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Konya ili Kadinhani ve Sarayénii ligelerinde ithal ve Yurt iginden Temin Edilen Hayvanlarla Sigir
Besiciligi Yapan Isletmelerin Ekonomik Analizi*

Omer GEZGINC', Aytekin GUNLU?

"Tarim ve Kirsal Kalkinmayi Destekleme Kurumu, Van il Koordinatérliigi, Van-TURKIYE
2Selguk Universitesi Veteriner Fakiiltesi, Hayvancilik Ekonomisi ve isletmeciligi ABD, Konya- TURKIYE

Sorumlu yazar: Aytekin GU!_\ILU, E-posta: agunlu@selcuk.edu.tr; ORCID: 0000-0002-1989-8119
Atif yapmak igin: Gezging O, Ginli A. Konya ili Kadinhani ve Sarayond ilgelerinde ithal ve yurt icinden temin edilen hayvan-
larla si1gir besiciligi yapan isletmelerin ekonomik analizi. Erciyes Univ Vet Fak Derg 2020; 17(1):1-9.

Ozet: Bu calismada, Konya iline bagdli Kadinhani ve Sarayénii ilgelerinde canli hayvan materyalini yurt iginden ve itha-
lat yoluyla temin ederek sigir besiciligi yapan isletmelerin teknik, ekonomik ve yapisal 6zellikleri karsilastiriimigtir. Besi
materyalini yurt icinden temin eden 58 isletme (l. grup), ithal olarak temin eden 10 adet isletme (ll. grup); toplamda 68
adet isletme ile anket yapilarak ekonomik analiz igin gerekli veriler elde edilmistir. incelenen isletmeler igin; masraf
unsurlari olan besi materyali, yem, iscilik, veteriner-saglik giderleri, amortismanlar, bakim-onarim masraflari, genel
idare giderleri ve dider giderlerin toplam giderler igcindeki oransal dagilimi sirasiyla isletmeler genelinde %49.22, %
32.98, %8.67, %1.40, %1.09, %1.44, %2.91, %2.29; I. grup isletmelerde %48.83, %32.81, %9.16, %1.45, %1.09, %
1.44, % 2.91, %2.30; Il. grup isletmelerde ise %51.48, %33.98, %5.83, %1.08, %1.07, %1.45, %2.91, %2.20 olarak
bulunmustur. Incelenen besi isletmelerinin bir kg karkas maliyeti, bir kg CA artisi maliyeti ve bir kg CA maliyeti sirasiyla
isletmeler genelinde 24.20 TL, 10.59 TL, 13.03 TL ve I. grup isletmelerde 24.39 TL, 10.50 TL, 12.98 TL ve Il. grup iglet-
melerde 23.06 TL, 11.08 TL, 13.36 TL olarak bulunmustur. Calisma sonucunda ithal ve yurt iginden temin edilen hay-
vanlarla yapilan beside bir kg karkas maliyeti ve bir kg canli agirlik maliyetleri bakimindan gruplar arasinda farklilk
tespit edilememistir (P>0.05). Sonug olarak, ithal ve yerli orjinli hayvanlarla yapilan beside birim maliyet agisindan bir
farklilik olmadigi belirlenmistir.

Anahtar kelimeler: Ekonomik analiz, sigir besiciligi, tretim masraflar

Economic Analysis of Cattle Fattening Enterprises with Imported and Providing Domestic Animals in
Kadinhani and Sarayoénii District of Konya Province

Summary: In this study, the technical, economic and structural characteristics of fattening live material from the do-
mestic market and importing enterprises in Kadinhani and Sarayonu districts affiliated to the province of Konya were
compared. For this aim, 58 enterprises (Group 1), who supplied the fattening material from the domestic market and 10
enterprises (Group Il) that supplied them as imports; A total of 68 enterprises were surveyed and necessary data were
obtained. In addition, evaluations were made on the whole enterprises basis. For the enterprises examined; fattening
material, feed, labor, veterinary-health expenses, depreciation, maintenance and repair expenses,general administrati-
ve expenses, other expenses proportional distribution in total expenses were found respectively, 49.22%, 32.98%,
8.67%, 1.40%, 1.09%, 1.44%, 2.91%, 2.29% for all enterprises; 48.83%, 32.81%, 9.16%, 1.45%, 1.09%, 1.44%,
2.91%, 2.30% in group | enterprises and 51.48%, 33.98%, 5.83%, 1.08%, 1.07%, 1.45%, 2.91%, 2.20% in group Il
enterprises. One kg carcass cost, one kg live weight increase cost, one kg live weight cost in the enterprises were fo-
und as; 24.20 TL, 10.59 TL, 13.03 TL in all enterprises; 24.39 TL, 10.50 TL, 12.98 TL in group | enterprises and 23.06
TL 11.08 TL, 13.36 TL in group Il enterprises, respectively. As a result of the study, it was found that there was no sta-
tistically significant difference between the groups in terms of one kg carcass cost and one kg live weight costs
(p>0.05). In conclusion, it is determined that there is no difference in terms of unit cost in animal fattening activities with
imported and domestic origin animals.

