kolestorel, trigliserid ve glukoz degerlerinde belirlendi. Koroner arter hastaligi olan hastalarda
onemli oOlglide aris oldugu tespit edildi. Ayrica; Ozellikle anterior, inferior segmentlerde ve/ veya
KAH+HT olan kopeklerde C-reaktif protein diger duvar hareket bozuklugu izlendi.

degerinde de oOnemli ol¢iide artmis oldugu

Sekil 1. Képeklerde, parasternal uzun eksende hipertansiyona bagl olarak hipertrofik gérinti

Sekil 2. Apikal dort bosluk goriintisiinde, sol ventrikll konsantrik hipertrofi (LVH)
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Sekil 3. Koroner arter hastaliginda elektrokardiyografi
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Tartisma ve Sonug

Hipertansiyon kardiyovaskiiler hastaliklar icin
en oOnemli risk faktorlerinden birisi  olup,
kardiyovaskuler morbidite ve mortaliteyi belirgin
oranda arttirmaktadir. Bu c¢alismada, sadece
koroner arter hastaligi olanlarin yani sira koroner
arter hastaligi+HT olanlarda da inflamasyonun
gostergesi olan CRP degerleri daha yiiksek oldugu
tespit edilmistir. Fakat; KAH ve KAH+ HT olanlar
kendi aralarinda  karsilastirildiginda, KAH+HT
olanlarda inflamatuvar markerlarda anlamli olarak
farkhhk bulunamadigi bunun da, (Renaudin ve ark.
1995; Mc Eniery ve Wilkinson 2005) bildirimleri ile
paralellik gostermektedir.

Aterosklerotik olayin baslangicindan ilerlemesi
ve trombotik komplikasyonlarin gelismesine kadar
kronik inflamasyon varligi arasinda bir iliski
gosterilmis olup, bu konuda ki bulgularimizla uyum
gostermektedir (Bhagat ve ark., 1996; Chrysohoou
ve ark., 2004; Higashi ve ark.,2002). inflamasyonun,
HT’nin sebebi mi yoksa sonucu mu oldugu kesin
olarak bilinememektedir. Ancak; su iyi bilinmektedir
ki, belli endotelyal fonksiyon anormallikleri HT’e yol
acabilmekte ve HT'nin kendisi de endotelyal
fonksiyonlari negatif yonde degistirebilmektedir
(Chung ve ark., 2004; Felmeden ve ark., 2003). Daha
onceleri yumusak fiziksel bir bariyer olarak bilinen
adventisya, artik HT'in fizyopatolojisine dnemli role
sahip serbest oksijen radikalleri icin 6nemli kaynak
oldugu bilinmektedir (Sieg ve ark.,, 2001).
Hipertansif farelerin adventisyalarinda arttmis
sayida inflamasyon hicreleri belirlendigi (Renaudin
ve ark., 1995), ayni zamanda hipertansif fare
modellerinde artarak aktive olan lenfosit ve
monositlerin  endotelyal  hiicrelere  yapistigi
kanitlanmigtir.  Son  vyillarda  ateroskleroz ile
inflamasyon  arasindaki  iliskinin net olarak
aydinlatiimasi, dolasimdaki bazi inflamatuvar
gostergelerinin kardiyovaskiler olay gelisme riskini
belirlemede yol gosterici olarak kullanilabilecegi
disiincesini dogurmustur. Bu belirtegler arasinda en
yogun kanitlar CRP ile iliskili olanidir. Yiiksek ve orta
derecedeki CRP degerleri, diger risk faktorlerinin
varhigindan bagimsiz olarak artmis kardiyovaskiiler
olay riskine eslik etmektedir (Chang ve ark.,1994;
Fu, 1995). CRP’nin inflamatuar reaksiyonda bircok
olayl aktive ettigi in vitro c¢alismalar ile
gosterilmistir.  CRP’nin  kardiyovaskiiler hastalik
riskini  saptamadaki yeri diger inflamatuvar
gostergelere gore daha belirgindir (Gage ve ark.,
1986; Gordon ve ark., 1971). Akut Miyokard
infarktlis sonrasinda ve unstabil angina pektoris
esnasindaki yiksek CRP degerlerinin daha kotu
sonuglari yansittigl bilinmektedir. Esansiyel HT'lu
hastalarda saglikh kontrollere kiyasla CRP’nin yiiksek

oldugu gosterilmistir (Okamura ve ark., 2004).
Ayrica; son zamanlarda ki birgcok bildirimde pre-HT
evresindeki hastalarin, normotansif deneklerle
karsilastirildiginda, daha yiksek CRP seviyelerinin
varhgi gosterilmistir. Bu sonugclar inflamasyon/HT
iliskisinde daha fazla destek saglamistir.

Sonug olarak; ekokardiyografide hipertansiyon
hastalarinda KAH hastaligi artisi saptanmasina
karsin, stabil KAH hastalarinda HT’nin inflamatuar
sire¢ Uzerine additif etkisi gosterilemedi.
Antihipertansif amagh  ACE inhibitorleri ve
ARB'lerinin kan basincini diisirmede uygun ve etkili
oldugu pek cok calismada gosterilmistir. Ayrica; bu
grup ilaglarin hipertansiyonlu hastalarda morbidite
ve mortaliteyi konvansiyonel tedaviye (beta bloker
ve diliretic benzer olarak azalttig iki prospektif
calismada (Captopril Prevention Project CAPPP,
Swedish Trial in old Patients-2 with Hypertension-
STOP-Hypertension Il) kanitlanmistir (The CAPPP
Group, 1990). Bunun yani sira kullaniminin stabil
KAH’da da inflamatuvar cevabi azaltabilecegi
seklinde diistintilmektedir.

Tesekkiir

Calismamizda bize emegi gegen klinik sahibine
ve calisma arkadaslarima, hayvan sahiplerine ¢ok
tesekkir ederim.
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Abstract: This study was conducted to determine the effects of Diplotaenia turcica root extract on sperm parameters and
reproductive hormones in streptozotocin (STZ) induced diabetic rats. The study was performed on a total of 42 male rats
divided into 6 groups of equal numbers. Single-dose physiological saline was administrated intraperitoneally to Group 1. STZ
45 mg/kg was administered intraperitoneally to Group 2. Diplotaenia turcica root extract 100 mg/kg was administrated
through gastric gavage for 28 days to Group 3. Diplotaenia turcica root extract 200 mg/kg was administrated through
gastric gavage for 28 days to Group 4. STZ 45 mg/kg administrated intraperitoneally to Group 5. In addition, Diplotaenia
turcica root extract 100 mg/kg was administrated through gastric gavage for 28 days. STZ 45 mg/kg administrated
intraperitoneally to Group 6. Also, Diplotaenia turcica root extract 200 mg/kg was administrated through gastric gavage for
28 days. Reproductive hormones and sperm parameters were analyzed. In Group 2, it was determined that sperm motility
and density and reproductive hormone values were significantly lower when compared to group 1, and the abnormal sperm
rate was significantly higher when compared to Group 1. Testosterone levels in Groups 3 and 4 were significantly higher
than Groups 2, 5, and 6. It was determined that the 100 mg/kg dose of Diplotaenia turcica root extract, which is given also
to the diabetic group, creates an improvement in sperm parameters and the hormone testosterone, but the 200 mg/kg
dose does not have the same effect. As a result, we can recommend the 100 mg/kg dose of Diplotaenia turcica root extract
in patients with diabetes.

Keywords: Diabetes, Diplotaenia turcica root extract, Male rat, Reproductive hormones, Sperm parameters.

Streptozotosin Kaynakli Diyabetik Sicanlarda Diplotaenia Turcica Kok Ekstraktinin Sperm
Parametreleri ve Ureme Hormonlari Uzerine Etkileri

Ozet: Bu calisma, Streptozotosin (STZ) kaynakli diyabetik sicanlarda Diplotaenia turcica kok ekstraktinin sperm
parametreleri ve Ureme hormonlari tzerindeki etkilerini belirlemek amaciyla yapildi. Calisma esit sayida 6 gruba ayrilan
toplam 42 erkek rat Uzerinde yapildi. Grup 1'e intraperitoneal olarak tek doz serum fizyolojik uygulandi. Grup 2'ye
intraperitonal yolla STZ 45 mg/kg uygulandi. Grup 3’e 100 mg/kg Diplotaenia turcica kdk ekstrakti 28 giin boyunca gastrik
gavajla uygulandi. Grup 4’e 200 mg/kg Diplotaenia turcica kok ekstrakti 28 giin boyunca gastrik gavajla uygulandi. STZ 45
mg/kg, Grup 5'e intraperitonal olarak uygulandi. Ek olarak Diplotaenia turcica kok ekstrakti 100 mg/kg, 28 giin boyunca
gastrik gavaj yoluyla uygulandi. STZ 45 mg/kg, Grup 6'ya intraperitonal olarak uygulandi. Ek olarak Diplotaenia turcica kok
ekstraktl 200 mg/kg, 28 giin boyunca gastrik gavaj yoluyla uygulandi. Ureme hormonlari ve sperm parametreleri analiz
edildi. Grup 2'de sperm motilitesi ve yogunlugu ile Greme hormonu degerlerinin Grup 1'e gore anlamh derecede dusiik
oldugu ve anormal sperm oraninin Grup 1'e gore anlamh derecede yiiksek oldugu belirlendi. Grup 3 ve 4’ln testosteron
dulzeyleri, Grup 2, 5 ve 6’ya gore oldukga yUksekti. Diyabetli gruba ilave olarak verilen Diplotaenia turcica kék ekstraktinin
100 mg/kg’lik dozunun sperm parametrelerinde ve testosteron hormonunda bir iyilestirme olusturdugu, ancak 200
mg/kg’lik dozunun ayni etkiyi olusturmadigi tespit edildi. Sonug olarak, Diplotaenia turcica kok ekstraktinin 100 mg/kg
dozunu, diyabetli hastalarda onerebiliriz.

Anahtar Kelimeler: Diplotaenia turcica kék ekstrakti, Diyabet, Erkek Sican, Sperm Parametreleri, Ureme hormonlari.

Introduction

Since ancient times, people have benefited from
wild plants as a source of health and nutrition.
Identical plants were named differently across
regions, and these local discrepancies can render it
difficult to work with these plants. For instance,

giant fennel is the general name given to the Ferula
(Umbelliferae) species mentioned in regions such as
Helige, Helis, Helizan, Kerkur, Siyabo, and Siyabu.
There exist approximately 20 Ferula species in
Turkey. The two types, Ferula orientalis and Ferula
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rigidula, are generally called Siyabo, Siyabu, or
Caksir in Van and the surrounding provinces. Ferula
rigidula Diplotaenia cachrydifolia is a species that
grows in eastern Anatolia (Baytop, 1984). Once the
plant, known as Diplotaenia cachrydifolia and
growing in high, humid ground, was examined
taxonomically it was understood as Diplotaenia
turcica (Pimenov et al., 2011).

Diplotaenia turcica grows in the east of Turkey,
in Hakkari, Sirnak, Van, and Bitlis, and is widely used
in traditional therapy. Diplotaenia turcica is a genus
belonging to the family Umbelliferae (Apiacea)
(Pimenov et al., 2011). In the Van region
Diplotaenia turcica leaves are add in cheese
products and several local dishes for smell and
flavor. It was reported Diplotaenia turcica is used to
protect against poisonous animal bites and is also
good for rheumatism, blood sugar, blood pressure,
labored breathing, and heart disease (Kaval et al.,
2014).

Apart from surgical methods, different
chemical agents used in pancreatic damage are
used to create experimental diabetes. The most
commonly used chemicals to create experimental
diabetes today are streptozotocin (STZ) and alloxan
(Kurcer et al., 2012; Gushiken et al., 2016). STZ was
obtained from streptomyces achromagenes, a
fungus species in 1950. It is an antibiotic with
neoplastic, antineoplastic and  diabetogenic
properties (Pari et al., 2017). Due to the presence of
glucose in the structure of STZ, the pancreas is
taken into beta cells. STZ affects pancreatic beta cell
DNA. After this effect, necrosis occurs as cell energy
stores are consumed as a result of consumption of
nicotinamide adenine dinucleotides and ATP from
beta cells. In addition, due to the oxidant properties
of STZ, it activates the xanthine oxidase system and
increases the formation of hydrogenperoxide and
hydroxyl radicals (Pabbidi et al., 2008).

It is known that Diplotaenia turcica is used
especially by local people in patients with diabetes.
People who use it say that it is good for diabetes.
However, this situation is based on subjective
opinions. It has been reported in previous studies
that diabetes causes problems in sperm
parameters, especially lowers sperm count and
sperm motility, increases anarmol sperm count, and
also decreases testosterone hormone, which
directly affects sexual power (Artimani et al., 2018;
Bal et al.,, 2011; Nelli et al.,, 2013; Rashid et al.,
2015; Soliman et al.,, 2018). Problems in sperm
parameters can be  attributed to the
polyunsaturated fatty acids found in the plasma
membranes of the sperm because this leaves them
vulnerable to reactive oxygen species (Rashid and
Sil, 2015). Ozdek et al. (2017) determined that the
dose of 250 mg / kg Diplotaenia turcica root extract

significantly reduced glucose levels compared to
other treatment groups and the control group.
Ozdek et al. (2020) reported in another study that
Diplotaenia turcica root extract significantly
reduced pancreatic damage and decreased blood
insulin levels in diabetic rats. The situation that lays
the ground for conducting this study is to determine
whether the above subjective opinion has a
scientific basis and to reveal what effects the
mentioned plant will have on sperm parameters
and reproductive hormones that deteriorate after
diabetes.

For this purpose, experimental diabetes was
created with streptozotocin in the study.,
spermatogenic parameters were analyzed. In
addition, follicle stimulating hormone (FSH),
luteinizing hormone (LH), testosterone hormone
which directly affect spermatogenesis, were
evaluated.

Materials and Methods

Plant material and extraction: The Diplotaenia
turcica plant, which is the primary focus of the
present study, was collected from the natural
environment between May and June through a
taxonomic examination. The removed root was first
washed with water, then cut into small pieces and
dried in a shaded medium, then pulverized using a
grinder. 100 g was taken from the powdered plant
root. It was kept in 96% 100 ml ethyl alcohol for 24
hours and then filtered. In the second step, the
remaining filtrate was kept in 70% ethyl alcohol for
24 hours and filtered. Then both filtrates were
combined and dried at 50 °C and 70 rpm on the
evaporator. The remaining part was kept in a 40 °C
water bath until it was completely dry (Farkhad et
al., 2012).

Chemicals: The streptozotocin (STZ) was
purchased from Sigma (Sigma-Aldrich Corp., St.
Louis, MO, USA). The LH reagent kit (Ref No: 2P40-
35), FSH reagent kit (Ref No: 7K 75-25),
testosterone reagent kit (Ref No: 2P 13-23),
Architect system concentrated wash buffer,
Architect reaction vessels, Architect trigger solution
and pre-triyer solution was purchased from the
Abbott Laboratories Import Export and Trade
Company (Abbott Lab. Distributor, Istanbul,
Turkey).

Animals: In the present study 42 Wistar albino
male rats (200-250 g in weight and 10-12 weeks old)
were used. The animals were obtained from the
Medical Faculty Research Laboratory at Van
Yuzuncu Yil University. The rats were kept under
standard laboratory conditions during the study
period. The rooms were regularly ventilated and the
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cages were cleaned daily. Fresh feed and water
were provided at all times.

Induction of diabetes in experimental
animals: Firstly, the basal glucose levels of the rats
were measured with a glucometer. Then, the STZ
was dissolved in a cold citrate buffer (0.1 M, pH 4.5)
and a single dose of 45 mg/kg was administered
intraperitoneally. Diabetic rats having glucose levels
>200 mg dL?, 72 h after administration of STZ were
included in the study (Kumar et al., 2016).

Experimental design: Permission was obtained
from the Ethics Committee of Yuzuncu Yil University
before initiation of the present study (Authorization
number: 2020/01).

The 42 male Wistar albino rats were randomly

divided into six experimental groups.

1.Control group (n = 7): a single dose physiological saline was
administered intraperitoneally.

2.Diabetes group (n = 7): STZ 45 mg/kg was administered
intraperitoneally.

3.Diplotaenia turcica root extract (100 mg/kg) group (n = 7):
Diplotaenia turcica root extract 100 mg/kg was
administrated through gastric gavage for 28 days.

4.Diplotaenia turcica root extract (200 mg/kg) group (n= 7):
Diplotaenia turcica root extract 200 mg/kg was
administrated through gastric gavage for 28 days.

5.Diabetes + Diplotaenia turcica root extract (100 mg/kg)
group (n=7): STZ 45 mg/kg was administrated
intraperitoneally. In addition, Diplotaenia turcica root
extract 100 mg/kg was administered through gastric
gavage for 28 days.

6.Diabetes + Diplotaenia turcica root extract (200 mg/kg)
group (n = 7): STZ 45 mg/kg was administrated
intraperitoneally. In addition, Diplotaenia turcica root
extract 200 mg/kg was administered through gastric
gavage for 28 days.

At the end of the study the rats were fasted for
12 hours. Later, each rat was anesthetized using
intraperitoneally 75 mg/kg ketamine. The
intracardiac blood samples were retrieved after the
anesthesia had taken effect. The blood samples
were centrifuged at 3000 rpm for five minutes to
remove the serums. These serums were used in
hormonal evaluations. Furthermore, the cauda
epididymis of rats was cut to retrieve semen and
spermatological examinations were performed.

Measurement of serum testosterone, FSH,
and LH levels: Testosterone measurements were
performed on the Abbott Architect 14000 SR with
the chemiluminescence microparticle
immunological method using the appropriate
calibrator, control, and kit. The obtained serum
testosterone levels were given as nmol/L.
Measurements of the serum FSH and LH levels were
performed on the Abbott Architect 16200 SR with
chemiluminescence microparticle immunological
method using the appropriate calibrator, control,
and kit. The FSH and LH values were given as mIU/L.

Obtaining semen and evaluation of
spermatological features: After anesthesia was
administrated to the rats, one of the testicles was

removed from the scrotum through an incision.
Efforts were made to remove the testicle before the
body was cooled. For the motility examination, a
microscope with a heating table set at 37 °C was
used. In this examination, very dense semen was
diluted in physiological saline at 37 °C and care was
taken not to waste time in the motility examination.
In the motility assessment, three different field
evaluations were made under the microscope.
Motility score was determined by taking the
arithmetric averages of the motility percentages
detected in these areas.

In the same cauda, the epididymis was sliced in
2 ml of physiological saline. Sperm density and
abnormal sperm ratios were determined using a
mixture obtained by slicing the cauda epididymis in
2 ml of physiological saline. To determine the
abnormal sperm rate, eosin dye and semen were
mixed in equal amounts, and froti was prepared
from this mixture and allowed to dry in a short
time. In these preparations, 200 sperms were
counted, respectively. A thoma slide was used to
determine sperm density. After the thoma slide was
prepared, approximately 5-10 microliters of sperm
suspension was left in both counting chambers. It
was waited for 5 minutes for the sperm to collapse.
Then 5 large squares were counted in both counting
chambers (Aksu et al., 2015; Sonmez et al., 2005;
Turk et al., 2008).

Statistical analysis: Descriptive statistics of the
groups are given as mean and standard deviation. In
reproductive hormones, the significance of the
difference between the groups within the same
parameter was evaluated with the Kruskal-wallis
non-parametric test. Tukey post-hoc test (multiple
comparison test) was used to determine which
group caused the significant difference (p <0.05). In
sperm parameters, differences between groups
were determined by post hoc Tukey’s HSD test and
one - way analysis of variance (ANOVA). All
statistical data were evaluated using the SPSS
program (SPSS for Windows, version 20.0).

Results

The FSH, LH, and testosterone levels of all
groups are presented in detail in Table 1. It was
determined the testosterone, LH, and FSH levels of
the diabetes group were lower than the control
group (p < 0.012 and p < 0.001). Furthermore, FSH
and LH levels of the Diplotaenia turcica root extract
(100 mg/kg) group did not present significant
changes compared to those of the control group (p
> 0.05). In addition, with the group given 200 mg/kg
Diplotaenia turcica, the FSH and LH levels of the
groups given diabetes + 100 mg / kg Diplotaenia
turcica and Diabetes + 200 mg/kg Diplotaenia
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turcica were lower than the control group and were
similar to the diabetes group (p> 0.05).

When testosterone values were analyzed in
detail, there was a significant decrease especially in
diabetes and diabetes + Diplotaenia turcica groups
(p <0.001). Although the testosterone values of the
100 mg/kg Diplotaenia turcica group increased
partially compared to the control group, it was not

significant (p> 0.05). In addition, the testosterone
levels of the Diabetes + Diplotaenia turcica (100 and
200 mg/kg) groups were significantly higher than
the diabetes group (p <0.001). Testosterone levels
of Diplotaenia turcica (100 and 200 mg/kg) groups
were quite high compared to diabetes and diabetes
+ Diplotaenia turcica groups (p <0.001).

Table 1. Effect of Diplotaenia turcica root extract administrate on reproductive hormone values in health and STZ induced diabetic rats.

Groups FSH (mlU/L) LH (mlU/L) Testosterone (nmol/L)
Control 0.41+0.04 0.43+0.03 2.93+0.31
Diabetic 0.33+0.02 * 0.33+0.02* 0.28+0.07*
Diplotaenia turcica root extract 100 0.41+0.04¢ 0.4240.03¢ 3.1340.36**
Diplotaenia turcica root extract 200 0.31+0.02* 0.37+0.02 * 2.0140.15**
Diabetic+ Diplotaenia turcica root extract 100 0.32+0.02 * 0.37+0.03* 0.68+0.09*#
Diabetic+ Diplotaenia turcica root extract 200 0.28+0.03 * 0.35+0.02 * 0.61+0.05*#

P values 0.001 0.012 0.001

*p: Significant compared to the Control Group (p <0.05). ®p: Significant compared to the Diabetes Group (p <0.05). *p: Significant
compared to the Diabetes and Diabetes+ Diplotaenia turcica root extract Groups (p<0.05), #p: Significant compared to the Diabetes

Group (p<0.05). FSH: Follicle stimulating hormone, LH: Luteinizing hormone.

The motility, density, and abnormal sperm
ratios of all groups are presented in detail in Table
2. The motility and density values of the diabetes
group were extremely low compared to the control
and Diplotaenia turcica root extract groups (p <
0.001). In the Diplotaenia turcica root extract (100
mg/kg) group, sperm density and sperm motility
were increased compared to the control group,
however this increase was not statistically
significant (p > 0.05). In the Diplotaenia turcica root

extract (200 mg/kg) group, sperm density and
sperm motility were decreased compared to the
control group (p < 0.001). It was determined that
Diplotaenia turcica, which was added to the
diabetes group at a dose of 100 mg/kg, made an
improvement in sperm motility and density values
towards the control group values. However, it was
found that Diplotaenia turcica given to the Diabetes
group at a dose of 200 mg/kg did not perform the
improvement provided by the dose of 100 mg/kg.

Table 2. Effect of Diplotaenia turcica root extract administrate on sperm parameters in health and STZ induced diabetic rats.

Groups Motility Rate Density Abnormal Sperm Rate (%)

P (%) (x106) Head Tail Total
Control (n=7) 76.42+2.432 115.14+3.532 3.28+0.48¢ 6.42+0.78° 9.42+0.53¢
Diabetic (n=7) 27.85+2.67¢ 45.00+3.31¢ 16.85+0.372 22.14+0.692 39.14+0.89°
Diplotaenia turcica root extract 100 (n=7) 77.14+2.67° 119.28+3.63? 2.85+0.37¢ 5.42+0.53f 8.14+0.69°
Diplotaenia turcica root extract 200 (n=7) 60.71+1.88° 105.14+3.53b 6.14+0.69¢ 9.14+0.37¢ 15.14+0.69¢
Diabetic+ Diplotaenia turcica root extract 100 (n=7) 48.57+2.43¢ 85.14+3.62°¢ 9.28+0.48¢ 12.14+0.37¢ 21.57+0.53¢
Diabetic+ Diplotaenia turcica root extract 200 (n=7) 40.71+3.45¢4 67.71+4.464 12.57+0.78° 17.1440.37° 29.28+0.75°
Significance (p <0.001) (p <0.001) (p<0.001) (p<0.001) (p<0.001)

Note: The different subscript letters (a, b, c, d, e) in the same column indicate significant differences between groups (p <0.001).

When the abnormal sperm ratios are analyzed,

hypothalamic-pituitary-gonadal axis,

disrupting

it was found that the values in the diabetes group
were very high compared to the control and other
groups. It was determined that 100 mg/kg
Diplotaenia turcica given in addition to the diabetes
group caused a significant decrease in abnormal
sperm rates, but the healing effect of Diplotaenia
turcica given at 200 mg/kg dose was not up to 100
mg/kg (p <0.001).

Discussion and Conclusion

Diabetes
reproductive

causes
system

problems in the male
by damaging the

spermatogenesis, creating problems in ejaculation,
creating undesirable effects in all of the listed
conditions (Sexton ve Jarow, 1997). In addition,
diabetes is known to progress with hyperglycemia.
Reactive oxygen species, which occur in large
amounts in hyperglycemia, cause damage to the
mitochondria of germ and leydig cells and cause
disruption of spermatogenesis (Li et al., 2013; Long
et al., 2015).

Sperm count, motility and morphology are very
important markers for testicular functions. Based
on the data in Table 1, sperm morphology,
epididimal sperm count, and motility are seen to be
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adversely affected in diabetic rats compared to the
control group, which is in agreement with the
results of study showing deterioration in
spermatogenesis under hyperglycemia (Artimani et
al., 2018; Bal et al., 2011; Nelli et al., 2013; Rashid
et al., 2015; Soliman et al., 2018). These negativities
detected in sperm parameters can be explained by
inhibition of spermatogenesis due to diabetes
(Dawson et al., 1992). In this study, Diplotaenia
turcica (100 mg / kg) supplementation resulted in
remarkable recovery in diabetic male rats,
epididimal sperm count, sperm motility, and sperm
morphology. These findings clearly show us the
spermatogenic activity of the extract and support
the use of the Diplotaenia turcica plant by the local
people.

Serum testosterone levels and gonadotropin
levels were significantly lower in the diabetic group
compared to the control group (p < 0.012 and p <
0.001, respectively). This outcome was consistent
with previous reports on the changes in
reproductive hormone parameters in diabetic rats
(Ballester et al., 2004; Fedail et al., 2016). Based on
the data in Table 1, after a 100 mg/kg dose of
Diplotaenia turcica root extract the testosterone
level increased compared to the control and
diabetes groups, however a higher dose decreased
the testosterone levels compared to the control
group. This could be due to the androgen release
activity of a 100 mg/kg Diplotaenia turcica root
extract dose.

Sexual dysfunction occupies an important
place among the complications of diabetes in men
(Isidro, 2012). Looking at the testosterone values in
Table 1, it is seen that there is a significant decrease
(p <0.001) in the diabetes group. This may have
been due to a decrease in the number or
impairment of the Leydig cells, where testosterone
is secreted. As a matter of fact, leydig cells both
decrease in number due to diabetes and decrease
their testosterone synthesis, which is their main
function (Ballester et al., 2004). Testosterone is a
very important hormone for the structural and
functional development of male reproductive
organs (O’Hara & Smith, 2015). Our findings related
to the decrease of testosterone, which has a very
positive effect especially on libido, in diabetic
situations are in line with the previous study results
(Artimani et al., 2018; Bal et al., 2011; Nelli et al.,
2013; Rashid et al., 2015; Soliman al., 2018). As a
matter of fact, serum testosterone concentration
has been reported to show a negative correlation
with blood sugar level (Kim et al., 2014).
Testosterone values of the Diplotaenia turcica root
extract (100 and 200 mg/kg) groups were
significantly higher than those of the diabetes and
diabetes + Diplotaenia turcica root extract groups (p

< 0.001). This outcome presented parallels with
studies indicating an increase in testosterone levels
in diabetic groups due to the administration of a
number of extracts such as Mucuna pruriens,
Cocculus hirsutus, and Kaempferia parviflora, which
were acknowledged as antidiabetics (Lert-Amornpat
et al., 2017; Patil et al., 2014; Suresh and Prakash,
2012). The results of this study suggest this
supplement could provide an androgenic effect, as
Diplotaenia turcica root extract particularly and
significantly increases serum testosterone levels in
STZ-induced diabetic rats.The literature review did
not indicate a similar study that focuses on the use
of Diplotaenia turcica root extract in diabetic rats.
The present study is the first to indicate the
application of Diplotaenia turcica root extract with
diabetic rats results in significant recovery rates on
testicular dysfunction and impaired
spermatogenesis. In conclusion, it is possible to
assert the Diplotaenia turcica root extract is
spermatogenic and androgenic in STZ-induced
diabetic rats. It is essential that further studies
focus on assessing the effects of Diplotaenia turcica
root extract on reproductive function and other
complications related to diabetes and the effects of
different doses.

In the literature review, no similar study was
found on the use of Diplotaenia turcica on sperm
parameters and reproductive hormones in diabetic
rats. With this study, it was demonstrated that the
application of Diplotaenia turcica to diabetic rats for
the first time restores testicular dysfunction and
impaired spermatogenesis. As a result, we can say
that the root extract of Diplotaenia turcica has
spermatogenic and androgenic effects in STZ-
induced diabetic rats. It is our recommendation to
undertake additional studies to evaluate the effects
of the root extract of Diplotaenia turcica on the
reproductive function and other complications
related to diabetes, and to determine what effects
different doses will have.
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Ozet: Bu calisma, serbest dolasimli (free-range) barindirma sisteminin yavas ve hizli gelisen etlik piliclerde biyime
performansi ve ekonomik verimlilik tGzerine etkisini incelemek amaciyla yapilmistir. Calismada yavas ve hizli gelisen iki ayri
etlik pilic genotipi ile serbest dolagimh (free range) ve geleneksel derin altlik zemin sistemi olmak lizere dort ana grup yer
almis (2x2) ve her ana grup 5 tekrarli gruptan olusmustur. Her tekrarli grupta 10 adet civciv olmak lizere calismada
toplamda 200 adet giinlik yasta erkek civciv kullanilmis, gruplarda canli agirlk, yem tiiketimi ve olenler kaydedilmis,
degisken giderler ve bu giderlerin toplam igindeki paylari belirlenmis, brit kar ve karlilik orani hesaplanmistir. Arastirma
sonu (56 glinlik yas) canh agirlik (P<0.009) ve yemden yararlanma orani (P<0.01) bakimindan barindirma sisteminin etkisi
6nemli bulunmus, hizli gelisen genotiplerin deneme sonu canh agirlik (P<0.001) ve yemden yararlanma yetenegi (P<0.006)
yavas gelisenlere gore daha ytiksek bulunmustur. Genel olarak, serbest dolasimh (free-range) barindirmada yavas ve hizl
gelisen piliglerin her ikisinin de blylime ve ekonomik performansi derin altlik sistemde yetistirilenlere gore daha yiiksek
bulunmustur. Elde edilen sonuglara gore, hizh gelisen piliglerin serbest dolagimh free-range pili¢ eti Uretiminde, yavas
gelisen piliglerin konvansiyonel pilig eti Gretiminde kullaniminin giderek yayginlasacagi beklenebilir.

Anahtar Kelimeler: Etlik pilig, Barinak, Genotip, Bliyiime performansi, Ekonomik verimlilik.

Effects of Free-Range and Deep Litter Housing System on Growth Performance and Production
Economics of Slow and Fast-Growing Broiler

This study aimed to evaluate the effects of free-range housing system on growth performance and production economics of
slow and fast-growing broiler. In the study, slow-growing and fast-growing broilers with slatted floor and deep litter were
used, so there were four main groups (2x2), and each main group was consisted of 5 replicates. Each replicates was
consisted of 10 male day-old ages chicks so 200 birds were used in total. The experiment lasted in 56 days. In the study, live
weight gain, feed consumption, and death of birds were recorded throughout the experiment. Variable costs of each group
and their percentages within total costs were calculated, gross profit and profitability were calculated to analyze economic
performance. As expected, the body weight and feed conversion ratio of fast-growing broiler was found to be better than
slower growings (P<0.001, P<0.006), and the effect of the housing system on live body weight and feed conversion ratio
was found to be significantly important (P<0.009, P<0.01). In general, the growth and economic performance of both slow
and fast-growing broilers in free-range housing were higher than those raised in conventional deep litter system. According
to the results, the use of fast-growing broilers in free-range production and the use of slow-growing broilers in conventional
production can be expected to become widespread.

Keywords: Broiler, Economics, Free range housing, Genotype, Growth performance.

Giris

Pilic eti Uretimi diinya genelinde derin altlikh (British Poultry Council, 2017). Turkiye’ de 2019

kiimeslerde gerceklestiriimektedir (North ve Bell,
1990). Derin althkli kimeslerde hayvanlarin hareket
alaninin  sinirh olmasi ve dogal gin Isigindan
yararlanamamalari, dogal ve organik Urilinlere olan
tiketici talebinin giderek artmasi gibi nedenlerden
pilic eti Gretiminde serbest dolasiml free range gibi
degisik barindirma ve yetistirme sistemlerine olan
ilgi giderek artmaktadir (Anonim, 2007). ingiltere’
de toplam pilic eti Uretiminin %3,5" i serbest
dolasimli free-range sistemde gergeklestiriimektedir

verilerine gore 7.807 ticari etlik pilic isletmesi ve
12.725 etlik pili¢ kiimesi bulunmakta olup (Anonim,
2020) tamamina yakininin geleneksel derin altlikh
kiimes oldugu distnilmektedir. Serbest dolasimli
(free-range) barindirma sistemi, dogal pili¢ etine
olan talebin ve hayvan refahi konusunda tiiketici
duyarhliginin artmasiyla yayginlasan alternatif bir
sistemdir (Jones ve Berk., 2012). Bu yetistirme
sistemi  kanatli hayvanlarin  kapali  barinakta
barindirilmasi  ve acgik alanda serbest olarak
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otlatilmasi esasina dayanmakta olup, barinak derin
althkli kapali bir bolim ile gezinti alani olmak {izere
iki  bolimden olusmaktadir. Gezinti  alani
yesillendirilmis cayir mera alani ve yalnizca toprak
veya kumla kaplanmis gezinti alani olarak
planlanabilmektedir (Appleby ve ark.,, 1992;
Yenilmez ve Uruk, 2016). Serbest dolasmli free
range barindirma sisteminde kapali alan ve gezinti
alaninda hayvan basina olmasi gereken zemin alani
konusunda tam bir benzerlik olmayip, llkelere gore
farkh uygulamalar olabilmektedir (Taylor ve ark.,
2018). Serbest dolasimli alternatif sistemlerde
besleme programi Uretim yoénine gore farkh
olabildigi gibi, bu barindirma sisteminin sera gazi
salinimi, toprak ve c¢evreye olan etkileri de farklidir
(Da Silva ve ark., 2014). Serbest dolagimli free range
kiimesler sabit olabildigi gibi hareketli de
olabilmekte (Grandin, 2015), hayvanlar sicak ve
soguk stresi, asiri parlak isik, yagmur gibi hayvan
saghgl ve refahini etkileyen faktorlerin daha fazla
etkisi altindadir (Ponte, 2008). Bu sistemde
yetistirilen kanatlilar merada otlanma, bdcek ve
solucan avlama ile yogun fiziksel aktivite
imkanlarina sahip olup (Van Horne ve Achterbosch,
2008), hayvanlara geleneksel sistemlerde
yasayamadiklari dogal davranislarini yasama, glines
isinindan yararlanma firsati da saglanmis olur.
Serbest dolasimh sistemde kimes ici alanda
hayvanlara daha genis ve rahat bir ortam
saglanmaktadir. Ancak bu sistemde daha fazla
araziye ihtiyag¢ vardir ve pili¢ eti Uretim maliyetleri
daha yuksek olabilmektedir. Bu barindirmada
gezinti alaninda yer alan zararl ot ve bitkilerden
tavuklar olumsuz etkilenebilmekte (Miao ve ark.,
2005), vyabani hayvan saldirilarina daha acgik
olmakta, hayvanlarda korku davranisina daha fazla
rastlanilmaktadir. Serbest dolagimh free-range
barindirmada hayvanlarin enfeksiyéz hastaliklara
yakalanma ihtimali daha yulksektir. Beslenme
yetersizlikleri ile daha sik karsilasilmakta olup,
hayvanlarin merada tikettigi ot miktarinin ve
besleyici degerinin hesaplanmasi daha glgtir
(Yenilmez ve Uruk, 2016).

Pilic eti Uretiminde uygun kosullarda
barindirma yaninda hayvanin genetik yapisi
verimliligi etkileyen en 6nemli faktorlerden birisi
olup, ticari Uretimde yaygin olarak hizh gelisen etlik
pilic genotipleri kullaniimaktadir. Genetik olarak
yavas ya da orta dizeyde gelisme kabiliyeti olan
etlik pilic genotipler ise daha ¢ok organik tarim gibi
sertifikall ve alternatif Giretimlerde kullanilmaktadir
(Moyle ve ark., 2014). Bu piliclerde daha yavas
gelisme yaninda; hizli gelisen piliglere gére ani 6lim
sendromu ve ayak problemleri gériilme orani daha
disiktir (Karaarslan, 2015; Cavusoglu ve Petek,
2019). Turkiye’ de serbest ya da gezen pilic adi
altinda free-range barindirma sisteminde pili¢ eti

Uretimi az da olsa yapilmakta olup, organik ya da
organik olmayan kosullarda yavas gelisen etlik pilig
genotipleri ticari olarak kullanilmaya baslanmistir
(Ceylan, 2018). Yavas gelisen etlik pilig
genotiplerinin hem serbest dolasimli free-range
Uretimde hem de kapali barindirma kosullarinda
verim performanslarinin belirlenmesinin, 6zellikle
ticari entansif Gretimde hizli gelisen genotipler ile
performanslarinin  esdeger kosullarda ortaya
konulmasinin  faydali olacag dustnilmektedir.
Hollanda, ingiltere ve Amerika Birlesik Devletleri gibi
bazi Ulkelerde dreticiler free range ve organik
sistemlerde hizli gelisen etlik pilic genotiplerini
tercih etse de (Poltowicz ve Doktor 2011) yavas
gelisen etlik piliclerin  uygun olmayan cevresel
kosullara dayanikli ve vyliksek otlama davranisi
nedeniyle alternatif sistemlerde kullanilmasinin
daha uygun olacagi bildirilmistir (Moyle ve ark.,
2014; Legrand ve ark., 2017). Etlik pilig
genotiplerinin mera kullanimi farkh olup, yavas
gelisen genotiplerin daha yiksek mera kullanimi ve
ot tiketim oranina sahip olduklari tespit edilmistir
(Fanatico, 2007). Serbest dolasimli free range
Uretim sisteminde yetistirilen hayvanlarin blyime
performansinin arastirilarak bu lretim sistemine en
uygun pilic genotipinin belirlenmesine doénik
¢alismalara biyik ihtiya¢ oldugu disinllmektedir.
Bu c¢alisma serbest dolasimh free-range ve
geleneksel derin althkli kimeslerde yetistirilen
yavas ve hizli gelisen genotiplerin karsilastirmali
olarak bliyiime performanslari ile tiretim ekonomisi
Uzerine etkilerini arastirmak amaci ile planlanmistir.

Materyal ve Metot

Yénetim: Calismada 4 ana grup olusturulmus
(2 genotip x 2 barindirma sistemi) ve her ana grupta
5’ er tekrarh alt grup olmak (zere denemede
toplamda 20 grup yer almistir. Denemede yavas
gelisen genotip olarak; Hubbard JA57 ve hizli gelisen
genotip olarak Ross 308 kullaniimistir. Serbest
dolasimli  free-range gruplar kapali bolim ve
gezinti/otlama boliminden olusurken, derin althk
gruplar sadece kapali bélimden olusmustur. Her iki
grupta da kapali bélimler derin althik olarak
dizenlenmistir. Gruplarda kapali bolimler 1x1 m,
serbest dolasimh free range grubun gezinti/otlama
alanlarinin  her biri ise 1x5 m Olgllerinde
planlanmistir. Her tekrarli alt grupta 10, her ana
gurupta 50 adet giinliik yasta civciv olacak sekilde;
calismada toplam olarak 100 adet yavas gelisen ve
100 adet hizli gelisen erkek etlik civciv kullaniimistir.

Derin altlikh ve serbest dolasimh sistemin
kapali bélimiinde altlk olarak bir metrekare alanda
7 kg olacak sekilde yaklasik 10 cm kalinliginda piring
kavuzu kullaniimigtir. Deneme 6ncesi, deneme alani
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ile deneme siiresince kullanilacak bitin ekipmanlar
temizlenip dezenfekte edilmis ve kurumasi sonrasi
althk materyali ve ekipmanlar deneme boliimlerine
yerlestirilmistir. Denemenin ilk haftasinda butiin
gruplarda civciv yemlik ve sulugu, sonrasinda 10 kg
yem kapasitesine sahip olan askil plastik yemlik ve
askili yuvarlak suluklar kullanilmistir. Deneme
slresince gruplarda bulunan hayvanlar; etlik piligler
icin standart kosullarda buyatulmisler (North ve
Bell, 1990). Deneme baslangicinda gruplarda yer
alan hayvanlara civciv seviyesinde 33-35 °C sicaklik
saglanmis, sonrasinda haftalik 3.5-4.0 °C azaltilarak
4. haftadan sonra 18-21 °C’ de sabit tutulmustur.
Gezinti/otlama alani dis ortam sicakhgl ise giin
icinde 20-30 °C arasinda degismistir. Denemenin ilk
4 haftasinda %40-60, sonraki haftalarda %30-40
dizeyinde i¢ ortam rutubeti saglanmis, hayvanlar
Ozel bir yem fabrikasindan temin edilen doért farkh
ticari konsantre yem ile ad-libitum beslenmislerdir.
Gruplarda yer alan hayvanlara 10 giinliik yasa kadar
kiick taneli pelet formda etlik civciv baslangig (%23
protein, 2950 kcal/kg ME), 11-23. glinler arasi pelet
formda etlik civciv blyltme (%21 protein, 3000
kcal/kg ME), 24-36. glinler arasi pelet formda etlik
pilic blyitme (%20 protein, 3050 kcal/kg ME), 37.
giinden kesime kadar pelet formda kesim o6ncesi
yem (%19 protein, 3100 kcal/kg ME) verilmistir.
Denemede kullanilan serbest dolasimh free range
sistemde dogal gezinti/otlama alaninin  botanik
kompozisyonu Los Pasos metodu ile belirlenmis
(Anonim, 1980), gezinti/otlama alaninin %40’ dan
daha azi yonca gibi yem bitkilerilerinden, gogunlugu
pitrak gibi dogal bitkilerden olustugundan ”zayif
mera” kategorisinde degerlendirilmistir  (Celik
2015). Deneme unitelerinin tiinel havalandirma
sistemi (0.080-2.444 m?3/saat minimum
havalandirma orani, Aviagen 2018) ve petek-fan
serinletme sistemi ile havalandirma ve serinletme
ihtiyaclari karsilanmis, Ginitenin kuzey tarafinda yer
alan gezinti boliminin Gzeri o6zel bir file ile
kapatilarak golgelik saglanmis, ayni zamanda
kuslarin girmesi de engellenmistir.

Veri Toplama: Deneme baslangicinda civcivler
bireysel olarak tartilarak kulucka cikim agirliklari
belirlenmis ve guruplara rastgele dagitilmislar,
deneme sonu canli agirligi bireysel tartimlar ile
belirlenmistir. Deneme basinda her gruba 5’ er kg
yem ayrilmis, sonrasinda gerektikce 5’ er kg yem
ilave edilmistir. Deneme sonu gruplarda kalan
yemler tartilarak verilen toplam yem miktarindan
¢ikarilmis ve toplam yem tiketimi donem basi
hayvan sayisina boélinerek (tavuk-kiimes)  pilig
bagina yem tlketimi bulunmustur. Pilic basina
ortalama yem tiketimi ortalama canh agirliga
bolinerek yemden yararlanma hesaplanmistir.
Gruplarda 6limler oldugunda kaydedilmis, yasayan
hayvan sayisinin baslangictaki hayvan sayisina

bolinmesiyle  yasama  gicli  hesaplanmistir.
Gruplarda asagidaki formil ile dénem sonu verim
indeksi hesaplanmistir (Kryezeu ve ark., 2018).

[Yasama Giicii (%) X Canli Agirlik (kg) X 100] /
(Yas (giin) X Yemden Yararlanma Orani)

Gruplarda yer alan bitin hayvanlar deneme
sonu Veteriner Faklltesi Deneysel Kesim ve Karkas
Degerlendirme Laboratuvarinda hayvan refahi
ilkeleri dikkate alinarak boyundan kanatma yontemi
ile 56 glinlik yasta kesilmistir. Deneme gruplarinda
pilic basina degisken giderler hesaplanarak bir kg
pilicin Gretim maliyeti bulunmus, pilic satis geliri
ulusal bir marketler zincirinden alinan perakande
pilic satis fiyatina gbére hesaplanmistir. Degisken
giderler olarak yem gideri, civciv maliyeti ve althk
gideri dikkate alinmis (Cobanoglu, 2014), giderler
toplami yapilan gercek harcamalardan
hesaplanmistir. Asagidaki formiller ile gruplarda
brit kar ve rantabilite hesaplanmistir (Aydin ve
Unakitan, 2016).

Briit kar=perakende karkas satis geliri-degisken
giderler toplami

Rantabilite (%) = Kar/Maliyet x 100

istatistiki analizler: Denemede incelenen
blyliime performansi parametreleri yoniinden
gruplar arasi karsilastirmalar icin tesaduf parseller
deneme plani (General Linear Model) kullaniimis,
gruplar arasi farkliliklarin 6nemli bulunmasi halinde
¢oklu karsilagtirmalar icin Duncan testi
uygulanmistir (Snedecor ve Cochran, 1989). Canli
agirlik igin karsilastirmalar bireysel degerlerden,
yem tiketimi, yemden yararlanma ile yasama giicii
icin tekrarl grup ortalamalari Gzerinden yapilmistir.
Ylzde oranlar énce ArcSin donilstime tabi tutulmus,
sonra test uygulanmistir (Kutsal ve ark., 1990).
Analizler SPSS bilgisayar programinda yapilmistir
(IBM SPSS, 2009).

Bulgular

Bu calismada yer alan gruplarda biylime
performansi degerleri tablo 1 de gosterilmistir. Canli
agirlik (P<0.001), yem tiketimi (P<0.001) ve yemden
yararlanma (P<0.006) Uzerine genotipin etkisi
onemli bulunurken, barindirma sistemi ise yemden
yararlanma (P<0.019) (zerine onemli bir etki
gostermistir. Serbest dolasimli free range sistemde
yetistirilen  hizh  gelisen  piliclerin  yemden
yararlanma orani derin altlik gruba gore belirgin
sekilde daha dislik hesaplanmistir. Yasama giici
yoninden hem genotipin hem de barindirma
sisteminin etkisi 6nemsiz bulunmustur. Yavas ve
hizli  gelisen genotiplerde deneme sonu canl
agirhklar; 4.588 ve 2.177 g bulunmus, verim indeksi
degerleri hizli ve yavas gelisenlerde 375 ve 221, free
range ve derin althk sistemde 320 ve 276 olarak
hesaplanmistir. En yiksek verim indeksi degeri free
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Tablo 1. Deneme gruplarinda bilyiime performansi degerleri (X +SX).

Gruplar Canhli Agirlik g Yem Tiketimi g Yemden Yararlanma Yasama Giicii % Verim indeksi
Genotip
HG 4,588+98 7,856£105 1,72510,042 96,00 375
YG 2,177+97 4,081+105 1,914+0,042 98,00 221
Barindirma
FR 3,525+98 5,954+105 1,741+0,042 97,00 320
DA 3,240£96 5,984:105 1,897+0,042 97,00 276
Genotipx Barindirma Sistemi
HGXFR 4,862+139 7,859+149 1,6010,060 96,00 416
HGXDA 4,314+140 7,854+148 1,849:0,060 96,00 335
YGXFR 2,187+138 4,048+148 1,882+0,060 98,00 225
YGXDA 2,167£139 4,114+150 1,946+0,060 98,00 217
ANOVA

) 5.d
Genotip 0,001 0,001 0,006
Barindirma Sistemi 0,057 0,840 0,019 o.d
Genotip x Barindirma Sistemi 0,076 0,815 0,143 o.d

HG: Hizli Gelisen, YG:Yavas gelisen, FG: Free-range, DA: Derin altlik, 6.d, dnemli degil

range sistemde yetistirilen hizli gelisen piliglerde
(483), en dusik derin altlik barindirmada yetistirilen
yavas gelisen piliclerde (217) hesaplanmistir.
Calismada deneme sonu hesaplanan karkas
geliri, karkas maliyeti, brit kar ve karlilik oranlari
tablo 2’de gosterilmistir. Serbest dolasimli free
range sistemde yetistirilen yavas gelisen piliglerde
brit kar ve karhlik dizeyi en yiksek bulunurken,
derin althik sistemde yetistirilen hizh gelisen
piliclerde bu degerler en diisiik hesaplanmistir.

Tablo 2. Gruplarda karkas satis geliri ve maliyetler
ile brit kar ve karlilik diizeyleri

Gruplar Karkas Karkas Briit Karlihk
geliri/kg  maliyeti/kg Kar (%)
(TL) (TL) (TL)
HG x FR 10,35 5,89 4,46 75,85
HG x DA 10,35 6,63 3,72 56,12
YG x FR 19,29 7,06 12,23 173,35
YG x DA 16,97 7,23 9,75 134,87

HG:Hizl Gelisen, YG:Yavas gelisen, FG:Free-range, DA:Derin althk

Deneme gruplarinda maliyetler degisen
giderler Gzerinden hesaplanmis, karkas (retim
maliyetlerinde yem giderinin toplam icindeki payi
hizli gelisenlerde yaklasik %95 yavas gelisenlerde
%91 dlizeyinde olarak hesaplanmistir (Tablo 3).

Tablo 3. Gruplarda yem, civciv ve altlik giderlerinin
toplam igindeki dagihmi (%).

Gruplar Yem gideri Civciv Althk

gideri gideri
HG x FR 95,02 4,19 0,78
HG x DA 95,02 4,20 0,78
YG x FR 90,77 7,78 1,45
YG x DA 90,96 7,66 1,43

HG: Hizli Gelisen, YG: Yavas gelisen, FG: Free-range, DA: Derin altlik

Tartisma ve Sonug

Pilic eti Uretiminde blylime performansinin
karsilastiriimasinda canl agirhk, yemden
yararlanma, yasama gicl ve bunlarin tamaminin
tek bir rakamla ifade edildigi bliyiime performans
indeksi ya da verim indeksi en Onemli
parametrelerdir (Bird 1955; Kryeziu ve ark. 2018).
Kulugka cikis agirhg1 38-40 g kadar oldukca dusik
olan et¢i genotipler 42 gilinlik kesim yasinda 2,5-2,7
kg canh agirhga ulagsmaktadirlar (Branciari ve ark.,
2009). Kesim yasi tliketici talebi ve pazar kosullarina
gore degismekle birlikte ticari kosullarda yapilan
geleneksel pili¢ eti iretiminde genelde 39 gin, free
range pili¢ eti Uretiminde 59 gln, organik pili¢ eti
Uretiminde ise 70 gindir (British Poultry Council,
2017).

Bu calismada beklenildigi gibi; hizli gelisen etlik
piliclerde deneme sonu canli agirhk kazanci yavas
gelisen genotiplere gore ©6nemli dizeyde daha
yuksek bulunmustur. Hizli gelisen piliglerin canh
agirlik  kazanci yoninden yiksek bir genetik
potansiyele sahip olmalari bu farkliigin baslica
nedenidir (Fanatico, 2007; Harlander ve Hausler,
2009; Sarica ve Yamak, 2010). Bu calismada elde
edilen bu bulgular Branciari ve ark. (2009) ve Wang
ve ark. (2009)’ nin arastirma sonuglari ile benzerlik
gostermektedir.  Serbest dolagsmli  free-range
sistemde yetistirilen hizh gelisen piliglerin canli
agirhklar derin altlik sistemde vyetistirilenlere gore
onemli diizeyde daha yiksek bulunmustur. Bu
sistemde hayvanlar gezinti/otlama esnasinda bir
miktar enerji harcasa da gezinti alanindaki yesil
bitkiler, tohumlar, solucanlar ve bdceklerden elde
ettigi ilave besin maddelerinden dolayi derin altlik
sistemde yetistirilen piliglere gére daha yliksek canh
agirhk kazanmistir. Ponte ve ark. (2008) mera
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kullaniminin broyler blyime performansi ve et
kalitesi lzerine etkisini belirlemek amaciyla
yaptiklari bir arastirmada free-range barindirma
grubunda canh agirligin derin althkli sistemde
blyitlilen piliclere gore daha yiksek oldugunu
bildirmislerdir. Bu ¢alismada elde edilen sonugtan
farkh olarak bazi arastirmalarda (Almasi ve ark.,
2015; Stadig ve ark., 2016) canli agirhgin derin althik
sistemde yetistirilen piliclerde free-range piliclere
gore daha yliksek bulundugu bildirilirken, bazi
arastirmalarda (Dal Bosco ve ark., 2014; Moyle ve
ark., 2014) barindirma sisteminin canli agirlik
Gzerine etkisinin istatistiksel olarak dnemli olmadigi
bildirilmistir. Bu ¢alismada pilic basina toplam yem
tiketimi bakimindan genotipin etkisi 6nemli
bulunurken, barindirma sisteminin etkisi dnemsiz
bulunmustur. Bununla uyumlu olarak yapilan bazi
calismalarda, hizli gelisen piliclerin yavas gelisen
piliclere gore daha fazla yem tiiketimine sahip
olduklari bildirilmistir (Branciari ve ark., 2009;
Quentin ve ark., 2003). Bu ¢alismada hem hizli
gelisen hem de yavas gelisen piliglerin derin altlik ve
serbest dolagimli free range sistemde deneme sonu
toplam  yem  tuketimleri birbirine  yakin
bulunmustur. Free range sistemde hayvanlar disari
cikip gezinme ve otlama imkani bulsa da gezinti
otlama alaninin mera kalitesi hayvanlarin yem
tiketimi Gzerine énemli bir katki saglamamistir. Bu
¢alismada barindirma sisteminin pilic basina yem
tiketimi Uzerine etkisi ile elde edilen degerler,
Ponte ve ark. (2008), Dal Bosco ve ark. (2014) ile
Tong ve ark. (2014) ve Stadig ve ark. (2016)'nin
bildirisleri ile  benzerlik gbstermektedir. Bu
¢alismada yemden yararlanma (izerine genotip ve
barindirma sisteminin etkisi 6nemli bulunmustur
(P<0.006 ve P<0.009). Deneme sonu yemden
yararlanma degeri free-range sistemde yetistirilen
hizli gelisenlerde en disiik bulunurken (1.601),
derin althk sistemde yetistirilen yavas gelisenlerde
en yliksek bulunmustur (1.946). Bu calismada elde
edilen bulgularin aksine Mikulski ve ark. (2011)
tarafindan yemden yararlanma agisindan genotipler
arasindaki farkhhklarin istatistiksel olarak 6nemli
olmadigi bildirilmistir. Bu ¢alisma ile uyumlu olarak
Fanatico ve ark. (2006) tarafindan hizli gelisen
piliglerde yavas gelisen piliglere gére daha dusiik bir
yemden yararlanma orani elde edildigi bildirilmistir.
Genetik etki yaninda yavas gelisen piliclerin daha
hareketli olmalarindan dolayi bu hayvanlarda
kilogram canli agirhk kazanci icin yem tiiketiminin
daha vyiksek oldugu soylenebilir. Bu g¢alismada
deneme sonu yemden yararlanma igin hesaplanan
deger Pavlovski ve ark. (2009)'nin Arbor Acres ve
RedBro genotipleri igin bildirdigi degerlerden daha
yuksektir. Hizli gelisen piligcler icin derin althk
sistemde hesaplanan deneme sonu yemden
yararlanma orani Fouad ve ark. (2008), Aimedia ve

ark. (2017) ile Li ve ark. (2017) nin derin altlik
sistemde hizl gelisen piligler igin bildirdigi degerden
daha dusuktir. Yavas gelisen piligler igcin serbest
dolasimli free range ve derin altlik sistemde
hesaplanan yemden yararlanma orani Fanatico ve
ark. (2008) ile Diktas ve ark. (2015)'nin ayni
barindirma sistemlerinde yavas gelisenler igin
bildirdigi yemden yararlanma oranindan ¢ok daha
iyidir. Yavas ve hizli gelisen genotipler icin deneme
sonu hesaplanan yemden yararlanma orani (1.725
ve 1.914) Kocer ve ark. (2018) nin bildirdigi
degerlerden daha iyidir (2.03 ve 3.16). Ayni sekilde
hizli gelisen pilicler icin serbest dolasimli free range
sistemde hesaplanan yemden yararlanma orani
(1.601) Poltowicz ve Doktor (2011) tarafindan bu
barindirma sisteminde benzer genotipler igin
bildirilen degerden daha iyi bulunmustur.

Bu c¢alismada derin althk ve free-range
sistemde yetistirilen etlik piliclerde yasama glci
%95’ in lzerinde hesaplanmis, yasama glici Gzerine
barindirma sistemi ve genotipin etkisi 6nemsiz
bulunmustur. Etlik pili¢ yetistiricili§inde bir Gretim
doneminde %5’ e kadar 6limlerin kabul edilebilir
oldugu dikkate alinirsa guruplardaki yasama glici
degerleri ticari kosullar icin kabul edilebilir
sinirlardadir  (Celik ve ark., 2007). Calismada,
deneme sonu yasama glici orani, hizli ve yavas
gelisen pili¢ gruplarinda sirasiyla %96 ve %98 olup,
free-range ve derin altlikli barindirma gruplarinda
ayni oranda %97 olarak belirlenmistir. Bu
arastirmada, hizli ve yavas gelisen pili¢ gruplarinda
elde edilen yasama glicii oranlari, Quentin ve ark.
(2003) ile Branciari ve ark. (2009) ve Mikulski ve ark.
(2011)'nin bildirisleriyle benzerlik gostermektedir.
Free-range ve derin althkli barindirma gruplarinda
elde edilen yasama glicli oranlari, Pavlovski ve ark.
(2009), Mikulski ve ark. (2011), Dal Bosco ve ark.
(2014) ile Tong ve ark. (2014) ve Ohara ve ark.
(2015)" nin bulgulariyla genelde benzerdir. Bu
¢alismada elde edilen yasama glicli degerleri hizli ve
yavas gelisen piligclerin kullanildigi geleneksel ve
organik pili¢ eti Uretiminde elde edilen degerlerden
biraz daha dusik olsa da genelde benzerdir
(Bokkers ve De Boer 2009; Gocsik ve ark., 2016).
Free range ve derin altlik sistemde yetistirilen yavas
gelisenler icin bulunan yasama glcl degeri Diktas
ve ark. (2015)’ nin bildirdiginden daha ytksektir.
Hizli gelisenler igin derin althk sistemde tespit edilen
yasama giict degerleri Li ve ark. (2017) ile Almedia
ve ark. (2017) ‘in bildirdigi degerlerden daha yiiksek
bulunmustur. Ticari pilic eti Uretiminde {retim
dénemi ya da genotiplerin belirli standartlara gore
performanslarini  degerlendirmek i¢cin  Avrupa
Verimlilik indeksi olarak tanimlanan genel bir verim
indeksi gelistirilmistir. Bu performans indeksinin
siniflandiriimasinda 140-150 arasindaki deger zayif,
150-170 arasindaki degerler orta, 170-185
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arasindaki degerler iyi ve 190’dan daha blylk
degerler de mikemmel olarak belirlenmistir
(Senkoyli, 1991). Gunumuz ticari kosullarinda ise bu
degerin 300-350 arasinda degistigi bildirilmistir
(Poultry Performance Plus, 2019). Buna goére bu
calismada yer alan gruplarda hesaplanan verim
indeksi degerlerinin tamami Senkoyla (1991) nin
bildirdigine gére  mikemmel sinifinda yer
almaktadir. GUnimiz ticari kosullari icin bildirilen
degerler ile karsilastirildiginda ise free-range
sistemde yetistirilen hizli gelisen grubun verim
indeksi Ust sinirdan daha yiksek derin altlik
sistemde yetistirilen hizli gelisenler icin hesaplanan
deger ise bildirilen sinirlar arasindadir. Yavas
gelisenler i¢in bu ¢alismada hem free-range hem
derin altlik sistemde hesaplanan indeks degerleri
ticari kosullar icin bildirilen degerden daha
disiktdr. Ticari kosullar igin hesaplanan bu degerin
hizli gelisen genotiplere gore hesaplanmis bir deger
oldugunu da dikkate almak gerekir. Free range
barindirma sisteminde hesaplanan indeks degeri
ticari kosullar igin bildirilen degere benzer iken,
derin altlik igin hesaplanan deger bildirilenin altinda
bulunmustur.

Pilic eti Uretiminde en biylk maliyet unsuru
yem olup, sabit giderlerin esit oldugu kosullarda
isletmeler ya da gruplar arasi karsilastirmalarda
faaliyetlerin basarisi genelde brit karhhk dizeyine
gore, degisken ve sabit giderlerin tamami dikkate
alinarak yapilan karsilagtirmalar ise genelde net kar
ve karlilhk diizeyine gore yapilmaktadir (Yilmaz ve
ark., 2010). Sarica ve ark. (2014) tarafindan farkli
etlik pilic genotipleri ile yapilan bir calismada
toplam masraflarin  %92’sini degisken giderler,
%8'ini ise sabit giderlerin olusturdugu, degisken
masraflar icinde en 6nemli payi ise %75 ile yem
maliyetinin olusturdugu bildirilmistir. Bu ¢alismada
yem, civciv ve altlik giderinden ibaret degisken
giderlerde en biyik pay %90-95 ile yem giderinde
olmustur. Hizli gelisenlerde yemin toplam igindeki
payl vyavas gelisenlere gore daha yiiksek
bulunmustur. Yavas gelisenlerde karkas satis
gelirinin daha yiiksek olmasindan dolayi brit, kar ve
karlilik dizeyi yavas gelisenlerde hizli gelisenlere
gore c¢ok daha vyiksek hesaplanmistur. Serbest
dolasimli free-range sistemde yetistirilen hizli
gelisenler derin althk sistemde yetistirilen hizh
gelisenlerden, yine serbest dolasmili free-range
sistemde vyetistirilen yavas gelisenler, derin altlikta
yetistirilen yavas gelisenlerden daha yiiksek briit kar
ve karlilik gostermislerdir. Cicekgil (2018) Tiirkiye'de
kanatl hayvan sektériinde Uretim maliyetinin en
onemli kismini %68 oran ile yem giderlerinin
olusturdugunu bildirmistir. Petek (1999) Bursa ili
yakin cevrede faaliyet gosteren ticari ve sozlesmeli
pilic eti Uretim isletmelerinde brit kar oranini %25
ve %68, net kar oranini %17 ve %26 bulmus, bu

isletmelerde degisken giderlerin toplam maliyet
icindeki payini ise %91 ve %56 olarak bildirmistir.
Hizh gelisen piliglerde karkas maliyetinin daha digtk
olmasinin bu hayvanlarda tilketilen yemi ete
donlstirme kabiliyetlerinin  ¢ok daha yiksek
olmasindan dolayi oldugu dislinilmektedir. Avrupa
genelinde organik ya da free-range sistemlerden
Uretilmis piliglerin satis fiyatinin konvansiyonel
sistemdeki piliclere gore iki kat daha fazla oldugu
bildirilmistir (Westgren, 1999). Bu durum Tirkiye'de
de hemen hemen ayni olup, yavas gelisen piliclerin
perakende karkas gelirinin hizli gelisen piliclere gore
daha yiksek oldugu tespit edilmistir. Bu calisma
bulgusu, Husak ve ark. (2008)'nin calismasindaki
bulgu ile benzerlik gostermektedir. Daha yilksek
satis fiyati yavas gelisen piliglerde daha yiiksek brit
kar ve karlilik orani elde edilmesini saglamistir.

Bu calismada hizli gelisen piliclerin blylme
performansi daha iyi bulunsa da daha yiiksek satis
fiyatina bagh olarak vyavas gelisen piliclerin
ekonomik performansinin daha iyi oldugu tespit
edilmistir. Serbest dolagimh free-range
barindirmada yavas ve hizli gelisen piliclerin her
ikisinin de blylime ve ekonomik performansi derin
althik sistemde vyetistirilenlere gére daha yiksek
bulunmustur. Yakin gelecekte ticari (retimde;
serbest dolasimli free-range Uretimde hizli gelisen
piliclerin,  konvansiyonel derin althk kapah
barinaklarda yavas gelisen piliglerin kullaniminin
giderek  yayginlasacagl  dusiUnilmektedir.  Bu
gelisimde daha dogal ve hayvan refahina daha
uygun sistemlerde Uretilmis pili¢ etine olan tiketici
ilgisi 6nemli bir rol oynayacaktir.
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Bazi Yerli ve Melez Koyun Genotiplerinde Siit Yag Asidi Profillerinin
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Ozet: Yag asitlerinin insan saghg acisindan hastaliklari &nleyici ve tedavi edici dzelligi vardir. Ayrica siit ve siit Griinlerinde
kaliteyi etkileyen onemli bir parametredir. Dolayisiyla hayvansal lrinlerde yag asidi kompozisyonun belirlenmesi biyiik
6nem tasimaktadir. Bu arastirma Akkaraman (Akk), Bafra (Baf) ve Bafra x Akkaraman (F1) koyunlarda st yag asidi
kompozisyonunun belirlenmesi amaciyla yapiimistir. Yag asidi kompozisyonu, her genotipten rastgele segilen 12 koyundan
laktasyonun baslangig, orta ve son donemlerinde alinan sit 6rnekleri ile Gaz Kromatografi Kiitle Spektrofotometrisi yontemi
kullanilarak belirlenmistir. Laktasyon boyunca Akk, Baf ve F1 genotipi koyunlarda belirlenen genel ortalama toplam doymus
yag asidi (3DYA) orani sirasiyla %64,66+0,40; 60,61+0,97 ve 58,23%0,81; toplam doymamis yag asidi orani (3DsYA)
%35,06+0,40; 38,97+1,00 ve 41,29+0,78; X®6/Z®3 orani 4,160,16; 4,44+0,17 ve 4,36%0,26; Besleyici Deger (BD)
1,4310,03; 1,4440,05 ve 1,380,04; Aterojenik Indeks (Al) degeri 1,69+0,04; 1,41+0,08 ve 1,25+0,04; Trombojenik Indeks
(T1) degeri ise 1,50+0,02; 1,33+0,09 ve 1,13+0,04 olarak tespit edilmistir. Sonug olarak, belirlenen yag asidi kompozisyonun
koyun sitl icin bildirilen degerlere uyumlu oldugu tespit edilirken; genotip gruplar arasinda bazi yag asidi profilleri
bakimindan farklilik oldugu soylenebilir.

Anahtar Kelimeler: Akkaraman, Bafra, Sut, Koyun, Yag asidi profili

Investigation of Milk Fatty Acid Profiles in Some Native and Crossbred Sheep Genotypes

Abstract: Fatty acids have preventive and therapeutic properties in terms of human health. It is also important parameter
affecting the milk quality and dairy products. Therefore, determining the fatty acid composition in animal products is of
great importance. This research was carried out to determine milk fatty acid composition in Akkaraman (Akk), Bafra (Baf)
and Bafra x Akkaraman (F;) sheep. Fatty acid composition was determined by using Gas Chromatography Mass
Spectrophotometry method with milk samples taken from 12 sheep selected randomly from each genotype at the
beginning, middle and end of lactation. The overall means in sheep from Akkaraman, Bafra ve Bafra x Akkaraman F; were
found as %64,66+0,40; 60,61+0,97 and 58,23+0,81 for total saturated fatty acids rate (3SFA); %35,06+0,40; 38,97+1,00 and
41,29+0,78 for total unsaturated fatty acids rate (SUFA); 4,16+0,16; 4,44+0,17 and 4,36+0,26 for Zm6/X®3 rate; 1,43+0,03;
1,44+0,05 and 1,38%0,04 for Nutritive Value; 1,69%0,04; 1,41+0,08 and 1,25+0,04 for Atherogenic Index (Al); 1,50%0,02;
1,3340,09 and 1,13+0,04 for Thrombogenic Index (Tl), respectively. As a result, it is determined that the determined fatty
acid composition is compatible with the values reported for sheep milk; It may be said that there are differences between
genotype groups in terms of some fatty acid profiles.

Keywords: Akkaraman, Bafra, Milk, Sheep, Fatty acid profile,

Giris

insanlarin mental ve fiziksel ydnden saglikli olmalari,
beslenme durumuyla yakindan ilgilidir. Saglikh
yasama, blylime, gelisme, zihinsel ve bedensel
fonksiyonlarin sirekliligi ancak yeterli ve dengeli
beslenme ile saglanabilir (Celebi ve Karaca, 2006).
Temel fonksiyonlari, organizmanin  metabolik
aktivitesi icin gerekli olan protein, enerji, vitamin ve
mineraller gibi mikro ve makro besin unsurlarini
saglamak olan gidalar, saglhk acisindan olumlu
etkileri olan bircok bilesigi de icermektedir (Celebi
ve Kaya, 2008). Ozellikle son vyillarda yapilan
arastirmalar insanlarin beslenme aliskanliklar ile
hastaliklar arasinda bir iliski oldugunu ortaya

koymaktadir. Bazi hastalik faktorleri ile beslenme
arasindaki iliskiler arastiriirken siklikla irdelenen
gida bileseni yaglardir. Yaglar, yliksek enerji kaynagi
olmasinin yaninda vyagda c¢o6ziinen vitaminleri
icermeleri ve kan lipit diizeyindeki rolleri nedeniyle
insan beslenmesinde oOnemli bir yere sahiptir
(Kayahan, 2009).

Sit, insanlarin beslenmesinde kullanilan en
onemli hayvansal kékenli gida maddelerinden
biridir. Sut Gretiminde sutlin besleyici degeri kadar
sutiin hijyenik sartlarda Uretilip tiiketiciye sunulmasi
da 6nem tasimaktadir (Ozbeyaz, 2012). Siit; protein,
yag, karbonhidrat, vitamin ve mineral madde
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yoniinden zengin bir besindir. Sit icerigi tirlere
gore farklihk gostermektedir. Koyun siitlinde kuru
madde miktari, Ozellikle kazein ve yag orani
yuksektir. (Karaca ve ark., 2003; Ocak ve ark., 2009;
Ozbeyaz, 2012; Tekelioglu ve Cimen, 2011; Ugur ve
ark., 2003). Siit ve sut Grtnlerinin kalite yoniinden
degerlendirilmesinde besin madde igerigi, hijyen ve
duyusal o©zellikler her zaman gbz Onlinde
bulundurulmustur. Ancak glinimdizde siit kalitesi ile
ilgili yapilan calismalar, bu kriterlere ek olarak driin
kalitesi ile iliski sut kompozisyonu (zerine
yogunlasmaktadir (Boyazoglu ve Morand-Fehr,
2001). insan saghgi acisindan hastaliklari énleyici ve
tedavi edici Ozelligi olan yag asitleri, sit ve sit
Uriinlerinde  kaliteyi  etkileyen  6nemli  bir
parametredir. Dolayisiyla hayvansal drinlerde yag
asidi kompozisyonun belirlenmesi blylik 06nem
tasimaktadir. Satteki yag asidi kompozisyonu;
beslenme, irk, laktasyon dénemi, kondlsyon ve
cevresel faktérlere baghdir (Pulina ve ark., 2006).

Yaglarin  fiziksel, kimyasal ve fizyolojik
oOzellikleri, birinci derecede yapisindaki yag
asitlerinin cins ve miktarina baglidir. Doymamis yag
asitlerinin  tuketiminin, hastaliklarin olusumunda
etkili risk faktorlerini azaltict etkisi oldugu
bildirilmektedir. Gidalarda yaygin olarak bulunan
tekli doymamis yag asidi; oleik asit, coklu doymamis
yag asidi ise linoleik asittir. Coklu doymamis yag
asitleri insan vicudunda sentezlenemezler bu
nedenle gidalarla alinmasi gerekmektedir (Cakmakgl
ve Kahyaoglu, 2012).

Koyun sttinln karakteristik ozelligi, inek ve
keci sttline gore daha yliksek oranda bdtirik asit
(C4:0) ve konjugelinolek asit (KLA) icermesidir
(Parodi, 1999). KLA izomerleri ruminant hayvanlarin
rumenlerinde linoleik ve linolenik gibi c¢oklu
doymamis yag asitlerinin rumen bakterileri
tarafindan biyohidrojenasyonu esnasinda meydana
gelen ara drunlerdir. KLA'nin kanser, kalp-damar
hastaliklari, seker hastaligl, immun sistem, kemik
mineralizasyonu ve viicut kompozisyonu lzerinde
cok 6nemli pozitif etkileri bulunmaktadir (Celebi ve
Kaya, 2008). KLA’'nin esas kaynagini ruminant
hayvanlarin etleri, sit ve peynir gibi siut Grlnleri
olusturmaktadir. KLA ihtiyacinin  %60’inin  sit
Urunleri, %37’sinin ise et Urlinlerinden karsilandig
bildirilmektedir (Cakmakg¢i ve Kahyaoglu, 2012).
Koyun sutlindeki yag asitlerinin %75’inden fazlasini
C10:.0, C14:.0, C16:0, <(C180 ve (C18:1
olusturmaktadir. Koyun siitinde bulunan ve
metabolik yonden degerli kisa ve orta zincirli yag
asitlerinin toplam yag asitleri i¢indeki payi sirasiyla
kaproik asit (C6:0) %2,9; kaprilik asit (C8:0) %2,6;
kaprik asit (C10:0) %7,8 ve laurik asit (C12:0)
%4,4’tir (Goudjil ve ark., 2004). Bu yag asitlerinin
peynirlerde karakteristik lezzetin olusumunda rol
oynadigl ve diger tirlere ait sltlerin icine katilan

koyun sitiiniin tespit edilmesinde kullanilabilecegi
bildirilmektedir (Park ve ark. 2007).

Bu arastirma Akkaraman (Akk), Bafra (Baf) ve
Bafra x Akkaraman Fi (F1) genotipi koyunlarda siit
yag asidi profillerinin  belirlenmesi amaciyla
yapilmistir.

Materyal ve Metot

Arastirma materyali olarak Tarim isletmeleri
Genel Midirligi’ne (TIGEM) bagh Gozli Tarim
isletmesi’nde yetistirilen Akkaraman, Bafra ve Bafra
x Akkaraman Fi1 genotipi koyunlardan elde edilen
sitler  kullanilmistir.  Koyunlarin ~ bakim  ve
beslenmesi mera ve iklim sartlari dikkate alinarak,
isletmenin rutin uyguladigi sekilde yapilmistir.

Yag asiti kompozisyonunu belirlemek amaciyla
her genotipten rastgele secilen 12 koyundan
laktasyonun baslangi¢c (55. giin), orta (85. gin) ve
son (115. gin) donemlerinde, sabah ve aksam
sagimlarinda elde edilen st numuneleri
kullanilmistir. Kontrol giinlerinde elde edilen sutler
4000 dv/dk hizla 30 dk siire ile santriiftij edilmistir.
Ekstrakte edilen yag O6rnekleri analiz edilinceye
kadar -18 °C’de dondurulmustur. Yag asiti
kompozisyonu analizi icin sabah ve aksam
sagimlarinda elde edilen vyaglar esit miktarda
karistirilarak kullanilmistir. Analizler Mustafa Kemal
Universitesi Teknoloji ve Ar-Ge Uygulama ve
Arastirma  Merkezi  Laboratuvarlarinda  Gaz
Kromatografi Kiitle Spektrofotometrisi (GC-MS)
yontemi kullanilarak belirlenmistir (Luna ve ark.,
2005). Verilerin analizinde Tek Yonli Variyans
Analizi kullanilmis ve anlamh fark olan gruplarin ikili
karsilastiriimasinda ise Duncan testinden
yararlaniimistir.  Hesaplamalarda  SPSS  paket
programi kullanilmistir (Anonim, 2001; Park ve ark.
2007). Arastirmanin etik kurul izni, Ankara
Universitesi Hayvan Deneyleri Yerel Etik Kurulu
(2015-21-228 nolu karar) tarafindan verilmistir.

Bulgular

Koyunlarda laktasyonun farkli dénemlerinde
genotiplere gore tespit edilen yag asidi oranlari
Tablo 1’de verilmistir. Laktasyonun baslangic
déneminde C4:0 (P<0,01); C18:0 ve C(C18:2n6
(P<0,05) yag asitleri bakimindan genotip gruplari
arasinda gozlenen farkliliklar istatistik olarak dnemli
bulunmustur. Laktasyonun orta déneminde C18:0;
C18:1 (P<0,001); C20:0 (P<0,01); C20:4n6 ve C24:0
(P<0,05) yag asitleri diizeylerinde genotiplerin etkisi
onemli olarak saptanmistir. Laktasyonun son
doéneminde ise C4:0 (P<0,001); C8:0 (P<0,05); C10:0
(P<0,01); C12:0 (P<0,001); C14:0 (P<0,05); C18:0
(P<0,001); ve C18:1 (P<0,01) yag asitleri bakimindan
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Tablo 1. Laktasyonun farkli dénemlerinde genotiplere gére siitte yag asitleri ile ilgili oranlar (X + Sx) (%)

| Dénemi Orta Dénem Son Dénem Genel
Yag Asidi Akk Baf F1 P Akk Baf F1 P Akk Baf F1 P Akk Baf F1 P
(n=12) (n=12) (n=12) (n=12) (n=12) (n=12) (n=12) (n=12) (n=12) (n=36) (n=36) (n=36)
ca:0 Biitirik 0,36+0,10a 0,15+0,06b  0,05+0,03b  ** 0,07+0,02 0,09+0,02 0,04+0,04 - 0,15+0,03a 0,14+0,02a 0,00+0,00b  ***  0,20+0,04a 0,13+0,02a 0,03+0,02b **
C€6:0 Kaproik 0,16+0,04 0,17+0,04 0,160,05 - 0,23+0,07 0,250,06 0,32+0,09 - 0,16+0,03a 0,12+0,03ab  0,10£0,03b * 0,18+0,03 0,18+0,03 0,19+0,04 -
cs8:0 Kaprilik 0,62+0,09 0,52+0,10 0,57+0,09 - 0,72+0,10 0,63+0,13 0,75+0,13 - 0,43+0,04 0,28+0,04 0,39+0,04 - 0,59+0,05 0,48+0,06 0,57+0,05 -
C€10:0 Kaprik 3,76x0,47 3,67:0,47 3,6410,41 - 3,93%0,27 3,740,41 3,8410,40 - 2,5410,21a 1,59£0,14b 2,38t0,16a  ** 3,410,24 3,00+0,22 3,29:0,19 -
Cc12:0 Laurik 4,22+0,68 3,7540,24 3,21+0,27 - 3,56+0,22 3,23+0,40 3,39+0,25 - 2,34+0,16a 1,57+0,08b 2,210,142 ***  3,3740,26 2,85+0,13 2,94+0,14 -
C14:0 iristik 9,88+0,36 10,2440,44 9,100,43 - 11,56+0,29 10,68+0,42 11,23+0,30 - 9,26+0,32a 8,01+0,43b  9,01x0,28ab  * 10,23+0,22 9,6410,26 9,78+0,18 -
c14:1 stoleik 0,08+0,04 0,20+0,10 0,05+0,03 - 0,24+0,02 0,26+0,03 0,23+0,04 - 0,38+0,20 0,13+0,03 0,16+0,04 - 0,23+0,07 0,19+0,03 0,15+0,02 -
C15:0 Pentadekanoik 1,74#0,11 1,4940,17 1,59£0,15 - 2,6410,21 2,260,11 2,3210,16 - 1,9740,11 1,8840,12 2,00%0,15 - 2,120,07 1,88+0,07 1,9740,09 -
C16:0 Palmitik 25,92+0,43 28,00£1,05 26,500,48 - 26,13%0,77 25,57+0,44 26,60£0,81 - 26,74+0,50 26,42+0,68 27,02+0,65 - 26,26+0,37 26,66+0,51 26,71£0,41 -
c16:1 Palmitoleik 1,320,15 1,540,23 1,31#0,20 - 2,0440,15 2,00£0,10 1,9440,11 - 1,9340,08 1,9340,09 1,930,16 - 1,76+0,06 1,8340,11 1,7340,11 -
C17:0 Margarik 2,190,14 2,16%0,16 2,070,15 - 2,78%0,21 2,70%0,10 2,81%0,10 - 2,58%0,12 2,76%0,10 2,48+0,18 - 2,52+0,09 2,54%0,07 2,45:0,11 -
c17:1 Heptadekanoik 0,36+0,04 0,40+0,06 0,44+0,05 - 0,48+0,05 0,47+0,02 0,50+0,03 - 0,43+0,02 0,54+0,04 0,51+0,06 - 0,42+0,01 0,47+0,03 0,49+0,03 -
€18:0 Stearik 12,69+0,82a 10,80+1,01ab  8,85¢1,07b  * 14,22+0,87a 9,88+1,34b 6,3410,58¢c Hrk 15,14+0,51a 13,7740,99a 9,26x1,17b  ***  14,02%0,58a 11,48+0,75b 8,15+0,69¢ Hrk
c18:1 Oleik 25,8040,92 23,9742,38  28,81+1,92 19,54+0,74b 25,97+0,92a 26,29+0,58a  *** 24,77+0,74b 28,9840,80a  29,97+1,25a  **  23,37+0,44b 26,30+1,00a 28,35+0,82a *hk
C18:2n6 Linoleik 4,81+0,16b 6,050,35a 4,6610,42b  * 5,26%0,20 5,670,52 6,2210,24 - 5,16x0,21 5,28%0,28 5,91%0,38 - 5,08+0,13 5,670,20 5,60%0,26 -
€18:3n3 a-Linolenik 1,6340,18 1,74#0,11 1,79£0,35 - 2,12%0,16 2,00%0,20 2,26x0,17 - 1,3740,09 1,5440,07 1,70£0,21 - 1,71£0,08 1,76%0,07 1,9240,17 -
C€18:3n6 y-Linolenik 1,96+0,22 2,0210,16 2,52+0,68 - 1,45+0,10 1,63£0,08 1,69£0,22 - 1,59+0,14 1,70£0,10 1,3440,17 - 1,67+0,09 1,78+0,08 1,8540,22 -
C20:0 Arasidik 0,86+0,17 1,1640,33 1,1240,44 - 0,84+0,03b 0,87+0,04b 1,00£0,04a ** 0,96+0,05 1,1540,05 1,10£0,09 - 0,88+0,06 1,06£0,11 1,0740,13 -
C20:1 Eikosenoik 0,50+0,20 0,34+0,09 0,62+0,16 - 0,15+0,02 0,15+0,04 0,23+0,04 - 0,21+0,04 0,31+0,09 0,25+0,05 - 0,29+0,07 0,26+0,04 0,37+0,05 -
C€20:2n6 Eikosadienoik 0,100,05 0,40+0,14 0,44+0,23 - 0,12+0,01 0,120,01 0,120,01 - 0,12+0,03 0,15+0,04 0,15+0,03 - 0,12%0,02 0,22+0,05 0,23+0,07 -
C21:0 Henikosanoik 0,17+0,06 0,18+0,05 0,83+0,37 - 0,25+0,03 0,23+0,02 0,20+0,05 - 0,22+0,03 0,23+0,03 0,32+0,07 - 0,21+0,02 0,21+0,02 0,45+0,13 -
C€20:4n6 Arasidonik 0,13+0,06 0,32+0,07 0,550,34 - 0,37+0,04a 0,29+0,05ab 0,19+0,06b * 0,36+0,05 0,37+0,05 0,52+0,12 - 0,28+0,02 0,330,04 0,420,11 -
C20:5n3 Eikosapentanoik 0,08+0,03 0,12+0,03 0,18+0,04 - 0,14+0,02 0,18+0,04 0,23+0,05 - 0,18+0,05 0,19+0,09 0,17+0,05 - 0,13+0,02 0,16+0,04 0,19+0,03 -
C€22:0 Behenik 0,28+0,15 0,14+0,03 0,36x0,10 - 0,36+0,05 0,3210,04 0,44+0,04 - 0,39+0,04 0,34+0,06 0,38+0,05 - 0,34+0,06 0,27+0,02 0,400,03 -
C23:0 Trikosilik 0,07+0,02 0,09+0,02 0,07+0,02 - 0,25+0,09 0,09+0,01 0,11+0,02 - 0,14+0,03 0,17+0,05 0,10+0,02 - 0,16+0,03 0,12+0,02 0,09+0,01 -
C24:0 Lignoserik 0,16+0,09 0,12+0,03 0,090,02 - 0,19+0,02a 0,12+0,01b 0,16+0,02ab * 0,17+0,01 0,13+0,02 0,17+0,02 - 0,170,04 0,120,01 0,14+0,01 -
Akk: Akkaraman a,b,c: Her sagim déneminde ayni satirda farkh harfle gosterilen ortalamalar arasindaki farklilik istatistik olarak 6nemlidir (P<0,05). Baf: Bafra F1: Bafra x Akkaraman Fy -1 P>0,05; *: P<0,05; **: P<0,01; ***: P<0,001
Tablo 2. Laktasyonun farkli dénemlerinde genotiplere gore siitte yag asitleri ile ilgili indeks degerleri (Xt Sx) (%)
| Dénemi Orta Dénem Son Dénem Genel
Ozellik Akk Baf F1 Akk Baf F1 P Baf P Akk Baf F1 P
(n=12) (n=12) (n=12) (n=12) (n=12) (n=12) (n=12) (n=12) (n=12) (n=36) (n=36) (n=36)
SDYA 63,08+0,89 62,63+2,09 58,21+1,97 67,7240,67a 60,65+1,26b 59,55+0,62b *Hk 63,20£0,54a 58,55+0,77b 56,92+1,37b *Hk 64,66+0,40a 60,61+0,97b 58,2340,81c *Hk
STDsYA 28,05+0,77 26,44%2,25 31,2342,03 22,44+0,70b 28,84+0,96a 29,1940,53a Frk 27,7240,62b 31,90£0,79a 32,82+1,34a ** 26,0740,39b 29,06+0,97a 31,08+0,87a Hrk
SCDsYA 8,70+0,42 10,64+0,41 10,15+1,12 9,47+0,42 9,88+0,62 10,71+0,36 - 8,79+0,34 9,23+0,40 9,78+0,61 - 8,99+0,25b 9,92+0,28a 10,21+0,38a *
SDsYA 36,76+0,90 37,0742,13 41,37+1,90 31,91£0,67b 38,72+1,24a 39,90£0,64a Frk 36,51+0,54b 41,13%0,79% 42,6+1,38a Hrk 35,0620,40c 38,97+1,00b 41,29+0,78a Frk
SCDsYA/SDYA 0,14+0,01 0,17+0,01 0,18+0,02 0,14+0,01b 0,17+0,01ab 0,18+0,01a * 0,14+0,01b 0,16+0,01ab 0,17+0,01a * 0,14+0,00b 0,17+0,01a 0,18+0,01a *hk
SDsYA/SDYA 0,59+0,02 0,61+0,05 0,74%0,07 0,470,01b 0,65+0,03a 0,67+0,02a Frk 0,58+0,01b 0,710,02a 0,76+0,04a Hrk 0,550,01c 0,650,02b 0,72+0,03a Frk
Pty 7,00%0,30 8,78+0,40 8,18+0,81 7,20%0,30 7,71%0,52 8,2210,35 - 7,23%0,30 7,50%0,31 7,91%0,51 - 7,14+0,20b 8,00£0,21a 8,100,25a **
o3 1,71%0,17 1,85+0,13 1,97+0,34 2,260,15 2,18+0,23 2,490,15 - 1,56+0,09 1,730,12 1,87+0,20 - 1,84+0,07 1,92+0,10 2,1140,16 -
Ta6/Zo3 4,430,42 5,010,42 4,78+0,50 3,27%0,15 3,86%0,40 3,470,33 - 4,77+0,26 4,45%0,21 4,810,61 - 4,160,16 4,44+0,17 4,36%0,26 -
BD 1,49+0,04 1,28+0,10 1,43+0,07 1,30+0,04ab 1,40+0,04b 1,23+0,04a * 1,5040,04 1,64+0,08 1,4740,07 - 1,4340,03 1,44+0,05 1,3840,04 -
Al 1,55+0,08 1,61£0,19 1,2240,10 2,0210,08a 1,47+0,08b 1,38+0,05b Frk 1,50£0,05a 1,16%0,05b 1,14£0,08b Hrk 1,69+0,04a 1,41£0,08b 1,25+0,04c Frk
Tl 1,3740,05 1,5340,21 1,15+0,09 1,65+0,05a 1,23+0,07b 1,12+0,04b *Hx 1,48+0,03a 1,23+0,04b 1,12+0,07b *Hx 1,5040,02a 1,33+0,09b 1,13+0,04b *Hx

-1 P>0,05; *: P<0,05; **: P<0,01; ***: P<0,001

Akk: Akkaraman
Baf: Bafra

F1: Bafra x Akkaraman F1

a,b,c: Her sagim déneminde ayni satirda farkli harfle gésterilen ortalamalar arasindaki farklilik istatistik olarak 6nemlidir (P<0,05).
BD: Besleyici Deger
Al: Aterojenik Indeks
TI: Trombojenik Indeks

XDYA: Toplam Doymus Yag Asidi
XTDsYA: Toplam Tekli Doymamis Yag Asidi
XCDsYA: Toplam Coklu Doymamis Yag Asidi

Zw6: Toplam Omega 6 Yag Asidi
Xm3:Toplam Omega 3 Yag Asidi
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gozlenen farkliliklar 6Gnemli olarak tespit edilmistir.
Laktasyon genelinde ise genotipler arasinda C4:0
(P<0,01); C18:0 ve C18:1 (P<0,001) yag asitleri
acisindan tespit edilen farkliliklar istatistik olarak
anlamh bulunmustur.

Koyunlarda farkli laktasyon dénemlerinde
genotiplere gobre yag asitlerinden hesaplanan
indeks degerleri Tablo 2'de gorilmektedir.
Laktasyonun orta ve son dénemleri ile laktasyona
ait genel ortalamada toplam doymus, toplam tekli
doymamis, toplam ¢oklu doymamis, toplam
doymamis yag asitleri, toplam ¢oklu doymamis yag
asitleri/toplam doymus yag asitleri, toplam c¢oklu
doymamis yag asitleri/toplam doymus yag asitleri,
6 yag asitleri ile aterojenik ve trombojenik indeks
degerleri  bakimindan  genotipler  arasindaki
farkliliklar cesitli diizeylerde 6nemli bulunmustur
(P<0,05).

Tartisma ve Sonug

Bu arastirmada, laktasyonun baslangi¢
doneminde C4:0 (P<0,01); C18:0 ve (C18:2n6
(P<0,05) yag asitleri bakimindan genotip gruplar
arasinda gozlenen farkhliklar istatistik olarak
onemli bulunmustur. Laktasyonun orta déneminde
C18:0; C18:1 (P<0,001); C20:0 (P<0,01); C20:4n6 ve
C24:0 (P<0,05) vyag asitleri diizeylerinde
genotiplerin etkisi 6nemli olarak saptanmistir.
Laktasyonun son doneminde ise C4:0 (P<0,001);
C6:0 (P<0,05); C10:0 (P<0,01); C12:0 (P<0,001);
C14:0 (P<0,05); C18:0 (P<0,001); ve C18:1 (P<0,01)
yag asitleri bakimindan gozlenen farklhklar 6nemli
olarak tespit edilmistir. Koyunlarda yag asidi
profilleri Gzerinde irk o6zelliginin etkisi hakkinda
farkl bildirimler bulunmaktadir. Bazi
arastirmalarda yag asitleri bakimdan irklar arasinda
farkhhk bulunmadig bildirilirken (Tsiplakou ve ark.,
2008), bazi ¢alismalarda ise yag asitleri lzerinde
genotipin etkili oldugu bildirilmistir (Kondyli ve
ark., 2012; Mierlita ve ark., 2011a; Mierlita ve ark.,
2011b; Payandeh ve ark., 2016; Rozbicka-
Wieczorek ve ark., 2013; Rozbicka-Wieczorek ve
ark., 2015; Sinanoglou ve ark., 2015; Talpur ve ark.,
2009). Bu arastirmada kullanilan hayvan gruplar
benzer bakim ve besleme sartlarinda
bulundurulmustur.  Dolayisiyla  yag  asitleri
bakimindan gruplar arasinda gozlenen farkhliklar
genotip veya genotip x laktasyon doénemi
arasindaki interaksiyonlardan kaynaklanmis
olabilir.

Bu arastirmada incelenen tim gruplarda kisa
ve orta zincirli yag asitleri (C4:0 ve C6:0, C8:0,
C10:0) laktasyonun baslangic déneminden orta
doneme dogru hafif diizeyde artmis, son dénemde
ise baslangi¢ seviyesinin de altina inmistir. Koyun
sutline 6zgl karakteristik lezzetin olusumunda rol

oynayan (Park ve ark., 2007) bu yag asitlerinin
laktasyonun sonuna dogru azalmasi nedeniyle
laktasyonun son doneminde koyun sitlniun
kendine  6zgii  kokusunda azalma olacagi
soylenebilir. Bu c¢alismada melez genotipte
belirlenen kisa ve uzun zincirli yag asitleri ya en
disik deger almis (C4:0) ya da Akk ve Baf
genotipleri arasinda (C8:0 ve C10:0) deger almistir.
Bu durum melez genotipte koyun sitiinde
istenmeyen koku olusumuna neden olan kisa ve
orta uzunluktaki yag asitlerinde azalmaya neden
olarak Bafra x Akkaraman melezleme galismasinin
sit kalitesinin artmasina olumlu yénde katki
sagladigini  dusindirmektedir. Bu arastirmada
laktasyon genelinde genotipler arasinda butirik
(C4:0) (P<0,01); stearik (C18:0) ve oleik (C18:1)
(P<0,001) asit agisindan tespit edilen farkliliklar
istatistik olarak anlamli bulunmustur. Bdatirik asit
bakimdan belirlenen bu farkliik Boutsiko ve
Karamaniko koyunlari ile (Kondyli ve ark., 2012),
Karagouniko ve Sakiz irki koyunlarda bildirilen
(Sinanoglou ve ark., 2015) duruma benzer olurken,
Kachi ve Kooka koyunlarinda tespit edilen (Talpur
ve ark., 2009), Mehraban ve Sanjabi koyunlarinda
bildirilen (Payandeh ve ark., 2016), Spanca ve
Turkana koyunlarinda bildirilen (Mierlita ve ark.,
2011a) durumdan ise farkli olarak gerceklesmistir.
Stearik (C18:0) asit agisindan tespit edilen
farkliliklar Kachi ve Kooka koyunlarinda tespit
edilen (Talpur ve ark., 2009), Boutsiko ve
Karamaniko koyunlarinda bildirilen (Kondyli ve ark.,
2012), Karagouniko ve Sakiz irki koyunlarda
bildirilen (Sinanoglou ve ark., 2015) duruma
benzer, Spanca ve Turkana koyunlarinda bildirilen
(Mierlita ve ark., 2011a) durumdan ise farkh olarak
gerceklesmistir. Oleik (C18:1) asit acgisindan tespit
edilen farkliliklar Kachi ve Kooka koyunlarinda
tespit edilen (Talpur ve ark., 2009), Spanca ve
Turkana koyunlarinda bildirilen (Mierlita ve ark.,
2011a) duruma benzer olurken, Boutsiko ve
Karamaniko koyunlarinda bildirilen (Kondyli ve ark.,
2012) durumdan farkh olarak gerceklesmistir. Bu
¢alismada C10:0, C14:0, C16:0, C18:0 ve C18:1 yag
asitleri, genel yag asitlerinin %75’inden fazlasini
(Akk, Baf ve F1 koyunlarda sirasiyla %77,31; 77,08
ve 76,28) olusturmasi, koyun siitlerinde yogun
olarak bildirilen (Chiofalo ve ark., 2004; Goudijil ve
ark., 2004; Mierlita ve ark., 2011a; Kondyli ve ark.,
2012; Payandeh ve ark., 2016; Rozbicka-Wieczorek
ve ark., 2015) yag asidi agirliklarina benzer olugunu
gostermektedir.

Laktasyonun orta ve son donemleri ile
laktasyona ait genel ortalamada toplam doymus,
toplam tekli doymamis, toplam c¢oklu doymamis,
toplam doymamis vyag asitleri, toplam c¢oklu
doymamis yag asitleri/ toplam doymus yag asitleri,
toplam c¢oklu doymamis vyag asitleri/toplam
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doymus yag asitleri, @6 yag asitleri ile aterojenik ve
trombojenik indeks degerleri bakimindan
genotipler arasindaki farkhliklar gesitli diizeylerde
6nemli bulunmustur (P<0,05; P<0,01 ve P<0,001).
Laktasyonun farkli dénemlerinde irklar arasinda
gozlenen bu farkliliklar Karagouniko ve Sakiz irki
koyunlarda bildirilen (Sinanoglou ve ark., 2015)
duruma kismen benzerlik géstermistir.

Arastirmada Akk, Baf ve Fi genotipi
koyunlarda belirlenen genel ortalama ZDYA orani
(%64,66+0,40; 60,61+0,97; 58,23+0,81), Comisana
koyunlarinda yapilan bir calismada (Chiofalo ve
ark., 2004) tespit edilen degerden (%71,09) ve
Romanya’da yetistirilen Spanca ve Turkana
koyunlarinda bildirilen (Mierlita ve ark., 2011a)
degerlerden (%73,27 ve 60,88) diisiik, iran’da
yetistirilen Mehraban ve Sanjabi koyunlarinda
bildirilen (Payandeh ve ark., 2016), (%69,47 ve
66,56) ve Pakistan’da yetistirilen Kachi ve Kooka
koyunlarinda bildirilen (Talpur ve ark., 2009)
degerlere (%66,96 ve 59,00) benzer, Polonya’da
yetistirilen Wrozosowka ve Lowland koyunlarinda
bildirilen (Rozbicka-Wieczorek ve ark., 2015)
degerlerden (%55,61 ve 56,60) ise ylksek olarak
saptanmistir. Calismada Akk, Baf ve Fi genotipi
koyunlarda belirlenen genel ortalama ZXZTDsYA
(%26,07£0,39; 29,06+0,97; 31,08+0,87), Friesian
koyunlarinda bildirilen (Tsiplakou ve Zervas 2008)
degerden (%32,70) ve Polonya’da yetistirilen
Wrozosowka ve Lowland koyunlarinda bildirilen
(Rozbicka-Wieczorek ve ark., 2015) degerlerden
(%36,37 ve 33,56) disiik, iran’da yetistirilen
Mehraban ve Sanjabi koyunlarinda bildirilen
(Payandeh ve ark., 2016) degerlere (%25,83 ve
28,86) ve Pakistan’da yetistirilen Kachi ve Kooka
koyunlarinda bildirilen (Talpur ve ark., 2009)
degerlere (%25,35 ve 30,33) benzer, Comisana
koyunlarinda yapilan bir galismada (Chiofalo ve
ark., 2004) bildirilen degerden (%20,48) ve
Romanya’da yetistirilen Spanca ve Turkana
koyunlarinda bildirilen (Mierlita ve ark., 2011a)
degerlerden ( %21,04 ve 31,01) ise yiiksek olarak
tespit edilmistir. Bu c¢alismada Akk, Baf ve F1
genotipi koyunlarda belirlenen genel ortalama
2CDsYA  (%8,9910,25; 9,92+0,28; 10,21+0,38),
Comisana koyunlarinda vyapilan bir c¢alismada
(Chiofalo ve ark., 2004) degere (%8,47) benzer,
iran’”da  vetistirilen Mehraban ve Sanjabi
koyunlarinda bildirilen (Payandeh ve ark., 2016)
degerlerden (%4,55 ve 4,39), Friesian koyunlarinda
bildirilen (Tsiplakou ve Zervas, 2008) degerden
(%6,80), Pakistan’da vyetistirilen Kachi ve Kooka
koyunlarinda bildirilen (Talpur ve ark., 2009)
degerlerden (%2,96 ve 3,07), Polonya’da
yetistirilen Wrozosowka ve Lowland koyunlarinda
bildirilen (Rozbicka-Wieczorek ve ark., 2015)
degerlerden (%4,70 ve 4,57) ve Romanya’da

yetistirilen Spanca ve Turkana koyunlarinda
bildirilen (Mierlita ve ark., 2011a) degerlerden
(5,61 ve 8,06) ise yiksek olarak tespit edilmistir. Bu
arastirmada Akk, Baf ve Fi1 genotipi koyunlarda
belirlenen genel ortalama ZXDsYA (%35,06+0,40;
38,97+1,00; 41,29+0,78), Iran’da vyetistirilen
Mehraban ve Sanjabi koyunlarinda bildirilen
(Payandeh ve ark., 2016) degerlerden (%30,38 ve
33,25), Pakistan’da vyetistirilen Kachi ve Kooka
koyunlarinda bildirilen (Talpur ve ark., 2009)
degerlerden (%28,31 ve 33,40) ve Romanya’da
yetistirilen Spanca ve Turkana koyunlarinda
bildirilen (Mierlita ve ark., 2011a) degerlerden
(%26,65 ve 39,07) yuksek ya da benzer olarak
saptanmistir. Bu calismada Akkaraman, Bafra ve
Bafra x Akkaraman Fi1 genotipi koyunlarda
belirlenen genel ortalama XDsYA/XDYA (0,55+0,01;
0,65+0,02; 0,72+0,03), Comisana koyunlarinda
yapilan bir ¢alismada bildirilen (Chiofalo ve ark.,
2004) deger (0,41) ile Friesian koyunlarinda
bildirilen (Tsiplakou ve Zervas 2008) deger (1,70)
arasinda yer almistir. Calismada Akk, Baf ve Fi
genotipi koyunlarda belirlenen genel ortalama
Yw6/Xm3 (4,1610,16;  4,44+0,17;  4,3610,26),
Romanya’da yetistirilen Spanca ve Turkana
koyunlarinda bildirilen (Mierlita ve ark., 2011a)
degerlerden (4,36 ve 4,39) ve iran’da yetistirilen
Mehraban ve Sanjabi koyunlarinda bildirilen
(Payandeh ve ark., 2016) degerlere (4,22 ve 3,5)
benzer veya ylksek olarak bulunmustur. Gidalarda
bulunan Xw6/Z®3 oraninin 4:1’e yakin olmasi
onerilmektedir  (Simopoulos, 2008). Melez
genotipte hesaplanan Zw6/Zw3 degerinin Bafra
genotipine gbre azalmasi kalite agisindan olumlu
bir sonug olarak degerlendirilmistir.

Bu arastirmada koyunlarda hesaplanan genel
ortalama besleyici deger Akk, Baf ve Fi
genotiplerinde sirasiyla 1,43%0,03; 1,44+0,05;
1,381£0,04 olarak belirlenmistir. Besleyici deger
bakimindan en disik ortalamanin melez genotipte
belirlenmesi kalite agisindan olumsuz bir durum
olarak degerlendirilmistir. Calismada Akkaraman,
Bafra ve Bafra x Akkaraman F1 genotipi koyunlarda
belirlenen genel ortalama Al (1,69+0,04; 1,41+0,08;
1,25+0,04) degeri, Romanya’da yetistirilen Spanca
ve Turkana koyunlarinda bildirilen (Mierlita ve ark.,
2011a) degerlerden (3,11 ve 1,67) ve iran’da
yetistirilen Mehraban ve Sanjabi koyunlarinda
bildirilen (Payandeh ve ark., 2016) degerlere (2,28
ve 1,91) benzer ya da dusik olarak belirlenirken;
genel ortalama Tl (1,50+0,02:1,33+0,09; 1,13+0,04)
degeri, Polonya’da vyetistirilen Wrozosowka ve
Lowland  koyunlarinda  bildirilen  (Rozbicka-
Wieczorek ve ark., 2015) degerlerden (1,63 ve
1,67) dusuk olarak saptanmistir.

Koyun sitinde yag asitleri ile ilgili literatlr
bildirimleri  karsilastinldiginda  olduk¢a  farkli
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sonuclar elde edildigi goriilmektedir. Bu durum,
yag asitlerinin kompozisyonunun, hayvanlarin
beslenmesinde kullanilan rasyonlar ve genotipik
farkhhklar ile rasyon x irk interaksiyonlarindan ileri
gelmektedir (Chilliard ve Ferlay, 2004; Chiofalo ve
ark., 2004; Payandeh ve ark., 2016; Sinanoglou ve
ark., 2015; Tsiplakou ve ark., 2008).

Sonug olarak, sunulan bu ¢alismada, laktasyon
genelinde C4:0; C18:0 ve C18:1 vyag asitleri
bakimindan genotip gruplari arasinda farklihk
oldugu tespit edilmistir. Yag asitlerinden
hesaplanan indeks degerleri bakimindan genotipler
arasinda belirlenen farkliliklar ise genel olarak
onemli bulunmustur. Arastirmada elde edilen
sonuglar degerlendirildiginde, belirlenen yag asidi
kompozisyonun koyun siti igin bildirilen degerlere
uyumlu oldugu tespit edilirken; genotip gruplari
arasinda bazi yag asidi profilleri bakimindan farklihk
oldugu soylenebilir.
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Abstract: This study was carried out to investigate the effects of perch cooling and two different perch heights on physical
(the weight, length, diameter, strength index, and weight-length index) and strength (strength, stiffness, elastic modulus,
ultimate force) properties of tibiotarsus of broilers reared in summer conditions. A total of 450 one-d-old Ross-308 broiler
chicks were used as the material. Chicks were allocated into 10 pens which has 15 chicks in each as to a 3x2x2 experimental
design with three replication. Perch temperature was set to 10°C for cooled perches while perches were attached 7.5 and
15 cm off the floor. The position of both cooled and non-cooled perches were set to make animals pass over the perch for
feeding and drinking. Results revealed that tibia weights in both 7.5 (19.39 g) and 15 cm (19.01 g) perch height groups were
higher than the no-perch (17.24 g) group (P<0.001). Bones from the cooled perch group were found heavier (19.58 g-109.48
mm) and longer than the no-cooled (18.29 g-105.55 mm) group (P<0.001). As to ultimate force (Fmax), the greatest force
(264.2 N) was required for bones in a group with 7.5 cm perch height (P<0.05). There were also similar significant
differences in perch cooling and sex parameters while both perch application and perch cooling do not affect bone strength
and elastic modulus.

Key words: Broiler, Bone, Cooling, Perch, Strength.

Yaz Mevsiminde Yetistirilen Etlik Piliglerde Tiinek Sogutma ve Tiinek Yiiksekliginin Bazi Kemik
Dayanikhlik Parametreleri Uzerine Etkisi

Ozet: Bu calisma, yaz kosullarinda yetistirilen etlik piliclerde sogutulmus tiinek kullanimi ve tiinek yiiksekliginin tibia kemigi
fiziksel (agirhk, uzunluk, ¢cap, dayaniklilik ve agirlik-uzunluk endeksi) ve dayanikhhk (dayanikhhk, katilik, esneme katsayisi ve
kirilma gtict) ozellikleri Gzerine etkilerini incelemek Uzere yapilmistir. Bir glinlik yasta 450 Ross-308 civciv g¢alismanin
materyalini olusturmustur. Civcivler 10 ayri bdlmeye her bir grupta 15 civciv olacak sekilde 3x2x2 deneme duzeni
cercevesinde yerlestirilmistir. Tlinek sicakligi 10°C'ye ayarlanmis olup, tlinekler tabandan 7.5 ve 15 cm yiiksekte olacak
sekilde konumlandiriimistir. Sogutulmus tiinek ve yikseklik gruplarinin tamaminda tiinekler hayvanlarin yem ve su gibi
ihtiyaclarini gidermek igin Gzerlerinden gecgecekleri sekilde yerlestirilmistir. Tibia agirhig hem 7.5 cm (19.39 g) hem 15 cm
(19.01 g) tiinek yuksekliklerinde tiinek olmayan (17.24 g) gruptan daha yiksek ¢ikmistir (P<0.001). Sogutmali grup (19.58 g-
109.48 mm) tibialari sogutmasiz (18.29 g-105.55 mm) olanlara gére hem daha agir hem daha uzun olarak bulunmustur
(P<0,001). Kemiklerin kirilmasi igin gereken giice gelince (Fmax); €n yiksek glic degeri 264.2 N ile 7.5 cm tinek yiksekligi olan
grupta gozlenmistir (P<0.05). Benzeri 6nemlilik durumu tinek sogutma ve cinsiyet parametrelerinde bulunamamistir.
Aksine, hem tiinek kullanimi hem tiinek sogutmasinin kemik dayanikliligi ve dayanikhlik katsayisi tGizerine herhangi bir etkisi
olmadig tespit edilmistir.

Anahtar Kelimeler: Broyler, Dayanim, Kemik, Sogutma, Tiinek.

Introduction

Intense genetic selection and strict management
practices led to a fast gain of muscle weight and
tibial bones are loaded by heavy muscles and more
prone to various disorders and even fractures
(Charuta et al., 2011). But, the strength of leg bones
is not only genetically determined but it also
depends on the sex, age, health, nutrition, and
environment. Hu et al. (2016) reported that
thermally cooled perches reduced

thermoregulatory behaviors during acute heat
stress, but did not affect their performance and
physiological parameters under the ambient
temperature imposed during the study. Kiyma et al.
(2016) reported that perch use did not have any
effect on growth performance but had a positive
effect on footpad lesions. Enrichment of the
environment such as perch usage can help broilers
to overcome the negative effects of inactivity.
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However, although broilers exhibited higher
perching rates in the past (up to 27% of birds
perching at 8 wk of age) (Hughes and Elson, 1977),
later studies demonstrated much lower perching
frequency (between 1.0 and 2.6%), (Su et al., 2000;
Pettit-Riley and Estevez, 2001). It's thought that
broilers failed to use perches in these studies
because the effort required to jump up to the perch
may have exceeded their ability or motivation to do
so, especially as the increased weights of the birds
exceeded what their legs could handle (Le Van et
al., 2000). For this purpose, cooling the perches may
generate the required motivation to broilers for
perching.

In general, there is a need for a better
understanding of some bone parameters in broilers
under the influence of perch cooling and perch
height in the same study. This study aimed to
investigate the effects of perch cooling and two
different perch heights on physical (the weight,
length, diameter, strength index, and weight-length
index) and strength (strength, stiffness, elastic
modulus, Fmax) properties of tibiotarsus of broilers
reared in summer.

Material and Methods

Material

Before experimenting, ethical clearance was
obtained from the Institutional Animal Ethics
Committee (ADU-HADYEK) of Adnan Menderes
University, Aydin, Turkey (File No:
64583101/2016/121).

This study was carried out on 450 one-d-old
Ross 308 broiler chicken in the Poultry Research
Unit of Faculty of Veterinary Medicine, University of
Aydin Adnan Menderes. A 3x2x2 (perch application
x perch cooling x sex) factorial arrangement in a
completely randomised design with three
replication was used. All chicks were weighted and
wing tagged at the arrival before their allocation
into 10 different pens having 10 cm wood shavings.
Animal density was set to 12 chicks/m?and ambient
temperature and humidity were kept as to normal
rearing conditions and recorded daily. All chicks
were fed with commercial diets (3060 kcal/kg ME,
23% crude protein) and watered ad libitum. A
standard lighting program (18L:6D) was applied
after the first three days.

Methods

A total of 200 right side tibia bones (20 from
each pen) were used for physical bone properties.
However, 5 bones were discarded from the
measurements because of their problems. In terms
of perch application, 8 steel perches (200 mm
length and 30 mm diameter) were horizontally

attached 7.5 and 15 cm off the pen floor as to
experimental design. The position of both cooled
and non-cooled perches were set to make animals
pass over the perch for feeding and drinking. Perch
allowance per chicken was 15 cm. Out of eight
perches, four perches were connected to the water
cooler (Cihso 2000, 2.5 hp) which has capable of
cool and circulate 5000 ml/min water at 10°C
through the pipes. Water temperature in cooled
perches was controlled twice daily.

Three-point bending test: On the 42" day, 20
tibia bones from the right side of each chicken from
each pen were cleaned of residual meat and other
tissues. Each bone was weighed and measured for
length and diameters with calipers. For the analysis
of bone characteristics, these samples were
wrapped with sterilised gauze dressing immersed in
physiological saline solution and frozen at -20°C.
Three-point bending test device (Zwick/Roell Z 0.5)
in Adnan Menderes University Research Center
(TARBIYOMER) was used to measure bone strength
using advanced fulcra (ANSI/ASAE S459) for this
purpose. Before the test, all bones were tawed.
After the installation of the tibia into the device
properly (total length/2), running speed was set to
10 mm/min and pre-load force to 2 N (Anonymous,
1993; Turner and Burr, 1993).

Bone deformation data till the breakage under
the ultimate force were recorded. Force-
deformation graphs for each bone were obtained
from these data on these parameters: Ultimate
force (Fmax): An amount of force at which the bone
breaks (Newton-N). Stiffness: The slope of the
elastic region of the force-deformation curve
represents (Newton/meter-N/m). Bone strength:
The maximum stress the bone can sustain is called
the ultimate strength (GigaPascal-GPa) (Turner and
Burr, 1993). Elastic  modulus: Constant of
proportionality between stress and strain (GPa).
Moment of inertia: It is a measure of distribution of
material around a given axis and is necessary to
calculate the bending stress in a cross-section of the
bone (Ix m?) (Turner and Burr, 1993). The stiffness
value for each bone was also calculated by using
these graphs. The moment of inertia (I) which gives
one to calculate the bending stress in the stressed
cross-section of the tibia was calculated by
measuring the inner and outer diameters of bone.
Elastic modulus and strength values of bones were
calculated by using force-deformation graphs and
moment of inertia data (Anonymous, 1992; Harner
and Wilson, 1986). About physical properties of
bones; tibia weight, tibia length, diameter and
strength index, and weight-length index were
calculated as follows: Robusticity index: bone
length/cubic root of bone weight. Weight-length
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index: bone weight/bone length (mg/mm)
(Karaarslan and Nazligul, 2015).

Statistical analysis: The data were analysed by
the least-squares technique and the following
mathematical model was designed to determine
the effect of factors such as perch application,
perch cooling, and sex affecting the traits under
consideration:

Yik=p+ai+bj+c+eii

Where, Yijw= Tibia strength, stiffness, elastic
modulus, Fmax, and moment of inertia, tibia
weight, tibia length, tibia diameter, robusticity, and
weight-length indexes. u=Overall mean, ai=effect of
perch application (no perch, 7.5 cm and 15 cm off
the floor), bj= effect of perch cooling (no cooled and
cooled at 10°C), cx: effect of sex (Male and female),
eijk= random error. Comparisons among subclass
means were carried out by Duncan test available in
SPSS (Version 22) (Duncan, 1955).

Results

The results of the physical analysis of the
tibiotarsus were given in Table 1. Tibia weight and
length were measured higher in the group with 7.5
cm perch height than 15 cm and no perch groups
(P<0.001). It should be noted from the table that
perch cooling has significant effects on both tibia
weight and length (P<0.05). As expected before, the
weight and length of tibia for males were measured
higher (21.53 and 109.72 mm, respectively) than
female (16.12 and 104.52 mm, respectively)
counterparts (P<0.001). Tibiatarsus diameters in the
no-perch group were found lower (7.87 mm) than
the other two groups (8.14 and 8.17 mm for groups
with 7.5 and 15 cm perch height, respectively),
(P<0.05). Different from perch height and sex, it's
understood that perch cooling has no statistically
significant effect on tibial diameter.

As to robusticity index calculations of these
bones, there were no differences among perch
height groups while this index in cooled perch(4.08)
and female (4.15) groups was higher than non-
cooled (4.03) and male (3.95) groups, respectively
(P<0.01 and P<0.001). Weight-length index was
calculated as the lowest in no perch group as
parallel to weight and length values. Similar to tibia
diameter, weight-length index has also no
differences between cooled and non-cooled groups.

Ultimate force for the bones (Fmax) in groups
with 7.5 and 15 cm perches was found higher (264.2
and 259.3 N, respectively) than no perch (226.7 N)
group (P<0.05), (Table 2). It should be noted that
perch cooling has a statistically significant effect on
Fmax (P<0.05) and there was a similar effect on sex.
The effects and significances of stiffness and
moment of inertia were found as similar to the

ultimate force for perch application, cooling, and
sex. In contrast, it was determined that except sex,
perch height and cooling have no effects on bone
strength.

Discussion

In general, the physical inspection of tibia
bones revealed that broilers in perched groups
(both 7.5 and 15 cm heights) have heavier, longer,
and wider tibia bones in diameter than non-used
counterparts while perch cooling has a significant
effect on these parameters but diameter. In a study
on the effect of lithium chloride on bone strength,
Harvey et al. (2015) reported that average tibia
length at the 42" days was 120.0 mm for the
control group. In another study, Gonzales et al.
(2015) were found the tibia weight, length, and
diameter as 13.14 g, 100.26 mm, and 7.49 mm for
Arkansas random-bred chicken  population,
respectively. As parallel to this study, in a different
study carried on the effects of dietary P restriction
on tibia weight, length, and diameter revealed that
birds given low P have shorter tibia (110.5 mm)
than control counterparts (112.0 mm) (Moran and
Todd, 1994). Kwiatkowska et al. (2018) also
reported the range of tibia length and weight as
110.5 mm to 112.1 mm and 21.91 g to 23.45 g,
respectively in a study on the effect of Fe-Glycinate
chelate in diet for broiler chickens. But the same
situation was not determined for tibia weight (18.0
g) and diameter (10.9 mm).

The results also showed that sex has an
important effect on tibia weight, length, and
diameter. The males had heavier, longer, and wider
tibia bones in diameter compared to their female
counterparts. As parallel to this study, Mabelebele
et al. (2017) reported that tibia weight, length, and
diameter were 36.91-25.58 g, 144.90-126.06 mm,
and 8.79 -10.19 mm for male and female Ross-308
chickens at the age of 90 days, respectively. Charuta
et al. (2011) who indicated that bone length was
related to sex support these results.

The results indicated that perch cooling and
sex have significant effects on the robusticity index.
However, it's understood that weight-length index
was only affected by perch height and sex. Although
there was no statistical significance in the perch
height group for robusticity index, it's seen that
birds in no perch group have lower index than those
in 7.5 and 15 cm perch height groups. A similar
situation was valid for the weight-length index for
perch cooling that birds in the cooled group have a
higher index than those in the non-cooled group.
The robusticity and weight-length index of tibia
were found as 3.95-195.5 and 4.15-153.8 for males
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Table 1. Some physical properties of tibiotarsus

Tibia weight Tibia length Diameter Weight-length
Factors n Robusticity index
(g) (mm) (mm) index
Exp. Mean(u) 18.81 107.12 8.09 4.05 174.7
Perch height
No perch 40 17.24° 103.60° 7.87° 4.03 165.7°
7.5cm 78 19.39° 108.31° 8.142 4.05 178.12
15cm 77 19.01° 107.69° 8.17¢ 4.06 175.82
Perch cooling
No cooling 116 18.29° 105.55° 8.11 4.03° 172.4
10°C 79 19.58° 109.48° 8.07 4.08° 178.0
Sex
Male 98 21.532 109.72° 8.60° 3.95° 195.5°
Female 97 16.12° 104.52° 7.60° 4.15° 153.8°
Sx 0.162 0.320 0.049 0.008 1.17
P Values
Perch height 0.001 0.003 0.024 0.976 0.005
Perch cooling 0.037 0.001 0.147 0.003 0.404
Sex 0.001 0.001 0.001 0.001 0.001
Table 2. Three point bending test results of tibiotarsus
Frmax Stiffness Bone Strength Elastic modulus
Factors n 1 (m?)
(N) (N/m) (GPa) (GPa)
Exp. Mean(p) 254.8 77500.3 0.082 1.500 0.162
Perch height
No perch 40 226.7° 66742.8° 0.088 1.643 0.128°
7.5cm 78 264.22 80717.22 0.082 1.484 0.1712
15cm 77 259.32 79662.2° 0.081 1.445 0.170°
Perch cooling
No cooling 116  243.6° 72955.8° 0.084 1.578 0.150°
10°C 79 271.52 84317.12 0.080 1.384 0.1802
Sex
Male 98 291.32 81484.82 0.078° 1.180° 0.2002
Female 97 218.2° 73515.8° 0.0872 1.821° 0.124°
Sx 3.71 779.8 0.001 0.037 0.004
P Values
Perch height 0.039 0.001 0.408 0.567 0.013
Perch cooling 0.020 0.001 0.404 0.055 0.024
Sex 0.001 0.001 0.007 0.001 0.001

and females, respectively. Mabalebele et al. (2017)
reported the robusticity index and weight-length
index as 4.35-254.84 and 4.28-207.81 for males and
females, respectively. The difference between the
two studies should be raised from the age of
animals. As similar to the results of this study,
Karaarslan and Nazligul (2015) reported that perch

usage has no significant effects on robusticity index
(4.10 for perch, 4.11 for non-perch) and weight-
length index (189.0 for perch, 186.89 for non-perch)
while there was a statistically significant difference
about sex for strength index (4.00 for males, 4.22
for females) and weight-length index (210.54 for
males and 165.34 for females). It’s well known that
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the lower robusticity index means the stronger
bone structure and the higher weight-length index
means the denser bones. In terms of the physical
properties of the tibia, it can be said that if the bone
length continues to grow without the increase in
bone width, this could make bones prone to
breakage.

Bone tissue is composed of inorganic and
organic matrices that provide support and
mechanical strength. The inorganic matrix provides
stiffness and compressional strength while the
organic matrix (collagen) provides tensile strength
and plastic property (Einhorne, 1996). As to three-
point bending results, bones in the group with 7.5
cm perch height and cooled group have higher Fmax
(264.2 and 271.5 N, respectively) and stiffness
(80717.2 and 84317.1 N/m). And sex has a
significant effect on both ultimate force (291.3 and
218.2 N for males and females, respectively) and
stiffness (81484.8 and 73515.8 N/m for males and
females, respectively). Kwiatkowska et al. (2018)
indicated that the ultimate force was ranged from
263.6 to 282.1 N. Harvey et al. (2015) reported the
Fmaxand stiffness as 343.4 Nand 253400 N/m for the
control group. In that LiCl study, reduced stiffness
could suggest a potential positive effect by reduced
risk of fracture, and less energy was needed to bend
the tibia bone of LiCl broilers as compared with
controls implying a reduction in mineralization.

Higher moment of inertia may have arisen
from the most commonly used perches were the
ones cooled and with 7.5 cm height. Many studies
reported that broilers have some problems with the
transmission of the heat produced within their body
beyond 25°C (Arad and Marder, 1982). Studies on
the heat transfer ways of broilers showed that
nearly 25% of total heat was transferred via their
feet (Hilman and Scott, 1989). It's determined that
when the ambient temperature rose, blood flow to
feet also rose. In this respect, cooled perch would
be very helpful for decreasing the body
temperature using both perching and direct contact
with wings or body. Also, Rath et al. (1999) reported
that unlike cage layers, the birds reared in floor
pens presumably had adequate movement and
exercise, which are essential for the maintenance of
bone strength and integrity. On the other hand, sex
has also significant effects on Fmax. The sex effect on
Fmax can be explained by the bigger diameters of
the male bones. Apart from these, Martrenchar et
al. (2000) reported that Fmax was highly correlated
to the bone weight (r=0.43, P<0.01) and to the live
weight (r=0.45, P<0.01). However, it was unrelated
to the presence of perches in the pen (F=299.7+10.2
N in birds that used perches frequently vs 316.8+9.1
N in controls, P>0.05). In another study about the
effects of calcium and magnesium supplementation

on bone strength, there was no statistical difference
among treatment groups and Fmax was found as
24790 N for the control group (Karasek et al.,
2017).

In conclusion, it can be said that if it's height
was set properly, perch application and perch
cooling have great advantages for the motivation of
fast-growing broilers which are prone to bone
disorders.
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Ozet: Son donemlerde sosyo-kiiltiirel yasamdaki ilerleme ve gelisme ile evcil hayvan besleme oranlarinda da artis s6z
konusudur. Dolayisiyla pet hayvanlar igin 6zel faaliyet gosteren kliniklerin sayisi da artmaktadir. Hastaliklarin tedavisinde ise
kiglik hayvanlar igcin mevcut olan Veteriner mustahzarlar yetersiz gelmektedir. Bundan dolayi Veteriner Hekimler beseri
ilaglari kullanmak zorunda kalmaktadirlar. Yapilan arastirmada Giineydogu Anadolu Bélgesi’ni temsil edecek olan (Sanliurfa,
Gaziantep, Diyarbakir, Mardin) illerdeki toplam 42 pet klinisyen Veteriner Hekime anket uygulanmistir. Anket sonuglarina
gore Veteriner Hekimlerin %45,2’si Veteriner mistahzarlarin yetersiz, %50’si kismen yetersiz, %4,8'i ise yeterli oldugunu
dustinmektedir. %31,7'nin beseri ilaglari kolay temin edebildigi, %13,3’tin daha givenli buldugu, %21,7’nin istenen
farmasotik formda bulabildigi ve %3,3’ln ise daha ucuz oldugu igin beseri ilaglari tercih ettigi tespit edilmistir. %30’luk kisim
ise Veteriner mistahzar olmadigi igin beseri ilag tercih ettiklerini belirtmislerdir. Anket verilerine gore anlasiimaktadir ki
genel dislince Veteriner mistahzarlarin eksik oldugu yoniindedir. Ancak, bazi Veteriner Hekimlerin aliskanliklari veya bilgi
eksiklikleri nedeniyle beseri mustahzarlar tercih ettikleri de gozlenmistir. Sonug olarak, ¢alisma yapilan bdlgede kiiguk
hayvanlar igin yeterli farmakolojik gesitlilikte ilaglarin bulunmadigi tespit edilmistir. Halkin pet hayvanlara ilgisinin ve
kliniklere basvurulan hasta sayisinin daha da artacagi ongoriilmektedir. Bundan dolayi Veteriner mistahzar eksikliklerinin
giderilmesi ve Veteriner Hekimlerin her hayvan tiriine 6zgi ilag kullanmalari yoniinde bilinglendirilmesi gerekmektedir.
Anahtar Kelimeler: Beseri miistahzar, Glineydogu, Kedi, Képek, Veteriner ilag.

Comparison of the Use of Human Preparations in Pet Clinics in Southeastern Anatolia Region

Abstract: In recent years, there has been an increase in socio-cultural life and in pet feeding rates. Therefore, the number of
clinics that are active for pet animals is increasing. Veterinary preparations in small animals are insufficient for the
treatment of some diseases. Therefore, veterinarians must use human medicines. In this research, 42 pet clinician
veterinarians in the provinces that will represent the Southeastern Anatolia Region (Sanliurfa, Gaziantep, Diyarbakir,
Mardin) were surveyed. According to the survey results, 45.2% of veterinarians think veterinary preparations are
inadequate, 50% think they are partially inadequate, and 4.8% think they are enough. It was found that 31.7% could easily
buy human medicines, 13.3% found human medicines safer, 21.7% could find them in the desired pharmaceutical form, and
3.3% used them because they were cheap. 30% stated that they preferred human medicines because they did not have a
veterinary preparation. According to the survey data, it is understood that the general opinion is that veterinary
preparations are lacking. However, it has been observed that some veterinarians prefer human preparations because of
their habits or lack of knowledge. As a result, it was determined that there is not enough pharmacological variety for small
animals in the study area. It is predicted that public interest in pets and the number of patients applied to clinics will
increase. Therefore, deficiencies in veterinary preparations should be eliminated and veterinarians should be made aware
of the use of drugs specific to each animal species.

Keywords: Cat, Dog, Human preparation, Southeastern, Veterinary medicine

Giris

Son zamanlarda hizla gelisen klinisyen Veteriner
Hekimliginin, hayvan saghigini korumasi,
hastaliklarin tani ve tedavisi, cerrahi ve koruyucu
hekimlik uygulamalari, laboratuvar hizmetleri gibi
bircok 6nemli gérevleri vardir (Brown ve Silverman,
1999). GuUniUmizde insanlarin  sosyo-kiiltirel
yasantilarindaki gelisme ve ilerleme ile evcil hayvan
sahiplenme oraninda da artis s6z konusudur.
Turkiye’de son 30-35 yillk doénemde, o6zellikle
Ankara, Istanbul, izmir gibi biyiksehirler basta
olmak lizere pet hayvanlara (kedi, kopek, kafes

kuslari vb.) yonelik faaliyet gosteren 6zel kliniklerin
sayisi hizla artmakta ve yayginlasmaktadir (Kaygisiz
ve Akdag, 2004).

Veteriner  Hekimlikte  kullanilan ilaglar;
hastaliklarin sagaltimi ve 6nlenmesi, davranislarin
degistirilmesi, gelismenin hizlandiriimasi, verimin
artirlmasi ve gida kalitesinin iyilestirilmesi gibi
birgok amacg icin kullanilir. Klinikte ilag kullanan veya
receteyi diizenleyen Veteriner Hekimlerin en 6nemli
gorevleri etkin tedavi ve gida giivenligini saglamaktir
(Yarsan, 2015). Hayvanlarda insanlardan farkh

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2020; Cilt 9, Sayi 2 139



Harran Univ Vet Fak Derg, 2020; 9 (2): 139-143

Arastirma Makalesi

olarak ilacin etkisini degistirebilen bazi etkenler s6z
konusudur. Bunlar; hayvanlardaki degisken viicut
agirliklari ve vyuzey alanlar, tirler arasi yapisal
farkhliklar, beslenme farkhliklari, deri
gecirgenliklerinin farkl olmasi (tlyli-tlystz) gibi
etkenlerdir. Hayvanlar arasinda goérilen mide
anatomi ve fizyolojisindeki farkhhklar ilacin
absorpsiyonunu, dagilimini ve dolayisiyla ilacin
farmakokinetigini blylk olclide degistirmektedir
(Senel, 2016).

Pet hayvanlarinda ilag kullanimi son derece
yaygindir.  Cesitli  hastaliklarin ~ tedavisi  ve
hastaliklardan korunma amaciyla, cerrahi girisimler
oncesi ve sonrasinda ila¢ kullanimi s6z konusudur.
Son vyillarda Veteriner Hekimlik alanindaki
gelismelere baglh olarak pet hayvanlarinin daha
saglkh ve kaliteli bir yasam sirdirebilmeleri igin
bircok yeni ilag (kalp-damar sistemi, hormonlar,
psikotrop ve endokrin sistem Uzerine etkili ilaglar)
kullanima  girmistir ~ (Yarsan, 2015). Ancak,
Tirkiye’de Veteriner mistahzari Greten veya ithal
eden firmalarin Uriinlerine bakildiginda buyik bir
kisminin ¢iftlik hayvanlarina yonelik oldugu, pet
hayvanlari igin ise sinirl sayida mistahzar oldugu
gorulmektedir (Anonim, 2019). Veteriner Hekimlik
alaninda ilag gesitliligindeki yetersizligin nedenlerini
talep azhgl ve ilag firmalarinin olaya ekonomik
yaklasimlari  olusturmaktadir. Bu nedenle de
Veteriner Hekimler begseri ilaglari tercih etmek
zorunda kalmaktadirlar (Tras, 2009). Kolay
ulasilabilirlik, ~ potansiyel  tasarruflar,  bilesik
dizenlemelerdeki degisiklikler ve c¢apraz ilaglar
kisacasi insanlar igin gelistirilmis ilaglarin Veteriner
Hekimler tarafindan tercih edilme nedenleridir
(Young ve ark., 2017).

Calismanin  amaci, Glineydogu Anadolu
Bolgesi'nde (Sanliurfa, Gaziantep, Mardin ve
Diyarbakir) bulunan pet kliniklerinde kullanilan
beseri ilaglarin kullanim amaci, tercih edilme
nedenleri, beseri ilag kullanimi ile elde edilen
olumlu veya olumsuz etkiler ve doz ayarlarken
dikkat edilen hususlar gibi bazi parametreler
arastirilarak Pet kliniklerinde c¢alisan Veteriner
Hekimlerin ¢alismalarina isik tutmaktir.

Materyal ve Metot

Calismada Glineydogu Anadolu Bolgesi'ndeki
pet  kliniklerinde  beseri ilaglarin  kullanim
durumunun arastiriimasi ile ilgili olarak bolgeyi
temsil edebilecek olan iller tespit edilmistir.
Sanliurfa, Gaziantep, Mardin ve Diyarbakir
illerindeki pet kliniklerinde ¢alisan Veteriner
Hekimlere ulasiimistir (Tablo 1).

Arastirma  kesitsel arastirma tipindedir.
Sanlurfa, Gaziantep, Mardin ve Diyarbakir illerinde
Haziran-Kasim 2019 tarihleri arasinda

Tablo 1. Anket yapilan Pet kliniklerin sehirlere gére dagilimi

Sehir Sayi %

Gaziantep 13 31,0
Diyarbakir 11 26,2
Sanliurfa 11 26,2
Mardin 7 16,6
Toplam 42 100,0

yuratilmuasttr.  Secilen illerdeki o6zellikle pet
kliniklerinde calisan veya hem pet hem biyikbas
hayvan cgalisan Veteriner Hekimlere anket hakkinda
kisa bir bilgi verildikten sonra ankete katilmayi kabul
etmeleri neticesinde anket uygulanmistir. Toplamda
42 Veteriner Hekim arastirmaya katilmistir.
Arastirmaya Harran Universitesi Hayvan Deneyleri
Yerel Etik Kurulu tarafindan 03.07.2019 tarih ve
2019/004 nolu oturumun 01-14 nolu kararinca onay
alinmistir.

Ankette beseri ilacin kullanildigi hayvan tirQ,
hangi hastalk icin kullanildigi, ilac-doz
ayarlamasinda dikkat edilen parametreler, beseri
ilag tercih etme nedenleri gibi 6nemli bilgilere
ulasilmasi hedeflenmistir. Sanliurfa’daki Veteriner
Hekimlere anket yiz yize yapilmistir. Diger illerdeki
hekimlerden bir kismina, online anket hazirlanarak,
e-posta yoluyla gonderilmis, bir kismina da telefon
yoluyla sozli olarak anket uygulanmistir.

Calismada e-posta ile anket gonderdigimiz bazi
hekimlerin geri donls yapmamasi veya geg¢ donls
yapmalari, telefonda anket ¢alismasini anlattigimiz
bazi hekimlerin ise yogun olduklari gerekgesiyle
ankete katilmayi reddetmeleri ¢alismanin
zorluklarini olugturmustur.

Hazirlanan  anket toplam 10 sorudan
olugsmaktadir. 2. soru acik uglu, geri kalanlar ise
coktan segmeli olarak hazirlanmistir. Coktan segmeli
sorularda birden fazla cevap isaretlenebilecegi
belirtilmistir. Ankete baslamadan 6nce katilimcilarin
kimlik bilgilerinin gizli tutulacagi belirtilerek, gizlilik
esasina gore hareket edilmistir.

istatistik Analiz: Ankette sorulan her soru igin
frekans analizi yapilmigtir. Analizler SPSS 20.0 paket
programi ile yapilmigtir.

Bulgular

Ankete katilan Veteriner Hekimlerin verdikleri
cevaplar SPSS 20.0 programinda analiz edilerek,
sorularin  siralamasina gore veriler asagida
sunulmustur.
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1. Beseri ila¢ Kullanilan Hayvan Tiirii: Beseri
ilag kullanilan kiiclik hayvanlardan kedi, képek ve
kafes kuslarindan hangisi oldugunun belirtilmesi
istenmistir. Birden fazla se¢enek isaretlenebilecegi
sdylenmistir. Verilen cevaplara gore beseri ilacin en
fazla kopekte (%51,4) kullanildigi tespit edilmistir.

2. Pet Kliniklerinde Beseri ilag Kullanimi Tercih
Edilen Hastaliklar: Veteriner Hekimlere hangi
hastaliklar i¢in beseri ilag kullanmay tercih ettikleri
soruldugunda %28,6 ile en ¢ok Ust veya alt solunum
yolu enfeksiyonlarinda tercih ettikleri gérilmastir.
Daha sonrasinda %19 ile gastrit ve %11,9 ile de
paraziter hastaliklarin tedavisinde en ¢ok kullanildig
tespit edilmistir. Diger cevaplarin ise birbirlerine
yakin degerlerde oldugu gériilmustir (Tablo 2).

Tablo 2. Pet kliniklerinde beseri ilag kullanimi tercih edilen hastaliklar

Hastalik Sayi %

USYE?/ASYEP 12 28,6
Gastrit 8 19

Paraziter Hastaliklar 5 11,9
Emeazis 2 4,8
Pnémoni 2 4,8
Parvoviral enteritis 2 4,8
Yaralanma 2 4,8
Otitis media 1 2,4
Kennel-Kaugh 1 2,4
Egzema 1 2,4
Sarihk 1 2,4
Kopek distemper 1 2,4
Kuruma hastahgi 1 2,4
Konjonktivit 1 2,4
Koronaviriis enfeksiyonu 1 2,4
GOz enfeksiyonu 1 2,4

Toplam 42 100,0

a: Ust solunum yolu enfeksiyonu, b: Alt solunum yolu enfeksiyonu

3. ilag-Doz Ayarlamasinda Dikkat Edilen
Parametreler: Veteriner Hekimlere kiiclk
hayvanlarda doz ayarlamasini hangi kriterlere gore
yaptiklari soruldugunda en fazla verilen cevabin
“hayvanin  canl agirhg (kg)” oldugu tespit
edilmistir. Birden fazla segenek isaretlenebilen bu
soruda ikinci dikkat edilen parametrenin ise
“hastaligin siddeti”’ oldugu tespit edilmistir.

4. Kullanilan Beseri ilacin  Veteriner
Miistahzarinin Olup Olmadigi Bilgisinin
Degerlendirilmesi: Beseri ila¢ kullanimini tercih
eden hekimlere ayni etkiye sahip Veteriner
mistahzarin olup olmadig bilgisi sorulmustur.
Verilen cevaplara gére hekimlerin %42,9’u Veteriner
mistahzarinin oldugunu, %38,1’i kullandigi beseri
ilacin Veteriner mustahzarinin olmadigini
belirtmistir (Tablo 3).

Tablo 3. Kullanilan begeri ilacin Veteriner mistahzarinin olup
olmadig bilgisinin degerlendirilmesi

Sayi %
Evet 18 42,9
Hayir 16 38,1
Bilmiyorum 8 19,0
Toplam 42 100,0

5. Pet Klinisyenlerin Beseri ilag¢ Tercih Etme
Nedenleri: Veteriner Hekimlere beseri ilaglari neden
tercih ettikleri sorusu yoéneltildiginde birden fazla
secenek isaretlenerek cevaplar verilmistir. Verilen
cevaplarin sonuglari degerlendirildiginde “kolay
temin edebildigim icin” ve “Veteriner mustahzari
olmadigi icin”’ siklari en ¢ok verilen cevaplar oldugu
goralmustar. Ayrica %3,3’ Itk kisim da
farmakoekonomik yonden tercih ettigini
belirtmistir.

6. Tedavide Kullanilan Beseri ilagtan istenen
Etkinin  Alinip-Alinmadiginin  Dederlendirilmesi:
Veteriner Hekimlerin pet hayvanlarin hastaliklarinda
kullandiklari beseri ilaglardan istenen etkiyi alip-
almadiklarinin degerlendirmesi yapilmistir.
Sonuglara gére %76,2’sinin istenen etkiyi aldigl,
%4,8’inin  istenen etkiyi alamadiklari  tespit
edilmistir.  %19’u ise bir etkinin s6z konusu
oldugunu; ancak tam verimle istenen etkinin
olmadigini belirtmistir.

7. Tedavide Kullanilan Beseri ilacin
istenmeyen-Yan Etkisinin Degerlendirilmesi:
Veteriner Hekimlere tedavide kullanilan beseri ilacin
herhangi bir yan etkisinin hayvan tzerinde gozlenip
gbzlenmedigi sorusu sorulmustur. Anketteki bu soru
%50 aclk uglu %50 kapali uglu bir sorudur. Eger
herhangi bir yan etki ile karsilagilmigsa bunun ne
oldugunun belirtilmesi istenmistir. Verilen cevaplara
gore yan etki ile karsilasanlar %7,1’lik bir kisimken,
Veteriner Hekimlerin blyik ¢ogunlugu (%92,9) yan
etki ile karsilasmadigini belirtmistir.

8. Beseri ila¢ ile ilgili Yan Etkilerin
Degerlendirilmesi: Anketteki 7.sorunun iginde olan
acik uglu bu soruya sadece 3 veteriner hekim (%7,1)
cevap  vermistir.  Karsilastiklari  yan  etkiyi
tanimlamalari istendiginde ise zehirlenme, bulanti-
kusma ve alerjik reaksiyonlar go6zlemlediklerini
belirtmislerdir.

9. Pet Hayvanlari igin Yeterli Veteriner
Miistahzarin Olup Olmadigi Bilgisinin
Degerlendirilmesi:  Veteriner  Hekimlere pet
hayvanlari igin yeterince Veteriner mdistahzarin
olup-olmadigi  hakkindaki fikirleri sorulmustur.
Alinan cevaplara gore hekimlerin %50’si “kismen”’,
%4,8’'i “evet” cevabini verirken %45,2’si “hayir”’
cevabini vermistir. Sonuglardan da anlasildig1 gibi
Veteriner Hekimlerin biytk bir kismi (kismen+hayir)
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pet hayvanlari icin Veteriner miistahzarlarin yetersiz
oldugunu distinmektedir.

10. Veteriner Hekimler Tarafindan Piyasada
Eksik Oldugu Belirtilen Veteriner Miistahzarlarin
Degerlendirilmesi: Pet klinisyen hekimlere 6zellikle
hangi alanlarda Veteriner mistahzarlarin eksik
oldugunu disindikleri sorulmustur. Birden fazla
secenek isaretleyebilecekleri belirtilmistir.
Sonuglara gore %21,2 oraniyla en fazla kalp-damar
ilaglarinda, %19,2 ile endokrin sistem ilaglarinda ve
sonrasinda %14,4 ile psikotrop ve hormon
ilaglarinda Veteriner Hekimlik alaninda eksiklik
oldugu belirtilmistir (Tablo 4).

Tablo 4. Pet klinisyenler tarafindan Veteriner muistahzarlarinin
eksik oldugu belirtilen farmakolojik gruplar

Farmakolojik Gruplar Sayi %
Anestezikler 4 3,8
Kalp-Damar ilaglari 22 21,2
Psikotrop ilaglar 15 14,4
Hormonlar 15 14,4
Agri Kesiciler 7 6,7
Antihistaminikler 7 6,7
Endokrin Sistem ilaglari 20 19,2
Antibiyotikler 13 12,5
Diger (Sindirim Sistem ilaglari) 1 1,0
Toplam 104 100,0

11. Pet Klinisyenlerin ilag Tedavisine
Baslamadan Once Dikkat Ettikleri Parametrelerin
Degerlendirilmesi: Veteriner Hekimlere kigik
hayvanlarda ila¢ tedavisine baslamadan 6nce hangi
parametrelere dikkat ettikleri sorulmustur. Birden
fazla segenek isaretlenebilecegi belirtilmistir.
Verilen cevaplara gore hekimlerin  %31,1’ini
olusturan biyuk bir kismi ilk olarak hastanin gebelik
durumunu sorguladiklar, %28,2’lik bir kismi
hayvanin yenidogan veya yasllik durumuna gore
karar verdikleri ve %23,3’lik kisminin ise hayvanin
karaciger-bobrek fonksiyonlarinin durumunu
degerlendirdikleri tespit edilmistir. En az dikkat
edilen parametrenin %2,9 oraniyla cinsiyet oldugu
goralmustar.

Tartisma ve Sonug

Son zamanlarda insanlarin  sosyo-kiltiirel
yasantilarindaki gelisme ve ilerleme ile evcil hayvan
besleme oraninda da artis s6z konusudur (Kaygisiz
ve Akdag, 2004). Stull ve ark. (2013) yaptiklari bir
calismada Kanada’da incelenen evlerin %56’sinda
en az bir képek veya kedi bulundugunu géstermistir.
Bunun sonucunda pet hayvanlar igin 6zel klinik
sayisi da orantili olarak artmaktadir. Klinik sayisi glin
gectikce artmakta; ancak pet hayvanlari icin 6zel
Uretilen ilag sayisi yetersiz gelmektedir. Bundan
dolayi Veteriner Hekimler insanlar icin

ruhsatlandiriimis  beseri ilaglari  tercih etmek
zorunda kalmaktadirlar.

Shmalberg ve Memon (2015) tarafindan
yapilan calismada, Amerika’da bulunan bir klinige
getirilen hastalar incelendiginde kigik hayvanlarda
en fazla norolojik ve ortopedik hastaliklar igin beseri
ilag kullanildigi gézlenmistir. Ingiltere’de ise cilt
hastaliklari, Cushing sendromu, diyabet,
lenfosarkom gibi hastaliklarda beseri ilag kullanildig
belirtilmistir (Miert, 1985). Glineydogu Anadolu
Bolgesi'nde ise en fazla solunum sistemi, daha
sonrasinda sindirim sistemi ile ilgili hastalklar igin
beseri ilag kullanildigi tespit edilmistir.

Glneydogu Anadolu Bolgesi‘'nde beseri
ilaglarin ayni etkide Veteriner mustahzarlari olup-
olmadigl sorusuna %42,9 “evet” cevabi verilirken;
Ankara, Istanbul, izmir, Bursa ve Elazig illerinde
yapilan baska bir calismada ayni soruya “evet”
cevabl %65,7 olarak belirlenmistir (Eter, 2015).
Glneydogu Anadolu Bolgesi'ndeki  Veteriner
Hekimlerin tedavide kullanilan beseri ilagtan elde
ettikleri olumlu etki %76,2 olarak belirlenirken;
Ankara, Istanbul, izmir, Bursa ve Elazig illerinde
yapilan ¢alismada ise %77,9 olarak belirtilmistir
(Eter, 2015) ve sonuglarin birbirine benzer oldugu
goralmustar.

Veteriner Hekimlerin biyik ¢ogunlugu (%76,2)
beseri ilagtan istenen etkiyi aldiklarini ve herhangi
bir yan etki ile karsilasmadiklarini (%92,9)
belirtmiglerdir; ancak heniiz bir yan etki veya
istenmeyen etki ile karsilasmamis olmak bundan
sonra da karsilasilmayacagi anlamina
gelmemektedir. Ozellikle siipheli istenmeyen
etkilerin raporlanmasi ve ilgili yerlere bildirilmesi
gerekmektedir. Taylor (1985) tarafindan kigik
hayvan tibbinda analjeziklerin kullanimiyla ilgili
yapilan incelemede, indometazin ve ibuprofen gibi
ilaglarin daha yaygin bir sekilde kullanildigi; ancak
nadiren kan diskrazileri, kusma ve ishal ile mide
irritasyon sorunlari gibi advers reaksiyon potansiyeli
oldugu gosterilmektedir. Yapilan bir diger calismada
sulfasalazin ile kolit i¢in tedavi edilen kopeklerde
keratokonjonktivit bildirilmistir (Taylor, 1985). Keen
ve Livingston (1983) tarafindan yapilan galismada
ise, kopeklerde pyometranin tedavisinde kullanilan
prostaglandin dinoprostun bronkokonstriksiyona
neden oldugu rapor edilmistir. Bu ¢alismalardan da
yola cikarak soylenebilir ki, stipheli gorilen bitln
yan etkiler ciddiyetle takip edilip rapor edilmesi
zorunludur.

Calismanin  sonucunda  gorilmustiir ki,
Guneydogu Anadolu Bolgesi'nde bulunan pet
kliniklerinde genel olarak beseri ila¢ kullanimi son
derece yaygindir. Bunun nedenleri arasinda
Veteriner miistahzar eksikligi en 6nemli nedendir.
Sonrasinda  ise  hekimlerin  beseri ilaglan
eczanelerden veya ilag depolarindan kolaylikla
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temin edebilmeleri neticesinde Veteriner
miistahzari olan bir ila¢ bile olsa aliskanliklarin
tercih edildigi gozlenmistir. Bilgi yetersizliginin
online gegcmek ve Veteriner miistahzar kullaniminin
artirilmasini tesvik etmek igin mimkiin oldugunca
her yil ilag Kullanim Kilavuzlari olusturulmali ve
glincellenerek  Veteriner Hekimlere egitimler
verilmelidir. Kedi ve kopek gibi kii¢lik hayvanlara
0zgl Veteriner miustahzarlarin gelistirilmesi veya
ruhsatlandiriimasi icin ¢alismalar hizlandirilmalidir.
Hizla gelisen toplumda hastaliklarin da giderek
arttigi  unutulmamalidir. Bunun igin Veteriner
mistahzarlarin  6zellikle kalp-damar, endokrin,
psikotrop, hormonlar gibi farmakolojik gruplardaki
eksiklikleri giderilmelidir.
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Tiirkiye’de Isparta ilinin Egirdir Bolgesinden Toplanan Koyun Siitlerinde
Aflatoksin M; Kalinti Varhiginin ELISA ile Degerlendirilmesi
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Ozet: Aflatoksinler yem ve gida tiriinlerinde yaygin bir sekilde gdriilebilmekte ve kalintisi ihtiva eden driinlerin tiiketiciler
tarafindan alinmasi ise 6nemli saglik sorunlari meydana getirmektedir. Bu galismada; Egirdir'de koyun yetistiriciligi yapilan
isletmelerden toplanan 86 ¢ig koyun siitl 6rnegi aflatoksin Mj kalinti varligi agisindan ELISA yontemiyle analiz edildi. Analiz
neticesinde 83 ornegin aflatoksin M; kalintisi igermedigi ve 3 6rnegin ise maksimum kalinti limitinin altinda kalinti igerdigi
belirlendi. Sonug olarak, arastirilan st 6rneklerinde diisiik diizeyde aflatoksin M; kalintisinin olmasi tiiketime sunulan
sutlerin tiketici saghig agisindan bir sakinca olugturmadigini géstermistir.

Anahtar Kelimeler: Aflatoksin M, ELISA, Siit, Koyun.

Evaluation of Aflatoxin M; Residues by ELISA in Sheep Milk Obtained from Egirdir in Isparta
Province in Turkey

Abstract: Aflatoxins can be seen widely in feed and food products, and consumers' intake of products containing residue
causes serious health problems. In this study, 86 raw sheep milk samples were collected from Egirdir and analyzed for
aflatoxin M; by ELISA. The results of the study showed that 83 samples did not contain residues and 3 samples contained a
low level of residue which is less than acceptable maximum residue limits. As a result, a low level of aflatoxin M; residue in
the milk samples investigated showed that the milk offered for consumption does not pose a drawback in terms of

consumer health.
Keywords: Aflatoxin M;, ELISA, Milk, Sheep.

Giris

Sat ve st Grilnleri icerdikleri protein, vitamin ve
temel mineraller bakimindan 6nemli bir besin
kaynagidir. insanlar tarafindan en ¢ok tiiketilen siit
biliyliikbas hayvanlardan alinan sttler olup bunlar su
(%87), protein (%3), laktoz (%4-5), yag (%3-4),
mineraller (%0.8) ve vitaminleri (%0.1) icermektedir.
Bununla birlikte, c¢evresel kosullar, emzirme
durumu, hayvan tirleri ve hayvanlarin beslenme
durumu gibi c¢esitli faktorler satin kimyasal
bilesimini etkileyebilir. Ornegin, koyun siitii yiiksek
yag ve protein icerigine sahip iken, kegi stitli ylksek
miktarda vitaminler (A, B1 ve B12), kalsiyum ve fosfor
icermektedir (Acaroz ve ark., 2020; Balthazar ve
ark., 2017).

Aflatoksinler  Aspergillus,  Penisilium  ve
Rhizopus tlrleri mantarlar tarafindan Uretilen
mikotoksinlerdir. Aflatoksin B (1 ve 2) ve G (1 ve 2)
yem ve hammaddeleri ile gidalarda bulanan
aflatoksin turleridir. Aflatoksin M (1 ve 2)lerin
gliniimiizde sadece siitte degil ayrica misir, soya,
fisttk gibi Grldnlerde de aflatoksin  B’lerden
olustuklari gorilmektedir. Sat ve Urlnlerinde
bulunabilen aflatoksin M1 ve M2 varhg: tiketiciler

acisindan énemli bir sorun olmaktadir. Ulkemizde
bugline kadar yapilan arastirmalarla inek (Eker ve
ark., 2019; Orug ve ark., 2011), koyun (Karadal ve
ark., 2018), kegi (Bilgin, 2014) sttt ve/veya bunlarin
Urunlerinde aflatoksin M1 varligi arastiriimistir.

Yapilan bu c¢alismada, Egirdirde koyun
yetistiriciligi yapilan isletmelerden toplanan 86 adet
koyun siit orneginde aflatoksin Mi kalinti varhgi
ELISA yontemi kullanilarak arastirildi. Ayrica elde
edilen bulgularin tiketici sagligi agisindan énemi ile
yasal mevzuat  agisindan kalinti  durumu
degerlendirilerek yapilan kalinti izleme programlari
icin ilave bilgilerin eldesi gercgeklestirildi.

Materyal ve Metot

Sit numunelerinin toplanmasi ve analize
hazirlanmasi:Bu ¢alismada; koyun yetistiriciliginin
yogun olarak yapildigi Isparta ilinin Egirdir ilgesi
Barla, Bademli, Sorkuncak ve Yuval koéylerinde
koyun vyetistiriciligi yapilan isletmelerden 2020 yili
Ocak-Nisan aylari arasinda toplamda 86 adet koyun
st numunesi sagim sonrasi hayvanlardan
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toplandi.  Alinan sitler soguk zincirde hemen
laboratuvara getirildi ve analizler yapilincaya kadar
derin dondurucuda (-20 °C) muhafaza edildi.

Analize baslanmadan 6nce numunelerin 6n
islemi icin; deney tiplne 5 ml alinan siit 6rneginin
2000 devirde 15 dakika santrifGji  yapildi.
Sonrasinda tlip icerisinde (stte toplanan sit
serumunun yagi uzaklastirildi ve elde edilen temiz
sit serum 6rnegi analiz isleminde kullanildi (Kara ve
Ince, 2014).

ELISA yontemi ile numunelerin analizi: Siit
numunelerinde aflatoksin M1 kalinti varligini tespit
etmek amaciyla ticari ELISA kiti (AflaM1, Celer,
italya, Lot No: 03069) kullanildi ve érneklerin okuma
islemi ELISA (Thermo MultiSkan) okuyucusunda
gerceklestirildi. Orneklerin degerlendirilmesi
amaciyla konsantrasyonlari belirli standartlara (O,
25, 50, 200 ve 500 ng/l) karsi okunan absorbanslar
temel alinarak verilerin degerlendirmeleri RidaSoft
Win Net programi ile yapildi. Aflatoksin Mz analizi
icin kullanilan kitin tespit limiti (¢ig st icin) ise 25
ng/I'dir.

BULGULAR
Analiz  sonunda standartlarin  absorbans

degerlerine karsilik gelen miktarlar ve Sekil 1'de
gorilen konsantrasyon-absorbans egrisi ile Tablo

1’de gorilen standart konsantrasyonlarina ait
veriler elde edildi.
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Sekil 1. Aflatoksin M1 standart-konsantrasyon egrisi

Seksen alti siit 6rneginde belirlenen aflatoksin
M1 kalinti derisim araliklari ve sonug veren 6rnek
sayisi Tablo 2’de verilmistir. Bu sonuglara gore 86
numunenin kalinti icermedigi, 3 Ornegin ise
maksimum kalinti limitinin (50 ng/kg) altinda
aflatoksin M1 kalintisi icerdigi tespit edildi.

Tablo 1. Aflatoksin M1 standart konsantrasyon verileri

Konsantrasyon Absorbans B/BO Hesaplama Sapma
(ng/1) (Ortalama) (%) (ng/1) (%)
0 1523 100.0 - -
25 1274 83.7 24.96 0.2
50 0.899 59.0 50.06 0.1
200 0.424 27.8 200.84 0.4
500 0.375 24.6 488.12 2.4

Tablo 2. St numunelerindeki aflatoksin M1 kalinti diizeyleri

Konsantrasyon (ng/l)

Pozitif numune sayisi (n: 86)

<25

25-30

83

Tartisma ve Sonug

Sut ve Urlnlerinde aflatoksin M1 kalintisinin
belirlenmesi icin yapilan arastirmalar, gida Uretimi

ve tiketici saghgl agisindan 6nem arz etmektedir.
Sut ve drunlerindeki aflatoksin M1 kalintisi tiiketici
saghgl acisindan gelisme geriligi, organ hasari ve
kanser  gibi istenmeyen etkiler = meydana
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getirdiginden bunun kalinti analizinin yapilmasi
giderek 6nem kazanmustir. (Filazi ve ark., 2010; Kara
ve Ince, 2014). Bundan dolayi yapilan bu ¢alismada
da koyun sitlerinde aflatoksin M1 kalintisi diger
arastirmalardaki benzer yontemler ve sonuglarla
karsilastirilarak arastirildi ve saglik agisindan énemi
degerlendirildi. Yapilan ¢alismada, Egirdir'den alinan
koyun sitlerinde aflatoksin M1 kalinti varligi ELISA
yontemiyle arastirildi ve 86 siit 6rnegi icerisinden 83
numunenin kalinti icermedigi, buna karsin 3 6rnekte
ise maksimum kalinti limitlerinin altinda aflatoksin
M1 kalinti varhgi tespit edildi.

Ulkemizde siit ve/veya Uriinlerinde aflatoksin
M:  kahntisinin  arastinldigi  bazi g¢alismalar
incelenecek olunursa; Yesil ve ark. (2019) ELISA ile
aflatoksin M1 kalinti varligini belirlemek amaciyla
Diyarbakir ilinde tiliketime sunulan sGt ve
Urlinlerinde (beyaz peynir, krem, ¢okelek, cecil, Van
otlu, lor, Van otlu lavas peyniri ve tereyagi)
yaptiklari bir calismada, inceledikleri 248 6rnekten 7
sit ornegi ile 15 tereyagl oOrnegindeki kalinti
miktarinin hem Tirk kodeks limitini hem de Avrupa
komisyonu limitlerini astigini tespit etmislerdir.

Bursa ilinde siit sigirciigi yapilan isletmeler ile
satisa sunulan UHT sitlerinde aflatoksin M1
kalintisinin ELISA ile arastirildigl bir ¢alismada, 34
isletme siitli ve 54 UHT siit orneklerinin toplandig
ve yapilan analizler neticesinde tiim orneklerde
aflatoksin M1 kalintisinin tespit edildigi, buna karsin
tespit edilen miktarlarin Tirk Gida Kodeksinde
belirtilen limitlerin ¢ok altinda oldugu bildirilmistir
(Orug ve ark., 2011).

Aydin ve Denizli illerinden elde edilmis olan
sutlerde aflatoksin M1 prevalansi ve miktarlarinin
ELISA ile arastinldigi c¢alismada ciftliklerden
toplanan 81 inek siit érneginin 20 tanesinin yasal
limitleri astigi ve halk saghg acisindan tiketime
sunulmasinin tehlikeli olacagi vurgulanmistir (Hazer,
2011).

Canakkale ilinden 2015 ve 16 yillarinda
toplanan 360 ¢ig sit ve peynir érneginde aflatoksin
M1 kalintisinin ELISA ile arastirildigi ¢alismada ¢ig
sitlerde bulunan degerlerin (%3,3) Turk gida
kodeksi ve Avrupa Komisyonu limitlerini astig1 fakat
peynirlerdeki miktarlarin ise belirtilen limitlerin
altinda kaldigi belirtilmistir (Eker ve ark., 2019).

Aydin ili Cine ilgesine bagh koylerden kis ve yaz
mevsimlerinde alinan inek (30), koyun (30) ve kegi
(30) olmak lizere toplamda 180 siit 6rnegi aflatoksin
M1 bakimindan ELISA metodu ile analiz edilmistir.
Analizler neticesinde inek sitlerinin yazin 3’linde,
kisin 15’inde, koyun siitlerinin yazin 1’inde, kisin ise
5’inde aflatoksin M1 saptanmis iken, kegi sitlerinin
hicbirinde aflatoksin M1 tespit edilmemistir.
Bununla birlikte bir inek ve bir koyun siitiinde
saptanan AFM: duzeylerinin, Tirk Gida Kodeksi limit
degerinin Gzerinde oldugu bildirilmistir. Calismada

kis mevsiminde elde edilen sitlerin yaz siitlerine
gore aflatoksin M1 bakimindan daha yiiksek oldugu
belirtilmistir (Bilgin, 2014).

Nigde ilinde tiketime sunulan ¢ig koyun, kegi
ve inek sutlerinde aflatoksin M1 kalintisinin
arastirildigi calismada 90 ¢ig sut ornegi ELISA
yontemi ile analiz edilmistir. incelenen siit
orneklerinin hepsinin aflatoksin M1 icerdigi, keci ve
koyun sutlerindeki kalinti miktarlarinin Tirk Gida
Kodeksi yasal limitlerinin altinda, buna karsin inek
sutlerinin  3'Unde ise bu limitlerin Gzerinde
aflatoksin M1 oldugu belirtilmistir (Karadal ve ark.,
2018).

Dinya genelinde siit ve Urinlerinde aflatoksin
Mz varhginin arastirilmasina yonelik yapilan bazi
calismalar incelendiginde; Pakistan'in  Pencap
eyaletinin Faisalabad boélgesinden bes farkli memeli
turinin st orneklerindeki aflatoksin M1, floresan
saptama ile yliksek performansli sivi kromatografisi
kullanilarak belirlenmistir. Toplam 169 st Ornegi
analiz edilmis ve bunlar manda (55), inek (40), kegi
(30), koyun (24) ve deveden (20) olusan bes tiirden
alinmistir.  Analizler neticesinde deve sltiinde
aflatoksin M1 kalintisi tespit edilmemisken, manda,
inek, keci ve koyun sitlerinde aflatoksin M1
kontaminasyon yiizdeleri sirasiyla% 34.5, % 37.5,
%20 ve% 16.7 olarak bulunmustur (Hussain ve ark.,
2010).

Hirvatistan'in ~ farkli  bolgelerinden 2016
ilkbahar ve sonbahar aylarinda toplamda 1618 cig
inek, keci ve koyun suti 6rnekleri toplanmis, ELISA
ile analiz sonucunda aflatoksin M1 kalinti
miktarlarinin inek sitlerinde 0.93-85.4 ng/kg, kegi
sutlerinde 2.0-18.6 ng/kg ve koyun sitlerinde 2.27—
11.2 ng/kg olarak bulunmustur. Calismada
ilkbaharda 2 inek stitli numunesinde ve sonbaharda
10 inek sttl 6rneginde Avrupa Birligi'nin maksimum
(50 ng/kg) kalinti seviyesini asan aflatoksin Mi
seviyeleri bulundugu rapor edilmistir (BilandzZi¢ ve
ark., 2017).

Bati Sicilya'da 2013-16 vyillari arasinda inek
(170) koyun (133) ve eseklerden (84) toplanan
toplam 394 cig ve isil islem gérmis 91 st 6rnegi
ELISA ile aflatoksin M1 yoniinden analiz edilmistir.
Analiz sonucunda inek ve koyun sitlerinde sirasiyla
%12,9 ve %5 pozitif sonug alinmig buna karsin esek
sitl  orneklerinde kalinti varhg gorilmemistir.
Pozitif orneklerin sadece iftliklerden toplanan
orneklere ait oldugu ve buna bagh olarak
tiketicilerin korunmasi amaciyla sut ciftliklerinde
gerekli olan beslenme tekniklerinin énemli oldugu
vurgulanmistir (Camilleri ve ark., 2019).

Elde edilen veriler 1siginda 86 numunenin 25
ng/l dizeyinin altinda ve 3 numunenin ise 25-30
ng/| aflatoksin M1 ihtiva ettigi ve bu miktarlarin da
yonetmelikte belirtilen maksimum kalinti limitinin
(TGK 2011) altinda oldugu gorilmistir. Bu durum
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Egirdir'in koylerinde hayvanlara verilen yemlerin
aflatoksin yoénilinden temiz oldugunu ve sitlerin
glivenli bir sekilde tiiketime verilebilecegi seklinde
degerlendirilebilir.

Sonu¢ olarak tlketici saghg agisindan
hayvanlara verilecek yemlerin mikotoksin kalintilari
ihtiva edebileceginden verilirken dikkat edilmesi
gerekliligi ve bolgedeki yetistiricilerin bu durum
hakkinda bilinglendirilmesi gerekmektedir. Ayrica,
rutin bir sekilde yem ve yem maddelerinden
ornekler alinarak yetkili kurumlar tarafindan kalinti
tarama ve tespit islemlerinin 6nemle yapilmasi
gerektigi kanaatine varilmistir.
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Abstract: In this study, a total of 86 (3199, 5555 cyprinid specimens belonging to the species, Luciobarbus mystaceus,
Arabibarbus grypus, Luciobarbus esocinus and Carasobarbus luteus, were collected from the Tigris River near Cizre town.
The size (as centroid size) and shape of scale separately were analyzed by 2D geometric morphometric methods. The size
and shape of species were different but not for sex, according to ANOVA. Mahalonobis length of CVA results shows that only
the difference between Luciobarbus esocinus and Carasobarbus luteus was not significant. DFA results based on T2 all
species scale shape differences were significant except Luciobarbus esocinus and Carasobarbus luteus.

Keywords: Cyprinidae, Geometric, Landmark, Morphometric, Scale, Shape, Turkey.

Dicle Nehir Sistemindeki Bazi Cyprinid Tiirlerinin Pullarindan Geometrik Morfometrik Yontemle
Ayirt Edilmesi

Ozet: Bu calismada, Cizre ilgesi yakinlarindaki Dicle Nehri'nden Luciobarbus mystaceus, Arabibarbus grypus, Luciobarbus
esocinus ve Carasobarbus luteus tirlerine ait toplam 86 (3199, 555G) cyprinid 6rnegi toplanmis ve buytkligu (centroid
olarak) boyut ve pul sekli ayri ayri 2D geometrik morfometrik yontemlerle analiz edilmistir. Tirlerin boyutu ve sekli farklydi,
ancak ANOVA'ya gore cinsiyet igin farkh degildi. CVA sonuglarinin Mahalonobis mesafesine gére, sadece Luciobarbus
esocinus ve Carasobarbus luteus arasindaki farkin anlamli olmadigini géstermektedir. Luciobarbus esocinus ve Carasobarbus

luteus disinda T2'ye dayali DFA sonuglari tim tiirlerin pul sekil farkhliklari dGnemliydi.
Anahtar Kelimeler: Balik pulu, Cyprinidae, Geometrik, Belirteg, Morfometrik, Sekil, Tiirkiye.

Introduction

Cyprinidae is the largest family of freshwater fishes
and shows an extensive geographic distribution
from North America (northern Canada to southern
Mexico) to Africa and Eurasia (Nelson, 2006).
Approximately 15% of freshwater fishes in Turkey
belong to the Cyprinidae (59 species) (Cicek et al.,
2020; Kuru et al. 2014). The subject of this study,
Luciobarbus mystaceus, Luciobarbus esocinus,
Carasobarbus luteus and Arabibarbus grypus are
species belonging to the Cyprinidae and are
distributed in the Tigris and Euphrates water
systems (Beckman, 1962; Coad, 1996; Karaman,
1971; Kuru, 1979).

Fish scale is a useful tool for defining fish in
genus or species levels and also for identifying fish
in studies of fish phylogeny, sexual dimorphism, age
determination, and habitats affecting development
(Esmaeili et al., 2007; Esmaeili and Gholami, 2011;
Ibafiez et al., 2007, 2016; Jawad, 2005; Jawad and
Al-Jufaili, 2007; Miranda and Escala, 2000; Poulet et
al., 2005). Although fish scales were considered to
be an essential value in the classification of fish, the
aspect of the scale has proven to be inefficient at

least at the species level, the use of fish scales as
the age index besides the use of fish for the life
history has been determined (Van Oosten, 1957). It
was stated that the external structure of the fish
and the models of fish scales were useful in
establishing phylogenetic relations (Van Oosten,
1957). Recently, scanning electron microscopic
studies have revealed a detailed shape design and
the shape of Teleostei scales, renewing the interest
in using the scales' surface structure for taxonomic
purposes (De Lamater and Courtenay, 1974). It has
been suggested that ecological characteristics could
be of great importance for identifying groups within
the genus Barbus (Economidis, 1989; Tsigenopoulos
and Berrebi, 2000). Different growth characteristics
of fish populations concerning various external
factors, seasonal or habitat variability, availability of
nutritional resources and therefore scales with the
initial contact with the environment indicate an
important phenotypic feature about all these
factors (Serban and Grigoras, 2018).

Geometric morphometrics (GMMs) is a strong
taxonomy tool and its systematic has notable
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statistical power and deals directly with the
Cartesian coordinates of landmarks, rather than
with  traditional distance, angle, or ratio
measurements (Bookstein 1999; Klingenberg, 2011).
It is useful to reveal even small morphological
variations, which often are invisible by traditional
morphometric (Zelditsch et al., 2004).

Analysis on scales by geometric morphometric
methods has been reported to be a handy and
reliable tool to distinguish between challenging to
distinguish genus, species, geographic variants, local
populations, effects of habitat on scale morphology,
and showing age in addition to seasonal variation.
Moreover, contrary to other methods, it has been
stated that this method is more economical and
easier, harmless, and allowing samples to be
inspected and monitored because the samples can
be released again, and it is possible to obtain many
samples from the populations. Fish scales are
extremely suitable materials to be used for 2D
geometric morphometric methods, the scales may
vary depending on age, gender, and season. Also,
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scales can be used to determine the source of
differences and variations in fish size and shape
(Avigliano et al., 2017; Bilici et al., 2016; Poulet et
al., 2005; Cicek et al., 2016; Ibafiez et al., 2007, 2009

and 2012; Staszyn et al., 2012)

This study aims to evaluate whether the
morphometric
approach to define fish scale morphology is useful
in distinguishing species belonging to the same
family such as Luciobarbus mystaceus, Arabibarbus
grypus, Luciobarbus esocinus and Carasobarbus

landmark-based, geometric,

luteus.

Material and Methods

In this
myctaceus

study,
(n=58),

specimens
Arabibarbus grypus

local fisheries from the Tigris River (Figure 1).

Turkey

eps SYRIA

10 km s

Figure 1. Sample localities (1-Dirsekli Pond (idil), 2-Tigris River (Giigliikonak), 3-Tigris River (Giigliikonak), 4-Tigris River (Akdizgin),
5-Tigris River (Damlarca), 6-Kasrik Stream, 7-Tigris River (Cizre).

Since the fish included in this study are commercial
fish caught by fishermen, ethics committee approval
is not required. The scales were taken from the
front and upper sections of the lateral lines of
dorsal fins of fishes and age. They were determined
and photographed by an Olympus digital camera
with Canon SX 7 model binocular under the same
conditions. Then, six landmarks (Figure 2) were
collected by tpsDig ver. 2.32 (Rohlf, 2016) software
and Procrustes analysis were performed. After
separating the shape and size of the samples,
ANOVA, PCA, CVA/MANOVA, and DFA analyses were
performed by using Morpho J1. 06 d (Klingenberg,
2011) and PAST 3.11 (Hammer et al.,, 2001)
programs.
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Figure 2. Landmark definitions used in the fish scales.
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Results

Arabibarbus grypus and Carasobarbus luteus
have scales that are very large and close to each
other in width and length. Since the length of the
Luciobarbus esocinus and Luciobarbus mystaceus
scales are greater than their width, they don’t have
a circular shape.

In all species, significant differences were
found between species in terms of both size (CS)
and shape, but differences between gender were
found to be insignificant (Table 1, Figure 3).

Table 1. Procurstes ANOVA results for species and gender

F p(parm)
Species CS 64,14 <.0001
Shape 3,90 <.0001
Gender CS 4,67 0,0336

Shape 0,57 0,8046

(p(parm): parametric p value, Pillai tr.: Pillai trece, (F: Gooddal F value).

40 4
36
7}
28
24
20
16 1
12 T

Jo= =
0

Luciobarbus Luciobarbus Carasobarbus ~ Arabibarbus
mystaceus esocinus luteus grypus

Figure 3. The Box plot of CS of species (The short horizontal
lines: Min. and Max., the box down and up bounder: 25 and 75
percentile, the long horizontal line: Average).

Cs

In the Basic Component Analysis (PCA)
according to species, the first three components
account for 65.4% of the total variation. The first
three components in PCA explain 65.3% of the total
variation according to gender (Figure 4).

Principal component 2
.

015
015 -010 0,05 0,00 005 010 015

Principal component 1

Figure 4. Principal component analysis (PCA) scatter plot.

In the Canonical Variance Analysis (CVA) for
species, the first two canonical variances explained
87.5% of the total variance (Figure 4). According to
Mahalanobis's length (Mah), the difference
between Luciobarbus esocinus and Carasobarbus
luteus is insufficient, but differences in other
comparisons are significant (Table 2). According to
Procrustes (Proc) distance, Luciobarbus esocinus -
Carasobarbus luteus and Luciobarbus esocinus —
Luciobarbus mystaceus, the difference between the
two is not sufficient. Still, the difference for other
comparisons is important (Table 2). We did not find
any difference between the gender of all species

Table 2. CVA results.

Groups Luciobarbus esocinus Barbus mystaceus
Mah. D Proc. D Mah.D  Proc.D

Barbus

mytaceus 1,9405*** 00,0394

Carasobarbus

luteus 2,6918" 0,0818*** 2,3769** 0,0773**

Arabibarbus

grypus 3,0002**  0,0526 ™ 2,1918* 0,0497*

Mah. D.: Mahalanobis length, Proc. D.: Procrustes length, *: Permutation p
value, *p<0.0001, **p<0.01, ***p<0.05, ns: not significant.

according to Mahalonobis Mahalanobis and
Procrustes' distance.

In Discriminant Function Analysis (DFA), the
difference according to the parametric (Parm.) and
Permutations (Perm.) P values for all species are
given in Table 3.

Table 3. DFA results.

Groups Luciobarbus esocinus Barbus mystaceus
Perm.p Perm.p
1%/ Parm. p (Proc./T?) T2/ Parm.P (Proc./ T?)
Luciobarbus
mystaceus 19,1381/*** s [k x
Carasobarbus
luteus 46,3131/™ *k [0 30,2377/** xR [x
Arabibarbus
grypus 40,4185/*** NS R A* 75,3029/* *[*

T2: T-square, Parm. p: Parametric p values, Perm. p: Permutation
p value, ¥*p<0.0001, **p<0.01, ***p<0.05, ns: not significant.

The difference according to the parametric
(Parm.) and Permutations (Perm.) P values for
Luciobarbus esocinus-Luciobarbus mystaceus and
Luciobarbus esocinus-Carasobarbus luteus;
Luciobarbus  esocinus-Arabibarbus grypus are
significant, whereas, those are insignificant for
Luciobarbus esocinus-Carasobarbus luteus (Table 3
and Figure 5). The difference of parametric (Parm.)
and Permutations (Perm.) P values showed no
signification between genders for all species.
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Figure 5. Scatter plot of CVA for species

The difference of shape given by DF analysis of
Arabibarbus grypus, Carasobarbus luteus,
Luciobarbus esocinus and Luciobarbus mystaceus
were given in Figure 6.

In the difference of shape given by DF analysis,
in comparison of Carasobarbus luteus and
Arabibarbus grypus; Carasobarbus luteus is wider in
ventral and dorsal and narrower in anterio-ventral
and posterio- dorsal. In comparison of Luciobarbus
esocinus and Carasobarbus luteus; Luciobarbus
esocinus is narrower in ventral and dorsal and a
larger scale structure in anterio-ventral. In
comparison of Luciobarbus esocinus and
Arabibarbus grypus; Luciobarbus esocinus is wider
in anterior and anterio-dosal, narrower in posterio-
dorsal. In comparison of Luciobarbus mystaceus and
Carasobarbus luteus; Luciobarbus mystaceus is
wider in anterior and posterior, narrower scale
structure in dorsal and ventral.

5 6 — 15 _________%
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esacints
4 1 Carasobarbus 144 Arabibarbus 1
. Luteus -y grypus ———
Arabibarbus
grypus
3
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Luteus [
3 4/ S
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Figure 6. The shape differences between species scale.

Discussion

Scales are a useful taxonomic character used in
fish classification. In addition, it is an important tool
in revealing the growth, reproduction, and feeding
characteristics of fish population dynamics,
determining the diet of aquatic predators, or in
paleontological analysis (Gupta, 2017). Although the
scales used in this study were sampled from the
same anatomical region (shoulder area) of the fish,
there are some differences in this region in each
fish. Also, there is a significant variation throughout
the body. A similar situation has been noted in
other fish species. In their study on mugilids, Ibanez

et al (2007) determined intra-species variations in
scales taken from the same region of the fish.

The results show that in the present study,
significant differences were found between species
in both size (CS) and shape, but the difference
between the genders was not found significant in all
the species under study. The variation formation
seen in elasmoid fish scales provides important
information in terms of swimming mode as well as a
taxonomic character (Ibanez et al., 2009).

These results show over again that GMMs is so
strong tool for analyses size and shape separately to
determine the differences and similarity (Bookstein,
1999; Klingenberg, 2011; Zelditsch et al., 2004). As
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mentioned before fish scales are cut out for 2D
geometric morphometric analysis to identify fish in
a wide variety of studies (Ibafnez et al. 2007, 2009
and 2012; Poulet et al. 2005; Staszyn et al. 2012).

As a result, as stated by Richard and Esteves
(1997), Poulet et al. (2005), lbanez et al. (2007,
2009 and 2012), Staszyn et al. (2012), and Teimori
(2016), it is seen that geometric morphometric
studies made with scales are a very safe and useful
method to identify and distinguish morphologically
similar taxons that are close to each other. However,
the researchers should be aware that the scales may
vary depending on age, gender, and seasons.
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Abstract: In this study, a total of 186 blood samples were collected from kennel dogs consisting of 104 male and 82 female
in five provinces (Mersin, Adana, Hatay, Gaziantep and Batman) of Turkey, and evaluated using molecular methods for the
presence of canine vector-borne diseases (CVBDs). Overall, 10.8% of the sampled dogs were found to be infected with one
or more CVBD pathogens investigated. Ehrlichia canis (17/186; 9.1%) was the most common CVBD pathogen, followed by
Babesia canis vogeli (5/186; 2.7%) and Hepatozoon canis (1/186; 0.5%), respectively. Co-infection of E. canis with B. canis
was detected in 3 (1.6%) dogs. Infection with Rickettsia spp., Coxiella burnetii, Borrelia burgdorferi s.l., Francisella
tularensis, Bartonella spp., Leishmania spp., Diroflaria immitis, Diroflaria repens, and Acanthocheilonema reconditum were
not detected. No sex association with CVBDs was determined (p>0.05). The result of the study indicates the presence of
three CVB pathogens, including the first report of B. canis and H. canis in the studied provinces.

Keywords: Canine vector-borne pathogen, Dog, Molecular characterization.

Kopeklerde Vektor Kaynakl Hastaliklarin Arastirilmasi

Ozet: Bu calismada, Tiirkiye'nin bes farkli ilindeki (Mersin, Adana, Hatay, Gaziantep ve Batman) kdpek barinaklarindan
alinan 186 (104'U erkek ve 82'si disi) kan 6rnegi vektor kaynakli nakledilen patojenler yoniinden molekiler yontemlerle
arastirildi. incelenen &rneklerin %10.8'inin en az bir veya birden fazla patojen ile enfekte oldugu tespit edildi. Ehrlichia
canis (17/186; %9.1) en yaygin vektor aracili nakledilen patojen olup, bunu sirasiyla Babesia canis vogeli (5/186; %2.7) ve
Hepatozoon canis (1/186; %0.5) izledi. E. canis ve B. canis ortak enfeksiyonu 3 (%1.6) kdpekte tespit edildi. Rickettsia spp.,
Coxiella burnetii, Borrelia burgdorferi s.l., Francisella tularensis, Bartonella spp., Leishmania spp., Diroflaria immitis,
Diroflaria repens ve Acanthocheilonema reconditum enfeksiyonu saptanmadi. Vektor aracili nakledilen patojenler yoniinden
pozitif bulunan kdpeklerde yas ve cinsiyet yontinden istatistiksel olarak énemli bir fark belirlenmedi (p> 0.05). Calisilan
illerde kdpeklerde vektor aracili nakledilen patojenlerden Ugliniin varligi gosterilmis ve galisilan illerde ilk kez B. canis ve H.
canis varhg tespit edilmistir.

Anahtar Kelimeler: Képek, Molekiiler karakterizasyon, Vektor kaynakli patojen.

Introduction

Canine vector-borne diseases (CVBDs) constitute a
large group of diseases that are of great importance
on canine health status. CVBDs are caused by a
variety of pathogens of bacteria, viruses, protozoa,
and helminths, transmitted by arthropods (e.g.
ticks, fleas, lice, mosquitoes, phlebotomine
sandflies) (Otranto et al., 2009a). Besides their
importance for canine health, CVBDs have an
impact on public health due to their zoonotic
character (Maggi and Kramer, 2019). CVBDs have a
wide range of clinical manifestations, changing from
asymptomatic cases to serious health implications,
depending on the pathogenicity of the causative
agent, the susceptibility of the host, the presence of
single or co-infections, which makes diagnosis,
control and treatment of CVBDs more challenging
for veterinarian practitioners (Otranto et al.,
2009b).

Distribution and incidence of many CVBDs have
been attributed to a plethora of anthropogenic
factors, including climate change, globalization, a
significant increase in international trade, tourism,
travel, and the rapid growth of human, expansion of
canine and wildlife reservoir populations (Duscher
et al., 2014; Maggi and Kramer, 2019). Among these
factors, climate changes are the main factors
involved in the density and life cycles of vectors as
well as their habitats (Fouque and Reeder, 2019).
Apart from the life cycles of vectors, environmental
temperature also affects the survival rates of
microorganisms carried by vectors and definitive
hosts (Semenza and Menne, 2009). Due to the
dynamic nature of the abovementioned factors,
continuous surveillance for the determination of
the prevalence, incidence, and spatial distribution
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of CVBDs is an integral part of the prevention, and
control programs (Self et al., 2019).

In previous studies involving dog populations in
Turkey, the presence of many CVBDs has been
reported by molecular methods (Aktas et al., 2015;
DuzlG et al., 2014; Guo et al., 2017; Guven et al.,
2017; Karageng et al.,, 2005; Orkun et al., 2018).
However, the majority of these studies focused on
either a particular pathogen(s) or in a restricted
area. Therefore, this study aimed to determine the
current situation of vector-borne pathogens causing
babesiosis, hepatozoonosis, leishmaniasis,
toxoplasmosis, anaplasmosis, filariasis, rickettsiosis,
bartonellosis, ehrlichiosis, Q-fever, borreliosis, and
tularemia using molecular methods in shelter dogs
in five different cities in Turkey.

Materials and Methods

Ethical approval: The study was conducted in
compliance with the Animal Ethical Committee of
Hatay Mustafa Kemal University with the decision
number of 2020/02-12.

Study area and sample collection: The study
was conducted on shelter dogs in five provinces
(Hatay, Adana, Mersin, Gaziantep, and Batman) of
Turkey. The blood samples (2-3 ml) were collected
into EDTA-coated vacutainer tubes from 186 dogs
between May 2020 and August 2020. During
sampling time, data regarding sex and age were
also recorded, as presented in Table 1. All the dogs

Table 2. Primers used in this study

included in the study were clinically healthy and not
infested with ectoparasites.

Table 1. Sample distribution according to sex, age and locations

Location Sex Age (year) Total
1< 1-3 3-6 >6
Hatay Female 1 8 6 4 19
Male 4 8 9 1 22
Total 5 16 15 5 41
Mersin Female 3 5 3 15
Male 5 6 6 4 21
Total 8 11 10 7 36
Adana Female 3 11 3 5 22
Male 5 7 7 4 23
Total 8 18 10 9 45
Batman Female 3 10 5 3 21
Male 2 11 10 6 29
Total 5 21 15 9 50
Gaziantep Female 0 1 2 2 5
Male 0 5 3 1 9
Total 0 6 5 3 14
Total Female 10 35 20 17 82
Male 16 37 35 16 104
Total 26 72 55 36 186

DNA isolation and PCR analysis: Genomic DNA
was extracted from blood samples using PureLink®

Genomic DNA Mini
California,
recommendations.

stored at -20 °C

Kit
USA) by
Extracted DNA samples were

until  molecular

(Invitrogen,

the

Carlsbad,
manufacturer's

analysis.

Conventional and real-time PCR was performed to
detect bacterial and protozoal pathogens, and
DNase-RNase-free sterile water was used as a

negative control,

and positive

control DNA

extracted from the pathogens were included in
each reaction. The PCR methods, target genes, and
primer sequences used in the study are given in

Table 2.

Pathogen Methods Target gene

Primer sequences

Product
size (bp)

Reference

Anaplasma spp., Real time-PCR/
Ehrlichia spp. PCR

groEL

ESpF- TACTCAGAGTGCTTCTCAATGT
ESpR- GCATACCATCAGTTTTTTCAAC

362

Bell and Patel
(2005)

Rickettsia spp. Real-time-PCR 23S rRNA

Tagman prob

PanR8F- AGCTTGC GGATCATTTG G
PanR8R- TTCCTTGCCTTTTCATACATCTAGT
PanR8-P- FI-CCTGCTTCTATTTGTCTTGCAGTAACACGCCA-BHQ1

111

Kato et al. (2013)

Coxiella burnetii Real-time-PCR/ Sybr-green ompA CoxF- CAGAGCCGGGAGTCAAGCT 82 Jaton et al.
CoxR- CTGAGTAGGAGATTTGAATCGC (2013)

Francisella tularensis Real-time-PCR Tagman prob tuld Tul4F-ATTACAATGGCAGGCTCCAGA 91 Versage et al.
Tul4R-TGCCCAAGTTTTATCGTTCTTCT (2003)
Tul4P-TCTAAGTGCCATGATACAAGCTTCCCAATTACTAAG BHQ1)

Bartonella spp. Real-time-PCR/Sybr-green SsrA ssrA F-GCTATGGTAATAAATGGACAATGAAATAA 301 Diaz et al. (2012)
ssrA R-GCTTCTGTTGCCAGGTG

Babesia spp. Hepatozoon spp, PCR 18S rRNA BJ1- GTCTTGTAATTGGAATGATGG 411-452 Casati et al.

Theileria spp., Hemolivia mauritanica BN2- TAGTTTATGGTTAGGACTACG (2006)

Leishmania spp. Real-time-PCR /Evagreen ITS1 LSGITS1-F1-CATTTTCCGATGATTACAC 220 to 275 De Almeida et al.
LSGITS1-R1-CGTTATGTGAGCCGTTATC (2017)

Pan-filarial PCR 5.8 S-ITS2- DIDR-F1-AGTGCGAATTGCAGACGCATTGAG 484-578 Rishniw et al.

2285 DIDR-R1-AGCGGGTAATCACGACTGAGTTGA (2006)

Diroflaria immitis PCR col DICOI-F1-AGTGTAGAGGGTCAGCCTGAGTTA 203
DICOI-R1-ACAGGCACTGACAATACCAAT

Acanthocheilonema reconditum PCR col ARCOI-F1AGTGTTGAGGGACAGCCAGAATTG 208
ARCOI-R1-CCAAAACTGGAACAGACAAAACAAGC

Diroflaria repens PCR col DRCOI-F1AGTGTTGATGGTCAACCTGAATTA 209

DRCOI-R1GCCAAAACAGGAACAGATAAAACT

Sequencing and phylogenetic analysis: The
successfully amplified PCR products were purified
and bidirectionally sequenced at a commercial
sequencing service provider (Macrogen,
Netherlands). Obtained nucleotide sequences were
compared with registered GenBank sequences
using BLAST analysis (www.ncbi.nlmn.nih.gov/BLAST).
The sequences were edited and aligned using
BioEdit software (Hall, 1999). The nucleotide

sequences obtained in this study were deposited in
GenBank under the accession humbers MN250296,
MN364708-MN364722 for E. canis, MT908962-
MT908966 for B. canis, and MT909554 for H. canis.

Phylogenetic analysis: Phylogenetic
relationships between the sequences were inferred
using the maximum likelihood method (ML) with
the MEGAX.0 software (Kumar et al. 2018).
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Statistical analysis: Statistical differences
between vector-borne pathogens and variables
including sex and age for significance were assessed
through Pearson’s Chi-square using SPSS v.14-0
software. A P-value less than 0-05 was regarded as
statistically significant.

Results

The overall infection rate of CVBD pathogens
was 10.8% (20/186). Frequency of positivity of E.
canis, B. canis and H. canis was 9.1% (17/186), 2.7%
(5/186), and 0.5% (1/186), respectively. No
positivity for other CVBD pathogens was detected
(Table 3). Simultaneous infection by two CVBD
pathogens were only observed in 3 (15%) of the
infected dogs (Table 4). No difference between
positivity to CVBD pathogens, sex was determined
(p>0.05). While the highest number of positivity
was determined from the province of Mersin with
30.6%, the lowest was Hatay (4.9%). No CVBD

pathogen was detected in the province of Batman.
Phylogenetic trees were illustrated in Figure 1-3.

Table 3. The frequency of CVBD pathogens detected by PCR and DNA
sequencing according to provinces

Province No of dogs Pathogens identified Total
tested E. canis B. canis H. canis

Mersin 36 11 4 0 15
Adana 45 4 0 0

Hatay 41 0 1 1 2
Batman 50 0 0 0 0
Gaziantep 14 2 0 0 2
Total 186 17 5 1 23

Table 4. Distribution and frequency of CVBD pathogens in sampled dogs,
detected by DNA amplification and DNA sequencing

Infection Identified pathogen n %

status

Single infection  E. canis 14 7.5
B. canis 2 11
H. canis 1 0.5

Mixed infection  E. canis + B. canis 3 1.6

Negative 166 89.2

Total 186 100

53

93

MN241257 Ehrlichia canis isolate TR/Mersin-47
MN364708 Ehrlichia canis isolate TR/Mersin-53
MM364709 Ehrlichia canis isolate TR/Mersin-55
MN364710 Ehrlichia canis isolate TR/Mersin-57
MM364711 Ehrlichia canis isolate TR/Mersin-58
MN364712 Ehrlichia canis isolate TR/Mersin-59
MM364713 Ehrlichia canis isolate TR/Mersin-66
MMN364714 Ehrlichia canis isolate TR/Mersin-67
MN364715 Ehrlichia canis isolate TR/Mersin-68
MM364716 Ehrlichia canis isolate TR/Mersin-70
MN364717 Ehrlichia canis isolate TR/Mersin-72
MN364718 Ehrlichia canis isolate TR/Adana-83
MN364719 Ehrlichia canis isolate TR/Adana-93

MG953295 Ehrlichia canis strain Mossesane

L— JN391407 Ehrlichia canis isolate D12E

———— KX987388 Ehrlichia canis strain WHBMXZ-124

—

[ —

0.010

MM364720 Ehrlichia canis isolate TR/Adana-107
MN364721 Ehrlichia canis isolate TR/Adana-113

MN364722 Ehrlichia canis isolate TR/Gaziantep-177
MN250296 Ehrlichia canis isolate TR/Gaziantep-179

KJ907753 Ehrlichia chaffeensis isolate Aa2FT361

JXB629806 Ehrlichia minasensis strain UFMG-EV

ABOT4462 Candidatus Ehrlichia shimanensis

MG182156 Ehrlichia muris isolate RUS/Nov15-2846-Ipr/ipv

Figure 1. Phylogenetic tree based on aligned sequences 16S rRNA of E. canis isolates using the Maximum Likelihood method and
Hasegawa-Kishino-Yano model (Hasegawa et al. 1985) with 1000 bootstrap. The E. canis sequences generated in this study are indicated in
bold. GenBank accession numbers of sequences and names of lineages are given before species names.
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MT908962 Babesia canis vogeli isolate Hatay BC29

MT908963 Babesia canis vogeli isolate Mersin BC52

MT908964 Babesia canis vogeli isolate Mersin BC55

MT908965 Babesia canis vogeli isolate Mersin BC57

MT908966 Babesia canis vogeli isolate Mersin BC58

JF461252 Babesia canis vogeli strain A1

KF499115 Babesia canis canis strain BccTR2

DQ869307 Babesia canis canis from dog

HQB662634 Babesia canis canis isolate RO/FMVB/B/7
100 I— KU377437 Babesia divergens strain HLJ216
KX839233 Babesia capreoli isolate A3/A4

37 — MF045131 Babesia odocoilei isolate D24259

MM 134517 Babesia gibsoni isolate Wayanad

MN173021 Babesia caballi isolate DQT4

AYB03400.1 Babesia ovata isolate Zhangjiachuan

s L MK918598 Babesia occultans isolate TR-Bag98

AY452707 Babesia felis isolate K197

AY 150062 Babesia equi isolate Spain-1

KJ572976 Hepatozoon canis isolate J2

0.050
Figure 2. Phylogenetic tree based on aligned sequences 18S rRNA of B. canis isolates constructed by using Maximum Likelihood

method and Hasegawa-Kishino-Yano model (Hasegawa et al. 1985) with 1000 bootstrap. The B. canis sequences generated in this
study are indicated in bold. GenBank accession numbers of sequences and names of lineages are given before species names.

8SJ GU827130 Hepatozoon canis isolate 1318

| MT909554 Hepatozoon canis isolate Turkey/Hatay 5

L MG593275 Hepatozoon ewingi isolate HBM1

KT223483 Babesia vulpes isolate 03/00349

KF992710 Hemolivia mauritanica isolate VVendelin

100 [ KM435071 Hepatozoon felis isolate Cuiaba

—_
020

Figure 3. Phylogenetic tree based on aligned sequences 18S rRNA of H. canis isolate constructed by using Maximum Likelihood
method and Tamura 3 Model model (Tamura, 1992) with 1000 bootstrap. The H. canis sequence generated in this study are
indicate in bold. GenBank accession numbers of sequences and names of lineages are given before species names.
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Discussion

CVBDs constitute a varied and complex group of
diseases posing an important threat for both animal
and human health, and the geographic distribution
and incidence of CVBDs are on the rise worldwide
(Baneth et al., 2012). E. canis (9.1%), the etiological
agent of canine monocytic ehrlichiosis (CME), was
the most common CVBD pathogen detected in the
study. Apart from being an important veterinary
pathogen, human infections with E. canis have been
also reported (Perez et al., 1996; Perez et al., 2006;
Bouza-Mora et al.,, 2017). The main vector of the
agent is the brown dog tick Rhipicephalus
sanguineus (s.l.), which is also dominant species in
dog populations in Turkey (Aktas et al., 2013). In
previous studies, various rates of positivity have
been reported depending on the regions of Turkey.
In the Aegean region of Turkey, the prevalence of E.
canis was reported as 41.5% (Karageng et al., 2005).
DlzlG et al. (2014) reported a prevalence rate of
14.5% in Kayseri; Guo et al. (2017) no positivity for
E. canis was reported in Konya. Giiven et al., (2017)
reported a prevalence rate of 9.77% in Erzurum.
Aktas et al. (2015) investigated tick-borne bacterial
and protozoal diseases in dog blood sample
collected from 10 provinces located in different
regions of Turkey using reverse line blotting (RLB)
and sequencing, and found positivity for E. canis in
only four provinces, percentage of which were
ranging between cities as 8.1-% and 28%. The
spatial distribution of E. canis observed in dogs in
different provinces of Turkey could be attributed to
different dog populations sampled and climatic
conditions affecting the vector dynamics.

Canine babesiosis is an important CVBD
infection with a worldwide spread. Dogs can be
infected by different Babesia species including large
Babesia species (B. canis, B. rossi, and B. vogeli) and
small Babesia species (B. gibsoni, B. conradae, and
Babesia vulpes). In previous studies, low prevalence
rates have been reported in Turkey. Aysul (2006)
investigated Babesia species in dogs and reported a
prevalence rate of 3.8% for B. canis vogeli by RLB In
istanbul. In a comprehensive study, Aktas et al.
(2015) tested a total of 757 dog blood samples from
different provinces and found only one (0.1%) dog
to be infected with B. canis in Eastern Anatolia of
Turkey. In another study carried out in the same
province, Glven et al. (2017) reported a prevalence
rate of 5.3% (7/133). Guo et al. (2017) reported a
prevalence rate of 2.1% in Konya in Central
Anatolia. In the present study, for the first time, the
presence of B. canis was detected in two cities
(Mersin and Adana) located in Southern Turkey.
These findings are important to show the presence
of a vector carrying the agent in the region.

Canine hepatozoonosis (CH) is currently known
to be caused by two hepatozoon species (H. canis
and H. americanum). H. canis infections are
widespread in Europe, Asia, Africa, and South
America with a prevalence rate varying 7.5% and
52% (Baneth, 2011). Although the brown dog tick
Rhipicephalus sanguineus (s.l.) is known as the main
vector of H. canis, Haemaphysalis sulcata,
Dermacentor marginatus and Ixodes ricinus were
also reported as other possible vectors (Aktas et al.
2013; Aktas 2014). H. americanum infections are
restricted to North America since the vector of the
Gulf Coast tick Amblyomma maculatum is found
only in the southeastern states of America (Little at
al. 2009). In this study, only one H. canis positive
sample was detected, resulting in a positive rate of
0,5% (1/186), which is similar to that of Boliikbas et
al. (2016) findings (0.5%, 1/200) in Samsun. In
contrast to the results of the current study, high or
higher prevalence rates of H. canis infection in
Turkey have been reported in previous studies.
Karageng et al. (2006) reported the prevalence of
the infection in the Aegean coast of Turkey as
10.6% by microscopy and 25.8% by PCR. Also, the
authors found that 36.8% of serum samples were
positive for antibodies against Hepatozoon spp. by
IFAT. In a study covering 10 Turkish provinces, Aktas
et al. (2015) examined a total of 694 dog blood
samples by PCR and found 22.3% of the dogs to be
positive for H. canis, ranging from 3.9 to 42.8%
according to provinces sampled. In Erzurum, out of
133 dog blood samples, 43 (32.3%) were found to
be positive for Hepatozoon spp., and seven of the
positive samples were confirmed as H. canis based
on DNA sequencing (Guven et al. 2017). H. canis
positivity was reported as 4.2% in Konya (Guo et al.,
2017), 5.3% in Kayseri (Dlzlu et al. 2013), 4% in
Ankara (Aktas et al., 2015b). In contrast, Orkun et
al. (2018) reported higher positivity (49.5%) for H.
canis infection in 103 stray dogs living in a shelter in
Ankara. The differences observed in H. canis
prevalence rates abovementioned studies could be
attributed to the fact that the distribution of the
vector and population density (Otranto et al., 2011),
sampling methodology, and characteristics of the
targeted dog population (Gomes et al., 2010).

Co-infections are a common event in vector-
borne infections in endemic areas, especially for
those dogs living mostly outdoors (Otranto et al.,
2009). Moreover, co-infections with CVBD
pathogens are reported to be associated with
severe clinical manifestations and hematological
abnormalities (De Tommasi et al.,, 2013). Co-
infections with other vector-borne pathogens have
been reported in previous studies in low rates in
Turkey (Aktas et al., 2015; Dzl et al., 2014; Guo et
al., 2017; Guven et al., 2017). Similarly, a low rate of
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co-infection with E. canis and B. canis (3/186, 1.6%)
was detected in the current study. Infections with
multiple vector-borne pathogens may be attributed
to the dogs' simultaneous exposure to different
vectors or multiple pathogen carrying vector
species (e.g. ticks) (Fang et al., 2015; Kordick et al.,
1999).

The results of the current study indicated that
E. canis, B. canis vogeli and H. canis species were
present in dogs in different provinces of Turkey,
with E. canis being the most common species
among CVBD pathogens. To our knowledge, for the
first time, B. canis and H. canis were detected in
some of the studied provinces. Regarding the
changing vector dynamics all over the world,
continuous and detailed studies are needed to
detect emerging and re-emerging vector-borne
pathogens and to develop the necessary control
strategies for these diseases.
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Ozet: Bu calisma, Van kedilerinde humerus, radius ve ulna’nin bilgisayarli tomografi (BT) araciligiyla i¢ boyutlu (3B)
rekonstriksiyonu yapmak, anatomik 6zelliklerinin belirlenmesini saglamak, morfometrik ve volimetrik 6lgllerini elde etmek
ve bu 6l¢iim degerlerinin sekstiel dimorfizm bakimindan biyometrik farkhliklarinin belirlenmesi amaciyla yapildi. Calismada 8
disi, 8 erkek olmak lzere 16 adet Van kedisi kullanildi. Kediler dissosiyatif ajanlar (ketamine ve xylazine kombinasyonu)
kullanilarak anesteziye alindi. Anestezi altindaki hayvanlar BT ile taranarak goérintileri elde edildi. Elde edilen imajlar
DICOM formatinda islenmek Uzere is istasyonuna aktarildi ve 3B modelleme programi olan Syngo CT kullanilarak
rekonstriksiyon islemi yapildi. Daha sonra bu kemiklerin anatomik yapilari incelenerek, morfometrik ve voliimetrik
Olgimleri hesaplandi ve istatistiki analizi yapildi. Yapilan galismadaki 3B rekonstriksiyon gorintilerinde, humerus’un
distal’inde hem foramen (for.) supracondylare hem de for. supratrochleare’ye rastlanildi. Morfometrik analiz sonuglarina
bakildiginda, humerus, radius ve ulna’nin 6lgiim degerleri bakimindan erkek ve disi Van kedileri arasinda istatistiksel olarak
onemli farkliliklar oldugu gorildi (P<0.05). Erkek ve disi kedilere ait humerus, radius ve ulna’nin voliim 6lgim degerleri
sirastyla 11.22+0.86 cm3, 8.01+1.16 cm3; 3.85+0.57 cm3, 2.3740.20 cm3; 26+0.66 cm3, 2.99+0.26 cm3 olarak tespit edildi.
Erkek ve disi kedilerin volliimetrik 6l¢iim degerleri arasinda goriilen bu farkliliklarin istatistiksel olarak anlaml seviyede
oldugu bulundu (P<0.05). Sonug olarak, Van kedilerinde humerus, radius ve ulna’ya ait 6lgim parametrelerinin istatistiksel
olarak cinsiyetler arasindaki farkhlklari BT ve 3B modelleme programi kullanilarak tespit edildi. Ayrica ¢alismadan elde
edilen morfolojik bilgilerin ve osteometrik 6lglim degerlerinin bu kemiklerle ilgili anatomi egitimi basta olmak Uzere,
patoloji, cerrahi, klinik uygulama ve zooarkeoloji gibi bircok alandaki ¢alismalara faydali olacagi dustiniilmektedir.

Anahtar Kelimeler: Bilgisayarli tomografi, Humerus, Radius, Uina, U¢ boyutlu rekonstriiksiyon, Van kedisi.

Anatomical, Morphometric, and Volumetric Examination of the Humerus and Antebrachium
With Computed Tomography in Van Cats

Abstract: This study was carried out to make a three-dimensional (3D) reconstruction of the humerus, radius, and ulna by
using computed tomography (CT) in Van cats, to detect their anatomical features, to obtain morphometric and volumetric
measurements, and to determine the biometric differences of these measurement values in terms of sexual dimorphism. In
the study, 16 Van cats, 8 females and 8 males were used. The cats were anesthetized using dissociative agents (ketamine
and xylazine combination). The images of the animals under anesthesia were obtained by CT scanning. The images obtained
were transferred to the workstation to be processed in DICOM format and reconstructed using the 3D modeling program
Syngo CT. Then, the anatomical structures of these bones were examined, morphometric and volumetric measurements
were calculated and statistical analysis was made. In the 3D reconstruction images in the study, both foramen (for.)
supracondylare and supratrochleare were present in the distal humerus. In the morphometric analysis results, it was
observed that there were statistically significant differences in male and female Van cats in terms of measurement values of
the humerus, radius, and ulna (P<0.05). Volume measurement values of the humerus, radius, and ulna of the male and
female cats were determined as 11.22+0.86 cm3, 8.01+1.16 cm3; 3.85+0.57 cm3, 2.37+£0.20 cm3; 26+0.66 cm3, 2.99+0.26
cm3, respectively. These differences between male and female cats' volumetric measurement values were found to be
statistically significant (P<0.05). In conclusion, the statistical differences between the genders of the measurement
parameters of the humerus, radius, and ulna in Van cats were determined using CT and 3D modeling program. Also, it is
thought that the morphological information and osteometric measurement values obtained from this study will be useful
for studies in many areas such as pathology, surgery, clinical practice, and zooarchaeology, especially in anatomy education
related to these bones.

Keywords: Computed tomography, Humerus, Radius, Three-dimensional reconstruction, Ulna, Van cat.

Giris
Turkiye’de Van goli yoéresinde yasayan ve ismini seklinde kafa yapisi, uzun ve yumusak tiyli vicut
buradan alan Van kedileri, farkli goéz rengi, Gggen yapisi, yizmeyi sevmesi, zekiligi ve stiin 6grenme
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yetenegi gibi 6zelliklere sahiptirler. Van kedileri bu
fiziksel ozelliklerinden dolayr tarih  boyunca
insanlarin  begenisini ve dikkatini c¢ekmislerdir
(Odabasloglu ve Ates, 2000).

Humerus, 6n bacagin temelini olusturan uzun
ve kalin bir kemiktir (Dursun, 2002). Articulatio
humeri araciligiyla scapula’ya, articulatio cubiti
araciligiyla ise de kendisinden sonra gelen kemik
olan antebrachium’a eklemlesir (Dyce ve ark.,
2002). Antebrachium ise, radius ve ulna olmak
Uzere iki kemikten olusur (Liebich ve ark., 2007).
Genellikle evcil memeli hayvanlarda radius,
ulna’dan daha kalindir  (domuzlar  harig).
Domuzlarda ise ulna, radius’tan daha kalindir. Bu iki
kemik carnivora’da birbirleriyle hareket edecek
sekilde eklemlesmisken; equidae, ruminantia ve
sus’da birbirleriyle hareket etmeyecek sekilde
baglanmislardir (Bahadir ve Yildiz, 2008).

Son yillarda medikal gériintiileme alanlarindaki
teknolojik gelismeler ve gelistirilen gesitli (¢ boyutlu
rekonstriksiyon programlari sayesinde oOzellikle
kedi, kopek gibi kiiclik pet hayvanlarinin iskelet
sistemindeki  anatomik  yapilarin morfolojik
ozelliklerinin  belirlenmesinde, morfometrik ve
volimetrik 6lcim degerlerinin elde edilmesinde,
ilgili yapidaki travma, c¢ikik, neoplasia, kirik,
dejeneratif bozukluklar, metabolik ve yangisal
degisiklikler gibi ¢esitli patolojik durumlarin
teshisinde ve tedavi etkinliklerinin
degerlendirilmesinde 6nemli degisiklikler meydana
gelmistir (Ohlerth ve Scharf, 2007, Wisner and
Zwingenberger, 2015; Yilmaz ve ark., 2020). Ayrica
bu gorintileme yontemleri ve (¢ boyutlu
modellemeler uzun  kemiklerin  morfometrik
ozelliklerinin  ve o6lgim  degerlerinin  ortaya
konulmasini  amaglayan  ¢esitli  antropolojik
¢alismalarda da siklikla kullaniimaktadir (Carew ve
ark., 2019; Lee ve ark., 2015).

Bu c¢alisma, Van kedilerinde humerus ve
antebrachium’un bilgisayarli tomografi araciligiyla
U¢ boyutlu rekonstritksiyonunu yapmak, anatomik
ozelliklerinin belirlenmesini saglamak, morfometrik
ve volumetrik Olcilerini elde etmek ve bu o6lglim
degerlerinin  sekstel  dimorfizm  bakimindan
biyometrik farkhliklarini ortaya koymak amaciyla
yaptmistir.

Materyal ve Metot

Yapilan ¢alismada Van Yiziinci Yil Universitesi
(YYU) Van Kedisi Arastirma ve Uygulama
Merkezi’'nden temin edilen 3100-6000 gr agirliginda,
4 ile 6 yaslari arasinda toplam 16 adet Van kedisi (8
disi, 8 erkek) kullanildi. Sunulan bu arastirma, Van
YYU Hayvan Deneyleri Yerel Etik Kurulu (VAN
YUHADYEK)'nun  2017/01 sayih  karan ile
gerceklestirildi. Kedilerin anestezisi igin, dissosiyatif

ajanlardan 15 mg/kg dozunda Ketamine ile 1-2
mg/kg dozunda Xylazine kombinasyonu kullanildi.
Humerus ve antebrahium’a ait BT gorintilerini
almak icin Van kedileri prone pozisyonunda ve
simetrik olarak 16 dedektorli ¢ok kesitli BT cihazina
(Siemens, Somatom Sensation 16, Erlangen,
Germany) yerlestirildi. Cekim sirasinda BT cihazi
parametreleri; kesit kalinlig, 0.75 mm; fiziksel
dedektor collimation, 16 x 0.6 mm; kernel, U90u;
rotation time (sec) degerleri / effective mAs / KV,
0.75 /120 / 120; resolution, 512 x 512 pixel; gantry
rotation period, 420 ms; final section colimation, 32
x 0.63 mm; increment, 0.5 mm; feed/rotation, 6
mm olacak sekilde belirlendi. BT uygulama
dozlarinin parametreleri literatiirler esas alinarak
gergeklestirildi (Kalra ve ark., 2004; Prokop, 2003).
Elde edilen gorintiler DICOM formatinda
kaydedildi ve is istasyonuna aktarildi.
is istasyonunda bulunan Syngo CT software
kapsamindaki yazilim kullanilarak BT
gorantilerindeki kemiklerin g boyutlu
rekonstriiksiyonu yapildi. Ug boyutlu modellemeleri
yapilan humerus, radius ve ulna lzerindeki yapilar
oncellikle anatomik 6zellikleri bakimindan incelendi.
Daha sonra is istasyonu Uzerindeki goriintllerden
ve olusturulmus 3B rekonstriiksiyon imajlarindan
elektronik caliperler kullanilarak morfometrik ve
vollimetrik olgim degerleri belirlendi. Morfometrik
Olgimlerin  yapilmasinda literatiirler (Von Den
Driesch, 1976) esas alinarak, asagidaki parametreler
kullanildi:
a. Humerus’'un morfometrik odlglimleri igin
kullanilan referans noktalari (cm):
o Humerus’'un Uzunlugu (HU): Humerus’'un
proximal ucu ile distal ucu arasindaki mesafe
o Caput humeri'nin ¢api (CaHC): Caput
humeri’nin craniocaudal uzakhgi
o Sulcus intertubercularis’in  genisligi  (SIG):
Tuberculum majus ve minus arasindaki uzaklk
o Collum humeri'nin g¢api (CoHC): Humerus’'un
boyun kisminin craniocaudal uzakligi

o Corpus humeri'nin C-C c¢api  (CHCC):
Humerus’un  uzunlugunun orta kisminin
craniocaudal uzakhg

o Corpus humeri'nin  L-M ¢api  (CHLM):
Humerus’un  uzunlugunun orta kisminin

lateromedial uzakhgi

o For. supracondylare ile humerus’un proximal’i
arasindaki uzunluk (FSPU): Humerus’un en ug
noktasi ile for. supracondylare’nin baslangici
arasindaki uzaklik

o For. supracondylare’nin uzunlugu (FSU): For.
supracondylare’nin proximal ucu ile distal ucu
arasindaki uzaklik

o For. supracondylare’nin genisligi (FSG): For.
supracondylare’nin lateromedial uzaklig
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o Fossa radialis’in genisligi (FRG): Fossa radialis’in
lateromedial uzaklhgi

o Fossa olecrani’'nin  genigligi
olecrani’nin lateromedial uzakhgi

o Condylus humeri'nin genisligi (CHG): Condylus
humeri’nin lateromedial uzakhgi

o Humerus’un proximal C-C medulla ¢api (HPCC):
Cavum medullare’nin proximal craniocaudal

(FOG): Fossa

uzakhgi
o Humerus’'un proximal L-M medulla c¢api
(HPLM):  Cavum  medullare’nin  proximal

lateromedial uzakligi

o Humerus’'un medial C-C medulla ¢api (HMCC):
Cavum medullare’nin  medial craniocaudal
uzaklig

o Humerus’un medial L-M medulla ¢api (HMLM):
Cavum medullare’nin  medial lateromedial
uzaklig

o Humerus’un distal C-C medulla ¢api (HDCC):
Cavum medullare’nin  distal craniocaudal
uzaklig

o Humerus’un distal L-M medulla ¢api (HDLM):
Cavum medullare’nin  distal lateromedial
uzakhgi

. Radius’un morfometrik olgiimleri igin kullanilan

referans noktalari:

o Radius’un uzunlugu (RU): Radius’un proximal
ucu ile distal ucu arasindaki mesafe

o Radius’un proximal L-M ¢api (RPLM): Radius’un
proximal ucunun lateromedial uzaklig

o Radius’un proximal C-C ¢api (RPCC): Radius’un
proximal ucunun craniocaudal uzaklig

o Radius’un medial L-M ¢api (RMLM): Radius’un
orta noktasinin lateromedial uzaklig

o Radius’un medial C-C ¢api (RMCC): Radius’un
orta noktasinin craniocaudal uzaklig

o Radius’un distal L-M ¢api (RDLM): Radius’un
distal ucunun craniocaudal uzaklig

o Radius’un distal C-C g¢api (RDCC): Radius’un
distal ucunun lateromedial uzakligi

o Trochlea radii'nin genisligi (TRG):
radii’nin lateromedial uzakhgi

o Radius’un proximal C-C medulla ¢api (RPCCM):
Cavum medullare’nin proximal craniocaudal
uzakhgi

o Radius’un proximal L-M medulla ¢api (RPLMM):
Cavum medullare’nin proximal lateromedial
uzaklig

o Radius’un medial C-C medulla ¢api (RMCCM):
Cavum medullare’nin orta noktasinin
craniocaudal uzakhg

o Radius’'un medial L-M medulla ¢api (RMLMM):
Cavum medullare’nin orta noktasinin
lateromedial uzakhgi

o Radius’un distal C-C medulla ¢api (RDCCM):
Cavum medullare’nin  distal craniocaudal
uzaklig

Trochlea

C.

o Radius’un distal L-M medulla ¢apt (RDLMM):
Cavum medullare’nin  distal lateromedial
uzakhgi

Ulna’nin morfometrik olgiimleri igin kullanilan

referans noktalari:

o Ulna’nin uzunlugu (UU): Ulna’nin proximal ucu
ile distal ucu arasindaki mesafe

o Olecranon’un uzunlugu (ou): Tuber
olecrani’'nin proximal ucu ile radius’un caudal
taraftaki proximal ucu arasindaki mesafe

o Ulna’nin proximal C-C ¢api (UPCC): Ulna’nin
proximal ucunun craniocaudal uzakhgi

o Ulna’nin proximal L-M ¢api (UPLM): Ulna’nin
proximal ucunun lateromedial uzakhgi

o Ulna’nin medial C-C ¢api (UMCC): Ulna’nin orta
kisminin craniocaudal uzakhgi

o Ulna’nin medial L-M ¢api (UMLM): Ulna’nin
orta kisminin lateromedial uzakhgi

o Ulna’nin distal C-C ¢ap! (UDCC): Ulna’nin distal
ucunun craniocaudal uzakhgi

o Ulna’nin distal L-M ¢api (UDLM): Ulna’nin distal
ucunun lateromedial uzakhg

o Ulna’nin proximal C-C medulla ¢api (UPCCM):
Cavum medullare’nin proximal craniocaudal
uzakhgi

o Ulna’nin proximal L-M medulla ¢api (UPLMM):
Cavum medullare’nin proximal lateromedial
uzakhgi

o Ulna’nin medial C-C medulla ¢api (UMCCM):
Cavum medullare’nin orta noktasinin
craniocaudal uzaklig

o Ulna’nin medial L-M medulla ¢api (UMLMM):
Cavum medullare’nin orta noktasinin
lateromedial uzaklig

o Ulna’nin distal C-C medulla ¢api (UDCCM):
Cavum medullare’nin  distal craniocaudal
uzaklig

o Ulna’nin distal L-M medulla ¢api (UDLMM):
Cavum medullare’nin  distal lateromedial
uzakhgi

o Spatium interosseum antebrachii’nin uzunlugu
(SIAU): Spatium interosseum antebrachii’nin
proximal ucu ile distal ucu arasindaki mesafe

Calismada, Van kedilerinde  humerus ve

antebrachium’un BT araciligiyla osteometrik ve

voliimetrik olarak incelenmesi sonucunda elde
edilen veriler icin tanimlayici istatistik bilgileri;
ortalama (ort.), standart sapma (std. sap.),
minimum (min.) ve maksimum (max.) degerler
olarak ifade edildi. Elde edilen bu olgim
parametreleri acisindan cinsiyetler arasindaki
farkliliklari  belirlemede Mann-Whitney U testi
kullanildi. Hesaplamalarda SPSS (IBM SPSS for

Windows, Ver. 23) istatistik paket programi

kullanildi ve istatistik anlamlilik diizeyi () %5 olarak

alindi.
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Ayrica, c¢alismada kullanilan  terminolojik
ifadelerde Nomina Anatomica Veterinaria (NAV)
(Nomina Anatomica Veterinaria, 2017) esas alind..

Bulgular

Humerus’un anatomik, morfometrik ve
voliimetrik degerlendirilmesi: Humerus, extremitas
proximalis (Ust ug), corpus (govde) ve extremitas
distalis (alt ug) olmak lizere lg¢ kisimda incelendi.
Humerus’un Uzerindeki anatomik yapilar Sekil 1'de
gosterildi. Humerus’'un extremitas proximalis
boliminde olduk¢a belirgin caput humeri,
tuberculum majus, tuberculum minus, sulcus
intertubercularis ve collum humeri yapilari goralda.
Tuberculum majus’un caput humeri seviyesini biraz
astigr gozlendi. Ayrica tuberculum majus’un
caudodorsal’inde, Nomina’da ismi bulunmayan sig
bir cukurluk gorildi. Humerus’un corpus kisminin
yaklasik st %4’lik kisminda ve dis yan yiizeyinde
proximal’den distal’e dogru crista gibi yukselen bir
tuberositas deltoidea ve buradan asagiya dogru
inildikge belirgin bir oluk olan sulcus m. brahialis ile

bu olugu distolateral taraftan sinirlayan crista
supracondylaris lateralis yapilari tespit edildi.
Extremitas distalis boélimiinde ise, condylus
humeri’nin hemen Uzerinde fossa olecrani ve fossa
radialis’in  sekillenmis oldugu gorildia. Ayrica
calismadaki 3B goriuntilerinde, fossa radialis ve
fossa olecrani'nin bir delik vasitasiyla istirakte
oldugu goruldi. Bu delik kdpekteki adlandirmaya
uygun olarak (NAV, 2017), for. supratrochleare
olarak adlandirildi. Bununla birlikte epicondylus
medialis kisminin  hemen st tarafinda for.
supracondylare’nin de bulundugu tespit edildi.

Cinsiyete gore humerus 6l¢lim degerleri Tablo
1’de verilmistir. Buna goére kedilerdeki humerus’a
ait HU, SiG, FSPU, FOG, CHG, HPCC, HMCC, HMLM
ve Total Volim degerlerinin erkek kedilerde disi
kedilere gore daha yiksek oldugu gozlendi. Erkek ve
disi kediler arasindaki bu farklarin istatistik olarak
onemli dizeyde oldugu gorilda (P<0.05). Ayrica
humerus’un HDLM 6lglim degerinin disi kedilerde
erkeklere gore daha yiksek oldugu saptandi. Fakat
bu durumun istatistiksel olarak anlaml olmadig
belirlendi (P>0.05).

Tablo 1. Cinsiyete gére humerus degerlerinin tanimlayici istatistikleri ve karsilagtiriimasi.

Erkek Disi

Parametre Ort. Std. Sap Min. Max. Ort Std. Sap Min. Max. *P,

HU 10.03 0.66 8.60 10.73 9.13 0.55 8.27 9.97 0.010
CaHC 1.44 0.19 1.19 1.70 1.37 0.14 1.16 1.52 0.387
SiG 0.89 0.12 0.71 1.06 0.68 0.08 0.53 0.76 0.001
CoHC 1.37 0.13 1.19 1.55 1.38 0.06 1.24 1.45 0.870
CHCC 1.09 0.10 0.96 1.22 1.02 0.025 0.98 1.06 0.065
CHLM 0.94 0.10 0.80 1.13 0.87 0.05 0.80 0.92 0.113
FSPU 7.75 0.43 7.15 8.54 7.09 0.31 6.70 7.50 0.004
FSU 0.54 0.10 0.44 0.69 0.48 0.10 0.31 0.61 0.322
FSG 0.12 0.02 0.10 0.15 0.20 0.32 0.08 1.00 0.470
FRG 0.95 0.11 0.81 1.14 0.88 .079 0.78 1.00 0.150
FOG 0.94 0.15 0.79 1.26 0.78 0.12 0.63 0.92 0.029
CHG 1.96 0.10 1.85 2.15 1.68 1.10 1.51 1.79 0.001
HPCC 8.45 0.19 8.16 8.73 7.76 0.46 7.21 8.78 0.002
HPLM 6.30 0.70 5.60 7.61 5.58 0.77 4.38 6.34 0.071
HMCC 5.26 0.39 4.61 5.71 4.59 0.38 4.11 5.09 0.004
HMLM 434 0.29 3.96 4.73 3.64 0.19 3.36 3.92 0.001
HDCC 4.93 0.48 4.48 5.76 4.52 0.28 4.18 5.04 0.058
HDLM 3.52 0.19 3.27 3.84 3.58 0.26 3.30 3.98 0.629
Total Voliim (cm?3) 11.22 0.86 10.18 12.32 8.01 1.16 6.65 9.99 0.001

* Mann-Whitney U testi sonuglari, P<0.05 olanlar istatistik olarak anlamli (6nemli) bulunmustur.

Antebrachium’un anatomik, morfometrik ve
voliimetrik degerlendirilmesi: Antebrachium’un
radius ve ulna olmak Uzere iki ayri kemikten
olustugu tespit edildi. Radius’un ulna’ya gore daha
kisa ve kalin bir kemik oldugu gozlendi. Bu iki
kemigin proximal ve distal kisimlarinin eklemlestigi
ve aralarinda Spatium interosseum antebrachii’yi
sekillendirdigi gorildi. Antebrachium’un Gzerindeki
anatomik yapilar Sekil 2’de gosterildi.

a- Radius’un anatomik, morfometrik ve
voliimetrik degerlendirilmesi: Radius’'un exremitas
proximalis kisminin  kalinlasarak caput radii’yi
sekillendirdigi gozlendi. Ayrica radius’un proximal

kisminda fovea capitis radii, collum radii ve az
belirgin olarak da tuberositas radii tespit edildi. Yine

bu bolgede radius ile ulna’nin inc. radialis’inin
eklemlesmesine mahsus oldukga belirgin  bir
circumferentia articularis goézlendi. Radius’un

exremitas proximalis boliminin, corpus béliimiine
gbre daha genis oldugu ve corpus’tan sonra distal’e
dogru inildikge kemigin tekrar genisledigi gorildu.
Exremitas distalis bolimiinde sekillenen trochlea
radii'nin caput radii’den daha genis oldugu
saptandi. Trochlea radii’nin medial tarafinda proc.
styloideus medialis yapisi gdzlendi.
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Tablo 2. Cinsiyete gore radius degerlerinin tanimlayici istatistikleri ve karsilagtiriimasi

Erkek Disi
Parametre Ort. Std. Sap Min. Max. Ort Std. Sap Min. Max. *Pp.
RU 8.93 0.85 7.13 9.68 8.32 0.50 7.80 9.38 0.102
RPLM 0.99 0.05 0.90 1.04 0.79 0.05 0.71 0.89 0.001
RPCC 0.80 0.11 0.62 0.94 0.64 0.06 0.54 0.75 0.003
RMLM 0.73 0.08 0.65 0.90 0.61 0.10 0.51 0.74 0.021
RMCC 0.72 0.03 0.68 0.75 0.68 0.05 0.60 0.75 0.080
RDLM 0.77 0.08 0.68 0.89 0.68 0.14 0.45 0.84 0.124
RDCC 0.78 0.10 0.64 0.96 0.68 0.08 0.54 0.78 0.048
TRG 1.20 0.08 1.11 1.37 1.14 0.12 0.97 1.30 0.230
RPCCM 2.64 0.48 2.15 3.41 1.51 0.15 1.27 1.69 0.001
RPLMM 1.53 0.15 1.33 1.80 1.08 0.13 0.89 1.32 0.001
RMCCM 2.72 0.33 211 3.24 1.47 0.22 1.17 1.76 0.001
RMLMM 1.80 0.33 1.21 2.30 1.32 0.07 1.18 1.44 0.001
RDCCM 3.03 0.63 2.12 3.86 1.52 0.39 1.16 2.11 0.001
RDLMM 1.60 0.22 1.26 1.92 0.75 0.12 0.67 1.02 0.001
Total Voliim (cm?3) 3.85 0.57 3.21 4.75 2.37 0.20 2.01 2.58 0.001
* Mann-Whitney U testi sonuglari, P<0.05 olanlar istatistik olarak anlamli (6nemli) bulunmustur.
Tablo 3. Cinsiyete gore ulna degerlerinin tanimlayici istatistikleri ve karsilastiriimasi.

Erkek Disi

Parametre Ort. Std. Sap Min. Max. Ort Std. Sap Min. Max. *Pp,
uu 10.66 1.23 8.47 12.13 9.77 0.30 9.40 10.08  0.066
ou 1.99 0.14 1.82 2.20 1.65 0.15 1.45 192 0.001
UPCC 111 0.06 1.00 1.18 1.07 0.07 0.96 121  0.231
UPLM 0.66 0.05 0.60 0.76 0.60 0.04 0.55 0.66  0.029
umcc 0.67 0.09 0.59 0.84 0.62 0.03 0.57 0.68  0.199
UMLM 0.58 0.08 0.45 0.70 0.47 0.06 0.40 0.58 0.013
ubCC 0.61 0.09 0.51 0.76 0.53 0.09 0.39 0.62 0.076
UDLM 0.50 0.08 0.39 0.65 0.52 0.07 0.41 0.59 0.647
SiAU 7.54 0.87 6.61 8.93 7.22 0.35 6.72 7.79  0.363
UPCCM 2.85 0.32 2.13 3.17 2.26 0.14 2.11 242  0.001
UPLMM 1.78 0.16 1.62 2.07 1.03 0.04 0.99 1.09 0.001
umccm 2.12 0.64 1.33 2.87 1.77 0.11 1.63 191 0.150
UuMLMM 1.43 0.18 1.19 1.71 1.42 0.13 1.25 1.68 0.866
UDCCM 1.92 0.23 1.47 2.17 1.26 0.36 0.94 2.11  0.001
UDLLM 1.35 0.24 0.96 1.72 0.91 0.20 0.67 1.34 0.001
Total Volim (cm?3) 5.26 0.66 4.51 6.10 2.99 0.26 2.40 320 0.001

* Mann-Whitney U testi sonuglari, P<0.05 olanlar istatistik olarak anlamli (6nemli) bulunmustur.

Cinsiyete gore radius’un 6l¢iim degerleri Tablo
2'de verildi. Buna gore kedilerdeki radius’a ait
RPLM, RPCC, RMLM, RDCC, RPCCM, RPLMM,
RMCCM, RMLMM, RDCCM, RDLMM ve Total Volim
degerlerinin erkek kedilerde disilere oranla daha
yuksek oldugu tespit edildi. Bu olgim degerleri
arasindaki farklarin istatistiksel olarak anlamli
oldugu goruldu (P<0.05).

b- Ulna’nin anatomik, morfometrik ve
voliimetrik degerlendirilmesi: Ulna’nin exremitas
proximalis kisminda, radius’u asan bir olecranon
cikintisi ve bu gikintinin Gzerinde ise tuber olecrani
yapisi gorulda. Tuber olecrani’nin ¢ ¢ikintih oldugu
tespit edildi. Bu gikintilardan ikisinin cranial’de,
birinin caudal’de yer aldig1 belirlendi. Bununla
birlikte proximal kisimda proc. anconeus ve inc.
trochlearis yapilari da belirgin olarak gozlendi.
Ulna’nin gévde kisminin hafif i¢ biikey oldugu goze
carpmaktaydi. Ulna’nin exremitas distalis kisminda,
radius’'un inc. ulnaris’i ile eklesmeye mahsus
oldukga belirgin bir circumferentia articularis

gozlendi. Ayrica distal kismin en ug tarafinda gayet
belirgin bir proc. styloideus lateralis yapisi goruldu.

Cinsiyete gore ulna olgiim degerleri Tablo 3'te
verildi. Buna gore kedilerdeki ulna’ya ait OU, UPLM,
UMLM, UPCCM, UPLMM, UDCCM, UDLMM ve Total
Volum degerlerinin erkek kedilerde disilere oranla
daha vyiksek oldugu saptandi. Bu farklarin
istatistiksel olarak anlamli oldugu tespit edildi
(P<0.05). Disi kedilerde erkeklere gére UDLM o6lglim
degerinin daha ylksek oldugu gozlendi. Fakat bu
Olcim degeri farkinin istatistiksel olarak anlaml
olmadig tespit edildi (P>0.05).

Tartisma ve Sonug

Ozkan (2004), kirpi humerus’unda tuberositas
deltoidea’nin iyi gelismedigini ancak tuberculum
majus, tuberculum minus, crista supracondylaris
lateralis’in belirgin oldugunu, Yilmaz ve ark. (1998),
oklu kirpilerde tuberositas deltoidea’nin iyi
gelistigini, tuberculum majus’un caput humeri
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Sekil 1. Van kedilerinde sag humerus’un rekonstriiksiyon goriintiisi. A- Humerus’un caudal’den gérinisti, B- Humerus’un lateral’den géruniisi, C-

Humerus’un medial’den goériinisi, 1- Caput humeri, 2- Tuberculum majus, 3- Tuberculum minus, 4- Collum humeri, 5- Sulcus intertubercularis, 6-
Corpus humeri, 7- Tuberositas deltoidea, 8- Crista supracondylaris lateralis, 9- Sulcus m. brachialis, 10- Condylus humeri, 11- For. supracondylare,
12- Epicondylus medialis, 13- Epicondylus lateralis, 14- For. supratrochleare, 15- Fossa olecrani, 16- Fossa radialis.

Sekil 2. Van kedilerinde sag antebrachium’un rekonstriiksiyon géruntusi. A- Antebrachium’un cranial’den goérintsl, B- Antebrachium’un lateral’den
goruinusl, C- Antebrachium’un medial’den goériinusl, 1- Tuber olecrani, 2- Proc. anconeus, 3- Inc. trochlearis, 4- Fovea capitis radii, 5- Collum radii, 6-
Corpus radii, 7- Corpus ulna, 8- Trochlea radii, 9- Spatium interosseum antebrachii, 10- Proc. styloideus lateralis, 11- Proc. styloideus medialis.

seviyesini biraz astigini, Karan ve Atalar (2003),
sincaplarda tuberculum majus, caput humeri ve
tuberculum minus’un yaklasik olarak ayni hizada
oldugunu, tuberositas deltoidea’nin ¢ok belirgin bir
crista seklinde oldugunu, crista supracondylaris
lateralis’in belirgin ve keskin oldugunu, bu cristadan
dolayr sulcus m. brachialis’in belirgin oldugunu,
Atalar ve Karan (2002), sansarlarda tipki sincaplarda
oldugu gibi tuberculum majus, caput humeri ve
tuberculum minus’un yaklasik olarak ayni hizada
oldugunu, tuberositas deltoidea’nin crista halinde
oldugunu, facies m. infraspinati’'nin hemen altinda
humerus’un caudal vyiziinde NAV'da ismine
rastlaniimayan dikensi bir ¢ikintinin gozlendigini,
crista supracondylaris lateralis’in ¢ok belirgin
oldugunu, yine bu crista nedeniyle sulcus m.
brachialis’in belirgin oldugunu, Ozkan (2002), mole-
ratlarinda tuberculum majus’un oklu kirpilerde

oldugu gibi caput humeri seviyesinden daha biyik
oldugunu, sulcus intertubercularis yapisinin derin
oldugunu, tuberositas deltoidea’nin belirgin bir
sekilde  gorildigini, crista  supracondylaris
lateralis’in humerus’un lateral’i boyunca uzandigini,
Saber (2013), wombatlarda, kirpi, okli kirpi, sansar,
sincap ve mole-ratlarindan farkli olarak tuberculum
majus’un cranial ve caudal olarak iki parcaya
bolindugind, tuberculum minus’'un daha kiguk
oldugunu, tuberositas deltoidea’nin ¢ok belirgin
oldugunu, sulcus m. brachialis’in derin bir sekilde
oldugunu, Girgin ve ark. (1988), tuberculum
majus’un tilkilerde, kurt ve kopege oranla daha
yuksek oldugunu, kurtta ve tilkide crista humeri
Gzerinde tuberculum majus'un hemen distal’inde
belirgin bir cikintinin yer aldigini, kdpeklerde ise
crista humeri’'nin tzerinde boéyle bir gikintinin yer
almadigini  bildirmislerdir. Yapilan calismada ise
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humerus’un extremitas proximalis boélimiinde
olduk¢a belirgin caput humeri, tuberculum majus,
tuberculum minus, sulcus intertubercularis ve
collum humeri yapilar tespit edildi. Tuberculum
majus’'un caput humeri seviyesini biraz astig
gozlendi. Ayrica tuberculum majus’un
caudodorsal’inde, NAV’'da ismi bulunmayan sig bir
cukurluk saptandi. Humerus'un corpus kisminin
yaklagik st %’lik kisminda ve dis yan yilizeyinde
proximal’den distal’e dogru crista gibi ylkselen bir
tuberositas deltoidea ve buradan asagilya dogru
inildikce belirgin bir oluk olan sulcus m. brahialis ile
bu olugu distolateral taraftan sinirlayan crista
supracondylaris lateralis yapilari tespit edildi.
Humerus’un extremitas distalis bolimiinde
condylus humeri’nin hemen Uizerinde bulunan for.
supratrochleare’nin ratlarda, kobaylarda,
tavsanlarda (Ozkan ve ark., 1997), grasscutterlerde
(Tobechukwu ve ark., 2015), oklu kirpilerde (Yilmaz
ve ark, 1998), kopeklerde (Bahadir ve Yildiz, 2008;
Dursun, 2002; Liebich ve ark., 2007) ve yaban
domuzlarinda (Karan, 2012); epicondylus medialis
kisminin hemen st tarafinda yer alan for.
supracondylare’nin sincaplarda (Karan ve Atalar,
2003), sansarlarda (Atalar ve Karan, 2002),
kedilerde (Dursun, 2002), wombatlarda (Saber,
2013) bulundugu bildiriimesine ragmen, su
samurlarinda  (Yilmaz ve ark., 1999) for.
supracondylare’nin epicondylus lateralis’in hemen
Uzerinde sekillendigi tespit edilmistir. Bununla
birlikte kirpilerde (Ozkan, 2004) ve mole-ratlarda
(Ozkan, 2002) s6z konusu her iki anatomik olusuma
da rastlanmamistir. Calismadaki materyallerde ise
mirketlerde (Staden, 2014) oldugu gibi hem for.
supracondylare hem de for. supratrochleare’ye
rastlanildi. Literatiirde (Bahadir ve Yildiz, 2008;
Dursun, 2002; Liebich ve ark., 2007) kedilerde
sadece  for. supracondylare’nin  varligindan
bahsedilmektedir. Bu galismadaki 3B goriintilerinde
ise humerus’un distal'inde, condylus humeri'nin
Gzerinde ikinci bir deligin bulundugu saptandi (Sekil
1). Bu delik, képekteki adlandirmaya uygun olarak
(NAV, 2017) for. supratrochleare olarak adlandirildi.
Humerus, kendisini hareket ettiren kaslar igin
terminatio, 6n bacak ve skeleton manus’u hareket
ettiren kaslar igin origo noktasi olusturmaktadir.
Uzerindeki anatomik yapilar ve bu kaslarla birlikte
bacagin extension, flexion, supinasyon ve
pronasyon hareketinin saglanmasina énemli dlgtide
yardim etmektedir (Polly, 2007). Humerus'un Van
kedilerinde de ayni gorevlerin yerine getirilmesine
katki sagladigi distinlilmektedir. Ayrica humerus’un
distal kisminda bulunan condylus humeri’nin her iki
tarafinda yer alan kemiksel kabartilardan
(epicondylus lateralis ve medialis) 6n bacagin
distal’indeki kaslar orijin alir (Liebich ve ark., 2007).
Bu kaslar carnivora’da kazma aktivitesinin

saglanmasinda oldukga 6nemli bir yer tutmaktadir
(Sesoko ve ark., 2015). Yapilan galismada condylus
humeri’'nin her iki tarafinda yer alan epicondylus
lateralis ve medialis’lerin belirgin olmasi, hem for.
supracondylare’nin hem de for. supratrochleare’nin
bulunmasi gibi sebepler bu bélgenin genislemesine
ve kazma aktivitesi bakimindan énemli olan kaslarin
orijin ylzeylerinin artmasina neden olabilmektedir.
Humerus’un distal’indeki bu anatomik olusumlarin,
Van kedilerinde kazma aktivitesinin gerceklesme-
sinde oldukg¢a 6nemli oldugu distintlmektedir.

Yapilan calismada antebrachium’un radius ve
ulna olmak tzere iki ayri kemikten olustugu,
radius’un ulna’ya gére daha kisa ve kalin bir kemik
oldugu, bu iki kemigin proximal ve distal kisimlarinin
eklemlestigi ve aralarinda spatium interosseum
antebrachii’yi sekillendirdigi gortlmustir. Calisma
sonugclarina paralel olarak Giltekin ve Ugar (1980)
yerli kopek, kurt ve tilkilerde; Bahadir ve Yildiz
(2008) , Liebich ve ark. (2007) ise kedilerde radius ve
ulna’nin birbirleriyle kaynasmadigini, bu iki kemigin
aralarinda rotasyon hareketini saglayacak sekilde
eklemlestigini  bildirmislerdir. Bununla birlikte
Dursun (2002), ruminantia’da ve equidae’de bu iki
kemigin hareket etmeyecek sekilde birlestigini
bildirmistir. Ayrica oklu kirpilerde (Yilmaz ve ark.,
1998), sincaplarda (Karan ve Atalar, 2003),
sansarlarda (Atalar ve Karan, 2002), kanatlilarda
(Dursun, 2002), domuzlarda (Liebich ve ark., 2007)
ve yaban domuzlarinda (Karan, 2012) ulna’nin
radius’tan daha kalin oldugunu bildirmislerdir.
Antebrachium kemikleri arasindaki bu farkliligin
arastirma  bulgulariyla uyum icinde olmadigl
gozlendi.

Tuber olecrani’'nin equidae (Dursun, 2002;
Liebich ve ark.,, 2007) ve yaban domuzlarinda
(Karan, 2012) 1; ruminanti’larda (Bahadir ve Yildiz,
2008) ve sincaplarda (Karan ve Atalar, 2003) 2; yerli
kopek, kurt ve tilkilerde (Giiltekin ve Ugar, 1980),
sansarlarda (Atalar ve Karan, 2002), oklu kirpilerde
(Yilmaz ve ark., 1998) ve ratlarda (Kahraman, 2012)
ise 3 cikintiya sahip oldugu bildirilmistir. Van
kedilerinde ise Tuber olecrani’nin g ¢ikintili oldugu
tespit edilmistir. Ayrica Giltekin ve Ugar (1980),
yerli tilki, cakal ve yerli kdpekte tuber olecrani’deki
cikintilarin ikisinin cranial’de, birisinin de caudal’de
oldugunu bildirmistir. Yapilan c¢alismada ise bu
cikintilarin yerlesimlerinin yerli tilki, cakal ve yerli
kopeklerle ayni oldugu gozlendi.

Radius’un anterior vicut kitlesini desteklemek,
ulna’nin ise dirsek eklemini stabilize etmek, dirsek
extensor’leri igin terminatio noktasi saglamak gibi
fonksiyonlari bulunmaktadir. Bununla birlikte radius
ve ulna’nin birlesme derecesi, tuberositas radii’nin
sekli ve ulna ile karsilikli olarak gelen eklem yiizeyi,
olecrani’nin uzunlugu, bas kisimlarinin konumu gibi
faktorler 6n bacagin extension, flexion, slipinasyon
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ve pronasyon hareketinin saglanmasina yardimci
olmaktadir  (Polly, 2007). Van kedilerindeki
antebrachium’un da bu fonksiyonlarin yerine
getirilmesi  acgisindan  olduk¢a ©6nemli oldugu
disinidlmektedir. Ayrica, Sesoko ve ark. (2015),
radius ve ulna’nin tim uzunlugu boyunca yer alan
dizensiz kemik vyuzeyleri ve cikintilari, buradaki
kaslarin yapisma ylzeylerini artirdigini
bildirmektedir. Yapilan ¢alismada literatiir verisiyle
uyumlu olarak, radius ve ulna ylizeylerinde yer alan
diizensiz  kemik gikintilarinin, genisleme ve
daralmalarin  bu bolgedeki kaslarin  yapisma
ylzeyinin artmasinda olduk¢ca ©6nemli oldugu
disinidlmektedir.

Hayvan kemigi Uzerine yapilan morfolojik ve
osteometrik calismalar, evrimsel, gelisimsel ve adli
bilimler gibi cok cesitli bilimsel alanlar icin oldukca
dénemli veriler sunmaktadir. Ozellikle uzun
kemiklerden alinan ¢esitli morfometrik, vollimetrik
analizler ve morfolojik degerlendirmeler hayvan
turleri arasindaki yem arama, avlanma, yirticilardan
korunma, goc¢ etme ve durus sekilleri gibi bircok
onemli davranissal etkinliklerin belirlenmesine
yardimci olmaktadir. Bununla birlikte, alinan bu
Olcim degerleri hayvan cinsleri icerisindeki tirler
arasindaki morfolojik varyasyonlarin ve taksonomik
siniflandirmasinin ortaya ¢ikarilmasinda, cinsiyetler
arasindaki farkliliklarin belirlenmesinde énemli bir
yer tutmaktadir (Boonsri ve ark., 2019; Martin-Serra
ve ark., 2014; Polly, 2007). Bu amacla, 6n bacak
uzun kemiklerinden alinan osteometrik 6lgiimlerin
cinsiyetler arasindaki farkhliklarini ortaya koymak
icin bircok ¢alisma yapilmistir (Boonsri ve ark., 2019;
Demircioglu ve Gezer Ince, 2020; Lee ve ark., 2015;
Pazvant ve Kahvecioglu, 2009; Yilmaz, 2018).
Yaptigimiz bu ¢alismada ise eriskin Van kedilerinde
BT ve U¢ boyutlu modelleme programi kullanilarak,
humerus, radius ve ulna’ya ait morfometrik ve
volimetrik Ol¢lim degerlerinin belirlenmesi ve bu
degerlerin cinsiyetler arasindaki farkliliklarinin
ortaya ¢ikarilmasi saglandi. Buna gére humerus’a ait
HU, SiG, FSPU, FOG, CHG, HPCC, HMCC ve HMLM
Olgcim degerlerinin; radius’a ait RPLM, RPCC, RMLM,
RDCC, RPCCM, RPLMM, RMCCM, RMLMM, RDCCM
ve RDLMM ol¢lim degerlerinin; ulna’ya ait OU,
UPLM, UMLM, UPCCM, UPLMM, UDCCM ve
UDLMM olgiim degerlerinin erkek kedilerde disi
kedilere gore istatistik olarak anlamh seviyede
yuksek oldugu goézlendi (P<0.05). Bununla birlikte,
BT goruntileri kullanilarak 3B modelleme programi
(Syngo CT 20.1-The Materialise Group, Leuven,
Belgium) araciligiyla humerus, radius ve ulna’ya ait
hacim degerleri de hesaplandi. Humerus’un hacim
degeri erkeklerde ortalama 11.22+0.86 cm?3,
disilerde ortalama 8.01+1.16 cm?3; radius’nin hacim
degeri erkeklerde ortalama 3.85+0.57 cm?, disilerde
ortalama 2.37#0.20 cm3; ulna’nin hacim degeri

erkeklerde ortalama 5.26+0.66 cm?, disilerde
ortalama 2.99+0.26 cm?® olarak tespit edildi.
Buradan Van kedilerinde humerus, radius ve
ulna’larin erkeklerde disilere gére daha buyuk
oldugu tespit edilmistir.

Sonug olarak, Van kedilerinde humerus, radius
ve ulna’ya ait 6lcim degerlerinin istatistiksel olarak
cinsiyetler  arasindaki  farkhhklari  bilgisayarli
tomografi ve U¢ boyutlu modelleme programi
kullanilarak tespit edildi. Ayrica calismadan elde
edilen morfolojik bilgilerin ve osteometrik 6l¢im
degerlerinin bu kemiklerle ilgili anatomi egitimi
basta olmak (izere, patoloji, klinik uygulama, cerrahi
ve zooarkeoloji gibi bircok alandaki calismalara
faydal olacagi dislintilmektedir.
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Abstract: In contrast to normal morphometric measurements, geometric morphometry is a method that can explain the
differences and variations on the x-y coordinates of the specified points on a 2D plane. In this method, two-dimensional
samples, such as pictures or x-rays, are used. The study aims to investigate the right os coxae of 23 adults (12 males, 11
females) horses geometrically. Photographs were taken from each sample at 120 centimeters distance and landmarks were
made on these samples. 13 determining landmarks were used on os coxae. Medial endpoint of the narrowest section of the
body of ilium and medial endpoint of ischial spine points were found to be statistically significant in terms of female and
male distinction (P < 0.001). It was seen that the remaining points in the ventrolateral section did not have a statistically
significant difference in gender discrimination. However, the difference between the genders in the ventral endpoint of
coxal tuber and midpoint of coxal tuber in the dorsolateral section was statistically significant (P < 0.001). The difference
between females and males is visually indicated using the morphology program. In females, it was observed that the points
in the inner region are more lateral than males. Gender analysis studies can be conducted on materials such as bone using
the morphometric results obtained as a result of such modeling studies.

Key words: Geometric analysis, Horse anatomy, Os coxae,Veterinary anatomy.

Geometrik Morfometri Yontemi Kullanilarak Atlarda Os Coxae’larinin incelenmesi

Ozet: Geometrik morfometri, normal morfometrik 6lgiimlerin aksine 2D diizlemde belirtilen noktalarin  x-y
koordinatlarindaki farkliliklari ve varyasyonlar agiklayan bir yéntemdir. Resim veya rontgen gibi iki boyutlu 6rnekler
kullanilir. Bu ¢alismada eriskin 23 (12 erkek, 11 disi) tane atin sag os coxae’si geometrik olarak incelenmesi amaglanmistir.
Her 6rnekten 120 santimetre uzakliktan fotograflar alinmis ve bu 6érnekler tizerinden isaretlemeler yapilmistir. Os coxae
Uzerinde 13 adet belirleyici nokta kullanilmistir. Cinsiyet ayirimi bakimindan, spina ischiadica’nin orta noktasi ve ilium
gbvdesinin en dar boliminin medial ug noktasi arasinda istatistiksel olarak anlamli bir fark bulunmustur (P < 0.001).
Ventrolateral boéliimde kalan noktalarin cinsiyet ayriminda istatistiksel olarak anlamh bir fark gostermedigi gorilmedi.
Bununla birlikte, cinsiyetler arasinda tuber coxae’nin ventral son noktasi ve dorsolateral boliimintin orta noktasi istatistiksel
olarak anlamhydi (P < 0.001). Disi ve erkekler arasindaki fark, morfoloji programi kullanilarak gosterildi. Disilerde ig
bolgedeki noktalar erkeklere gore daha yanal oldugu goézlemlendi. Bu modelleme ¢alismalari sonucunda elde edilen
morfometrik sonuglar kullanilarak kemik gibi materyaller izerinde cinsiyet analizi galismalari yapilabilmektedir.

Anahtar Kelimeler: Geometrik analiz, At anatomisi, Os coxae, Veteriner anatomi.

Introduction

Hip bone (os coxae) is the largest flat bone. It
combines with the sacrum and the first caudal
vertebrae and generates the pelvis (Dursun, 2006).
Hip bone has important functions such as protects
the reproductive organs and transmits movement
from the hindlimb to the trunk (Ashdown and Done,
2001; Konig and Liebich, 2004). Also, the pelvis
protects the caudal organs of the abdomen,
particularly those of the urinary and intestinal
tracts; nerves and vessels pass from the obturator
foramen nutrify tissues and organs (Rebsamen et
al., 2014; Colville and Bassert, 2015; Dyce et al.,

2016). Os coxae initially consist of three separate
bones. Then they merge at the joint cavity called
the acetabulum. Although the bones that fuse at a
common point are called os coxae. They are called
os ilium, os ischium, and os pubis to define their
region (Bahadir and Yildiz, 2010; Colville and
Bassert, 2015). The two os coxae join in the ventral
and form the joint called symphysis pelvis. It forms
two strong sacroiliac joints with the sacrum. Thus it
is connected with columna vetebralis. Os ilium is
the largest bone located in the dorsal, os ischium
forms most of the pelvic cavity and the caudo-
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ventral of this cavity. Os pubis is the smallest bone
of os coxae and fuses with other os pubis (Konig
and Liebich, 2004; Frandson et al., 2009; Bahadir
and Yildiz, 2010).

Even though male and female pelvises are very
similar to each other in the horses, there are some
differences used to differentiate them. Pelvis
diameters in females are larger than males. Ischial
arch wider in females (Dursun, 2006). The reference
information states that while the terminal line is
egg-shaped in males, it is circular in females
(Klingenberg, 2011). The floor of the pelvis section
on the pubic bone is concave in females and flat in
males (Bahadir and Yildiz, 2010).

Equine bone structure and function can be
evaluated for clinical or research investigation of
pathologic, pharmacologic, and  physiologic
processes. Noninvasive diagnostic techniques are
reported but provide insufficient samples for
assessment of bone architecture or measurements
of remodeling and mineral apposition. Invasive
bone biopsies remain the gold standard for
qguantitative assessment of bone remodeling by
Allen (2013) and efforts have previously been made
to find the least invasive method to obtain
adequate bone samples from horses (Savage et al.,
1991a; Savage et al., 1991b; Delguste et al., 2011;
Allen, 2013). Samples must be large enough for the
architecture to be undamaged by the biopsy
technique, must provide enough tissue for multiple
histologic sections to be examined, and be of
sufficient quality to assess trabecular and cortical
bone (Steiger et al., 1999).

In  contrast to normal morphometric
measurements, geometric morphometry is a
method that can explain the differences and
variations on the x-y coordinates of the specified
points on a 2D plane. In this method, two-
dimensional samples, such as pictures or x-rays, are
used. It provides more information and results than
the morphometric method (Aytek, 2017). Reference
points are determined on the pictures and
statistical comments are made on these points. This
method is used in many fields of science, primarily
in anthropology (Bernal, 2007; Slice, 2007; Ozdemir
et al., 2010). Anthropologists use some bones such
as neurocranium and mandible with this method for
the determination of gender, ancestry classification,
and age variation in the human (Franklin et al.,
2007; Maass and Friedling, 2019; Noble el al., 2019).
In addition to these bones, os coxae is frequently
used especially in gender determination studies.
Besides gender determination, this method has
examined the variations of os coxae belonging to
individuals of the same gender, thus revealing the
change in the pelvic cavity (Bytheway and Ross,
2010; Gonzales et al., 2017).

There are also studies of geometric
morphometry in the science of veterinary anatomy.
In a study conducted on the crania of the Anatolian
Wild Sheep breed and the Akkaraman Sheep breed,
the differences between these two breeds were
examined (Yalgin and Kaya, 2009). In a study, the
differences between wolf and German Shepherd's
mandible bone and skull shapes were determined
using geometric analysis (Glrbliz et al.,, 2020).
Gender analysis was performed using photographs
of turkey skulls and statistical differences were
revealed (Glindemir et al., 2020). In another study,
mandibular bones of the same breeds were
examined via this method (Yalgin et al., 2010). In a
different study, geometric morphometric studies
were performed on three different rodent species
(Yalgin et al.,, 2007). With this method, pelvis,
hindlimb bones, and lumbar vertebrae of some
mammal species have been analyzed (Alvarez et al.,
2013). In the gray fox, the pelvis and cranium bones
have been examined in terms of size and shape.
Besides, the cranium has been analyzed with
geometric morphometry in marmots and domestic
dogs (Cardini et al., 2006; Schutz et al., 2009; Drake
and Klingenberg, 2010). In a study conducted in E.
lutescens, cranium and mandible have been
examined with this method. The relationship
between dogs and wolves using cranium by the
geometric morphometric method has been
examined (Geiger et al., 2017; Kaya et al., 2018).

The shape and morphological differences were
examined with geometric morphometry in horses.
Especially posture positions that give information
about behavior, the phylogenetic, the population
of, inter- or intra- individual levels in horses were
investigated by using geometric morphometry
(Cervantes et al., 2009; Fureix et al.,, 2011). With
this method, using metacarpals and metatarsals of
the horses living in ancient populations, mobility
and migration of horses were revealed between the
regions where the horses live (Bignon et al., 2005).
Again in the fossil record of horses, dental
morphology is the primary importance of taxonomic
research was examined. Variations in tooth size and
enamel patterns are considered to be too greatly
influenced by age and continuous tooth wear.
Thus, dental morphology has been a useful marker
for horse domestication and is used in geometric
morphometry. Generally, digital photographs are
used in many geometric morphometric studies such
as fossil record and phylogenetic. But recent years
measurements are made using three-dimensional
models in parallel with the developments in medical
imaging and the increase in the use in veterinary
medicine (Seetah et., 2014; Danilo et al., 2015)

As a result of the study using geometric
morphometry in Catalan Pyrenean horses; It is
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stated that males were misclassified more than
females and the iliac landmarks were contributed to
the total variance of shape with a higher degree.
According to the shape, the ischiopubic complex
was contributed less to gender differentiation
(Parés-Casanova, 2014)

The motivation of this study is that studies and
knowledge on gender discrimination using hip bone
in horses are limited. The study aimed to investigate
the hip bones of the horses by using the geometric
analysis method and to contribute to the literature
knowledge. The variations between the specified
points and individuals were revealed and the
differences between the females and males were
statistically examined.

Materials and methods

In the study, the right hip bones of 23 adults
(12 males, 11 females) horses that were brought as
dead to the Faculty of Veterinary Medicine, Istanbul
University-Cerrahpasa were used. The photographs
of the bones were taken from a distance of 120
centimeters from the cranial by using Canon 650D
machine. All the photographs were taken from the
same perspective. The photographs obtained were
transferred to the computer. To use the
photographs in the marking program, tpsUtil32
(Version 1.74) program was used to make them
suitable. Then, 13 landmarks were determined on
the hip bone (Figure 1A). For the study, ethical
approval was obtained from the Ethics Committee
of Istanbul University-Cerrahpasa Faculty of
Veterinary Science (No: 2019/40).

The tpsDig232 (Version 2.30) program was
used to make these markings (Rohlf, 2015). The
photographs of each individual were marked
separately. After these processes, the files were
converted to a “text” extension for the statistical
analysis of the data. Past (Version 2.17c) program
was used to show the variations occurring between
the points and the main components that were
determinative of the variations between the
individuals were obtained (Hammer et al., 2001)
Also, the differences between the groups (male and
female) were examined by this program. Then, the
points causing the change are shown in Figure 1B by
using the Morpho)J (Version 1.07a) program
(Klingenberg, 2011). Via the Morphol program, the
variations between the individuals were shown by
symbols. Procrustes analysis was done using
Morphol. Generate Covariance Matrix was applied
to create a covariance matrix for essential
components. "Principal Component Analysis" was
done for the basic component analysis.
Discriminant analysis was applied using Morphol to
visualize gender differences.

SPSS program (SPSS for Windows, version 21.0)
was used for statistical analysis. Differences
between genders were tried to be statistically
revealed by using multi-directional variance analysis
(MANOVA) for “x” and “y” values located in the
coordinate plane of each landmark. Whether there
is a statistical difference is explained by the results
of Wiks'Lambda. Bonferroni test was used because
a different number of samples were used in the
study. Covariance Matrices results are added to the
study data to check that the preliminary assumption
has been fulfilled.

Results

Twenty-two main components were obtained
by using the Past program and they were shown in
Table 1. The first main component alone accounted
for 22.22% of the variation between the individuals.
The first five main components accounted for
72.39% of the total variation. Variations between
males and females were also examined by using
these main components. In a 95% confidence
interval, the difference between the genders by
using the main components 1 and 2 was shown via

Table 1. Principal component analysis (Past).

Main Eigenvalues % Variation
Component

1 0.000722933  22.22

2 0.000540385 16.609

3 0.000440521 13.54

4 0.000361551 11.113

5 0.000289715 8.9046

6 0.000202508  6.2243

7 0.000174036  5.3491

8 0.000125743  3.8648

9 0.000107864  3.3153

10 8,21909E-05  2.5262

11 5,93202E-05  1.8233

12 4,75675E-05  1.462

13 3.55616E-05  1.093

14 2,00077E-05  0.61495
15 1,82972E-05 0.56238
16 1,05775E-05  0.32511
17 7,54557E-05  0.23192
18 3,72153E-05  0.11438
19 2,48869E-05  0.076492
20 9,37875E-05  0.028826
21 5,81609E-05  0.0017876
22 1,62428E-05  4,9924E-29

geometric morphometric analysis in Figure 2. In the
coordinate system, only one female was found to
be in the negative region on x coordinates. It was
observed that all of the male individuals were in the
negative region according to the x coordinates. As
in the confidence interval ellipse, it was observed
that 7 females were exactly separated from the
males with these values. According to the first two
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Table 2. Statistical differences among landmarks in the coordinate plane between gender (MANOVA).

Landmarks Covariance Sex
Matrices F Significant

Ventral endpoint of coxal tuber 0.258 11.177 0.001
Midpoint of coxal tuber 0.852 7.565 0.004
Dorsal endpoint of coxal tuber 0.185 0.051 0.950
Midpoint of iliac crest 0.657 7.267 0.004
Dorsal endpoint of sacral tuber 0.059 5.796 0.010
Medial endpoint of the narrowest section of body of ilium 0.666 12.926 0.000
Medial endpoint of ischial spine 0.089 16.737 0.000
Caudo-dorsal endpoint of pelvic symphysis 0.009 7.253 0.004
Cranio-ventral endpoint of pelvic symphysis 0.70 1.521 0.243
Extreme point of ischial tuberosity 0.403 0.736 0.492
Ventral endpoint of acetabulum 0.136 0.287 0.753
Dorsal endpoint of acetabulum 0.975 0.281 0.758
Lateral endpoint of the narrowest section of body of ilium 0.764 0.276 0.761

Figure 1. A: Marking points taken on hip bone; (1) Ventral endpoint of coxal tuber; (2) Mid end of coxal tuber; (3) Dorsal endpoint of coxal
tuber; (4) Midpoint of iliac crest; (5) Dorsal endpoint of sacral tuber; (6) Medial endpoint of the narrowest section of body of ilium; (7)
Medial endpoint of ischial spine; (8) Caudo-dorsal endpoint of pelvic symphysis; (9) Cranio-ventral endpoint of pelvic symphysis; (10)
Extreme point of ischial tuberosity; (11) Ventral endpoint of acetabulum; (12) Dorsal endpoint of acetabulum; (13) Lateral endpoint of the
narrowest section of body of ilium. B: Linear presentation of the shape differences for the first principal component (MorphoJ).

0,016-]
0,008-]

|pC2

ok ooe oo \ ) N oo\ 051 oos 008

-0.008-|
-0.016-]
S Dozt _

PC1
Figure 2. 95% confidence ellipse plot of the 13 marked analyses of hip bone. Red points represent female horses and green points
represent male horses.
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components, 5 male individuals were completely
separated from the females. The remaining 11
individuals were not exactly separated by this basic
component and were situated in the joint
intersection area.

Without gender discrimination according to the
first main component, the variation between the
ventral endpoint of the coxal tuber, the midpoint of
the iliac crest, the dorsal endpoint of the sacral
tuber, and the medial endpoint of the ischial spine
was found to be higher than other points.

In Figure 3, the difference between female and
male is visually indicated using the morphology
program. In females, it was observed that the
points in the inner region are more lateral than
males (the midpoint of the iliac crest, the dorsal
endpoint of the sacral tuber, the medial endpoint of
the narrowest section of the body of the ilium, the
medial endpoint of the ischial spine and the caudo-
dorsal endpoint of the pelvic symphysis). The
change in the ventral endpoint of the coxal tuber
point was visually higher than the other points. It
was observed that this point was closer to the
medial in females. The least change between
females and males was observed in the dorsal
endpoint of coxal tuber, the ventral endpoint of
acetabulum, and the dorsal endpoint of acetabulum
points.

%

Figure 3. The dots show the average of the female
samples. The length of the lines extending from the
points represents male samples. The length of the lines
shows the amount of change between the genders and in
which direction this change is directed (MorphoJ).

The statistical differences of the Landmarks
used as a result of geometrical analysis between
males and females are given in Table 2. Results
similar to the visual data obtained with the
Morphol) program were obtained. The medial
endpoint of the narrowest section of body of ilium
and medial endpoint of ischial spine points were
found to be statistically significant in terms of
female and male distinction. It was seen that the
remaining points in the ventrolateral section did
not have a statistically significant difference in
gender discrimination. However, the difference
between the genders in the ventral endpoint of
coxal tuber and midpoint of coxal tuber in the
dorsolateral section was statistically significant.

Discussion

In the present study, the geometric
morphometry of right hip bone belonging to 23
adult horses was examined and the differences
between the male and female specimens used in
the study were tried to be revealed. In a study
conducted previously on the hip bone of 28 non-
adult horses (mean 271 days), 16 determinative
points were used and it was reported that 12 main
components were obtained as a result of statistical
analyses (Parés-Casanova, 2014). It was specified
that the first main component accounted for
46.21% of the difference between the individuals. In
the present study, 11 determinative points were
used and 22 main components were obtained, and
the first main component alone accounted for
22.22% of the variation among individuals. The
variation difference between the two studies is
considered to be caused by the use of the
determinative points with different amounts and at
different points. It is also known that the results of
the geometric morphometric analysis of the
photographs taken from different perspectives will
be different.

In normal morphometric analyses, the distance
between two points is measured and the
differences between these distances are statistically
analyzed. However, the geometric analysis makes a
different comment. For example, in the present
study, when the female and male hip bones were
compared, the variations of the change between
specific points on the coordinate plane were taken
as a basis. And the deviation of the change to which
direction on which points can be determined. In the
present study, when the gender differences were
considered, it was found that the midpoint of iliac
crest on the medial margin, the dorsal endpoint of
sacral tuber, the medial endpoint of the narrowest
section of body of ilium, the medial endpoint of
ischial spine, and the caudo-dorsal endpoint of
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pelvic symphysis showed variation towards the
outer points. However, in a normal morphometric
study performed on the pelvis bone, it was stated
that the difference between iliopubic eminence and
sacroiliac joint was higher in females than males in
female and male cats (Boonsri et al., 2019) By using
these two methods together, it is predicted that
more comprehensive studies would be possible
where different comments can be made.

It is thought that such studies can be developed
in the field of anatomy via the different
interpretation of the geometric morphometric
analysis. Additionally, it is predicted that the studies
in which normal morphometric analyses could not
performed with this method would be possible. For
example, in a study, the geometric analysis of facial
expressions of the cats before and after the
operation was prepared and the morphometric
analysis of the difference between the facial
expressions was carried out (Finka et al., 2019).

In the reference information, it is asserted that
males have a more angular and narrower pelvis
when viewed from the front (Dyce et al., 2016). It is
also stated that the distance between the
symmetrical parts of the pelvis is always greater in
females (Dursun, 2006). It is said that the pelvic
canal and caudal pelvic aperture are narrower in
males than females and the floor of the pelvis
section is flat in males and concave in females
(Bahadir and Yildiz, 2010). When the differences
between males and females were considered in the
present study, it was seen that the determinative
points shifted from the center to outside, which
supports the literature information.

In the present study, geometric analysis of the
photograph samples that were taken only from one
direction was performed. It was determined that
more determinative points can be used in the
photographs taken from the front side and it was
considered that there can be more variations
among the individuals. Also, it was foreseen that
the photographs taken from the front side would be
more deterministic in gender discrimination. In the
present study, the variations between the
individuals using the geometric morphometric
analysis on horse hip bone were tried to be
revealed. The deterministic points were determined
by the statistical data obtained between the
genders. As there is no comprehensive literature
source similar to this study in the field of veterinary
anatomy, a comparison with other studies could not
be made to a large extent. However, it is thought
that such studies would increase further in the
future. It is predicted that the parameters such as
race, gender, and age can be evaluated in the field
of veterinary anatomy via geometric morphometric
studies. Also, it is thought that individual studies

may also be present via facial geometric analysis in
animals.
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Ozet: Bu calisma; Japon bildircinlarinin yemlerine farkl seviyelerde ilave edilen sumagin canli agirlk kazanci (CAK), yem
tiketimi (YT), yemden yararlanma orani (YYO), oksidatif stres parametreleri ve et kalitesi Uzerine etkilerini belirlemek
amaciyla yapiimistir. Calismada 10 giinliik yasta 120 adet karisik cinsiyette Japon bildircin biri kontrol grubu olmak Gzere
rastgele 4 gruba ayrilmistir. Her gruptaki hayvanlar ikiserli olarak 15 tekerriire ayrilmistir. Bildircin yemlerine sirayla %0, %1,
%2 ve %3 sumak tozu ilave edilmis olup rasyonlar izokalorik ve izonitrojenik olarak hazirlanmistir. Calismada sumak
ilavesinin CAK, YT ve YYO’ na etkisinin olmadig belirlenmistir. Sumak ilavesi CAK, YT ve YYO’ ni etkilemezken, gruplar
arasinda sirt ve but agirliklari agisindan 6nemli farkliliklar gézlemlenmistir (P <0.05). En dlsuk sirt agirhginin 27,12 g ile %3
sumak grubunda, en yiiksek agirhgin ise 32,70 g ile kontrol grubunda oldugu belirlenmistir. En distik but agirhig1 26,22 g ile
%3 sumak grubunda ve en yiiksek 29,14 g ile kontrol grubunda tespit edilmistir (P<0,05). Ayrica ¢alismada sumagin 1. ve 24.
saatlerde gogus eti pH’si ile gogis eti L*, a* ve b* degerleri bakimindan gruplar arasinda fark olusturmadigi belirlenmistir.
Kanda toplam antioksidan durum (TAS) degeri en yiiksek %3 sumakta en dusuk ise kontrol grubunda goérulmistur (P<0,05).
Oksidatif stres indeksi (OSi) degeri en yiiksek kontrol grubunda en diisiik ise %3 sumak grubunda oldugu tespit edilmistir
(P<0.05). Sonug olarak bildircin rasyonlarina sumak ilavesinin besi performansi, karkas o&zellikleri ve et kalitesini
degistirmedigi ancak kandaki TAS degerlerini yiikselttigi ve OSi degerlerini diisiirdiigii icin rasyona sumak ilavesinin faydali
olacagi gorulmustir.

Anahtar Kelimeler: Japon bildircini, Performans, Sumak, Oksidatif stres indeksi, Toplam antioksidan durum, Toplam oksidatif
durum.

Effects of Dietary Addition of Different Rates Sumac (Rhus Coriaria L.) Powder on Growth
Performance, Meat Quality, Carcass Composition and Oxidative Stress Markers of Japanese Quail

Abstract: This study was conducted to determine the effects of sumac (Rhus Coriaria L.) on body weight gain (BWG), feed
consumption (FC), feed conversion rate (FCR), oxidative stress parameters, and meat quality added to the feed of Japanese
quails. In the study, 120 10-day-old mixed-sex Japanese quail were randomly divided into 4 groups of 15 birds each. Into the
feed of the quails 1%, 2%, and 3% sumac powder were added. The control group was given a diet without sumac. The diets
were prepared as isocaloric and isonitrogenic. In the study, it was determined that the addition of sumac had no effect on
BWG, FC, FCR, while significant differences were observed among groups with respect to back and thigh weights (P<0.05).
It was determined that the lowest back weight was in the 3% sumac group with 27.12 g while the highest was in the control
group with 32.70 g. The lowest thigh weight was in the 3% sumac group with 26.22 g and the highest in the control group
with 29.14 g (P<0, 05). In addition, it was determined that sumac did not cause any difference between the groups in terms
of breast meat pH and breast meat L *, a * and b * values at first and 24th hours. Total antioxidant status (TAS) value in
blood was highest in 3% the sumac and lowest in the control group (P<0.05). The oxidative stress index (OSI) was the
highest in the control group and the lowest in the 3% sumac group (P<0.05). As a result, it has been observed that the
addition of sumac to quail rations did not change the fattening performance, carcass characteristics, and meat quality, but
increased the TAS values in the blood and decreased the OSI values.

Keywords: Japanese quail, Oxidative stress index, Performance, Rhus Coriaria L, Total antioxidant status, Total oxidative
status.
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Giris

Ulkemiz hayvanciliginin gelismesi icin hayvanlarin
besin madde gereksinimlerini yeterli ve dengeli bir
sekilde karsilayacak rasyonlarla beslenmeleri
gerekmektedir. Kanatli Gretiminde ve Urinlerinde
yasanan kayda deger artis, genetik ilerleme yaninda
besleme, yem ve yem teknolojisindeki gelismeler ile
yakindan iliskili olup disiplinler arasi yogun
¢alismalarinin ortak sonucudur (Kutlu ve Sahin,
2017).

Bildircinlar  dislik kolesterolli et Uretimi,
yuksek yumurta verimi ve biyime hizi, erken cinsel
olgunluga erisme ve disik yetistirme masraflariyla
son yillarda dikkatleri Gizerinde toplayan bir kiimes
hayvanidir. Ulkemizde bildircin yumurtasi ve etine
olan talebin artmasi bildircin Gretiminin gelismesini
ve glinden giline biliylyen bir sektor haline gelmesini
saglamistir. Ancak diger kanatl hayvanlarda oldugu
gibi bildircinlarda da toplam giderlerin yaklasik %75-
80'ni yem giderleri olusturmaktadir. Bu nedenle
arastiricilar tim giderler igerisinde en blyiik payi
olusturan yem giderlerini azaltabilmek icin alternatif
yem kaynaklari ya da yem katki maddeleri bulmayi
amaglamislardir (Cimrin, 2012).

Sumak (Rhus coriaria L.) Anacardiaceous
familyasina ait Asya ulkelerinde yaygin olarak
yetisen bir bitkidir (Shidfar ve ark., 2014).
Geleneksel olarak sumak ilag endustrisinde
kullanilmaktadir.  Gastrit mide  kanseri ve
aterosklerozis tedavisinde kullanilan sumagin ana
bilesikleri tanenlerdir. Bununla birlikte sumak, B
vitaminleri ve ayrica gallik asit bakimindan da
zengindir. Sumak tohumlari ¢ok iyi bir gallotannis,
ugucu yag ve antosiyanin kaynagidir (Ghasemi ve
ark., 2014). Sumak potasyum, kalsiyum, magnezyum
ve fosfor gibi bircok mineral bakimindan zengindir
(Glimis ve ark., 2018). Bazi arastirmacilar, diyete
sumak ilavesinin bildircinlarda buyume
performansini iyilestirdigini bildirmistir (Zavaragh,
2011).

Bu c¢alismanin amaci, Japon bildircinlarinin
(Coturnix  Coturnix Japonica) diyetine farkh
oranlarda sumak ilavesinin besi performansi,
oksidatif stres parametreleri ve et kalitesi Uzerine
etkisini aragtirmaktir.

Materyal ve Metot

Denemede 10 ginlik yasta toplam 120 adet
Japon bildircini  (disi ve erkek) kullaniimigtir.
Deneme, 5 katli her katinda birbirinden bagimsiz
raydan ve isiklandirma amaciyla ampul bulunan ana
makinalarinda yiritiilmistir. ilk 10 giin yem ve su
ozel kaplarla bolme igindeki 1zgara tizerinde verilmis
ve daha sonra ana makinasinda mevcut yemlik ve

suluklar kullanilmistir. Toplam 120 bildircin, her bir
grupta 15 tekerrirden her tekerriirde de 2 hayvan
bulunacak sekilde tesadlfi parseller deneme
desenine gore 60 kafes bolmesine rastgele
dagitilmistir. Boylece arastirma 1 kontrol ve 3
deneme grubu olmak lzere toplam 4 grup halinde
yuritilmustir. Deneme gruplarinin karma yemleri
kontrol grubu %0 (I. Grup), %1 (ll. Grup) %2 (lIl.
Grup) ve %3 (IV. Grup) sumak ilave edilerek
izokalorik ve izonitrojenik olarak hazirlanmistir ve
arastirma 4 hafta sirdirtlmustir. Deneme grubu
yemleri hazirlanirken yeme katilacak sumak 6nce
kendi miktarlarinin on kati kadar yemle iyice
karistinlmis, daha sonra genis bir kova igerisinde
Uzerine azar azar yem ilave edilerek homojen bir
karisim elde edilmistir.

Arastirmada kullanilan yem maddeleri ve
karma yemlerin ham besin madde igerikleri NRC
(1994)'ye gore yapilmistir. Denemede kullanilan
karma yemlerin hammadde bilesimi ve besin madde
icerikleri Tablo 1'de verilmistir. Calismada katki
maddesi olarak kullanilan sumagin besin madde
icerigi KM %98, HP %3, HY %12, HK %2.8, ME 2000
kcal/kg olarak belirlenmistir.

Arastirmada, hayvanlarin canli agirliklari (CA)
ve canh agirhk kazanglari (CAK) 4 hafta siiresince
haftada bir kez olmak Uzere 0.01 g hassasiyette
elektronik terazi ile tartilarak belirlenmistir. Ayrica
yemler haftalik olarak tartilmis yem tiketimi (YT) ve
yemden yararlanma orani (YYO) hesaplanmistir.

Calisma sonunda kesim  ve karkas
parametrelerinin belirlenmesi icin her grupta 10
adet olmak lzere toplam 40 bildircin kesilmistir.
Bildircinlarinin goégls eti 6rneklenerek pH ve renk
Olcimleri icin degerlendirilmistir. Karaciger, kalp,
taslik ve dalak agirliklari ayni terazi ile tartilarak
belirlendi. i¢ organlar ¢ikarildiktan sonra karkas
tartilarak sicak karkas agirligi belirlenmistir. Daha
sonra sonra Genchev ve Mihaylov (2008)’a gore
karkaslar parcalandi. Karkasta gogs, sirt+boyun,
but ve kanat agirliklari belirlendi.

Calisma sonunda her gruptan kesilen
hayvanlarin gogls etinde (derisiz) parlakhk (L*),
kirmizi renk (a*), san renk (b*) olgimleri 3 ayri
noktadan 1. ve 24. saatte belirlendi. Et renginin
Ol¢liminde Lovibond (RT SERIES for MODEL SP60)
cihaz kullanildi. pH &lglimleri Testo 205 cihazi
kullanilarak 1. ve 24. saatte yapildi.

Oksidatif stres ve antioksidanlarin durumunu
belirlemek Uzere kesim sirasinda her grupta 10
hayvandan ETDA’li tuplere alinan kanlar 3000
rom’de 10 dk santrifij edildikten sonra plazmalari
alindi ve -80 °C’de analiz edilinceye kadar bekletildi.
Toplam oksidatif stres (TOS) ve toplam antioksidan
kapasite (TAS) ticari kit (Rel assay, Tiirkiye)
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Tablo 1. Denemede kullanilan karma yemlerin bilesimi ve besin madde degerleri (%) ile metabolize olabilir eneriji igerikleri (Kcal/kg).

Ham madde Kontrol Sumak %1 Sumak %2 Sumak %3
Bugday 17.49 13.80 13.50 10.61
Misir 43.45 45.44 44.74 46.00
Balik unu 0.20 0.20 0.20 0.20
Soya fasulyesi kiispesi (44 % CP)  35.30 36 36 36.62
Bitkisel yag 0.50 0.50 0.50 0.50
Sumak - 1.00 2.00 3.00
Mermer tozu 0.97 0.97 0.97 0.96
Dikalsiyum fosfat 1.26 1.26 1.26 1.28
DL.Metiyonin 0.10 0.10 0.10 0.10
L-Lizin 0.06 0.06 0.06 0.06
Sodyum bikarbonat 0.12 0.12 0.12 0.12
Tuz 0.25 0.25 0.25 0.25
Vitamin-Mineral 0.30 0.30 0.30 0.30
Toplam 100 100 100 100
Analiz Degerleri (%)

Kuru madde 86.3 86.2 86.3 86.2
Ham protein 24.0 24.0 24.0 24.0
Ham yag 2.69 2.76 2.84 2.91
Ham sellloz 2.68 2.78 2.89 2.99
Ham kil 5.73 5.76 5.77 5.82
Hesaplanmis Deger (%)

ME 2903 2906 2898 2897
Ca 0.80 0.80 0.80 0.80
Kullanilabilir fosfor 0.30 0.30 0.30 0.30
Met+Sistin 0.86 0.85 0.85 0.85
Lizin 1.31 1.33 1.32 1.33

Bir kg karma yemdeki vitamin-mineral degerleri ; A vitamini 12.000. 1U; D3 vitamini 5.000. 1U; E vitamini 50 mg; K3 vitamini 4. mg; B1 vitamini 3 mg; B2 vitamini 6 mg; Niasin 40
mg; Kalsiyum D-pantotenat 15mg; B6 vitamini 5 mg; B12 vitamini 0.0 3 mg; Folik Asit 1 mg; Biotin 0.075 mg; Kolin Klorid 400 mg. C vitamini 50 mg ve antioksidan 10 mg .
Manganez 120 mg Demir 40mg; Ginko 110 mg; Bakir 16 mg; Kobalt 0.005 mg; iyot 0.125 mg; Selenyum 0.003mg.

protokoliine goére yapildiktan sonra oksidatif stres
indeksi  (OSI) kitte belirtilen protokole gore
hesaplandi. Protein oksidasyonu (AOPP) Baskol ve
ark., (2014)'nin belirttigi Witko yontemi ile, total
thiol seviyesi ise 2,2-ditiobis nitrobenzoik (DTNB)
yontemi ile spektrofotometrik olarak tespit edildi.

Elde edilen sonuglar SPSS (1999) paket
programinda tek yonli varyans analizi ile
degerlendirilmistir. Gruplar arasi farkin 6nemi

Duncan testine gére degerlendirilmistir.

Bulgular

Bildircin rasyonlarina farkh oranlarda sumak
ilavesinin canli agirliklari izerine etkileri Tablo 2’de
verilmistir. Canh agirlik ortalamalari agisindan tiim
gruplar arasinda fark bulunmamustir (P>0,05).

Sumak ilavesinin bildircinlarin performansi lizerine
etkisi Tablo 3’te de gorildiigu lzere haftalik canli
agirhk kazanci (CAK), yem tiiketimi (YT) ve yemden
yararlanma orani (YYO) agisindan gruplar arasinda
istatistiki olarak fark bulunmamistir (P>0,05).

Arastirmada sumagin kesim ozellikleri ve ig
organ agirliklar Gzerine etkisinin verildigi Tablo 4.
incelendiginde sirt ve but agirliklari  disinda
incelenen kesim ve karkas agirliklari acisindan
gruplar arasinda fark bulunmamistir. Sirt agirligi en
disik %3 sumak grubunda, en yiiksek ise kontrol
grubunda oldugu tespit edilmistir (P=0.026). Ayrica
but agirhg da en disiik %3 sumak grubunda en

yuksek ise kontrol grubunda oldugu belirlenmistir
(P=0.049).

Japon bildircinlarinda sumagin gogus et kalitesi
Ozelliklerinden olan pH ve gogis eti renk ozellikleri
(L*, a* ve b*) Uzerine 1. ve 24. saatlerdeki etkisi,
tablo 5 verilmistir. Tablo irdelendiginde gruplar

arasinda istatistiki olarak fark bulunmamistir
(P>0,05).

Japon  bildircinlarinda sumak ilavesinin
oksidatif ~stres ve antioksidan kapasiteleri

bakimindan gruplar arasinda farkhliklar 6nemli
bulunmustur (Tablo 6). TAS degeri en yiiksek %3
sumakta en distk ise kontrol grubunda
goriilmistiir (P=0.000). OSi degeri en yiiksek kontrol
grubunda en disiik ise %3 sumak grubunda oldugu
tespit edilmistir (P=0,000).

Tartisma ve Sonug

Avrupa Birligi tarafindan, antibiyotiklerin yem
katki maddesi olarak kullaniminin yasaklanmasi,
arastiricilari  antibiyotiklere alternatif yem katki
maddeleri  bulmaya  yonlendirmistir.  Kanath
hayvanlarin verim dizeylerini ylikseltmek icin dogal
ve sifali bitkilerin yem katki maddesi olarak
kullanilmasina ilgi artmaktadir.

Kanatli hayvanlarinin performansini, saghgini
ve Urlnlerin kalitesini artirmak icin yem katki
maddesi olarak bitkiler ve ekstraktlari
antibiyotiklere alternatifler olarak kullaniimistir
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Tablo 2. Rasyona Sumak ilavesinin bildircinlarin canli agirlik tizerine etkisi (g)

BCA CA1l. Hafta CA2. Hafta CA3.Hafta CA4. Hafta
Gruplar Ort+SE Ort+SE Ort+SE Ort+SE Ort+SE
135.98+2.35 171.88+3.86 197.22+5.27
Kontrol 53.12+1.17 95.11+2.04
136.2242.21 174.2043.62 198.48+4.97
Sumak %1 53.41+1.28 96.13+2.03
128.32+3.09 163.78+3.88 187.35+4.32
Sumak %2 52.8+1.31 89.2042.71
129.59+2.61 169.1143.52 198.03+5.00
Sumak %3 53.01+1.26 90.78+2.30
0.058 0.222 0.307
P 0.987 0.099

BCA: Baslangic canli agirlik, CA1. Hafta:1.hafta canli agirlik, CA2. Hafta: 2.hafta canli agirlik, CA3.Hafta: 3.hafta canl agirlk,

CA4.Hafta: 4.hafta canli agirlik, Onemsiz: P> 0.05

Tablo 3. Sumak ilavesinin bildircinlarin besi performansi lizerine etkisi

Gruplar 1.hafta 2.hafta 3.hafta 4.hafta 1-4hafta
Gruplar Ort+SE Ort+SE Ort+SE Ort+SE Ort+SE
CAK (g) Kontrol 41.9914+1.36 40.8714+1.12 38.0414+1.98 25.3377+1.96 144.4250+4.56
(Haftalk)  Sumake%1  42.7220£159 40.0940+.78 37.9827+2.09 24.2807+1.92 145.0713$3.95
Sumak%2 36.4147+2.40 39.1280+.88 35.4573+1.79 23.5753+1.31 134.5687+2.89
Sumakw3 ~ 37.8079£2.23 38.82001.14 39.5229+1.82 28.9214+2.23 145.0657+3.00
P 0.067 0.461 0.515 0.197 0.120
YT (g) Kontrol 112.9429+3.83372 149.0664+2.93603 169.4093+7.09408 195.4636+11.33132 626.8764+20.12075
(Haftalik) Grupl 112.0280+3.27391 148.0373+2.70206 176.9787+8.26785 179.0847+11.64231 616.1227+18.36714
Grup 2 97.0873£5.82252 140.4033+3.36923 158.0793+8.47971 187.3667+9.88777 582.9293+14.69580
Grup3 103.6671+5.66875 141.4914+3.11764 182.6736+6.13829 207.3971+11.49201 635.2221+16.28982
P 0.070 0.108 0.130 0.327 0.168
YYO (g YT/g
CAK) Kontrol 2.6929+0.04290 3.6621+0.05494 4.4921+0.08697 7.6583+0.20314 4.3414+0.04124
(Haftalk) ~ Grup1  2.6387:0.04701 3.6993:0.04893 4.69800.08410 7.5280+0.21466 4.248010.06077
Grup 2 2.6913+0.05087 3.5973+0.07766 4.4947+0.14183 7.9820+0.12095 4.3327+0.05157
Grup 3 2.7600+0.03263 3.6686+0.08491 4.6764+0.12474 7.3586+0.26063 4.3793+0.06373
P 0.299 0.747 0.401 0.172 0.392
CAK: Canli agirlik kazanci, YT: Yem tiiketimi, YYO: Yemden yararlanma orani, Onemsiz (P > 0.05)
Tablo 4. Sumak ilavesinin bildircinlarin kesim ve i¢ organ agirliklar tizerine etkisi (g).
Kontrol %1Sumak %2Sumak %3Sumak
Ort+SE Ort+SE Ort+SE Ort+SE p
Karkas agirhg 117,70+4,09 118,50+4,52 107,6615,30 104,66+2,43 0.062
GOgls 45.14+2.37 47.54+2.60 43.32+2.17 41.70£1.05 0,231
Sirt+boyun 32.70+1.18° 31.35+1.3820 28.23+1.58b¢ 27.12+1.06¢  0.026
But 29.14+0.80? 29.09+0.72 26.79+1.26°0 26.22+0.50°  0.049
Kanat 9.02+0.32 8.82+0.36 8.24+0.42 8.17+0.22 0,259
Karaciger 4.96+0.74 4.54+0.41 4.03+0.52 3.56+0.30 0.239
Tashk 4.15+0.30 4.37+0.23 4.40%0.23 3.98+0.26 0.589
Kalp 1.62+0.09b 1.91+0.112 1.72+0.082b 1.58+0.063>  0.050
Dalak 0.12+0.02 0.11+0.02 0.13+0.02 0.13+0.024 0871

a. b. c: ayni satirdaki farkh harflerle gosterilen ortalamalar arasindaki farklar 6nemlidir. (P<0.05)
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Tablo 5. Sumak ilavesinin bildircinlarin gégis eti renk 6zellikleri Gizerine etkisi.

Gruplar Kontrol %1 Sumak %2 Sumak %3 Sumak ¢]
Ort+SE Ort+SE Ort+SE Ort+SE

pH:1 6,11+0,04 6,22+0,08 6,16+0,02 6,1510,07 0,723
pHaa 5,91+0,05 6,05+0,05 5,91+0,03 5,8610,05 0,841
L*1 44,54+1,72 45,21+0,75 45,6940,71 45,84+1,06 0,057
L*24 56,5511,26 55,0310,93 56,8710,65 57,44+1,03 0,314
a*1 9,60+0,71 10,73+0,61 9,9840,50 8,48+0,50 0,051
a*xu 11,87+0,77 12,57+0,47 12,33+0,55 10,36+0,75 0,306
b*1 9,22+0,46 10,29+0,45 9,9040,16 9,62+0,46 0,069
b*24 12,6610,44 13,41+0,44 13,32+0,25 13,66+0,52 0,471

L*: Parlakhk, a*: Kirmizi renk koordinati, b*: Sari renk koordinati

Tablo 6. Sumak ilavesinin bildircinlarin oksidatif stres parametreleri tizerine etkisi.

Gruplar Kontrol %1 Sumak %2 Sumak %3 Sumak p
Ort+SE Ort+SE Ort+SE Ort+SE

TAS 1,2440,03¢ 1,41+0,05° 1,52+0,05" 1,7040,06° 0.000

TOS 15,02+0,82 14,45+0,71 13,48+0,,45 12,95+0,42 0.089

Osi 1,20+0,04* 1,03+0,06° 0,89+0,05"¢ 0.7610,02°¢ 0.000

TOTAL THiOL 0,22+0,02 0,32+0,04 0.2610,06 0.32+0,03 0.414

AOPP 0.6310.09 0.5510.06 0.50%0.10 0.38+0.06 0.233

TAS: Toplam antioksidan durum, TOS: Toplam oksidatif durum, OSi: oksidatif stres indeksi, AOPP: Gelismis oksidasyon protein
triinleri, THIOL: Toplam thiol gruplari, SE: Standart hata, a. b.c: ayni satirdaki farkl harflerle gosterilen ortalamalar arasindaki

farklar 6nemlidir. (P<0.05)

Ghasemi ve ark. (2014), broyler civcivlerinin
performans ve bagirsak Ozellikleri Gzerine etkisini
degerlendirdigi calismada rasyona %0,1 % 0.2 ve %
0.3 sumak ekstrakti ilavesinin yem tliketimini
kontrol grubuna kiyasla anlamh  derecede
arttirdigini (P <0.05) ve en vyiksek canh agirhk
artisinin %0.2 sumak ekstrakti ilave edilen grupta
elde edildigini bildirmislerdir. Valiollahi ve ark.
(2014), sumak ve karabiber ilavesinin broyler
civcivlerinin performansi Uzerindeki etkisi isimli
calismada, rasyonlarina sumak ve karabiber ilave
edilen gruplarda yem tiiketimi, canh agirlik artisi ve
toplam canh agirliginin kontrol grubundan daha
yuksek oldugunu bildirmislerdir. Kheiri ve ark.
(2015), broyler rasyonuna sumak ve kurutulmus
peynir alti suyu tozunun bliyime performansi,
karkas ozellikleri, bagirsak morfolojisi, mikrobiyal
popullasyon, bazi biyokimyasal parametreleri ve
Newcastle hastaligina karsi antikor titresi (izerindeki
etkilerini  arastirdiklari  ¢alismada, sumak ve
peyniralti suyunun birlikte ilave edilmesinin broyler
civcivlerin yem tiketimi, canh agirhk artisini kontrol
grubuna kiyasla arttirdigini belirtmislerdir (P <0.05).
Mansoob  (2011), broyler rasyonunda farkh
seviyelerde sumak kullaniminin yem tiiketimi canli
agirlik artisi ve yemden yararlanma oraninda énemli
etkiye sahip oldugunu gostermistir (P <0.05). Canh

agirhk artisinin ve yemden vyararlanma oraninin
iyilesmesinin sumakta bulunan aktif maddeden
(sinnamaldehit ve  o6genol) kaynaklandigini
belirtilmistir (Mansoob, 2011). Yapilan calismalara
gore besi performansiyla ilgili sonuclarin mevcut
¢alismamizla uyusmamasinin  muhtemel sebebi
yuksek yaz sicakliklarina denk gelmis olmasi olabilir.
Yiksek sicakhga bagh olarak yem tiketimi ve
yemden yararlanma azalmakta, gelisme gerilemekte
ve 6lim orani artmaktadir (Lott, 1991; May ve Cott,
1992).

Calismada sumak ilavesinin kesim 6zellikleri ve
ic organ agirhklari Uzerine etkisi incelendiginde sirt
ve but agirliklari disinda incelenen kesim ve karkas
agirhklari  agisindan  gruplar  arasinda  fark
bulunmamistir (P>0.05). Buna karsin Zavaragh
(2011) sarimsak ve sumak tozunun Japon
bildircinlarinin performans ve serum kompozisyonu
Uzerindeki etkilerini arastirmiglardir. En yliksek
karkas ve karaciger ylizdesini sirasiyla %2 sarimsak
ve sumak tozu ile %2 sumak tozu igeren grupta
bulmuslardir (P <0.05).

Japon bildircinlarinda sumagin gogus et kalitesi
ozelliklerinden olan pH ve bildircinlarin gogus eti
renk oOzellikleri (L*, a* ve b*) lizerinde etkisi 6nemli
bulunmamistir (P>0.05). Bunun sebebini hava
sicakhginin et kalitesi Uzerindeki etkisinden
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kaynaklandigina baglayabiliriz (Altan ve ark., 2001).
Ayrica kesim Oncesi stresininde et kalitesi lzerinde
etkisi olmaktadir (Babj ve ark., 1982).

Japon  bildircinlarinda  sumak ilavesinin
oksidatif stres ve antioksidan kapasitesi degerlerini
onemli diizeyde etkiledigi tespit edilmistir (P<0.05)
(Tablo 6). Sumak diizeyinin artisina bagh olarak TAS
degeri kontrol grubuna gore yukseltmistir (P=000).
Bu bulguyla uyumlu olarak en yiiksek OSi degeri
kontrol grubunda en dislk ise %3 sumak grubunda
tespit edilmistir (P=000). Alishah ve ark. (2012),
yaptiklari ¢alismalarinda broyler yemlerine %0,
%0.25, %0.50 ve %1 seviyelerinde sumak ilavesinin
performans ve kan antioksidan dizeyi (zerine
etkisini incelemisler ve sumak ilavesinin kandaki
toplam antioksidan kapasitesi (TAC), malondialdehit
(MDA) igerigi ve superoksit dismutaz (SOD) ve
glutatyon peroksidaz (GPX) enzim aktivitelerini
etkilemedigini bildirmislerdir (P>0,05). Ayrica diyete
sumak ilavesinin i1si stresindeki baslangic doneminde
broyler tavuklarinin performansini artirabilmesine
ragmen, bilylime doéneminde kan antioksidan
degerlerini ve performansi etkilemedigi sonucuna
varmiglardir.

Calisma sonucuna gore bildircin rasyonlarina
sumak ilavesinin herhangi bir olumsuz etkisinin
olmadigl, sicak yaz sartlarinda TAS ve OSi degerleri
Gzerine olumlu etkisinden dolayi yem katki maddesi
olarak kullanilabilecegi belirlenmistir.
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Evaluation of Fundus Examination of Hunting Dogs' Eyes Using a Smartphone-
Based Camera
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Abstract: Fundus imaging with a smartphone-based camera has been reported in a limited number of literature, particularly
in patient groups (pediatric/geriatric ie.) considered to be incompatible. In this study, by examining both eyes of 20 hunting
dogs, multiple shooting series (20 sequential shooting automatic series with 1-second interval) and video sequence (a video
that started shooting at 30-second and/or 60-second intervals) were recorded. The patients were first examined without
any intervention. Afterwards, mydriatic drops were applied and the examination was repeated within the effective period.
During the examination, optic disc nerve head, tapetum lucidum, non-tepatal region, retinal vessels, and choroid vessels
were visualized in the posterior segment. Focal light artifacts were common when photographing the tapetum lucidum. The
minimum light intensity was chosen to display the tapetum lucidum. No significant difference was observed between the
examinations performed before the mydriatic drop and the examinations performed after the mydriatic drop. Further
studies are recommended to formally assess clinical benefit.

Keywords: D-EYE, Dog, Retinal examination, Smartphone-based camera.

Akilli Telefon Tabanli Kamera Kullanarak Av Képeklerinin Gozlerinin Fundus Muayenesinin
Degerlendirilmesi

Ozet: Akilli telefon tabanl telefon ile fundus gérintilenmesi 6zellikle uyumsuz olarak kabul edilen hasta gruplarinda
(pediatrik/geriatrik vb.) pratik bir sekilde géruntilerin elde edildigi sinirl sayidaki literatirde bildirilmistir. Bu ¢alismada 20
av kopeginin her iki gozl incelenerek goklu fotograf serisi (1 saniye araliklarla 20 ardisik otomatik ¢ekim serisi) ve video
gbrintisu (30 saniye ve/veya 60 saniye araliklarla kaydedilen video) kaydedilmistir. Hastalar 6nce herhangi bir midahale
olmaksizin muayene edildi. Daha sonra midriyatik damlalar uygulandi ve etkili siire iginde muayene tekrarlandi. Muayenede
optik sinir bagi, tapetum lucidum, nontepatal bdlge, retina damarlari ve arka segmentte koroid damarlar gorintilendi.
Tapetum lucidum'un fotografini ¢ekerken fokal 151k yapayliklar yaygindi. Tapetum lucidum'u goériintiilemek igin minimum
15tk yogunlugu segildi. Midriyatik damla 6ncesi yapilan muayeneler ile midriyatik damla sonrasi yapilan muayeneler arasinda
anlamli bir farklilik gézlenmedi. Klinik faydayi resmi olarak degerlendirmek igin daha ileri galismalar 6nerilir.

Anahtar Kelimeler: Akilli telefon tabanli kamera, D-EYE, Képek, Retinal Muayene.

Introduction

Photographing the fundus is a standard method for
documenting ocular fundus findings, and fundus

complementary diagnostic tool by veterinary
ophthalmology specialists, it is a unique, simple,

photography is traditionally performed in a clinical
setting using a fundus camera (Haddock and Quin,
2015; Khanamari et al., 2017). The biggest limitation
of current imaging systems is the equipment is not
portable and expensive (Maamari et al., 2017;
Games and Ledbetter, 2019). Recently, the growing
popularity of  smartphones, high-resolution
cameras, large data storage capacities, ease of
image capture and sharing have led to the
widespread use of smartphones in ophthalmology
(Haddock and Quin, 2015; Ryan et al., 2015). In
smartphone-based fundus imaging, the coaxial
flashlight of the smartphone camera and a strong,
high-resolution hand lens form an ophthalmoscopy-
like system capable of recording digital fundus
images (Khanamari et al., 2017). Although it is a

and affordable application that provides photo-
video documentation of retinal changes and allows
consultation sharing in many clinical settings where
retina imaging was previously not possible
(Kanemaki et al., 2017; Russo et al., 2015).

Eye examinations of animals with systemic
disease help narrow the differential diagnosis list.
Diseases affecting the vascular and nervous systems
are partially prone to ocular manifestations. In
cases where ocular blood flow is very high, the
probability of affecting the uveal and retinal
vascular system increases, and hematogenous
neoplastic cells and/or infectious organisms may
arise in this area (Ofri, 2008). Ocular pathologies
can be identified by a smartphone-based fundus
imaging system. With clinical examination,
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cataracts, glaucoma, age-related maculopathy,
chorioretinal atrophy, scar, systemic disorders
(hypertension or diabetic retinopathy), retinitis
pigmentosa, posterior vitreous detachment, and
retinal detachment can be detected (Russo et al.,
2014). When a fundus is displayed, a mydriatic
agent should be used for comfortable viewing of
the peripheral retina (Russo et al., 2015). Dynamic
events such as venous circulation and uveal cysts
floating in the vitreous cavity are visualized by video
recording, which is an advantage of smartphone-
based fundus imaging systems (Balland et al., 2017).
The D-EYE digital ophthalmoscope is a fundus
camera that can be attached to smartphones and
used in conjunction with a Health Insurance
Portability and Accountability Act (HIPAA) compliant
application (Russo et al, 2014). D-EYE is an adapter
that attaches magnetically to the smartphone and
captures high-resolution fundus images with an
approximate 20° field of view (Anonym, 2020).
Through the D-EYE system, clinicians can share
images stored digitally via an existing cloud system
to get expert opinions without organizing a clinical
visit (Mamtora et al., 2018).

This study aims to increase the limited
literature knowledge about smartphone-based
fundus imaging in the veterinary field, to confirm
the availability of D-EYE devices in the incompatible
patient group in the veterinary field, and the use of
a mydriatic agent in examinations with D-EYE
device.

Material and Method

Animal care and use: All procedures were
approved by Burdur Mehmet Akif Ersoy University
Animal Ethics Committee.

Equipment: Nowadays, the use of mobile
devices to display the fundus is especially common
in human medicine. Given the convenience and
accessibility it provided during fundus examination,
D-EYE® was selected for imaging, consisting of a
meta cell shell and original optical systems provided
by Galileo Diagnostics Corporation (Galileo Genclis,
Nancy, France), and was used for evaluation of the
fundus. In this study, a prototype D-EYE® was used
on the iPhone 5 model. D-EYE was introduced to the
market with a metal frame compatible with Apple
(iPhone 5, iPhone 5s and iPhone 6; Apple Inc.,
Cupertino, CA, USA) and Samsung (Galaxy S4 and
Galaxy S5; Samsung, Taegu, South Korea) brand
phones. This metal frame is a bumper designed to
fit the outer mold of the phone, allowing the
smartphone to be fully aligned with the optics of
the D-EYE. The metal frame allows easy installation
of the D-EYE, via two neodymium magnets. D-EYE
consists of special lenses, polarizing filters, a beam

splitter, a diaphragm, and mirrors in a configuration
that reduces light reflections, aligns the LED light
beam, and compensates for corneal glare. The
optical path of the D-EYE allows fundus imaging
with the camera lens of the smartphone. There are
two polarization  filter = combinations that
significantly reduce corneal reflection with cross-
polarization. To reduce the intensity of light emitted
by the flash, an aperture is added to the device.

Photo and video recording: In order to create
a photo and video recording with D-EYE, an
application called “D-EYE” is required, which can be
used on both iOS and Android platforms. "Retina
scan" is selected after login to the application. The
patient's descriptive information is entered, and
then the operator chooses Oculus Dexter (OD)
(right eye) or Oculus Sinister (OS) (left eye). Image
recording and video recording called “multishot”
can be taken with the application. By the multishot
feature, the number of shots and intervals can be
adjusted, an automatic serial photo recording
consisting of 20 consecutive shots can be taken at
1-second intervals. When the video recording will
be created, the duration of the video recording can
be adjusted from the settings. After the start button
is pressed, recording starts when the image
becomes clear thanks to the autofocus and focus
locking features via the autofocus system (AF)
button. In addition, if the iPhone is examined with a
smartphone, the light intensity of the phone LED
can be checked with a scale under the application
screen.

Examination protocol: Twenty hunting dogs
brought to Burdur Mehmet Akif Ersoy University
Veterinary Faculty Animal Hospital Surgery Clinic
due to minor operative interventions were included
in this study. Informed consent was obtained from
the animal owners during the study. Before creating
mydriasis of all dogs, fundus examinations of the
right and left eyes were done with D-EYE and the
multishot series and video series were recorded.
During the examination, the next step is to create a
full 5-minute break three times mydriasis with
tropicamide 0.5% (0.5% Tropamid; Science Ilac San.
Tic. A.S., Istanbul, Turkey) was dropped. After the
animals were kept in a dimly lit environment for 20
minutes, fundus examinations of their right and left
eyes were done with D-EYE and the multishot series
and video series were recorded. All animals were
examined in a dimly lit hall and records were
created. The animals were conscious during the
examination and an assistant was holding the
animals. The light intensity was adjusted by moving
from left (minimum level) to right (maximum level)
with the slider available in the application.
Minimum light intensity was preferred to display
tapetum lucidum. During the imaging of the non-
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tapetal region, medium and high light intensities
were selected. In animals where the autofocus
algorithm failed to achieve a sharp image; the focus
was locked to infinity before aiming at a distant
object (several meters). When the subject appears
clearly on the screen, AF is locked by pressing the
AF button. Records were created by following the
same method for each animal. Images were
checked at every stage and repeated if not
satisfactory.

Results

Of the hunting dogs included in the study, 18
were female and 2 were male. The average age of
dogs is 1.97+0.21 years. In the study, fundus
pathologies were not found in dogs.

Throughout the study, the smartphone was
held by the left hand while performing the right eye
examination, and by the right hand while
performing the left eye examination. In cases where
autofocus could not lock the fundus, it was locked
to infinity for the first time as described earlier and
the examination was repeated. The smartphone
was positioned at 1-2 cm from the patient's eye. A
safe distance has been established between the
clinician and the patient being examined. With this
distance, the clinician was able to easily observe the
movements of the animal under examination. The
fundus of the examined eye was examined in real-
time on the phone screen before recording. When
the fundus image was captured, the record button
was pressed. Animals are expected to stand still
during the fundus examination. Although it is
difficult to perform fundus examination in moving
temperament-hunting dogs, fundus images that can
be interpreted with D-EYE were recorded within 1-3
minutes.

As shown a Figure 1 the optic nerve head,
tapetum lucidum, non-tapetal region, retinal
vessels, and choroid vessels were seen in the
posterior segment structures. In the tapetum
lucidum examination, the best image was obtained
with minimum light intensity and in the cassette-
free region examination, the best image was
obtained with maximum light intensity. Focal light
artifacts were common in tapetum lucidum
photographs. As shown a Figure 2 these light
artifacts are usually placed dorsally on the image.
During the examination, the fundus was artificially
hyperreflective. Video recordings and artificial
hyper-reflective findings were easily distinguishable
from true hyper-reflective findings. In fundus
examination, we thought that we could detect a
localized inactive chorioretinitis adjacent to the
optic nerve in 1 case. However, as shown a Figure 3
through the video recording of the case, we

Figure 1. The anatomical structures of the posterior segment
were observed during the examination: optic disc nerve head,
tapetum lucidum, non-tapetal region, retinal vessels, and
choroid vessels.

Figure 2. Focal light artifacts are common when tapetum lucidum
is photographed (Shown with white arrow).
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Figure 3. Hyporeflective light artifact that acts as a pathological
finding when tapetum lucidum is photographed.

Figure 4. No significant difference was observed between the
examinations performed before the mydriatic instillation and the
examinations performed after the mydriatic instillation. However, in
fundus photographing, the field of view is wider with a mydriatic drip. A-C:
fundus photograph by examination without dripping mydriatic, B-D:
fundus photograph by examination dripping mydriatic. While the field of
view is expanded in B, no significant expansion is observed in D.

determined that the area with this hyporeflexivity
was a camera-induced study. Video recordings
allowed the display of dynamic events. With the
videos recorded during the examination, hyper-
reflective events and artificial hyper-reflective
pathologies, as well as mild artifacts and
pathologies can be distinguished.

Non-tapetal fundus was examined, no
pathogenicity was encountered. The color of the
non-tapetal fundus, which did not feature
reflexivity, varies between black (65%) in 13 dogs
and brown (35%) in 7 dogs. In some cases, the non-
tapetal region adjacent to the tapetum lucidum had
a pale and browner appearance than the ventral
non-tapetal region. This was not a sign of
pathogenicity. When examining the bulbar part of
the optic nerve head, the color varied from pinkish
white to dark pink. No pathogenicity could be
determined. Hyaloid vessels displayed a healthy
appearance in all fundus images.

No significant difference was observed
between the examinations performed before the
mydriatic vaccination and the examinations
performed after the mydriatic vaccination.
Peripheral visualization of the tapetal fundus was
easier during examinations with a mydriatic drip. As
shown a Figure 4, it was observed that the part of
the fundus displayed in the studies with dripping
mydriatic was relatively larger.

Discussion

With the advances in technology, the use of
mobile devices as a medical diagnostic tool is
becoming increasingly common. Taking advantage
of the easy portability of mobile phones, the size of
its data storage capacity, and wireless connectivity,
it is thought that smartphone-based fundus imaging
will play an important role in clinics soon (Maamari
et al., 2013; Shen and Mukai, 2017). Khanamiri et al.
(2017) compared the quality of the fundus images
taken with a smartphone and the quality of the
images taken using traditional fundus cameras, and
there was no significant difference between the
images. Fundus photography can be done in a
clinical setting using fundus cameras, but the
expensive and immovable equipment is the major
disadvantage of this method (Khanamiri et al.,
2017). Miniaturization and improvement of internal
photographic equipment (etc. lenses, sensors,
lighting systems, and autofocus systems) have
made smartphone-based fundus imaging very
powerful tools. An example of a small optical device
that can be connected to a smartphone is the D-EYE
module (D-EYE Srl, Padova, Italy). Smartphone-
based fundus imaging systems have been described
in both humans and animals (Balland et al., 2014).

Although the ophthalmoscopic technique used
by the D-EYE for imaging the fundus is not replaced,
it is very similar to that of direct ophthalmoscopy
(Balland et al., 2014). The absence of a safe distance
between the patient and the clinician during direct
ophthalmoscopy is a disadvantage of direct
ophthalmoscopy (Gelatt et al., 2013). Besides being
easy to use in the field conditions, D-EYE provided
easy visualization of the fundus especially in
children and the elderly, which are considered
incompatible patient groups (Anonym, 2020). In our
study, we used puppy dogs as an incompatible
patient group to test the effectiveness of D-EYE in
the veterinary field. The time to record fundus
images was determined as 2-3 minutes as a result
of the examination we performed with D-EYE in
puppies with a highly mobile temperament. We
think that D-EYE may be the reason for preference
in ophthalmological examinations in the veterinary
field, especially inpatient groups that are
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incompatible and cannot be transferred to the
clinic. There is also an arms distance between the
clinician and the patient, which can be considered
safe during the examination. In this way, the
clinician can easily observe the animal's
movements.

Light safety limits for ophthalmic instruments
are determined in humans by the International
Standards Organization (ISO 15004-2.2). In this
respect, smartphone fundus photography is a safe
technique (Khanamiri et al., 2017). Kim et al. (2012)
compared the light levels produced by standard
indirect ophthalmoscopes and used in smartphone
fundus photography (Kim et al., 2012). In this study,
the light produced by the standard indirect
ophthalmoscope was shown to be 10 times brighter
than the light used by the iPhone 4. In the D-EYE
application, the iPhone LED light, which is darkened
by polarizing filters and diaphragm, and carried
through the diverging lens, is 15 and 24 times less
for thermal and photochemical hazards,
respectively, than the light used in indirect
ophthalmoscopy. As a result, the retinal exposure of
smartphones is less than 1 degree from an indirect
ophthalmoscope. Both are within the safety limits
of the thermal and photochemical hazards defined
by ISO when tested under conditions simulating
routine fundoscopy (Kim et al., 2012). Haddock and
Qian (2015) although the light intensity and energy
levels of the iPhone 5 are higher than that of the
iPhone 4, they think that it is far below the danger
limits.

In this study, it was observed that focal light
artifacts were common in the tapetum lucidum and
that the fundus exhibited hyper-reflective
properties during the examination. Similarly,
Balland et al. (2017) showed that the tapetum area
is overexposed and the fundus is artificially hyper-
reflective. They reported that artifacts did not cover
the entire tapetal region, and their size varied and
appeared as smooth areas with no visible details.
Also, it was stated that light artifacts were not
observed in the examination of the subalbinotic
fundus and non-tapetal region. The iPhone's focus
and exposure automation algorithms were
sometimes overwhelmed by the tapetum lucidum.
Exposure problems have manifested themselves as
light artifacts in images. This problem can be solved
by turning off autofocus and manually focusing to
infinity through the application. The dynamic range
of the fundus of the carnivores (the difference
between the brightest and darkest areas) is quite
evident. Therefore, a wide and high-definition
sensor is required, which is suitable for the dynamic
range of the fundus of carnivores. In contrast, the
relatively small size of the iPhone sensor may be
responsible for overexposure in the tapetal region

(Balland et al.,, 2017). Kanemaki et al. (2016)
suggested that in fundus photographs, 2 small
bright spots reflected from the front and back
surfaces of indirect lenses can affect the image. For
this reason, to prevent overexposure while
recording images, the light intensity should be
decreased when photographing the tapetal region,
and they stated that the light intensity should be
increased when photographing the non-tapetal
region. In contrast, although high image resolution
is set during video recording, it has been suggested
that image resolution may be low due to low light
(Kanemaki et al.,, 2017). Gomes and Ledbetter
(2019) reported that enlightenment artifacts may
be present in all images due to the physics of light
passing through an indirect lens, but this affects less
than 1% of the photographs collected (Gomes and
Ledbetter, 2019). With our study, we determined
that mild artifacts resulting from this overexposure
can be confused with retinal pathologies. In videos,
hyper-reflective areas can be displaced and usually
placed dorsally. This suggests that areas that appear
to have hyper-reflectivity can be caused by the
phone's LED light. Also, it was detected a camera
artifact that can cause an incorrect assessment of
the images of a case thanks to the video recording
feature. As a result of the displacement of the area
that appears to be hyporeflective in fundus images,
we observed that this is a product of the camera.
For this reason, it was argued that the video
recording feature offers a dynamic examination
opportunity during the examinations with D-EYE
and is extremely important in distinguishing
pathologies.

Examinations in the smartphone-based fundus
imaging system can be performed with or without
using mydriatic (Anonym, 2020). Ryan et al. (2015)
reported that in both methods, pathogenicity that
threatens vision can be detected. However, there is
a lower sensitivity in detecting diseases such as
diabetic retinopathy in smartphone systems,
especially when mydriatic is not used (Ryan et al.,
2015). Russo et al. (2015), a limitation of the D-EYE
system is inadequate in visualizing the peripheral
retina (Russo et al., 2015). Baeza et al. (2009) argue
that there is a linear ratio between pupil patency
and fundus photo quality (Baeza et al., 2009). In
contrast, Shen et al. (2017) stated that physiological
dilation, which is a part of standard ophthalmic
practice, has significant disadvantages. First,
ophthalmologists are not accustomed to using
dilatation drops. In addition, regardless of expertise,
pharmacological dilation tends to be inconvenient
for both the medical doctor and the patient,
dilatation drops take about twenty minutes to take
effect, and the patient experiences blurred vision
and light sensitivity for up to several hours after
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dilatation. Also, pharmacological dilation prevents
physical examination of the pupil over the next few
hours, which is an undesirable effect when
monitoring patients with critical neurological
disease. Finally, the risk of provoking acute angle-
closure glaucoma insensitive eyes with the use of
expanding eye drops is a small but real risk. Given
these drawbacks, it is more useful for pediatric
ophthalmologists, although the comfort of
examining with a prototype camera without using a
mydriatic is difficult to align (Shen and Mukai,
2017). Ryan et al. (2015) think that the direction to
be developed for this technique is to improve the
imaging of the peripheral fundus (Ryan et al., 2015).

It was claimed that the D-EYE system offers
some practical advantages over desktop fundus
photography and other portable ophthalmic
imaging devices. The first of these; is a lightweight,
compact and inexpensive device that facilitates
ophthalmoscopic examination. It provides the
opportunity to examine patients who cannot be
brought to the clinical environment around them
with their portability. It allows a safe distance
between the patient and the clinician. Last time; it
offers the opportunity to work more harmoniously
with the group of patients who have difficulties
during the examination. Light intensity and quiet
operation, which can be easily adjusted with the
application, give the patient minimum discomfort.
Third; data can be stored clinically and shared for
consulting purposes via wireless connection and
cloud storage. Although the quality of the photos is
lower than the quality of the photos obtained with
fundus cameras, the veterinarian will be very useful
as a complementary diagnostic tool on the field. It is
among the advantages of allowing ophthalmoscopic
scanning without the need for mydriatic use. A
limitation of the device is that the peripheral retina
cannot be fully visualized without using the
mydriatic during examinations. The device needs to
be developed to show the peripheral retina more
comfortably. Finally, the D-EYE system is a
complementary and useful screening method
because of its ease of use, data storage, portability,
allowing mydriatic examination in routine scans,
and allowing patients to examine without stress
even in patients not compatible with the
veterinarian.
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Ozet: Bu calisma ivesi koyunlarinda mandibula’nin morfometrik dzelliklerini belirlemek amaciyla yapildi. Bu amagla 20 adet
(10 erkek, 10 disi) eriskin ivesi koyunu (Ovis aries) mandibulasi kullanildi. Bir biitiin halinde temin edilen kafataslarinin
maserasyonu vyapildi, kas ve deri diseksiyonlari tamamlandi ve temporomandibular bolgenin dezartikilasyonu ile
mandibula’ lar gikarildi. Mandibula’ lar izerinde 18 adet dogrusal 6lglim analizleri yapildi ve tiim veriler ortalama + standart
sapma (SD) olarak ifade edildi. Yapilan incelemelerde disi ve erkekler arasinda GC-MAK (P<0.05) ve CR-PC (P<0.01)
parametrelerinde istatistiksel farkliliklar gozlendi. Osteometrik olglimler arasindaki korelasyon analizleri incelendiginde
veriler arasinda P<0.05 ve P<0.01 degerinde istatistiksel 6nem tespit edildi. Elde edilen biyometrik verilerin hayvan modeli
olarak koyun mandibala modellerinin kullanildigi anatomik, klinik ve taksonomik g¢alismalarda referans bilgi kaynagi
niteliginde biyometrik 6lglim ve sinirlar sunacagi disliincesindeyiz.

Anahtar Kelimeler: ivesi koyunu, mandibula, morfometri.

Morphometric Evaluation of the Mandible in the Awassi Sheep (Ovis aries)

Abstract: In this study, a morphometric test of mandible was performed in Awassi sheep. In the study, twenty adult (10
female and 10 male) Awassi sheep (Ovis aries) mandibles were used. The skulls were macerated, muscle and skin
dissections were completed and the mandibles were removed by disarticulation of the temporomandibular region,
respectively. On the mandible samples, 18 linear measurements were analyzed and all data were expressed as mean *
standard deviation (SD). Statistical differences were observed in GC-MAK (P<0.05) and CR-PC (P<0.01) parameters between
males and females in the examinations. The correlation analysis on osteometric measurements indicated a statistical
significance between P <0.05 and P <0.01. We believe that the obtained biometric data will provide a reference information
source for biometric measurements and edges in anatomical, clinical, and taxonomic studies using sheep mandibles as
animal models.

Keywords: Awassi sheep, mandible, morphometry.

Giris

Mandibula, embriolojik olarak brankial kemerden
koken alan, symphsis mandibula araciligiyla sag ve
sol tarafi birlesen, kafatasinin en biyik tamamlayici
kemigidir. Mandibula, cranium’a os temporale ile
articulatio (art.) temporomandibularis eklemi
aracihigiyla hareketli olarak baglanir (Dyce ve ark.,
2010; Nickel ve ark., 1986). Gegcmisten ginimiuze
gelen canlilarin, genetik ve c¢evre sartlarina bagh
olarak evrimsel degisimlerini yorumlamak kemik
morfolojisi ve morfometrisi kullanilarak yapilabilir
(Rohlf ve Marcus 1993). Mandibula kemiginin
morfometrisi, cinsiyet (Akbulut ve ark., 2014), irk
(Gurblz ve ark., 2016), beslenme (Kiliaridis ve ark.,
1999) ve genetik (Rohlf ve Marcus, 1993)
faktorlerden kaynakli degisiklik gosterir.

Koyun irklari kendi icerisinde oldukca cesitlilik
gosterir (Kaymakgi, 2001). Bu irklarin karakteristik
yapisini belirlemede morfometrik yapisinin ortaya
konulmasi énemlidir. ivesi koyunu yogunluk olarak
Tirkiye’nin ~ Glneydogu Anadolu  bdlgesinde
yetistiriciligi yapilan yerli koyun irklarindandir. Yerli

koyun irklarinin %2,2’sini olusturur (Garip, 2013). Bu
koyun irki izerinde bir¢gok anatomik ve morfometrik
(Demircioglu  ve Yimaz, 2019; Yimaz ve
Demircioglu, 2020) ¢alisma yapilmistir. Bu ¢alismada
ise, Ivesi koyunu mandibulas’nin morfometrik
ozelliklerini  belirleyerek, sexuel dimorphizmini
ortaya koymak, filogenetik, zooarkeoloji ve klinik
bilimler Gzerine yapilacak ¢alismalarda kullanilabilir
veriler sunmak amaglandi.

Materyal ve Metot

Etik kurul izni: Calismada uyulacak prosedurler
icin Harran Universitesi Hayvan Deneyleri Yerel Etik
Kurulu’ndan (Karar numarasi: 2019/005/05) gerekli
izinler alindi.

Calisma materyali: Calismada 20 adet (10
erkek, 10 disi) eriskin Ivesi koyunu mandibula’ si
kullanildi. Bu mandibula 6rnekleri Sanhurfa’daki
yerel bir kesimhaneden temin edildi. Bu érneklerin
ait olduklari hayvanlarda iskelet deformasyonu,

Harran Universitesi Veteriner Fakiiltesi Dergisi, 2020; Cilt 9, Sayi 2 189



Harran Univ Vet Fak Derg, 2020; 9 (2): 189-193

Arastirma Makalesi

patolojik ve norolojik bozukluk olmamasina dikkat
edildi. Tim kafatasi 6rnekleri Tasbas ve Teciroglu
(1965)’'na gbre vyapilan maserasyon teknigi
sonrasinda morfometrik incelenmelere hazir hale
getirildi. Kafatasi Gizerindeki deri ve kaslarin diseke
edilmesinin ardindan temporomandibular bélgenin
dezartikiilasyonu ile mandibula’ lar c¢ikarldi.
Ardindan ¢eneler biyolojik maserasyona tabi tutuldu
ve hidrojen peroksit soliisyonunda bekletilerek
agartildi.

istatistiksel analiz: Calismada elde edilen
parametrelerin ortalama ve standart sapma
degerleri SPSS 22 programinda belirlendi. Ayrica
elde edilen veriler cinsiyete gore student t-testi ile
karsilastirildi ve verilerin korelasyon analizi pearson
korelasyon testi ile yapildi.

Terminolojide—Nomina Anatomica Veterinaria
(2017) terimleri esas alindi. Calisma fotograflari
Canon (EOS-700D, Japonya) dijital fotograf makinesi
ile alindi.

Tablo 1. Mandibular 6l¢lim noktalari ve kisaltmalar.

Osteometrik Olgiimler: Mandibula’nin
osteometrik 6lclimleri icin asagidaki 6l¢lim noktalari
kullanilmistir ~ (Yilmaz ve Demircioglu, 2019;
Demiraslan ve ark., 2014).

Coronion (CR): Processus coronoideus’un en
ylksek noktasi.

Condylon (PC): Processus condylaris’in caudal
noktasi.

Gonion caudale (GC): Angulus mandibula
acisinin en aboral noktasi.

Gonion ventrale (GV): Angulus mandibula
agisinin en ug ventral noktasi.

Infradentale (ID): Mandibular insiciv dis

alveol’lerinin oral yuziindeki en belirgin
median noktasi.
Olgiilen osteometrik verilerin 8lgiim noktalari
ve kisaltmalari Tablo 1’de, mandibula Gzerindeki
bolgeleri ise Sekil 1 ve Sekil 2’ de verildi.

Parametre  Kisaltma Agiklama

1. GC-ID Gonion caudale- Infradentale arasi uzunluk

2. CR-ID Coronion- Infradentale arasi uzunluk

3. GC-MAK Gonion caudale- M3'lin aboral alveolar kenari arasi uzunluk

4. MAK-ID Mjs'tin aboral alveolar kenari- Infradentale arasi uzunluk

5. GC-PIK Gonion caudale- Py'nin oral alveolar kenari arasi uzunluk

6. GC-FMN Gonion caudale- Foramen (for.) mentale’nin aboral ucu arasi uzunluk
7. MDU Molar dis sirasi uzunlugu

8. PDU Premolar dis sirasi uzunlugu

9. DU Diastema uzunlugu

10. GV-CR Gonion ventrale- Coronion arasi uzunluk

11. MAK-MH  Ms'tin aboral alveolar kenari diizleminde mandibula yiiksekligi

12, MO-MH M{'in &n alveolar kenari diizleminde mandibula yiiksekligi

13. FMN-ID For. mentale’nin oral ucu - Infradentale arasi uzunluk

14. CR-PC Coronion- Processus (proc.) condylaris’in en yiksek noktasi arasi uzunluk
15. Sl Son incisiv dis seviyesinde mandibula genisligi

16. BM Birinci molar dis seviyesinde mandibular boslugun genisligi

17. CG Proc. condylaris genigligi

18. MG Proc. coronoideus seviyesinde mandibular boslugun genisligi

Tablo 2. Mandibula &lglimlerinin ortalama ve standart sapma degerleri (*P< 0.05, **P<0.01, NS: P>0.05, OD: Onemli degil).

parametreler Tanimlayici istatistik Erkek Disi p
Ort. + SD Min. Max. Ort. + SD Ort. + SD

1. GC-ID (mm) 180.22 +11.91 158.74 199.92 176.14 +12.57 184.30 +10.23 6D
2. CR-ID (mm) 191.55 +22.35 109.16 210.15 183.31+27.89 199.80 + 11.20 6D
3. GC-MAK (mm) 57.63 £5.62 47.18 64.24 55.03 +4.95 60.22 £5.21 *

4, MAK-ID (mm) 124.84 + 6.74 115.44 138.44 123.69 £ 6.34 125.99 +7.27 (o]o]
5. GC-PIK (mm) 120.27 £9.07 101.23 133.07 117.41+10.19 123.13+7.20 6D
6. GC-FMN (mm) 145.28 + 28.92 30.02 166.51 135.35 +38.39 155.22 +8.51 (o]o]
7. MDU (mm) 41.28+8.48 27.14 54.28 38.69 £9.92 43.86+6.20 (o]o]
8. PDU (mm) 29.60 + 4.86 19.06 34.66 29.83+5.18 29.36 +4.80 6D
9. DU (mm) 47.62+4.80 39.44 58.11 46.27 +3.29 48.97 +5.82 (o]o]
10.  GV-CR(mm) 99.72 +18.45 34.39 121.79 95.61 +21.89 103.82 + 14.23 (o]o]
11.  MAK-MH (mm) 38.86 £4.12 29.14 45.52 40.18+3.71 37.54£4.26 6D
12. MO-MH (mm) 24.84 2,59 18.19 27.97 25.47 £1.95 24.20+3.08 6D
13.  FMN-ID (mm) 25.03 £ 2.66 19.63 28.96 24.14 +2.82 25.92 £2.28 (o]o]
14.  CR-PC (mm) 24.71£3.75 18.51 31.88 22.52 +3.05 26.91+3.12 **
15.  SI(mm) 24.59 * 3.40 18.14 31.27 24.63 £3.07 24.55 + 3.87 6D
16. BM (mm) 25.98 +3.04 20.53 32.83 25.57 £2.98 26.39 £3.20 (o]o]
17.  CG (mm) 24.03 £1.39 21.94 26.68 23.56 £ 1.30 24.50 £1.38 6D
18. MG (mm) 72.90 £ 13.62 29.16 102.08 72.01+6.72 73.80 £ 18.57 6D
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Sekil 1. Mandibula’ nin morfometrik 6l¢lim noktalari (lateral gériiniim) Sekil 2. Mandibula’ nin morfometrik 6l¢lim noktalari (dorsal goriiniim)

Tablo 3. Mandibula’ ya ait alinan olgiimler arasi korelasyon iliskisi (*P<0.05, **P <0.01)

- CR-ID GC-MAK MAK-ID GC-PIK GC-FMN MDU PDU DU GV-CR MAK-MH MO-MH FMN-ID | CR-PC N BM CG

GC-ID

CR-ID

Jany

GC-ID
1
0357
GC-MAK 0.384 1
MAK-ID 0.049
GC-PIK 0.361 1
GCFMN 0.188 | 0.411 1
MDU 0216 | 0.436 | OEE |:
-0.352
0.085
0.200
0.020
0359
0.285
-0.116

PDU -0374 | 0285 | -0.164 -0.306 | [ol608N | 1

DU 0314 |[B88 |[PBEGN | 0303 | 0.404 0197 [ -0175 |1

GV-CR | BI8E6Y | o.163 -0.104 | 0201 | 0.034 0186 | 0384 | 0143 |1

MAK-MH -0.207 | 0.287 0.276 0320 | -0035 |08 | 0009 |-0006 | -0132 |1

MO-MH -0.285 | 0.186 0.093 0105 | -0211 | -0.143 | 0270 | -0.184 | -0.304 | l6OON | 1

FMN-ID 0.307 0.325 0.360 0280 | -0.055 | 0.261 | 0.200 | 0.237 0014 |1

CR-PC 0.400 0.094 0332 BBGS] | 0325 | -0062 | 0.196 | -0.014 | -0.048 | 0394 | 1

sl -0.069 | 0.250 0.186 0428 | 0.123 0186 | 0268 | 0042 | -0115 | [OlSA® | DSBAl | 0.192 [ 0047 |1

BM 0227 | -0033 | 0263 | 0298 | 0.149 0338 | -0.286 | -0.435 | 0.256 | 0.057 0127 | -0.142 | DAl [0373 |1

G o260 |WE | OW |05 | B2 | 0823 | o272 | BEBE | 0006 | 0278 0157 [ 0339 |0427 |0239 |0084 |1
MG 0036 | 0243 | 0.158 -0306 | 0329 | 0.085 0.143 | -0.346 | -0.246 | 0090 | -0.244 | -0.256 | -0.205 | 0358 | -0.056 | 0.234 | -0.273
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Bulgular

Mandibula’ya ait osteometrik 6l¢limlerin
ortalama deger ve standart sapmalari Tablo 2’de,
verilerin birbirleriyle olan korelason analizleri Tablo
3’ de gosterildi. Student t-testi ile yapilan
istatistiksel analizde disi ve erkekler arasinda GC-
MAK (P<0.05) ve CR-PC (P<0.01) parametresinde
istatistiksel farkhliklar go6zlendi. Diger verilerde
cinsiyetler arasi istatistiksel olarak anlamh fark
gbozlenmedi (P>0.05). Osteometrik  olciimler
arasinda korelasyon analizleri incelendiginde veriler
arasinda P<0.05 ve P<0.01 degerinde istatistiksel
onem tespit edildi.

Tartisma ve Sonug

Koyunlarda tiir icinde oldukca fazla sayida ve
farkli morfolojik ve verim oOzellikleri gosteren irklar
bulunur (Kaymakgi, 2001). Yaklasik onbir bin yil
once evcillestiriimeye baslayan koyunlarin (Vaughan
ve ark., 2015) giinimuize kadar geldigi siirecte gerek
cevresel gerekse genetik etmenlerden dolayi
morfolojilerinde birtakim degisiklikler meydana
gelmistir. Bu baglamda koyunlara ait osteometrik
Olglimlerin belirlenmesi, irka 6zgl 6zelliklerin ortaya
konulmasini, adli, zooarkeolojik ve gelisimsel
bilimler adina olduk¢a ©Onemli veriler sunar
(Pitakarnnop ve ark., 2017). Bu amagla,
mandibula’dan alinan élgiimlerin cinsiyetler arasi ve
tar ici farkhliklar ortaya koymasi igin, veteriner
anatomi alaninda (Dalga ve ark., 2017; Dermiraslan
ve ark., 2014; Ozkan ve ark., 2020; Oziidogru ve
ark., 2019a; Oziidogru ve ark., 2019b; Yilmaz ve
Demircioglu, 2019) bircok ¢alisma yapilmistir.

insanlarda ve farkh  tiir hayvanlarda
mandibula’ya ait osteometrik 6lgim degerlerine
bakildiginda erkeklerde disilere oranla bazi
parametrelerin daha yiliksek oldugu ve Olgimler
arasinda anlamli istatistiki 6nemler oldugu
bildirilmistir (Gezer Ince ve Pazvant, 2010; Onar ve
ark., 1997; Pitakarnnop ve ark., 2017; Rooppakhun
ve ark. 2010;). Yilmaz ve Demircioglu (2019) ceylan
(Gazella  subgutturosa) mandibula’si  lizerine
yaptiklari ¢alismada GV-CR, SI ve BM verilerinde
cinsiyetler arasi istatistiki énem oldugunu, Ozkan ve
ark. (2020), Kosova bardhoka irki koyunlarinda GV-
CR degerinin cinsiyetler arasinda istatistiki 6nem
olmadigini bildirmiglerdir. Yapilan calismada ivesi
koyunlarinda GC-MAK ve CR-PC verilerinin
cinsiyetler arasi istatistiki olarak anlamli bir fark
gosterdigi diger verilerin cinsiyetler izerine anlamh
bir etkisi olmadigi belirlendi.

Calismada mandibula’nin  uzunlugu (GC-ID)
180.22 + 11.91 mm olarak belirlendi. Yapilan diger
calismalarda mandibula uzunlugunun; Hasmer

koyununda (Oziidogru ve ark., 2019a) 186.30 + 9.30
mm, tuj ve morkaraman koyunlarinda (Demiraslan
ve ark. 2014) sirasiyla; 146.76 + 5.40 mm, 152.43 +
7.47 mm, Konya merinosunda (Oziidogru ve ark.
2019b) 203.44+43.14 mm, Hemsin koyununda (Dalga
ve ark., 2017) 167.87 £ 17.11 mm, Banglades siyah
bengal kegisinde (Uddin ve ark., 2009); 142.1 + 0.98
mm oldugu bildirilmigtir.

Regio mentalis’ in anestezi se¢im vyerinin
ozellikle alt cene operasyonlarinda olduk¢a 6nemli
oldugu bildirilmistir (Karimi ve ark. 2012). Karimi ve
ark. (2012) DU ve FMN-ID uzunlugunu Mehraban
koyunlarinda sirasiyla; 39.7 + 4.8 mm ve 20.7 + 4.5
mm, Yilmaz ve Demircioglu (2019) DU ve FMN-ID
uzunlugunu ceylanlarda (Gazella subgutturosa)
sirasiyla; 31.27 + 3.13 mm ve 15.01 + 2.48 mm,
Oziidogru ve ark. (2019a) DU’ yu hasmer koyununda
43.544+3.48 mm, Dalga ve ark. (2017) Hemsin
koyununda DU’ yu 43.74+3.32 mm, Demiraslan ve
ark. (2014) Tuj ve Morkaraman koyunlarinda DU’yu
siraslyla; 36.44 + 2.5 mm ve 37.16 * 1.88 mm olarak
bildirmistir. Calismada ivesi koyunu mandibula’sinin
DU ve FMN-ID uzunlugunun ortalama degerleri
sirasiyla; 47.62 + 4.80 mm ve 25.03 + 2.66 mm
olarak tespit edildi.

Calismada mandibula yuksekliginin  (GV-CR)
ortalama degeri 99.72 + 18.45 mm olarak belirlendi.
Farkh koyun irklar (zerinde yapilan ¢alismalarda
mandibula yuksekligi incelendiginde, Mehraban
koyununda (Karimi ve ark., 2012) 95.7 + 27.1 mm,
Hasmer koyununda (Oziidogru ve ark. 2019a)
10868 + 236 mm, Tuj ve Morkaraman
koyunlarinda (Demiraslan ve ark., 2014) sirasiyla;
85.37 £ 2.74 mm ve 86.97 + 6.08 mm, Konya
merinosunda (Oziidogru ve ark., 2019b) 110.97 *
2.95 mm, Hemsin koyununda (Dalga ve ark., 2017)
94.20 + 7.65 mm, Kosova bardhoka irki koyununda
(Ozkan ve ark., 2020) 109.86 + 5.56 mm olarak
bildirilmistir. Buna gore, ¢alisma verilerinin literattr
ile uyumlu oldugu goérilmektedir

Calismada  verilerin  korelasyon iliskileri
incelendiginde MDU-PDU arasinda kuvvetli negatif
korelasyon (P<0.01) oldugu tespit edildi. Bu tespit
Morkaraman koyununda (Demiraslan ve ark., 2014)
yapilan g¢alismadaki analiz ile uyumludur ancak Tuj
(Demiraslan ve ark. 2014) ve Hemsin koyunlarinda
(Dalga ve ark., 2017) bu degerler arasindaki
korelasyon degerinin istatistiksel olarak 6nemli
olmadig gorilmektedir. Dalga ve ark., (2017)
Hemsin koyunlarinda MAK-MH ve GC-MAK arasinda
P<0.05 oraninda bir korelasyon iliski oldugunu
bildirmistir.  Ancak, vyapillan c¢alismada Ivesi
koyunlarinda MAK-MH ve GC-MAK parametreleri
arasindaki korelasyon degerinin istatistiksel olarak
onemli olmadigi tespit edilmistir (P>0.05).

Yapilan bu arastirmada, sexuel dimorphizm
acisindan osteometrik degerlerdeki farklihgin az
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olmasi nedeniyle, ivesi koyun mandibula’sinin
cinsiyet ayriminda kullanilamayacagi
duslinilmektedir. Fakat calismada, verilerin irk
Uzerinde vyapilacak cerrahi, zoo-arkeolojik ve
taksonomik arastirmalara fayda saglayacak temel
anatomik veriler elde edilmistir. Ayrica veriler
dikkate alindiginda 6zellikle Tirkiye’ de yetistirciligi
yapilan yerli ve kiltur irki koyunu mandibula’sinin
morfometrik degerlerinin birbirlerine yakin oldugu
sonucuna varimistir.
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Abstract: Polyhexanid/polyhexamethylene biguanide is one of the most used wound antiseptics, with a high tissue
compatibility and low cytotoxicity. In the present study, it was aimed to investigate the effectiveness of antimicrobial gel
and spray that containing 0.1% PHMB, on wound healing in the treatment of patients who come to our clinic with chronic
infected wound formation due to different reasons. The materials of the study consisted of 12 cats and 8 dogs with chronic,
infected, ulcerative and suppurative wounds in various parts of the body, which were treated at the Surgery Clinic of SU
Faculty of Veterinary Medicine. In the evaluation of the wound bed, the color, depth, shape, size of the wound, type and
amount of the exudate, localization of the wound, and wound care conditions were taken into consideration. Surgical or
mechanical superficial debridements of the wound were performed initially. Following this procedure, irrigation of the
wound area was achieved with 0.9% saline. Protective dressing was applied to the wound area of all patients by applying
antimicrobial (Actolind® w Gel, ACTO, Germany) spray containing 0.1% PHMB twice a day, and gel of the same product after
5 minutes. When the wound bed of the cases were evaluated on the 15th day, (100%) granulation and epithelization
occurred in all the wounds of 19 patients, and only in one patient epithelization was observed. At the end of the 30th day, it
was noted that granulation was completed in all cases except one case and passed to the epithelization stage. In all clinical
cases, no complications were encountered during the treatment process. Clinical studies of
polyhexanide/polyhexamethylene biguanide are promising. In this study, positive response was obtained in a short time.
However, more experimentally controlled clinical and laboratory studies are required in order to improve 0.1% PHMB
applications in chronic wound treatments.

Keywords: Antiseptic, chronic wound, infected wound, polyhexanide/polyhexamethylene biguanide.

Kronik Olgularda Poliheksanid/Polyheksametilen Biguanid Yara Ortiisiiniin Klinik Etkinliginin
Arastirilmasi

Ozet: Poliheksanid/poliheksametilen biguanid (PHMB), doku uyumlulugu son derece yiiksek, "sitotoksisite" derecesi diisiik
ve giniimizde en sik kullanilan yara antiseptiklerinden biridir. Sunulan galismada; farkh sebeplere bagl olarak kronik
enfekte yara olusumu ile klinigimize gelen olgularin tedavisinde % 0,1 PHMB igeren antimikrobiyal jel ve spreyin yara
iyilesmesi {izerine etkinligini arastirmak amaglanmistir. Calismanin materyalini; S.U. Veteriner Fakiiltesi Cerrahi Klinigi’ne
vicudun cesitli bolgelerinde kronik, enfekte ve Ulseratif yara sikayeti ile getirilen 12 kedi ve 8 képek olusturdu. Yara
yataginin degerlendirilmesinde; yaranin rengi, derinligi, sekli, blylikligu, eksudat tipi ve miktari, yaranin lokalizasyonu ve
yara bakim sartlari gz 6niinde bulunduruldu. Yaranin sirurjikal ya da mekanik ylizeysel debritmani yapildi. Bu islemin
ardindan %0,9’luk serum fizyolojik ile yara boélgesinin irrigasyonu saglandi. Bltlin hastalarin yara bolgesine glinde iki kez
olmak lzere 6nce %0,1 PHMB igeren antimikrobiyal (Actolind® w Solution, ACTO Pharma, Germany) sprey, 5 dakika sonra
ayni Grintn jeli uygulanarak koruyucu pansuman yapildi. Yara yatagi 15. glinde degerlendirildiginde 19 hastanin yaralarinda
(%100) granulasyon ve epitelizasyonun olustugu, bu sire icerisinde sadece 1 hastada epitelizasyon goézlendi. 30. gin
sonunda 1 olgu disinda bitiin olgularda granulasyonun tamamlanip epitelizasyon asamasina gegtigi kaydedildi. Klinik
olgularin tamaminda tedavi siirecinde herhangi bir komplikasyonla karsilasiimadi. Poliheksanid/poliheksametilen
biguanid’'in klinik ¢alismalari umut vericidir. Bu ¢alismaya dahil olan olgularda da kisa siire iginde olumlu geri donis
alinmistir. Fakat, kronik yara tedavilerinde %0,1’lik PHMB uygulamalarinin gelistirilebilmesi icin daha fazla kontrolli
deneysel ve klinik galismalar ile detayl laboratuvar degerlendirmelerine ihtiyag vardir.

Anahtar Kelimeler: Antiseptik, enfekte yara, kronik yara, poliheksanid/poliheksametilen biguanid.

Introduction

The wound is the loss of anatomical and functional (Murphree, 2017). Normal wound healing usually
continuity of living tissue with impaired skin follows a series of well-managed repair processes.
integrity. In veterinary medicine, the wound Complex biochemical pathways and cellular
generally occurs due to traffic accidents, falls, interactions allow hemostasis, inflammation,
sharp and piercing tools, gun injuries and bite proliferation, and maturation phase to progress in
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order (Bayindir, 2007). Many local and systemic
factors that affect wound healing. Local factors are
infection in the wound area, insufficient blood
circulation, hypoxia, tissue necrosis, the presence
of foreign particles, recurrent traumas, and
mobility of the wound area. Systemic factors are
diseases such as nutritional deficiency, diabetes,
chronic renal failure, immunodeficiency, and
corticosteroid use, age, and genetic structure of
the patient (Hanna and Giacopelli, 1997; Robson et
al., 2001). While many wounds heal without
problems, with the prolongation of the tissue
repair period, healing problems occur in many
chronic wounds and open wounds are observed.
The loss of the ability of a chronic wound to heal
indicates a disruption somewhere in the natural
stages of wound repair (Moore et al., 2006). The
healing of open wounds often stops during the
inflammatory phase or proliferative stage. The
wound area that does not heal for a long time
creates an excellent culture medium for
microorganisms (Woo et al., 2007).

It appears that infection of the wound can
cause pain and discomfort to the patient by
prolongation of the inflammatory phase of wound
healing and can lead to serious and potentially
fatal systemic sepsis unless properly treated
(Consensus Panel, 2010). The use of only systemic
antibiotics in  wound treatment is often
insufficient for wound healing. Topical
antimicrobial agents are generally alcohol-based,
iodine-based, biguanides: chlorhexidine gluconate
and polyhexanide/polyhexamethylene biguanide
(PHMB), halophenols (chloroxilenol), bisphenols
(triclosan), silver compounds, and oxygenated
water. The use of topical antimicrobials in the
treatment of wound infections has been
considered as an alternative to systemic antibiotics
to minimize parenteral antibiotic use (O'Dwyer and
Demetriou, 2016). PHMB is an antiseptic that has
been used for more than 60 years in various
industries and relatively new to use in veterinary
medicine. PHMB is highly effective as antimicrobial
by destroying the outer and cytoplasmic
membranes of bacteria (O'Dwyer and Demetriou,
2016). PHMB is one of the most used wound
antiseptics, with high tissue compatibility and low
cytotoxicity (Wehner et al., 2009). PHMB has a
broad spectrum of activity against bacteria,
viruses, and fungi (Moore and Gray, 2007) and is
recommended as therapeutic alternatives to
antibiotics (Hancock and Sahl, 2006).

This study aimed to investigate the
effectiveness of antimicrobial gel and spray
containing 0.1% PHMB on wound healing in the
treatment of patients who were brought to our

clinic with chronic infected wound formation due
to different reasons.

Materials and Methods

The materials of the study consisted of 12 cats
and 8 dogs with chronic, exudative, and
suppurative wounds in various parts of the body,
which were treated at the Surgical Clinic of SU
Faculty of Veterinary Medicine. There was no age,
race, and gender limit in patients. After clinical
examination and blood analysis of all patients,
wound beds were evaluated. In the evaluation of
the wound bed, the color, depth, shape, size of the
wound, type and amount of the exudate,
localization of the wound, and wound care
conditions were taken into consideration. Firstly,
the periwound area was shaved. Then, according
to the condition of the wound, surgical or
mechanical  superficial debridements were
performed. Following this procedure, irrigation of
the wound area was applied with 0.9% saline. After
irrigation, the wound was dried with a sterile gauze
and an antimicrobial (Actolind® w Solution, ACTO
Pharma, Germany) spray containing 0.1% PHMB
was applied to the wound area twice a day, and
protective dressing was applied by gel of the same
product after 5 minutes. Four cases were
monitored in the hospital. Some of the patients
with ownership were brought to the hospital daily
and followed up by dressing and bandaging.

The ways of using drugs were described to
other clients, and they were called for control
periodically. Also, cefazolin was injected to the
cases (30 mg/kg, i.m., lespor® ibrahim Etem
Ulagay ilag Sanayi Tirk A.S., Istanbul, Turkey), a
parenteral  broad-spectrum  1st  generation
cephalosporin group antibiotic for 7-14 days for
antimicrobial therapy. During the treatment
period, corticosteroids were not injected. The
cases were kept under control until the wound
healed. Clinical observations were performed on
days 0, 15, and 30 day the type of the wound and
its underlying etiology, localization of the wound,
the type and color of the tissue in the wound bed,
the state of infection/inflammation, the amount
and color of the exudate, the wound edges and the
condition and epithelization of the surrounding
skin were recorded (Table 1). These evaluations
were made as described by Gray et al., (2006).

Tissue type in the wound bed: Necrotic (dead
tissue), fibrin, exudative (purulent/purulent
discharge), granulation tissue, epithelization tissue.

Infection/inflammation status of the wound:
Purulent and green exudation was considered as
infective; when the exudate was stopped and the
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wound began to turn red it was considered as
inflammatory (Gray et al., 2006).

Tissue color in the wound bed: Necrotic
tissues were evaluated as black, fibrinous tissues
yellow-yellowish, suppurative tissues with purulent
discharge green, granulation tissues red,
epithelization tissues pink and mixed color.

Evaluation of exudate type and amount: it
was evaluated as; dry/less; no exudate (-),
moderate/moist; excess exudate discharge (++)
and excessive/wet; excessive exudate discharge
(+++). The exudate type was assessed and
recorded as serous, seromucous, serosanguineous,
hemorrhagic, fibrinous, and purulent.

Measuring wound surface and depth: The
percentage of wound contraction for wounds
surface were calculated and noted on days 0, 15,
and 30 by the following formula, as described by
Kumar et al. (2006): % wound contraction on day X
= (area on day O - open area on day X/area on day
0) x 100. Although this method is the simplest, it
should be known that it is not the exact result
(Table 1).

Results

Tissue type in the wound bed: When tissue
types in the wound beds were evaluated, 19 of 20
cases (95%); necrotic, fibrinous, and suppurative
appearance on day 0, were detected as necrotic
and fibrinous in one case (5%). When the wound
bed was evaluated on day 15 granulation and
epithelization occurred in all of the wounds of 19
patients (100%), and granulation was observed
only in one patient (Table 1). At the end of the
30th day, epithelization (keratinocyte) was
recorded in all cases (100%).

Infection findings: When the status of the
lesions was evaluated on day 0, 95% of the cases
(19 cases) were infected, 5% (one case) were
inflammatory; on day 15, 100% were inflammatory
(Table 1) and on day 30 both findings were
disappeared 100%.

Discoloration in the wound: On day 0, the
color of the wound was detected as mixed in 35%
of cases (in 7 cases), yellow-yellowish and green in
30% (in 6 cases), yellow-yellowish, green and red in
10% (2 cases), red in 5% (1 case), yellow-yellowish
and red in 5% (1 case) and black, yellow, and red in
15% (3 cases). On day 15 the wound color was
determined as red-pink in 95% (19 cases) and pink
in 5% of the cases (1 case) (Table 1).

Exudate type and amount findings: The
exudate type and amount are compared between
days, on day 0O, excessive exudate with fibrinous
and purulent character in 35% (7 cases) of the
cases, excess exudate with fibrinous and

serosanguinous character in 10% (2 cases), in 35%
of the cases (in 7 cases) excessive exudate with
fibrinous purulent serosanguinous character, in
10% of cases excessive exudate with fibrinous
purulent and hemorrhagic character, in 5% of the
cases (1 case) excessive exudate with fibrinous,
purulent, serous and hemorrhagic character, and
5% of the cases less exudate with hemorrhagic
serosanguinous character was determined. While
the exudate type was hemorrhagic
serosanguineous in 90% of the cases on the 15th
day, it was evaluated as hemorrhagic in 10% of the
cases. During this period, excess exudate was
detected in 25% of the cases (Table 1). On the 30th
day of the evaluation, only 5% of cases had
exudation and 95% of the cases did not have any
exudation.

Results of measuring wound surface and
depth: The total size of the wound was 592.05 cm?
on day 0, 197.8 cm? on day 15, and 3.5 cm? on day
30. The reduction in wound size was 67% on day 15
and 98.2% on day 30. While the decrease in the
size of the postoperative lesions (7 cases) was
58.88% on day 15 98.49% on day 30 the decrease
in the wound size of 3 patients with suspected
osteomyelitis was recorded as 55.84% on day 15
(Table 1) and 100% on day 30. In all clinical cases,
no complications were encountered during the
treatment process. All the cases recovered for a
certain period; 19 cases in 30 days, 1 case in 45
days.

Discussion

Non-healing wounds and wounds that have
secondary infections, mostly caused by drug-
resistant bacteria, are common problems for
veterinarians. Normal wound healing occurs in
three interrelated stages, such as hemostasis,
proliferation, and maturation. However, ulcerative
wounds and burns that develop on the skin for
various reasons often delay the healing process.
Therefore, both topical antimicrobials and systemic
antibiotics are used to accelerate the healing of
infected ulcerative wounds (O’'Dwyer and
Demetriou, 2016).

PHMB, which we discussed in this study, is a
topical agent that its antiseptic/antimicrobial
activity on wound care has been proven by
experimental and clinical studies. The mechanism
of action of PHMB is, initially to attach to the
positively charged surface of the bacteria, and then
penetrate to the internal cytoplasm of the bacteria
through the cytoplasm membrane, leading to cell
death by disrupting the integrity and permeability
of the phospholipid structure (Lee et al., 2004).
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Table 1. The condition of the tissues in the wound bed on the Oth, 15th and 30th day.

0th Day 15th Day 30th Day
o
m© o o © @ [ o o -E g
E¢ £t 5 3 £ 5 E st g = H £ 8¢ 53 5T %
@ <8 z3 5 3 %2 = g <8 z3 532 52 2 2 S 238 53 g3 &
) H 5% 8 E <2 @5 g a H 5% 8 E s 2 @ 5 S : 2 S 2t 8% 8
8 2 2 g 3 8= N 3 3 8 b 28 B 8= L] 3 L] @ 2 &= 832 a3 =
= e 332 22 s 2 £ = 8 E 3 22 g3 = = 8§ 32 g2 £ &
£ x6 = £ 5 £ x5 = £ ) E &8 F*® =
1 N, F, S Infected ++ F,P Mix 12.5 cm? - 1 G,E Inflammatory + H,SS R,P 5.75cm? 4+ 1 E P +++
2 N,F,S Infected +++ F,P Y, G 10 cm? - 2 G,E Inflammatory + H,SS R,P 2.25cm? ++ 2 E P +++
3 N,F,S Infected ++ F,P Y,G,R 18 cm? - 3 G,E Inflammatory + P - 4+ 3 E P ++
4 N,F,S Infected +++ F,P B, Y,R 21 cm? - 4 G,E Inflammatory ++ H,SS R,P 12 cm? + 4 E P +++
5 N,F Inflammatory ++ F,SS B,Y,R 23.5cm? - 5 G,E Inflammatory ++ H,SS R,P 13.25cm? + 5 E P +++
6 N,F,S Infected + HSS R 2cm? - 6 E Inflammatory + R,P - +t 6 E P +++
7 N,F,S Infected +++ F,P,H Mix 12 cm? - 7 G,E Inflammatory ++ H,SS R,P 8cm? + 7 E K,P 35cm?  H++
8 N,F,S Infected +++ F,P,SS B,Y,G 12.5cm? - 8 G,E Inflammatory ++ H,SS R,P 5.5 cm? + 8 E P +++
9 N,F,S Infected +++ F,P,SS Y,G 8cm? - 9 G,E Inflammatory +H R,P - ++ 9 E P +++
10 N,F,S Infected +++ F,P,SS Mix 15 cm? - 10 G,E Inflammatory + H,SS R,P 3.5cm? ++ 10 E P +++
11 N,F,S Infected ++ F,SS Y,R 6cm? - 11 G,E Inflammatory + H,SS R,P - 4+ 11 E P ++
12 N,F,S Infected +++ F,P,SH Mix 24.8 cm? - 12 G,E Inflammatory + H,SS R,P 8.25cm? ++ 12 E P +++
13 N,F,S Infected +++ F,P Y, G 15 cm? - 13 G,E Inflammatory ++ H,SS R,P 3.75cm? + 13 E P +++
14 N,F,S Infected +++ F,P,SS Mix 139 cm? - 14 G,E Inflammatory + H,SS R,P 52.5cm ++ 14 E P +++
15 N,F,S Infected +++ F,P,SS Y,G 13 cm? - 15 G,E Inflammatory + H,SS R,P - 4+ 15 E P ++
16 N,F,S Infected +++F,P,SS Y,G 42 cm? - 16 G,E Inflammatory + H,SS R,P 12cm ++ 16 E P +++
17 N,F,S Infected +++ F,P,SS Mix 96 cm? - 17 G,E Inflammatory + H,SS R,P 32 cm? ++ 17 E P +++
18 N,F,S Infected ++ F,P Y, G 65 cm? - 18 G,E Inflammatory + H,SS R,P 26.05cm? ++ 18 E P +++
19 N,F,S Infected +++ F,P,H Y,G,R 18 cm? - 19 G,E Inflammatory + H,SS R,P 3cm? ++ 19 E K,P +++
20 N,F,S Infected ++ F,P, Mix 38.5 cm? - 20 G,E Inflammatory + H,SS R,P 5cm? ++ 20 E P ++

Table 1. N: necrotic, F: fibrinous, S: suppurative, G: granulation tissue, E: epithelialization tissue. The color of the tissues in the wound bed is; R: red, epithelialization tissues P: pink Mix: mixed color.
Exudate type and amount was evaluated as dry/less; no exudate (-), moderate / moist; excess exudate discharge (++) and excessive/wet; excessive exudate discharge (+++). The exudate types. S:
serous, SM: sero-mucous, SS: serosanguineous H: hemorrhagic, F: fibrinous and P: purulent.

> "N

Figure 1. (Case 5) Postoperatively infected, necrotic and exudative wound in this case of fragmented, closed fracture at radio-ulna
diaphysis of a cat, a) debridement of the wound with sharp tool and wet-dry dressing on day 0, b) Medial and lateral views of the wound
healing by wet-dry dressing with PHMB on day 15; c) Medial and lateral views of the wound on the 30th day of treatment.
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Cazzaniga et al. (2002) used a 0.2% PHMB
impregnated gauze in the wound created by
Pseudomonas aeruginosa in a pig model. In treated
wounds with 0.2% PHMB-gauze, bacterial
colonization is significantly reduced or eliminated
after 72 hours. In the study, they note that the
biguanide impregnated dressing can be used to
prevent the proliferation of bacterial pathogens
and can be particularly useful in preventing
bacteria from entering open, effusive wounds. In
this clinical study, showing the same results as the
study mentioned above, no symptoms of infection
and exudate were observed in all wounds on day
15 of 0.1% PHMB treatment in 95% of the patients
who were healed. In addition, cessation of
exudation in the wounds on day 15 was evaluated
as evidence that the microbial environment in the
wound disappeared and PHMB treatment showed
close to 100% success in chronic wound healing.

As is known from previous studies, the
presence of necrotic or devitalized tissues on the
wound surface prevents the evaluation of the
destructed tissue area and reduces the penetration
of local antiseptic agents (Hendrickson, 2012; Weir
et al., 2018). For this reason, topical PHMB
antiseptic was applied after the superficial
mechanical debridements of the necrotic tissues
were provided in the lesions of all cases included in
the study. However, unlike other antiseptics,
PHMB's antimicrobial activity is not impaired in
wound fluid, or with a high amount of blood or
albumin. This feature increases the importance of
PHMB in clinical use. Also, after the PHMB is
applied to the area, it binds to the cellular surfaces
in about 5 minutes for the full antiseptic effect to
occur and can last for hours (Harbarth, 2006).
Considering this feature of PHMB, in this clinical
study, a protective bandage was applied 5 minutes
after applying the antimicrobial spray containing
0.1% PHMB (Actolind® w Gel, ACTO, Germany).

Lee et al. (2004), to eliminate bacterial
pathogens in the laboratory environment,
determined that PHMB impregnated gauzes were
more effective in inhibiting the growth of all gram-
positive bacteria in agar plates than the control
group. In the present study, although no
antibiogram was performed, the clinical results
obtained in a short time were interpreted as the
antimicrobial gel containing 0.1% PHMB and spray
prevented the colonization of the pathogens in the
wound area.

In another clinical human study conducted by
Mulder et al. (2007), PHMB was applied in 26
wound treatments in total. They detected a
decrease in the wound size of eight patients from
an average of 6.79 cm? to 4.57 cm? on average of
day 25. In the first week of our study, although the

wounds were quite exudative, necrotic, fibrinous,
and suppurative, these findings were seen to
disappear in all wounds on day 15 of PHMB
treatment. Also, the size of the wound shrank from
592.05 cm? on day 0 to 3.5 cm? on day 30 is an
indication that PHMB provides effective recovery
in chronic wounds due to various reasons. In 1 of
20 cases in total, the wound healing process of the
wound due to plate osteosynthesis was delayed.

In wounds with tissue loss, the closure of
wound areas begins with contraction. This happens
as the wound edges surrounding the wound
gradually cover the wound as a result of the
movement towards the center. The myofibroblasts
which are originating from fibroblastic cells in
granulation tissue drag the collagen fibers along
the wound tension line to allow the wound edges
to move towards the wound center and the wound
area to shrink. In wounds with tissue loss, it may
be seen that the contraction begins in the wound
approximately 5-9 days later (Swaimve et al.,
2001; Hendrickson, 2006). The red color in the
wound is an indication that the new granulation
tissue has developed and epithelialization has
begun on it (Gray et al., 2006).

As a result of using PHMB impregnated gauze
in ulcer treatments, the ulcer was completely
covered with healthy granulation tissue on day 15
(Fumarola et al.,, 2010). In another study, the
completion of the granulation stage of the ulcer on
day 18 as a result of topically use of the PHMB
(Glover and Wicks, 2009) has led many researchers
to think that low concentrations of PHMB can have
a positive effect on the proliferation of human
keratinocytes.

However, there are no proven studies related
to this feature of PHMB. According to our
observations in this study, incompatible with other
studies; becoming red in color of the lesions on day
15 of the 0.1% PHMB application, shrinking of the
wound from the periphery to the center, and
decreasing its depth, were interpreted as occurring
of the granulation tissue. On day 15 of our study,
wound epithelization was found to be advanced in
15 cases. On day 30, it was interpreted that wound
healing was completed in 19 of 20 cases, where all
wounds were covered with epithelialization tissue.
During this period, the epithelization process was
prolonged in only one case. In all cases, the pink
color of the wound was accepted as an indication
that the wound has reached the final stage of
wound healing when it began to be covered with
new epithelium (Boateng et al., 2008).

The fact that PHMB is effective against
Staphylococcus aureus, which is the biggest cause
of non-healing wound contamination in hospitals,
will provide faster results on wound therapy.
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Clinical studies of PHMB are promising. In this
study also, positive response feedback was
obtained in a short time. However, more
controlled experimental clinical and laboratory
studies are needed to improve the 0.1% PHMB
applications in chronic wound treatments and to
determine  their  superiority = over  other
antimicrobial dressings.
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Abstract: Thyroid hormones have various roles in different physiological systems in the body. Thus, thyroid dysfunction is
common in cats, in this study, we aimed to determine the normal values of triiodothyronine (T3), thyroxine (T4), and
thyroid-stimulating hormone (TSH) in the blood of female cats at different phases of the estrous cycle. Queens were divided
into three groups as estrous (n=14), diestrus (n=12), and interestrus (n=10) according to findings of vaginal cytology, ovarian
inspection, and serum estradiol (E2) and progesterone (P4) concentrations. Blood samples were collected before the
ovariohysterectomy, and the obtained sera were analyzed for free T3, free T4, TSH, E2, and P4. The results showed that the
highest T3 and T4 concentrations were found in cats at interestrus while the lowest T3 and T4 concentrations were found at
diestrus and estrus, respectively. The level of TSH in all cats was below the detection limit of the assay. The mean
concentrations of thyroid-related hormones in each group showed non-significant variations (P>0.05). The correlation
between ovarian and thyroidal hormones was not statistically significant (P>0.05). In conclusion, it is required to further
comprehensive/experimental studies to exhibit the interaction between ovarium and thyroid gland because of its
importance.

Keywords: Estrous stages, Feline, Reproductive cycle, Thyroid hormones, TSH.

Farkli Ureme Dénemindeki Disi Kedilerin Serum Triiyodotironin, Tiroksin ve Tiroit Uyarici
Hormon Konsantrasyonlari

Ozet: Tiroit hormonlari viicuttaki birgok fizyolojik sistemin gelisim ve fonksiyonlarina dahil olmaktadir. Kedilerde tiroit
bozukluklari sik gorildiginden, bu calismada ostrus siklusunun farkli evrelerindeki disi kedilerin kaninda bulunan
tiriyodotironin (T3), tiroksin (T4) ve tiroit uyarici hormonun (TSH) normal degerlerinin belirlemesi amagclandi. Kediler vajinal
sitoloji, ovaryum muayenesi ve serum oOstrojen (E2) ve progesteron (P4) konsantrasyonlarinin bulgularina gore 6strus
(n=14), diostrus (n=12) ve interestrus (n=10) olmak Uzere Ug gruba ayrildi. Ovariohisterektomiden &nce kan ornekleri
toplandi ve elde edilen serumlardan E2 ve P4'Un yani sira serbest T3, serbest T4 ve TSH analizi yapildi. Bu galismanin
sonuglari, en vyiksek T3 ve T4 konsantrasyonlarinin interdstrusdaki kedilerde oldugunu, en disik T3 ve T4
konsantrasyonlarinin sirasiyla diostrus ve ostrusdaki kedilerde oldugunu gosterdi. Tim kedilerdeki serum TSH seviyeleri ise
test kitinin tespit sinirnin altindaydi. Gruplardaki tiroitle ilgili hormonlarin ortalama konsantrasyonlari anlaml olmayan
farkhhklar gosterdi (P> 0,05). Ayrica ovaryum ve tiroit hormonlari arasindaki korelasyon istatistiksel olarak anlaml
bulunmadi (P> 0,05). Sonug olarak, 6Gnemi nedeniyle ovaryum ve tiroit bezi arasindaki etkilesimi ortaya koymak icin daha
kapsamli/deneysel calismalara ihtiyag oldugu dustnulda.

Anahtar Kelimeler: Kedi, Ostrus siklusu, Tiroit hormonlari, TSH, Ureme déngiisii

Introduction

Triiodothyronine (T3) and thyroxine (T4) which also
called thyroid hormones have a critical role in the
development of the brain and body of a fetus and
large number of metabolic functions in
cardiovascular, nervous, immune, and reproductive
systems of adults (Feldman et al.,, 2014). These
hormones derived from tyrosine amino acid are
mainly circulated by thyroid-binding proteins in the
blood but, the small amount (less than 1%) of them
are transported from the thyroid gland to target
tissues as unbound, which are called free T3 and T4.
Although the biologically active form of thyroid

hormones is T3, there is less production of it in the
thyroid gland compared to T4. Thyroxine is the
major form of the thyroid hormones secreted by
thyroid gland and in blood circulation. However, it is
finally metabolized to T3 in target tissues/cells since
it is synthesized as a prohormone of T3 (Barrett et
al., 2016). The thyroid-stimulating hormone (TSH) is
produced and secreted by the anterior pituitary
gland to induce the thyroid gland for the
biosynthesis of thyroid hormones. If blood
concentrations of thyroid hormone are decreased,
the pituitary gland is stimulated to release TSH, if
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thyroid hormone levels are increased, TSH secretion
is suppressed. Therefore, it has also a quite
importance in terms of the assessment of the
activity of thyroid gland (Feldman et al., 2014).

Many variants can influence serum thyroid
hormone concentrations such as species, breed,
sex, age, and reproductive status like other
biochemical parameters, or diseases unrelated to
thyroid gland (Peterson et al., 1983; Yokus et al.,
2006). Skinner (1998) showed that serum T3 and T4
levels in cats were gradually reduced depending on
aging, while others remained within the normal
ranges. The author also reported a gender-related
difference in T4 decline, such that the age-related
decrease in T4 was significant in females but not
significant in males. In some previous studies, it has
been shown that the physiological status of the
ovary may lead to differences in blood thyroid
hormone levels in cows (Ashkar et al.,, 2010;
Soliman et al., 1963), buffaloes (Ghani et al., 2017),
and bitches (Reimers et al., 1984).

Thyroid dysfunctions, especially
hyperthyroidism, are commonly diagnosed diseases
of the endocrine system in cats. However, the
physiopathology of feline hyperthyroidism is still
unclear. Therefore, veterinary practitioners and
researchers are interested in this endocrinopathy
(Peterson et al., 1987; Vaske et al., 2014). For the
diagnosis of many diseases, it requires the
comparison of clinical data obtained from potential
patients with the reference values of healthy ones
(Yokus et al., 2006). Thyroid and thyrotropic
hormones are commonly measured to evaluate
thyroidal activity. In some studies, thyroid-related
hormones (total T3, total T4, free T3, free T4, and
TSH) of cats have been assessed in different states
such as in thyroidal (Peterson et al., 2015; Peterson
et al., 1987) and non-thyroidal diseases (Mooney et
al.,, 1996), and various environment and age
(Skinner, 1998). It has been also reported that
ovarian activity may affect the blood level of
thyroid-related hormones in humans and animals
(Ashkar et al., 2010; Krassas et al., 2010). However,
to the best of our knowledge, no study on the
variation of thyroidal activity during the estrous
cycle has been reported in female cats.

The present study investigated the normal
values of free T3, free T4, T4:T3 ratio and TSH levels
of domestic female cats at different reproductive
stages.

Materials and Methods

Animals: This study was conducted on 36 mix
breed, mature (2.02 + 1.30 years old) and healthy
domestic female cats free from reproductive and
metabolic diseases, which were brought to Small

Animal Hospital of Kirikkale University/TURKEY for
routine ovariohysterectomy. All cats which had no
administration of any steroid or thyroid hormone
treatments included to study and they underwent
clinical examination and complete blood count. All
of them were owned, fed with commercial dry food,
and located in Kirikkale region. The whole
procedures of this research were approved by the
Local Ethical Committee of Kirikkale University,
Turkey (2020/06-34).

Detection of estrous’ stage: The estrous’ stage
was determined by findings of vaginal cytology that
stained with Giemsa, serum estradiol and
progesterone levels, and macroscopic examination
of the existence of follicles or corpus luteum on
ovaries as described previously (Kabakci et al.,
2019; Mills et al., 1979). The percent distribution of
three types of cells (parabasal, intermediate and
superficial) were assessed in the vaginal cytology of
cats. According to that, superficial (60-70%) and
intermediate (40-60%) cells were in highest
percentage during estrus and diestrus, respectively,
while both were in average distribution (30-50%)
during interestrus (Mills et al., 1979; Shille and
Sojka, 1965).

Blood collection: Blood samples were collected
into tubes with/without anticoagulant (EDTA) from
the vena cephalica antebrachia of cats before each
ovariohysterectomy at 10 am. Hematological
analysis was performed, and cats have any
metabolic diseases were not included to the study.
The other blood samples allowed to clot at 4 °C for
approximately 20 min and then centrifuged at 1,000
g for 10 min. The separated sera were stored at
-20°C for analysis.

Hormone measurement: The E2 and P4
concentrations of sera were measured by using
electrochemiluminescence immunoassay kits
(Elecsys Estradiol Il and Elecsys Progesterone lll,
Roche Diagnostic, USA) on the Roche Cobas E800
analyzer with the recommendations of the
manufacturer. The findings of vaginal cytology and
macroscopic examination were confirmed with the
serum E2 and P4 concentrations. According to that,
cats were classified as in estrous when E2 levels
were higher than 20 pg/ml. The queens having
higher P4 levels than 1.5 ng/ml were classified as in
diestrus and, E2 and P4 levels lower than 20 pg/ml
and 1.5 ng/ml respectively were classified as in
interestrus (Hamouzova et al., 2017; Kabakci et al.,
2020). The range limits of assays for E2 and P4 were
5-3000 pg/mL and 0.05 — 60 ng/mL, respectively.

The concentrations of free T3, T4, and TSH of
the sera were also assessed by
electrochemiluminescence immunoassay kits (FT3,
Elecsys FT4 Ill, and Elecsys TSH, Roche Diagnostic,
USA) on the Roche Cobas E800 analyzer with the
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recommendations of the manufacturer. The range
limits of assays for free T3, free T4, and TSH were
0.4-50 pmol/L, 0.5-100 pmol/L, and 0.005-100
ulU/mL, respectively.

Statistical analysis: Before the significance
analysis of the parametric data, normality test and
homogeneity of variance were performed with
Shapiro Wilk and Levene test, respectively.
Statistical analysis of the data expressed the mean

standard error mean (SEM) for each group was
done by using one-way analysis of variance
(ANOVA). The relationship between E2, P4, T3, T4,
and T4:T3 (except TSH due to not detection)
parameters was assessed by using the Pearson
correlation coefficient. All statistical analysis was
performed by using SPSS 14.01 package program
and assessed 5% margin of error (P<0.05).

Figure 1. Macroscopic examination of feline ovaries during ovariohysterectomy. (a) Cats having one or more follicle on
the ovary or ovarian tissue were classified in estrus. (b) Cats having one or more corpus luteum on the ovary or ovarian

tissue were classified in diestrus.
Results

Estrous stages of queens: According to
findings of vaginal cytology, serum E2 and P4
concentrations, and macroscopic examinations, it
was determined that 12 cats were in estrus, 14 in
diestrus, and 10 in interestrus. It was observed one
or more follicles in estrous, and one or more corpus
luteum in diestrus as shown in Figure 1 while
neither follicle nor corpus luteum was observed in
interestrus. Serum E2 and P4 concentrations were
in the expected ranges by the classification of
reproductive cycle carried out by using vaginal
cytology and macroscopic examination. Such that,
serum E2 concentrations were 29.18 + 3.95, 6.32 *
0.57, and 725 + 125 pg/mL while P4
concentrations were 1.70 + 0.36, 15.14 + 2.84, and
0.70 £ 0.13 ng/mL in estrus, diestrus, and
interestrus, respectively.

Serum thyroid-related hormones
concentrations: As shown in Table 1, although the
level of the T3 varied depending on the estrous
stages, it was not significant according to statistical
analysis (P>0.05). The highest concentration of
thyroxine (16.32 pg/mL) was in cats with
interestrus, while the lowest concentration was
measured in cats with estrus. Also, slight non-
significant change in the blood levels of T4
(P>0.0.5). The T4:T3 ratio changed within a narrow
range during the estrous

Table 1. Changes of hormone levels related thyroidal activity of
cats at different reproductive stages.

Estrous P
Parameters n Mean S.EEM Min. Max.
stages value
Estrus 12 244 024 129 443

T3 pg/mL Diestrus 14 2.09 013 1.28 299 0.193
Interestrus 10  2.58 0.23 133 351
Estrus 12 1453 1.00 10.90 20.40

T4 pg/mL Diestrus 14 1573 1.00 6.90 22.90 0.552
Interestrus 10 16.32 1.49 9.40 23.50
Estrus 12 639 057 337 9.65

T4:T3ratio  Diestrus 14 777 059 371 1211 0.221
Interestrus 10 6.64 0.67 377 9.11
Estrus 12 ND ND ND ND
Diestrus 14 ND ND ND ND -
Interestrus 10 ND ND ND ND

TSH
ulu/mL

ND: Not detected

Table 2. Correlations between all variables.

Pearson E2 P4 T3 T4
T4:T3
Correlation  pg/mL ng/mL pg/mL pg/mL
E2 pg/mL 1
P4 ng/mL -0.341" 1
T3 pg/mL 0.132  -0.168 1
T4 pg/mL -0.144 -0.121 0.320 1
T4:T3 -0.234  -0.033 -0.629"" 0.481" 1

*: Correlation is significant at the 0.05 level (2-tailed).

**. Correlation is significant at the 0.01 level (2-tailed).
Correlation coefficient could not be analyzed on TSH due to the
inadequate hormone levels in serum samples of each group
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cycle was observed, but not statistically significant
(P>0.05). Serum TSH levels of all cats in each phase
of estrous were below the detection limit of the
assay kit, which could not be compared according
to different stages.

Ovarian and thyroid hormones correlations:
Correlations coefficient of all measured hormones
are shown in Table 2. The thyroid-stimulating
hormone could not be included in the analysis of
correlation  coefficient due to inadequate
concentrations in serum samples to detection. A
negative correlation was found (r=-0.341, P< 0.05)
between the concentration of E2 and P4 in all cats’
blood. It was also observed that T4:T3 ratio had a
negative relation with T3 (r=-0.629, P< 0.01), and a
positive relation with T4 (r= 0.481, P< 0.01).

Discussion and Conclusion

The hormones of the hypothalamic—pituitary—
thyroid axis are generally measured to assess the
activity of thyroid gland, which can be affected by
various physiological and pathological factors.
Furthermore, the determination of normal values of
these hormones in any physiological status of living
beings is critical for the diagnosis of the thyroidal
activity. Measurement of free T3 and free T4 show
more reliable results than total T3 and total T4
measurements for the evaluation of thyroid
dysfunctions (both bound and free) due to the
possible changes in plasma level of binding proteins
(Feldman et al., 2014). Also, it was noted that the
test sensitivity of serum-free T4 is higher than the
serum total T4 in terms of hyperthyroidism. Many
cats (more than 95%) with hyperthyroidism have
increased levels of free T4 while they have levels of
total T4 within the reference ranges (Peterson et
al., 2001). In this study, serum concentrations of
free T3, free T4, T4:T3 ratio, and the relationship
between reproductive steroids and thyroid
hormones in healthy queens at different
reproductive stages have been reported for the first
time. Because thyroid-related diseases are more
commonly observed in females compared to males,
female cats were included the study (Ghani et al.,
2017).

Although radioimmunoassay (RIA) is the most
suitable method for the measurement of thyroid
hormones, different techniques were required
because of various methodological limitations of
RIA such as radioactive contamination (Vaske et al.,
2014). Because serum free T3 and T4 of cats were
measured by using a chemiluminescent technique
validated for thyroid hormones in sheep
(Eshratkhah et al., 2011), horses (Sudrez-Esquivel
and Castro-Ramirez, 2016), dogs, and cats (Higgs et
al., 2014), hormonal analysis in this study was

carried out with electrochemiluminescence
technique. Results of the present study showed that
the variations in free T3 and free T4, and T4:T3 ratio
were not statistically significant between different
phases of the estrous cycle. Similarly, Dalvi et al.
(2013) reported that serum T3 and T4 levels were
higher in estrous stages than that of diestrus,
however not significant. The authors were also
showed a non-significant variation on T4:T3 ratio
during the estrous cycle of buffaloes, even if it was
higher in diestrus compare to estrus. Following
these reports, the fluctuation of T3 and T4
concentrations of goat (Zarei et al., 2009) and mare
(Johnson, 1986) during the reproductive cycle were
not remarkable. Moreover, Ghani et al. (2017)
showed that serum T3 and T4 concentrations in
cyclic and acyclic buffaloes were not significantly
different. On the other hand, it was reported that
ovarian status could affect thyroid activity;
significant changes in thyroid hormones in cows
were noted during the estrous cycle (Ashkar et al.,
2010; Rastogi and Agarwal, 1990; Soliman et al.,
1963), and serum T3 and T4 concentrations of
bitches were found higher in diestrus than that of
proestrus (Reimers et al., 1984).

The connection between the hypothalamus,
pituitary, and thyroid glands by the feedback
mechanisms controls the thyroidal activity.
Therefore, it could be useful to measure blood TSH
levels which can influence by ovarian activity.
Soliman et al. (1963) reported that thyroid hormone
levels in cows were high and thyrotropic hormone
level was low during estrous, while thyroid
hormone levels were low and thyrotropic hormone
level was high during diestrus. However, a higher
concentration of circulating T4 results in TSH level
reduction. Particularly, the blood level of TSH could
be very low in most cats with hyperthyroidism. In a
14-months  study, it was reported that
hyperthyroidism was detected in only
approximately half of the 104 cats with
undetectable TSH levels (Wakeling et al., 2011). On
the other hand, Peterson et al. (2015) reported that
serum TSH levels of 33.6 % of clinically normal and
15.6 % of euthyroid cats in a previous study were
below the detectable value, which extend to zero as
reference range in normal cats. In the present
study, it was assessed the serum TSH
concentrations of cats at various reproductive
stages. However, the undetectably lower TSH levels
found in all cats agree with previous studies
mentioned above. Therefore, the measurement of
TSH may not be useful for the assessment of
thyroidal activity in cats.

According to the results of the present study,
there was a negative correlation between E2 and P4
concentrations under the physiological process, in
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which increased P4 levels suppresses follicular
development results in decreased E2 level (Shille
and Sojka, 1965). Estrogen deficiency promotes
metabolic dysfunction predisposing to obesity,
metabolic syndrome, and type 2 diabetes (Mauvais-
Jarvis et al.,, 2013). Estradiol regulates energy
homeostasis in the brain in both sexes (Xu and
Lépez, 2018). On the other hand, thyroid hormones
have various effects on follicular functions and
development (Krassas et al., 2010; Wei et al., 2018).
It was noted that hypothyroidism decreases the
conception rate indirectly due to estrous cycle
irregularities or the cessation of estrous cycle
(Ghani et al.,, 2017). Also, Pamela and Richard
(2009), reported a close relationship between low
thyroid hormones and delayed puberty. It has been
also previously reported that hormonal stimulation
of ovaries leads to an increase in free T4 levels in
cows (Ashkar et al.,, 2010). In contrast to these
reports, it was not observed any correlations
between the hormones of the ovary and thyroid
gland. This may be most likely related to the type of
hormones measured in this study which were free
form rather than total form of T3 and T4 since
protein-bounded thyroid hormones are more
susceptible to physiological and pathological
variations compare to free form (Feldman et al.,
2014).

The findings of correlation coefficient analysis
were showed that the T4:T3 ratio had a negative
relation with T3, but a positive relation with T4. This
ratio gives information about the conversation of T4
to T3, and it was approximately 15:1 in normal cats
(Peterson, 2016). A decrease in this ratio could be
related to iodine deficiency while an increase in it
could be related to cellular deiodinase type | and Il
(Maunder et al.,, 2018). This ratio was found
approximately 7:1 in this study. This value was
lower compared to the report of Peterson (2016)
since only free from of thyroid hormones were
assessed which were little amount of total T3 and
T4. Free T4 is the only T4 form that can pass across
cell membranes to be used as a prohormone for T3
(Vaske et al., 2014). Therefore, it was suggested to
be not surprising the close relationship between
thyroid hormones and the T4:T3 ratio.

In conclusion, it was observed that non-
significant variations on blood concentrations of
free T3 and free T4 in domestic female cats at
different reproductive stages. Even though It was
also measured sera TSH concentrations, it was not
within the range limit of assay kits. In addition,
although some of the above-mentioned results
have been a close relation between ovarium and
thyroid gland, correlations between E2, P4, T3, T4,
and TSH concentrations of cats were not statistically
significant. The thyroidal activity of cats is still

taking the attention of veterinary practitioners and
researchers. Therefore, further in vivo and/or in
vitro comprehensive studies are required to exhibit
the interaction between both glands.
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Ozet: Bu calisma, Sanlurfa ilinin ilgelerine ait sicaklik nem indekslerini (SNi) hesaplayarak isi stresinin siit kayiplari tizerindeki
etkisini belirlemek amaciyla yapilmistir. Arastirmanin veri setini Diyarbakir Meteoroloji Bélge Mddrliginden temin edilen
Sanliurfa ilinin 10 ilgesine ait 1999-2019 vyillari arasindaki meteorolojik veriler ile Tirkiye istatistik Kurumu’ndan (TUIK)
alinan 2019 yili sagmal inek sayilari olusturmustur. Arastirmada, ilin tiim ilgelerine ait Mayis-Eyliil aylari arasindaki SNi
degerleri, SNi degerinin alansal dagilimi, inek basina giinliik siit kayiplari ile giinlik toplam siit kayiplari belirlenmistir.
Arastirmada, SNi degerlerinin kritik degerleri astigi ay ve ilgeler dikkate alindiginda yiiksek SNi degerlerine bagli olarak
olusan inek basina giinlik st kaybinin en ylksek oldugu ilge Agustos ayinda 10.828 g ile Sanlurfa merkez, en dislk oldugu
ilce ise Haziran ayinda 163 g ile Hilvan olarak tespit edilmistir. Béylece SNi kaynakli siit kayiplarinin en fazla Temmuz ve
Agustos aylarinda sekillendigi ve en ¢ok etkilenen ilgelerin ise Sanliurfa Merkez ve Akgakale oldugu belirlenmistir. Ayrica
TUIK’ten alinan Sanhurfa il ve ilcelerinin 2019 yilina ait 2 yasin Gstiindeki toplam siit inek sayilari kullanilarak elde edilen
toplam ortalama glnlik sit kayiplarinin en fazla yasandigi ilge Agustos ayinda 27283 kg ile Siverek, en az yasandig ilge ise
Haziran ayida 71 kg ile Bozova olarak tespit edilmistir. S6z konusu aylarda en fazla kaybin yasandigi ilgeler siit inegi
popilasyonuna bagli olarak Sanhurfa merkez, Akgakale ve Siverek olmustur. Sonug olarak, Sanhurfa sit isletmelerinde,
ozellikle Temmuz ve Agustos aylarinda, isi stresi nedeniyle 6nemli siit verim kayiplarinin yasandigi belirlenmistir. Isi stresi ve
sut kaybini dnlemek igin yiiksek gevre sicakliginin oldugu dénemlerde bakim-y6netim uygulamalarinin iyilestirilmesi faydali
olacaktir.

Anahtar Kelimeler: Isi stresi, Sicaklik-nem indeksi, Siit sigirciligi, Siit verimi.

The Effect of Heat Stress on Milk Yield Loss in Sanliurfa Province Dairy Cattle Farms

Abstract: This study aimed to determine the effect of heat stress on milk losses by calculating the temperature-humidity
index (THI) of the districts of Sanliurfa. The data set of the research comprised meteorological data belonging to 10 districts
of Sanliurfa province between 1999-2019, which were got from Diyarbakir Regional Directorate of Meteorology and the
numerical values of the dairy cows in the year 2019 were provided by the Turkey Statistical Institute (TUIK). In the study,
THI values between May and September, geographic areal distribution of the THI value, daily milk losses per cow, and daily
total milk losses in all districts of the province were determined. In the study, when the months and districts where THI
values exceed the critical values were considered, the district with the highest daily milk loss per cow because of high THI
values was determined as Sanlurfa center with 10.828 g in August and the lowest was determined as Hilvan with 163 g in
June. Thus, it was determined that milk losses because of THI were mostly in July and August and the most affected districts
were Sanliurfa Center and Akgakale. Also, the district with the highest average daily milk losses obtained by using the total
number of dairy cows over 2 years old in Sanhurfa provinces and districts got from TUIK was determined as Siverek in
August with 27283 kg, and the district with the lowest was determined as Bozova with 71 kg in June. The districts with the
highest losses during the months in question were Sanliurfa Center, Akgakale and Siverek, depending on the dairy cow
population. As a result, it was determined that Sanliurfa dairy enterprises experienced significant milk yield losses due to
heat stress, especially in July and August. It will be beneficial to improve maintenance-management practices during
periods of high environmental temperature to prevent heat stress and milk loss.

Keywords: Dairy cattle, Heat stress, Milk yield, Temperature-Humidity index.

Giris

iklim, sicaklik, nem, yagis, hava hareketi, radyasyon, (2018), Turkiye’'nin  bulundugu cografi konum

barometrik basing ve iyonlasmayi iceren unsurlarin
birlesimidir (West, 2003). Gunimizde iklim
modelleri, 6nimizdeki 100 vyil icinde kiresel
ortalama ylzey sicakhgindaki artisin, kiresel
atmosferik bilesimin bozulmasi nedeniyle 1,8°C ile
4,0°C arasinda olabilecegini tahmin etmektedir (Kog
ve Uzmay, 2016; Kog ve Ugurlu, 2019). Kibar ve ark.

itibariyle doért mevsimin birlikte yasandigi, iliman
iklime sahip bir Glke oldugu ve yaz aylarindaki
(Haziran, Temmuz, Agustos) glnlik ortalama
sicakhk degerlerinin 25°C’'nin {zerine ¢ikabildigini
ozellikle sicakhgin cok yiliksek oldugu Glineydogu
Anadolu Bolgesi’'nde bitin canlilarin 1si stresinden
etkilenebilecegi bildirilmistir.
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Cevre sicakhgindaki degisim hayvanlarin termal
konforunu bozarak strese girmelerine sebep
olmaktadir. Isi stresi, hayvandan cevreye akan net
enerji miktari ile hayvan tarafindan dretilen 1si
enerjisi miktari arasindaki dengenin bozulmasindan
kaynaklanmaktadir. Bu durum, gines 15181, termal
radyasyon, hava sicakligl gibi cevresel faktoérlerin,
metabolizma hizi ve nem kaybi gibi hayvana ait
ozelliklerin radyasyon, konveksiyon ve buharlasma
gibi termoregiilasyon mekanizmalarinin
kombinasyonundaki degisikliklerle tetiklenmektedir
(Cenet ve Korkmaz, 2020; Kog¢ ve Ugurlu, 2019;
West, 1994).

Hayvanlarin vicut sicakliklarini strese girmeden
koruyacagi, metabolik ve fizyolojik faaliyetlerini
yurutebildikleri optimum g¢evre sicakhgi sigirlar igin
5°Cile 15°C arasinda, verimlerini azaltmadan yasam
faaliyetlerini devam ettirebildikleri konfor c¢evre
sicakhgr ise -5 ile 25°C arasinda degismektedir.
Cevre sicakhgl ile birlikte bagil nem orani, solar
radyasyon ve riizgar hizi gibi meteorolojik ozellikler
gevre sicakliginin hissedilme derecesini
etkilemektedir. Bu nedenle verimler Uzerinde
yuksek ¢evre sicakhginin yarattigi 1s1 stresinin
etkisini  belirlemek igin  sicaklik-nem indeksi
degerinden (Kog¢ ve Ugurlu, 2019) yararlaniimakta
ve ciftlik hayvanlarindaki 1si stresi ile ilgili
calismalarda genellikle hava sicakligl ve bagil neme
odaklanmaktadir (Joksimovié¢-Todorovi¢, 2011). Isi
stresine maruz kalan sit sigirlarinda sit ve dol
verimi gibi verim ozelliklerde distgsler goriilmekte
ve bu durum entansif siit sigiri isletmelerinde biylk
ekonomik kayiplara neden olmaktadir (Alkoyak ve
Cetin, 2016). Ciftlik hayvanlarinda yiksek cevre
sicakhginin etkisiyle meydana gelen isi stresinin
diizeyinin belirlenmesinde kullanilan sicaklik-nem
indeksi tim diinyada (Kibar ve ark., 2018; Yashoglu
ve ilhan, 2016) &zellikle sicak bélgeler icin yaygin
olarak kullaniimaktadir (Dikmen ve Hansen, 2009).
Diinyada ve lilkemizde sicaklik ve bagil nem kaynakh
Isi stresinin st sigirlari Gzerine etkilerini iceren
bircok arastirmada isi stresinin baslangici olarak 70
degerinin kritik deger oldugu kabul edilmistir
(Bouraoui ve ark., 2002; Kibar ve ark., 2018;
Ravagnolo ve Misztal, 2000; St-Pierre ve ark., 2003;
West, 2003).

Bu arastirma, Sanhurfa ilinin tim ilgelerine ait
cevre sicakliginin yuksek oldugu doénemler icin
sicakhk-nem indekslerini hesaplayarak, Isi stresinin
glinlik sut verim kayiplarina etkisini belirlemek
amaciyla yapilmistir.

Materyal ve Metot
Arastirmada Diyarbakir Meteoroloji Bolge

Mudarliginden 1999-2019 vyillari arasinda Mayis
ayindan Eylul ayina kadar olan dénemdeki Sanhurfa

ilinin Akcakale, Birecik, Bozova, Halfeti, Hilvan,
Surug, Siverek, Sanliurfa merkez, Harran ve
Viransehir ilcelerine ait glinlik ortalama kuru
termometre sicakhigr ve bagil nem oranlari temin
edilerek SNi degerleri hesaplanmustir. Sicaklik-Nem
indeksinin hesaplanmasinda Yaslioglu ve ilhan’nin
(2016) bildirdigi esitlikten yararlanilimistir.

[SNi = (1.8 x Tdb + 32) - [(0.55 - 0.0055 x RH) x (1.8 x Tdb - 26)]]

Bu esitlikte SNi: Sicaklik-Nem indeksi, Tdb:
Kuru termometre sicakhg), RH: Bagil nem oranini
ifade etmektedir.

SNi degerlerinin alansal dagiliminin
belirlenmesinde ArcGIS 10.1 paket programinin
Spatial Analyst moduli  kullanilarak  Kriging
enterpolasyon yontemi uygulanmistir.  Kriging
enterpolasyon yontemi, bilinen yakin noktalardan
alinan verileri kullanarak diger noktalardaki verilerin
optimum degerlerini kestiren bir metottur (lsik ve
ark., 2016; inal ve ark., 2002; ilhan, 2018),

Tum ilcelerdeki 1s1 stresi nedeniyle sit
verimindeki azalmayl hesaplamak icin asagida
belirtilen esitlikten yararlanilmistir (St-Pierre ve ark.,
2003; Yaslioglu ve ilhan, 2016).

SUT kaybi = 0,0695 (SNimaks - SNiesik)? X D

Bu esitlikte; SUTkaybi: Siit veriminde azalma
(kg), D: Glin icinde toplam stres siiresinin 24 saate
oranini ifade etmektedir (SNimaks > SNiesik
durumunda). Bu esitlikteki siit sigirlari icin SNi esik
degeri ise 70 olarak alinmistir.

Ayrica, glinler icinde sicaklik ve bagll nemin
ters déngiisel oldugu varsayimindan minimum SNi
(SNi min) minimum sicaklik ve maksimum nem
kullanilarak hesaplanirken; maksimum SNi (SN
max) standart SNi denklemi kullanilarak maksimum
sicakhk ve minimum nem (Ravagnolo ve ark., 2000;
St-Pierre ve ark., 2003) belirtigi sekilde kullanilarak
hesaplanmistir.

Arastirmada, TUIK’den Sanhurfa Merkez ve
diger ilcelerinin 2019 yilina ait 2 yasin Ustiindeki
toplam siit¢i inek sayilar temin edilerek, toplam
ortalama glnlik sit kayiplari hesaplanmistir. Ayrica,
Sanhurfa ilinin ve ilgelerine ait ortalama gilinliik kuru
termometre sicakhg, bagll nem orani ve SNi
degerlerinin tanimlayici istatistikleri icin SPSS paket
programindan yararlaniimistir.

Bulgular

Arastirmada Sanhurfa ili merkez ve ilgelerinin
1999-2019 vyillar arasindaki Mayis ayindan Eyll
ayina kadar olan tiim dénemlerdeki ortalama cevre
sicakhigi, bagil nem orani ve SNi degerleri Tablo 1’de
verilmistir. Arastirmada, en diisiik SNi degerlerinin
Mayis ayinda Sanhurfa ilinin kuzeybati tarafina
disen Hilvan ve Bozova ilgelerinde (SNi=63,4 ve
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64,0) oldugu belirlenmistir. Buna karsin en yiiksek
SNi degerinin ise Temmuz ve Agustos aylarinda

Sanliurfa merkezinde oldugu (SNi = 77,5 ve 77,6)
belirlenmistir (Tablo 1).

Tablo 1. Sanhurfa merkez ve ilgelerinin 1999-2019 vyillari arasi Mayis, Haziran, Temmuz, Agustos ve Eylil aylari;
sicaklik (°C), nem ve Sicaklik-Nem indeksi (SNi) degerleri.

iLQE Mayis Hazran Temmuz Adustos Eyiul
Sicaklk ~ Nem SNi | Sicakik  Nem SNi | Sicakilk  Nem SNI | Sicakik  Nem SNI | Sicakik  Nem SNI
AKCAKALE 228 44,6 66,2 28,7 344 72,3 318 359 76,2 30,9 411 76 26,1 443 70,6
BIRECIK 222 49,1 65,7 281 411 72,2 315 40,5 76,2 30,6 441 757 255 47 698
BOZOVA 206 481 64 26,9 36 70,7 30,8 332 75 30,6 356 752 256 38 69,6
HALFETI 219 456 66,2 271 36,9 722 31 315 75,6 311 34,6 76,1 26,6 351 74
HARRAN 23,7 50,1 66,6 286 a7 728 293 48,7 764 29 571 76,6 251 573 i
HILVAH 20,2 519 63,4 26,7 373 70,3 308 32,7 749 30,5 356 752 252 384 69,3
MERKEZ 23 44 67,6 291 333 737 328 30,8 775 322 36,4 776 215 38,8 72,7
SIVEREK 203 517 64,3 268 36,6 3 31 308 755 30,6 34 757 254 38,8 70,2
VIRANSEHIR 225 451 66,4 291 283 723 32,7 239 75,6 322 26,6 75,6 27 309 708
Sanlurfa Haziran SNI
Saniurta Mayrs SNI I 734-737
B siz-576 I 720-733
i I 6.7 -67.1 SIVERTK [ 727- 729
SIVERER — P [ 723728
HILVAN [ es8-862 S [ r19-722
b []es3-857 [716-718
[ ]es0-852 [m2.71s
e [ Jeda-sas g JOZOVA KARAKOPRE - [Jros-711
‘HAJ‘T'I';TI ‘KARAKOPRU T .vln.mszam [ Jeas-s43 'IIALFMI .HALILI‘IE £ SE [170a-707
. [ | 634-638
AIRECIK i
i Sure . SURLE .“ LIVIANPINAR
’ 2 HARRAN
HARRAN AKCAKALE
.AchnLa‘ U
0 125 25 50
0 125 25 50 Kilomatre
Kilometra
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B 72-774 I 77a-1re
[ 770-77. [ 760772
SIVEREK I 767 - 769 SIVEREK [ 7e5- 788
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Sekil 1. Sanliurfa ili Mayis, Haziran, Temmuz ve Agustos ayi Sicaklik-Nem indeksi (SNi) degerleri dagihmu.
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Sekil 2. Sanlurfa ili Mayis, Haziran, Temmuz, Agustos ve Eylil
aylari Hayvan Basina Ortalama Guinliik Stt Kayiplari (kg) dagilimi.
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Sekil 3. Sanlurfa ili Mayis, Haziran, Temmuz, Agustos ve Eylil
aylari Toplam Ortalama Gunluk Sut Kayiplari (kg) dagilimi.
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Sicaklik-nem indeksinin alansal dagihmi ise
Sekil 1’de verilmistir. Temmuz ayr ortalama SNi
haritasi incelendiginde, degerlerin en disik oldugu
ilceler Hilvan, Bozova ve Surug iken en yilksek
oldugu ilceler ise Merkez, Harran, Akgakale (SNi>77)
ile Halfeti (SNi>75) ilgesidir. Agustos ay! ortalama
SNi haritasinda ise Temmuz ayina yakin degerlere
sahip oldugu belirlenmistir (Sekil 1).

Sanhurfa ilinin  ilgelerindeki st  sigin
isletmelerinin Mayis ayindan Eylll ayina kadar olan
donemlerdeki hayvan basina ortalama giinlik sit
kayiplarn Sekil 2’de verilmistir. Arastirmada inek
basina glinlik st kaybinin Temmuz ve Agustos
ayinda en yiiksek Sanhurfa Merkez ilgesinde, en
dlsiik ise Temmuz ayinda Hilvan (5.836 kg), Agustos
ayinda ise 3.665 kg sit kaybi ile Surug ilgesinde
oldugu tespit edilmistir. Elde edilen sonuglara gore
sicakhk-nem indeksi kaynakli sit kayiplarinin en
fazla Temmuz ve Agustos aylarinda gergeklestigi ve
en ¢ok etkilenen ilgelerin ise Sanliurfa Merkez ve
Akgakale oldugu belirlenmistir. Ozellikle Merkez ilge
ve gevresinde kayiplar sigir bagina gilinlik 10 kg'in
Uzerine gtkmaktadir (Sekil 2).

Toplam ortalama glinluk st kayiplari ise Sekil
3’te verilmistir. Toplam ortalama ginlik sit
kayiplari degerlendirildiginde ise Temmuz ve
Agustos aylarinda en fazla sit kaybinin Siverek
ilcesinde (25020 kg ile 27283 kg) oldugu, buna
karsin en disik sit kaybinin Bozova ilgesinde
gorildugi belirlenmistir (Sekil 3).

Tartisma ve Sonug

Bu arastirmada, sicaklik-nem indeksinin
Sanliurfa ilcelerindeki Mayis-Eylil aylari arasindaki
degerleri incelendiginde en yiksek degerler
bakimindan aylara goére sirasiyla 67,6, 73,7; 77,5;
77,6 ve 72,6 oldugu belirlenmistir. Sicaklik -nem
indeksi esik degerinin 70 olarak kabul edilmesi
durumunda Haziran ve Eylil aylari icin belirlenen
SNi degerlerinin esik degerin biraz Ustiinde,
Temmuz ve Agustos aylarinda ise oldukga yliksek
degerlere ulastigi saptanmistir. Kibar ve ark. (2018),
Siirt merkezi ve ilgelerinde Haziran, Temmuz,
Agustos ve Eyliil aylarinda SNi degerlerinin esik
degerin Uzerine ¢iktigini bildirmistir. Bu calismada
Sanliurfa ilinde ayni sekilde Temmuz ve Agustos
aylarinda ortalama SNi degerinin kritik esik
degerinin Ustlinde seyrettigi, ozellikle Merkez ve
Harran ilgelerinde 78 degerine ulastigi ve bu
degerler Cenet ve Korkmaz (2020)'in Sanhurfa ili igin
tespit ettikleri degerlerle uyum igcinde oldugu
gorulmektedir. Sanliurfa ili icin Temmuz ve Agustos
aylarinda élgiilen yiiksek SNi degerlerini, Caglak ve
ark. (2016), Sanhurfa ilinin  jeomorfolojik
ozelliklerinin iklim sartlarini etkiledigi, 6zellikle yaz
doneminde, Basra Algak Basing merkezinin etkisi

altinda gelisen sicak hava kitleleri ilin tamaminda
kuraklik etkisi olusturdugu 6te yandan Atatiirk Baraj
GOlU’'nin etkisiyle sulamali tarim yapilan giineydeki
Harran Ovasi ve gevresinde nem oraninin ylksek
degerlere ulastigl tarzindaki belirlemeleri, agiklayici
niteliktedir.

Bu arastirmada, SNi degerinin esik degerin
altinda belirlendigi Mayis ayinda sit kaybinin en
disiik oldugu ve sit kayiplarinin SNi degerinin
degisimine paralel olarak seyrettigi saptanmistir.
Sicaklik-nem indeksinin esik degerin altinda veya
yakin degerlerde tespit edildigi aylarda minimum
olsa da sit kaybinin barinak kosullarindan kaynakh
Isi  stresine bagh gerceklesmesi mumkinddr.
Nitekim, Kibar ve ark. (2018), hayvanlar tarafindan
veya baska barinak elemanlarindan ortama verilen
isidan kaynakli olarak si stresi olusabilecegini
bildirilmistir. Ayrica ayni ¢calismada iklim kosullari ve
cografik konum bakimindan Sanliurfa’ya yakin olan
Siirt ili ve ilgeleri icin belirlenen bulgular bu
arastirma sonucuyla benzerdir.

Sicaklik-nem indeksi ile siit verimi arasindaki
iliskiyi  belirlemek  amaciyla  yapilan  bazi
arastirmalarda verim disiklGgi icin  SNi  esik
degerinin 50, 60, 65 ve 69 gibi duslik sinir degerler
oldugu bildirilmistir (Bernabucci ve ark., 2014;
Bouraouia ve ark., 2002; Ko¢ ve Ugurlu, 2019;
Zimbelman ve ark., 2009). Duru’nun (2018) yapmis
oldugu calismada ise st veriminin 0Ozellikle 70
Uzerindeki SNi degerinden sonra geri dénisi
olmayan bir sekilde azaldigini bildirmistir. Bu
arastirmada belirlenen degerlerle uyumlu olarak SNi
degerinin 70’ten sonraki degerlerinde hayvanlarin
Isi stresine girdigi sdylenebilir.

Bu arastirmada sicaklik-nem indeksi kaynakli
hayvan basina gunlik sit kayiplar
degerlendirildiginde, en fazla kayiplarin Temmuz ve
Agustos aylarinda Sanliurfa Merkez, Akgakale ve
Harran ilgelerinde 1si stresi kaynakl sit kaybinin 10
kg'1 astig1 belirlenmistir. Ayrica, toplam gilinlik st
kayiplarinin (ilcelerdeki sit inegi popilasyonuna
gore) SNI degerlerinin en yiksek oldugu Temmuz ve
Agustos aylarinda Siverek, Sanliurfa merkez ve
Akgakale ilgelerinde oldugu belirlenmistir. Bu
arastirma sonucuyla benzer olarak Yaslioglu ve ilhan
(2016) Guney Marmara Bolgesinde en fazla sit
kaybinin Temmuz ve Agustos aylarinda oldugunu
bildirmistir. ilhan (2018)’nin, Ulkemiz st sigir
yetistiriciliginde dnemli bir yere sahip olan Marmara
Bolgesi'ndeki slt sigirlart igin 1s1 stresinin sebep
oldugu olasi ekonomik kayiplarin belirlenmesi
amagh yaptigl ¢alismasinda Temmuz ayinda bazi
illerde sigir basina siit verimi kayiplarinin ginlikk 10
kg’ gegtigini ve Agustos ayindaki durumun Temmuz
ayindan farkl olmadig bildirilmistir.

Sonug olarak, basta Merkez ve Akc¢akale ilgeleri
olmak (zere, Sanliurfa sit isletmelerinde, 6zellikle
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Temmuz ve Agustos aylarinda, sicaklik stresine bagl
olarak o6nemli st verim kayiplarinin yasandigi
belirlenmistir. Bu dogrultuda, cevre sicakliginin
yuksek oldugu donemlerde sit sigirlarinin artan su
ihtiyacini karsilama, yeterli havalandirmayi saglama,
gblge alanlari temin etme ve varsa sogutma
sistemlerinin devreye sokma gibi bakim-idare
uygulamalarinin  iyilestirilmesinin ~ 1s1  stresini
engellemek ve siit kaybinin 6niine gec¢cmek icin
yararli olacaktir.
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Ozet: Bu olgu sunumunda, bir kara kaplumbagasinin iist kabugundaki kirik olgusu konu edildi. Kaplumbaganin yapilan
muayeneleri sonucunda, néral ve kostal plaklari arasinda longitudinal yonde bir kirik oldugu tespit edildi. Bununla birlikte,
kostal ve marjinal plaklar tzerinde transversal dogrultuda ikinci bir kirik hattinin daha oldugu gorildi. Radyografik
muayenede, ikinci kirik hattinin néral plaklar tizerinden gegerek kaplumbaganin sag tarafina dogru devam ettigi tespit edildi.
Bu iki kirik hatti ortopedik pin ve teller kullanilarak operasyon ile sabitlendi. Yapilan bu operasyon ve postoperatif bakimin
ardindan sagligina kavusan kaplumbaga dogal ortamina birakildi. Sonug olarak, nadiren karsilagilan karapaks kiriklarinin tani
ve tedavileri hakkinda meslektaslarimiza bilgi vermek amaglandi.

Anahtar Kelimeler: Kabuk, kaplumbada, karapaks, kirik, tedavi.

A Case of Fracture in the Carapace of a Turtle

Abstract: A fracture on the upper Shell of a turtle was evaluated in this case report. After the examination of the turtle
shell, a fracture between the neural and costal plagues was found in the longitudinal direction. However, a second fracture
line was observed in the transversal direction on the costal and marginal plates. In the radiographic examination, it was
determined that the second fracture line passed over neural plaques and continued to the right side of the turtle. These
two fracture lines were fixed by operation using orthopedic pins and wires. The turtle, which regained its health, was left to
its natural environment after the postoperative care. As a result, it was aimed to inform our colleagues about the diagnosis
and treatment of rarely encountered carapace fractures.

Keywords: Carapace, fracture, shell, treatment, turtle.

Giris

Kaplumbagalar, dinozorlar ¢agi olarak bilinen plaklara marjinal plak adi verilir. Noral plaklarin 6n

mezozoik donemden glinimize kadar gelen ve ¢ok
bliyik  morfolojik  degisikliklere  ugramayan
sirlingenler sinifi icerisindeki canlilardir. Tirlere
gore farklilik gostermekle birlikte 200 yila kadar
yasayabilirler ~ (Budak ve Go&g¢men,  2008).
Kaplumbagalar diger siriingenlere gore farkh
morfolojik yapilari ile dikkat ¢ceken 6zel canlilardir.
Bu farkhliklarin en oOnemlisi ve belirgin olani
vlcutlarinin  bir  kabuk icerisinde olmasidir.
Kemikten olusan ve sert bir yapiya sahip olan
kabuklarinin lizerinde keratin plaklar
bulunmaktadir. Kabuklarinin Gst kismina karapaks
(Ust kabuk), alt kismina ise plastron (alt kabuk) adi
verilir. Govde omurlari ve kaburgalar Ust kabuk ile
kaynamis durumdadir (Sekil 1) (Anonim, 2020;
Budak ve Goégmen, 2008). Ust kabuk (karapaks)
Uzerinde bulunduklari yere gore isimlendirilen
plaklar mevcuttur. Kabugun orta hattinda omurlar
ile kaynasan plaklara noéral plak; kabugun yan
tarafinda kaburgalar ile kaynasan plaklara kostal
plak ve kostal plaklarin dis tarafini ¢evreleyen

tarafinda omurlar ile kaynasmamis nuchal plak ve
kuyruk  lizerine gelen suprakaudal plaklar

bulunmaktadir (Anonim, 2020; Budak ve G&égmen,
2008).

Sekil 1. Kaplumbagalarin kabuklarindaki karapaks (kirmizi ok) ve
plastron (mavi ok) yapilari

Kaplumbagalarin kabuklari ile ilgili karsilagilan
en 6nemli tibbi sorunlar, metabolik sebeplere bagh
olarak olusan kabuk yumusamalari ve travmatik
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sebeplere bagl olarak olusan kabuk kiriklaridir
(Anonim, 2020; Fleming, 2008; Kurtdede ve ark.,
2006). Kabuk kiriklarina motorlu tasit carpmasi,
kopek saldirisi ve yiiksekten disme gibi cesitli
travmalar sebep olmaktadir (Altug ve ark., 2017;
Anonim, 2020; Fleming, 2008). Kaplumbagalarin
kabuk kiriklarinda radyografik goriintiileme 6nemli
diyagnostik yontemler arasinda yer almaktadir.
Ozellikle kraniokaudal, laterolateral ve
dorsoventral/ventrodorsal pozisyonlarda radyografi
alinmasi  gerekir.  Kraniokaudal pozisyondaki
radyografiler akciger kapasitesinin degerlendirilmesi
sebebiyle 6nem arz etmektedir (Altug ve ark., 2017;
Fleming, 2008). Kaplumbagalardaki  kabuk
kiriklarinin ~ fiksasyonu igin  birgok farkli teknik
kullanilmaktadir. Vida, plak ve tel gibi ortopedik
materyaller kullanilabilecegi gibi; epoksi ve akrilat
gibi dolgu maddeleri de kullanilabilmektedir. Epoksi
ve akrilat maddeleri travmatik ve kontamine
yaralarda kullanildiginda septisemi ve
kontaminasyon riski olusturmaktadir. Ayni zamanda
bu maddelerin yumusak doku ve kemiklerle temasi
iyilesmenin gecikmesine sebep olmaktadir. Tim bu
sebeplerden dolayi kabuk kiriklarinin tedavilerinde
¢ogunlukla ortopedik materyallerin kullanilmasi
tercih edilmektedir (Altug ve ark., 2017; Fleming,
2008; Vella, 2009).

Bu olgu sunumunda lzerinden is makinasi
gecmesi sonucu karapaksinda kirik tespit edilen bir
kaplumbaganin muayene ve tedavi siregleri
paylasilarak literatiire katki saglanmasi amaclandi.

Olgu Tanimi

Bu olgu sunumunda, karapaksinda kirik tespit
edilen bir kaplumbaganin tani ve tedavi sireci
hakkinda bilgi verildi.

Sekil 2. Kaplumbaganin Ust kabugundaki kiriklar. Noral plaklar ile sol kostal plaklar
arasindaki kirik (kirmizi ok), kostal plaktan marjinal plaga dogru olan kirik (sari ok)

Klinik muayenede, kaplumbaganin nodral
plaklari ile sol kostal plaklarinin birlesme yerleri
arasinda bir kirik tespit edildi. Yine ilk kirik hatti ile
kesisen Uglincli kostal plagin ortasindan sekizinci
marjinal plagin sonuna kadar uzanan ikinci bir kirik

hattinin oldugu goruldu (Sekil 2). Radyografik
muayene amaclyla kaplumbaganin ventrodorsal ve
laterolateral pozisyonda radyografileri alindi.
Yapilan radyografik muayenede, ikinci kirik hattinin
noral plaklar Gizerinden gegerek kaplumbaganin sag
tarafina dogru devam ettigi tespit edildi. i¢ organlar,
diger yumusak dokular ve kemiklerde ise herhangi
bir anormallik tespit edilemedi (Sekil 3, 4).

Sekil 4. Kaplumbaganin ventrodorsal radyografisi, tranversal yonde ilerleyen kirik hatti
(kirmizi oklar), longitudinal yonde ilerleyen kirik hatti (yesil ok)

Yapilan klinik ve radyolojik muayene sonrasinda Ust
kabugun (karapaks) fiksasyonu icin operasyon
yapilmasina karar verildi. Hastanin genel anestezisi
icin, 0.1 mg/kg dozunda medetomidin hidroklortr
(Domitor, Pfizer, 1 mg/ml) ve 5 mg/kg dozunda
ketamin hidrokloriir (Ketasol, interhas, 100 mg/ml)
intramuskuler yolla uygulandi. Genel anesteziye
alinan hastaya once povidine iode kullanilarak
antisepsi islemi uygulandi. Kirik hatti (izerinde
bulunan yabanci cisimler temizlenerek dokunun
debridmani yapildiktan sonra, noéral plaklar ile
kostal plaklari arasindaki kiriga Steinmann givisi
(2mm @) yerlestirildi. Daha sonra sol tarafindaki
Uglincu kostal plak ve sekizinci marjinal plak lizerine
ortopedik matkap yardimiyla birer delik acild.
Acilan bu deliklerden serklaj teli (0.4 mm @) gecirilip
sikistirilarak kabugun fiksasyonu saglandi. Kirik
bolgesinin stabilizasyonunu arttirmak ve kabugun
biraz daha yaklasmasini saglamak icin sekiz ve
dokuzuncu marjinal plaklar birbirine serklaj teli
yardimiyla sabitlendi (Sekil 5). Postoperatif olarak
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hastaya 72 saatte bir kez olmak tizere, 20 mg/kg
dozunda seftazidim (fesetum, I.E. Ulugay, 500
mg/flk), toplam (¢ doz olmak (izere intramuskuler
yolla uygulandi. Operasyondan bir ay sonra genel
durumunun iyi olmasi ve herhangi bir komplikasyon
gorilmemesi nedeniyle hasta dogal yasam ortamina
birakildi.

Sekil 5. Kaplumbaganin postoperatif goriintusti (0. Gun): Noéral ve kostal plak
arasindaki pin uygulamasi (beyaz ok), costal ve marjinal plak arasindaki serklaj teli
uygulamasi (kirmizi ok), marjinal plaklar arasindaki serklaj teli uygulamasi (mavi ok)

Tartisma

Yasam ortamlarindan dolayi kara
kaplumbagalarindaki  hastaliklar ve tedavileri
literatlrlerde  nadiren  karsilasilan  olgulardir.

Kaplumbaga hastaliklari hakkinda bilgi veren
literatirler cogunlukla su kaplumbagalari ile ilgilidir.
Bu durum su kaplumbagalarinin evcil hayvan olarak
beslenmesinden kaynaklanmaktadir.

Kaplumbagalar, vicutlarinin kabuk icerisinde
olmasi ile diger siriingenlerden farkli morfolojik
yaplya sahiptirler. Karapaks ve plastron kiriklari,
kaplumbagalarin en ¢ok karsilagilan cerrahi
problemleri arasindadir (Altug ve ark. 2017;
Anonim, 2020; Budak ve Gogmen, 2008; Fleming,
2008). Bu olgu sunumunda da karapaks kirigi olan
bir kara kaplumbagasinin muayene ve tedavisi
paylasilarak meslektaslarimiza ve literatire katki
saglanmasi amaglandi.

Kaplumbagalarin kabuk kiriklarinda radyografik
goruntlileme 6nemli diyagnostik yontemler arasin-
da yer almaktadir (Altug ve ark., 2017; Fleming,
2008). Ozellikle kraniokaudal pozisyonda alinan
radyografiler akciger kapasitesinin degerlendirilmesi
amaciyla énemlidir (Fleming, 2008). Yapilan bu olgu
sunumunda, kaplumbaganin ventrodorsal ve latero-
lateral pozisyonda radyografileri alinarak kabuktaki
hasar  belirlenmesine  ragmen;  kraniokaudal
radyografinin alinmamasi bir eksikliktir.

Kaplumbagalarin kabuk kiriklarinin
tedavilerinde epoksi ve akrilat gibi dolgu maddeleri
kullanilabilmektedir. Yumusak doku ile temas

ettiklerinde kontaminasyon ve septisemi riskine
sebep olan bu maddeler iyilesmenin gecikmesine de
sebep olabilir. Bu vyizden kabuk kiriklarinda
cogunlukla ortopedik materyaller ile fragmentlerin
fiksasyonu saglanmaktadir (Altug ve ark., 2017;
Fleming, 2008; Vella, 2009). Bu olgu sunumunda da
karapaksinda kirik olan kaplumbaganin  kirik
fragmentleri serklaj teli ve steinmann ortopedik pin
yardimiyla bir araya getirilerek stabilize edildi.

Kaplumbagalarin kabuk kiriklarinin iyilesmeleri
genellikle 6 ile 30 ay arasinda siirmektedir (Altug ve
ark, 2017; O’Malley,2005; Vella, 2009). Bu cals-
mada bir ay boyunca gobzetim altinda tutulan
kaplumbaganin kirik fragmentlerinin henlz tama-
men iyilesmemesinden dolayi ortopedik materyaller
hayvanin (zerindeyken dogaya birakiimis ve
stabilizasyonun bozulmasi engellenmistir.

Sonug olarak, bu olgu sunumu ile hem litera-
tire hem de meslektaslarimiza katki saglanmustir.
Bu calisma ile kaplumbagalarin karapaks kiriklarinda
ortopedik materyaller kullanilarak tedavilerinin
mumkin  oldugu ve dolgu maddelerinden
kaynaklanabilecek septisemi ve kontaminasyon
risklerininde ortadan kalktigi distinilmektedir.
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Abstract: Taurine is a neuroprotective amino acid which regulates gene expression of neural stem and precursor cells,
modulating inflammatory pathways in the central nervous system, suppressing apoptosis, antioxidant effect and controlling
cell volume and water content of neurons. Taurine suppresses endoplasmic stress-mediated apoptosis through the
ionotropic taurine receptor and the metabotropic taurine receptor. Due to its neuroprotective effect, taurine is successfully
used in the prophylaxis and treatment of neurodegenerative disorders. This review aims to present current scientific
information of the effects of taurine on the central nervous system and its use in alleviating central nervous system
disorders.

Keywords: Central nervous system, Neuroprotective, Taurine.

Taurinin Merkezi Sinir Sistemi Uzerindeki Etkileri

Ozet: Taurin, néral kék ve prekiirsér hiicrelerin gen ekspresyonunu diizenleyen, merkezi sinir sistemindeki enflamatuar
yollari modiile eden, apoptozu baskilayan, antioksidan etkili ve néronlarin hacmini ve su igerigini kontrol eden noroprotektif
bir amino asittir. Taurin, iyonotropik taurin reseptori ve metabotropik taurin reseptori araciligiyla endoplazmik stres aracili
apoptozu baskilamaktadir. N6roprotektif etkisi nedeniyle taurin nérodejeneratif bozukluklarin profilaksisinde ve tedavisinde
basariyla kullanilmaktadir. Bu derlemenin amaci, taurinin merkezi sinir sistemi Gzerindeki etkilerini ve taurinin merkezi sinir
sistemi hasarlarini hafifletmede kullanimini konusunda glincel bilimsel bilgiyi sunmaktir.

Anahtar Kelimeler: Merkezi sinir sistemi, Néroprotektif, Taurin.

Introduction

Taurine is synthesized from the cysteine in the methionine to cysteine through transsulfuration.
organism with molecular formula C;H7N0sS and Cysteine is oxidized to cysteine sulfinic acid, and
molecular weight 125.15 g mol™ (Ripps and Shen, also converted to cysteamine, and cysteamine is
2012). Taurine was first isolated from ox bile in oxidized to hypotaurine. Taurine is synthesized as a
1827 by German scientists Friedrich Tiedemann and final product by the oxidation of hypotaurine
Leopold Gmelin (Tiedemann and Gmelin, 1827). The (Menzie et al., 2013; Ripps and Shen, 2012). The
first step in the synthesis of taurine is the major steps of taurine biosynthesis were presented
conversion of in Figure 1.
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Figure 1. The major steps of taurine biosynthesis. ( Adapted from Menzie et al., 2013).
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Figure 2. The effects of taurine in various tissues and organs
(Adapted from De Luca et al., 2015)

General effects of the taurine on organism:
Taurine controls the membrane excitability of the
skeletal muscle and phenotypic properties (De Luca
et al., 2015). Taurine has important effects such as
neuromodulator, antioxidant, anti-inflammatory,
antiarrhythmic, and anti-cholestatic (Chen et al.,
2020; Jangra et al., 2020; Liu et

Mitochondria

Apoptosis

al., 2017). Taurine is an effect on glycine receptors
and reduces glycine affinity in postsynaptic neurons
(Chan et al., 2013). Taurine inhibits hypothalamic
leptin resistance (Camargo et al., 2015). Taurine
stimulates

GABAA receptor-mediated action potentials in
GABAergic neurons (Jia et al., 2008). The effects of
taurine in various tissues and organs were
presented in Figure 2.

The effects of taurine on the central nervous
system: Taurine is found in the central nervous
system and the neuroprotective effect of taurine
has been reported by many studies
(Ananchaipatana-Auitragoon et al., 2015; Foos and
Wu, 2002; Reeta et al., 2017; Vitvitsky et al., 2011;
Wang et al., 2007; Wu et al., 2005; Wu and Prentice,
2010; Zhang et al., 2017). Taurine shows these
effects by promoting proliferation and survival of
neural progenitor cells, acting as neuro-osmolyte,
protecting against endoplasmic stress and
neurotoxicity, and providing the cellular integrity of
auditory neurons. (Hernandez-Benitez et al., 2010;
Pan et al., 2012; Rak et al.,, 2014; Hackett et al.,
2016). A schematic view of the neuroprotective
effect of taurine is presented in Figure 3.

The effects of taurine on proliferation and
survival of neural cells: Taurine, which contributes
to proliferation and survival of neural progenitor
cells, is suggested to be a trophic factor for these
cells. It has been reported

Figure 3. A schematic view of the neuroprotective effect of taurine via taurine receptors (1) Activated ionotropic taurine receptor (iTauR) and/or (2) metabotropic taurine receptor
(mTauR) inhibits, sodium/calcium exchanger (3); (4) The inhibition of voltage-dependent calcium channels (VGCC) due to taurine-induced hyperpolarization causes
intracellular calcium deprivation (5). Decreased intracellular calcium inhibits calpain and the calpain- induced breakdown of Bcl-2 and Bax is shaped (6). (7) Inhibition of the Bax
homodimer leads to the inhibition of the mitochondrion-mediated death cascade (8). (9) Phospholipase C (PLC) is inhibited by the active mTauR (mTauR: bound to the inhibitor G
protein) and results in reduced production of IP3 which attenuates calcium release from the endoplasmic reticulum (ER) (10) and causes ER stress and ER stress-mediated apoptosis

(Menzie et al., 2013).

that the increasing effect of taurine in neural
precursor cells from the subventricular zone of the
adult mouse brain (Hernandez et al.,, 2012) is 5
times greater than in embryonic cells (Hernandez-
Benitez et al., 2010). The researchers linked this

finding to the fact that embryonic cells are growing
in an environment rich in taurine. Taurine in
developing brain tissue plays a role in neural
stem/progenitor cell proliferation via ERK1/2
pathways and affects protein levels associated with
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synapse development (Shivaraj et al.,, 2012). This
study is stated to be the first evidence showing the
effect of taurine on early postnatal neuronal
development using a combination of in vitro, ex-
vivo, and in vivo systems. Similarly, taurine has been
reported to stimulate the proliferation and neurite
outgrowth of neural stem cells, which was
completely abolished by sonic hedgehog inhibitor
cyclopamine, into spiral ganglia by activating the
sonic hedgehog signaling pathway. It has been
emphasized that and the important role of sonic
hedgehog pathway underlying the protective effect
of taurine on the auditory neural system (Huang et
al., 2018).

The effects of taurine as neuro-osmolyte:
Increased extracellular taurine levels during
perfusions with Krebs-ringer bicarbonate in the rat
dentate gyrus have been determined. This result
indicates the possible involvement of taurine in
osmoregulatory processes in the brain (Solis et al.,
1988). Taurine functions as an osmolyte by
controlling membrane content and water content of
neurons during ion entry and exit by membrane
depolarization of neuronal transmission in brain
tissue (Olson and Martinho, 2006). Taurine, which is
found intensely in the granular and molecular layers
of the cerebellum, is defined as neuro-osmolyte
(Hackett et al.,, 2016). During the local osmotic
alteration, increased cellular hydration was
accompanied by a marked increase in extracellular
taurine levels in the rat brain has been
demonstrated. The specificity, sensitivity, and
reversibility of this increase in extracellular taurine
strongly suggest a functional role in osmoregulation
in the brain under normal as well as pathological
conditions (Wade et al., 1988).

The effect of taurine against endoplasmic
stress: Taurine has been reported to have a
protective role against activation of endoplasmic
stress pathways in rat primary cortical neuronal
culture. It has been suggested that taurine exerts
this effect by inhibiting the upregulation of caspase-
12 and GADD153 / CHOP caused by
hypoxia/reoxygenation (Pan et al., 2012). Taurine
release in mouse hippocampal slices has been
shown that regulated by ionotropic glutamate and
the adenosine receptors and may counteract any
excitotoxic effects of glutamate, particularly in the
developing hippocampus (Oja and Saransaari,
2013). The levels of the endoplasmic reticulum
stress protein markers GRP78, caspase-12, CHOP,
and p-IRE-1 which has been markedly increased in
vitro and in vivo model of rat focal middle cerebral
artery occlusion significantly has been declined
after taurine administration (Gharibani et al., 2013).

The effects of taurine on cellular integrity of
neurons: Recently, taurine has been linked to

neurite outgrowth, synaptogenesis, and synaptic
transmission during the early stages of brain
development in both vertebrate and invertebrate
species (Mersman et al., 2020). Taurine protects the
cellular integrity of auditory neurons and also
promotes cellular survival (Rak et al., 2014). Hypoxic
pulses given to the substantia nigra by the
microdialysis probe have been shown to increase
the extrasynaptic taurine level and decrease the
taurine level as the osmolarity increases and it has
been suggested that the non-synaptic taurine pool
which is in substantia nigra plays a role in the
defense of nigral cells in Parkinson’s disease
(Morales et al., 2007). Glial cells secrete taurine to
prevent the harmful effects of extracellular
hypotonicity on cell volume (Cardin et al.,, 2003;
Deleuze et al., 2000).

Preventive effects of taurine against
neurotoxicity: Taurine has a neuroprotective effect
against glutamate-induced neurotoxicity (Wu et al.,
2005). Taurine inhibits not only the electrical
activity of vasopressin neurons but also acts as an
inhibitor of both central and peripheral vasopressin
secretion during different physiological states
(Engelmann et al., 2001). Taurine pretreatment has
been shown a protective effect against
unconjugated bilirubin-induced damage via reversal
of the increased intracellular free calcium ion levels
in primary neuronal cultures in a concentration-
dependent manner (Zhang et al.,, 2010). The
protective role of taurine treatment at 20 and 1 mM
concentrations through activation of GABAA
receptors in 1-methyl-4-phenylpyridinium (MPP*)
induced neurotoxicity rat model has been
determined (O'Byrne and Tipton, 2000). Vohra et al.
(2001) have reported that taurine protects neurons
from the oxidative stress induced by carbon
tetrachloride toxicity in a dose-dependent manner.

The use of taurine in central nervous system
disorders: Increasing evidence has been indicated
that the important roles of taurine administration in
alleviating and treating central nervous system
damage. Taurine has been reported to enhance the
viability and proliferation of mouse cochlear neural
stem cell cultures (Wang et al.,, 2015). Taurine
reduces white matter damage and hippocampal
neuronal death by suppressing calpain activation
and protecting against gray and white matter
damage in closed head-trauma rats (Gu et al.,
2015). Taurine reinforcement in neural stem and
precursor cells derived from mesencephalon of
mouse embryos regulates cell proliferation and
survival, gene expression of neural stem and
precursor cells involved in adhesion and
mitochondrial functions (Pasantes-Morales et al.,
2015). It has been reported that taurine promote
axonal regeneration in the spinal cord injury using
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lampreys as an animal model (Sobrido-Camean et
al., 2020).

Taurine supplementation alleviates white
matter damage by reducing brain edema,
hemorrhagic lesion volume, and neuronal damage
(Zhao et al., 2018; Seki et al. (2005) have suggested
that taurine administration alleviates neuronal
damage, inflammation, and white matter damage
by upregulating the content of hydrogen sulfide in
tissues around the hematoma and by suppressing
P2X7R receptor expression. In this mentioned work,
it has been determined that cerebrospinal fluid
taurine concentration increased 1.8-fold in severe
traumatic brain injury and declined to a control level
of 67 hours after injury.

Taurine has been suggested to have an
important potential in primary cortical neuron
culture to reducing nickel-induced lactate
dehydrogenase release, production of oxygen
derivatives and mitochondrial superoxide levels,
alleviation of superoxide dismutase and glutathione
peroxidase activities reduction, and elimination of
adverse effects of nickel in the nervous system (Xu
et al., 2015). Astrocytes, which capable of producing
taurine under proinflammatory signals, are
responsible for changes in taurine levels after brain
damage (Junyent et al., 2011). Taurine has been
postulated that to reduce neurotoxicity and may be
a promising target in the treatment of
neurodegenerative diseases (Louzada et al., 2004;
Paula-Lima et al., 2005). Cerebellum taurine content
has been reported to decrease during the aging
process in rats (Suarez et al., 2016). Taurine relieves
streptozotocin-induced cognitive impairment via
suppressing oxidative stress and inflammatory
cytokines (Reeta et al., 2017). Caletti et al. (2018)
set forth that long-term taurine treatment
decreased oxidative stress, protects against DNA
damage, and reduced inflammation in the diabetic
rat brain.

Taurine has a potential neuroprotective effect
via exhibiting antioxidative and mitochondria
protective effects against manganese neurotoxicity
(Ommati et al., 2019). In rats exposed to drinking
water and sodium fluoride, taurine administration
with oral gavage decreased the oxidative stress
index in brain tissue, suppressed elevation in
inflammatory biological markers, and reversed
caspase-3 activity (Adedara et al.,, 2017). Taurine
exhibit neuroprotective effects to dopaminergic
neurons via inhibition of neuroinflammation which
caused by microglia (Che et al, 2018). In a
transgenic mouse model of Alzheimer's disease,
administration of taurine via drinking water for 6
weeks has rescued cognitive deficits. Researchers
have suggested that taurine can aid cognitive
impairment and may inhibit AB-related damages

(Kim et al.,, 2014). Taurine has neuroprotective
effects against glutamatergic antagonist-induced
memory deficit and hyperlocomotion in zebrafish
(Franscescon et al., 2020).

Conclusion

Both in vivo and in vitro researches have
indicated that taurine has important effects on the
central nervous system. Taurine has neurotrophic
and neuroprotective effects by suppressing calpain
activation through taurine receptors, coordinating
gene expressions of neural stem and precursor cells,
inhibiting sodium/calcium modifier, and
endoplasmic reticulum stress-mediated apoptosis
suppression. Taurine, which contributes to the
proliferation and survival of neural progenitor cells,
is a trophic factor for these cells. Taurine is involved
in neural stem/progenitor cell proliferation in
developing brain tissue and controls cell content
and water content of neurons during ion entry and
exit through membrane depolarization in neuronal
transmissions. Taking into account the results of
scientific studies based on the administration of
taurine due to its neuroprotective effects, it is
understood that taurine is an alternative option in
the treatment of neurodegenerative diseases of
both humans and animals
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gondermelidir (makale kiinyeleri, makale metninin en son sayfasinda sunulmalidir). Harran
Universitesi Veteriner Fakdiltesi Dergisi’/nde degerlendirmeye alinan ve yayinlanan derlemeler ¢agril
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(Doyle ve ark., 2007).

3. Birden ¢ok kaynaga atif yapilmasi durumunda once alfabetik sonra kronolojik siralama
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.... bildirilmistir (Adams, 1998; Adams, 2008; Doyle ve ark., 2007; Wilkie ve Whittaker, 2006).

4. Ayniyazarin ayni yil yayinlari s6z konusu ise her biri “a” harfinden baslayarak kiictk harflerle
isaretlenmelidir;

.... (Adams, 2005a; Adams, 2005b;...).

Kaynak listesi asagidaki sekilde hazirlanmalidir:

1. Kaynak listesi yazar soyadina gore alfabetik olarak siralanmalidir.

2. Kaynaklarda yer alacak dergi adlari ISI web of Science’a gore kisaltilmali ve italik yazilmahdir.
3. Kaynaklarin yazin sekli asagidaki sekilde olmalidir.

Makale; Sullivan JC, Sasser JM, Pollock JS, 2007: Sexual dimorphism in oxidant status in
spontaneously hypertensive rats. Am J Phsiol Integr Comp Physiol, 292 (1), 64-68.

Kitap; Cadenas E, Packer L, 2001: Handbook of Antioxidants. 2nd ed., Marcel Dekker Inc., New York,
USA.

Kitaptan bir boliim: Bahk J, Marth EH (1990). Listeriosis and Listeria monocytogenes In: Foodborne
Diseases, Cliver DO (Ed), 248-256, Academic Press, San Diego. Web sayfasi: Anonim (1)
http://www.emea.europa.eu, Erisim tarihi; 01.04.2010.



Tez: Er A, 2009: Makrolid grubu antibiyotiklerin endotoksemide sitokin diizeylerine etkisi. Doktora
tezi, SU Saglik Bilimleri Enstitiisii, Konya.

Bilimsel toplantida sunulan bildiri: Allen WR, Wilsher S, Morris L, Crowhurst JS, Hillyer MH, Neal HN,
2006: Re-establishment of oviducal patency and fertility in infertile mares. In: Proceedings of the
Ninth International Symposium on Equine Reproduction, Kerkrade, Holland, pp. 27-28.

Tablo ve Sekiller: Her bir tablo ve sekil ayri sayfalara yerlestirilmelidir. Kullanim sirasina gore
numaralandirilmali, kisa basliklarla ifade edilmeli ve metin iginde tablo numarasi verilerek atifta
bulunulmalidir. Tablo basliklari makalenin yazim dilinde tablonun {ist bolimtine yazilmalidir. Tabloda
kullanilan kisaltmalar ve gerekli agiklamalar tablo altinda verilmelidir. Sekil bashklari makalenin yazim
dilinde seklin alt bolimiine yazilmahdir.
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