Key words: Cattle fattening, economic analysis, production costs

Girig

Besicilik, kasaplik hayvanlarda et kalitesinin, et ve
yag miktarinin artirlmasinin yaninda, enddstri kalinti-
larinin ve c¢esitli hayvan yemlerinin daha iyi bir bigim-
de degerlendiriimesine olanak saglayan ve ayni za-

Gelis Tarihi/Submission Date :19.01.2019
Kabul Tarihi/Accepted Date  :30.07.2019

*Calisma 1 Nolu yazarin yiksek lisans tezinden Uretilmis ve 11-14
Ekim 2018 tarihinde Antalya’da dizenlenen Ugiincli Ulusal Hayvan-
cilik Ekonomisi Kongresi’'nde sunulmustur.

manda ekonomiye yeni istihdam saglayarak katkida
bulunan bir igletme kolu olarak tanimlanmaktadir
(Sakarya ve Gunli, 1996).

Kirmizi et igerdigi esansiyel aminoasitler yoniyle
insanlarin beslenmesinde dnemli bir yer tutmaktadir.
Dinyada nifus ve gelir diizeyinde yasanan artis,
hayat standartlarinin yiikselmesi, tiiketicilerin beslen-
me konusunda bilinglenmeleri sonucunda hayvansal
proteinlere olan talep artmaktadir. Ulkeler bu talebi
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ithal ve yerli sigir besiciliginin ekonomik analizi...

karsilamak icin hayvansal Uriinlerde Uretim ve verim-
liligin artinlmasi, fiyat ve pazar mekanizmasini gelisti-
rici, hayvansal Uretim-sanayi entegrasyonuna yonelik
yapisal reformlar gibi farkl politika ve stratejiler gelis-
tirmektedir (GTHB HAYGEM, 2015).

Turkiye’de de artan nifusun meydana getirdigi talep
artig! ile yukselen sosyo-ekonomik refah dizeyi et
Uretiminin artirilmasini zorunlu kilmaktadir. Ancak,
Ulkemizde &zellikle son yillarda kirmizi et Gretiminin
yetersizligi s6z konusudur. Bu kirmizi et agigi bazi
doénemlerde kasaplik hayvan ve et ithalati ile kapatil-
maya c¢alisiimistir. Kasaplik hayvan ve et ithalati kisa
sureli olarak uretim agigini kapatmakta ancak deva-
minda sektorden, Uretimden vazgegmelere sebep
olmakta; uzun dénemde Uuretim acgiginin artarak de-
vam etmesine neden olmaktadir. Baska bir ifadeyle;
ithalat kisa dénem et aciginin kapatiimasinin ¢6zi-
minde etkili gibi olsa da orta ve uzun vadede sektor-
de olumsuz sonuglara neden olmaktadir (Aydin ve
ark., 2011a; Aydin ve ark., 2011b; Sakarya ve Aydin
2011).

Konuyla ilgili yapilan galigmalar incelendiginde, imik
ve ark. (2000), sigir besiciliginin ekonomisi Uzerine
Afyon ilinde yaptiklari galismada, maliyet unsurlarinin
giderler icerisindeki paylarini; besilik hayvan maliyeti
%51.13, yem maliyeti %24.80, iscilik %6.72, veteriner
-saghk harcamalari %3.05, amortisman ve bakim
onarim masraflari %1.13, stopaj giderleri %2.03, ge-
nel idare giderleri %1.02 ve diger masraflar ise %9.85
olarak tespit etmislerdir. Afyon ilinde sigir besiciligi
Uzerine yapilan baska bir ¢alismada, girdi unsurlari-
nin toplam giderler igerisindeki paylari su sekildedir:
besilik materyal %53.60, yem giderleri %29.95, iscilik
giderleri %6.25, veteriner-saglik harcamalari %2.27,
amortisman ve bakim-onarim %1.28, dider giderler
ise %6.47°dir (Cicek, 2002). Aydin ve Sakarya
(2012), Kars ve Erzurum illerinde entansif sigir besi-
ciligi yapan igletmelerin ekonomik analizlerinin yapil-
mas! amaciyla yuruttikleri calismada isletmeler ge-
nelinde masraflar genel toplami icerisinde besilik
materyalin orani %50.56, yem giderinin orani %
27.33, isciligin orani %11.08, veteriner-saglik giderle-
rinin orani %1.23, bakim-onarim gideri %1.24, diger
giderler ise %6.07 olarak bildiriimistir. Can (2015),
yaptigi calismada besi materyali maliyeti, yem mali-
yetleri, iscilik giderleri, veteriner saglik giderleri, pa-
zarlama giderleri, amortismanlar, bakim-onarim gi-
derleri ve diger giderlerin toplam maliyet-ler igindeki
paylarini sirasiyla %62.87, %23.53, %4.58, %1.80, %
1.39, %1.09, %0.83 ve %3.91 olarak bulmustur.

Bu ¢alismada Konya ili Kadinhani ve Sarayénii ilgele-
rinde ithalat yolu ile besi materyali temin eden islet-
meler ile Ulkemizdeki mevcut hayvan irklari ile besici-
lik yapan isletmelerin karlihdinin karsilastiriimasi ya-
pilmis, bu isletmelerin teknik ve ekonomik degerlendi-
rilmeleri yapilarak ithal ve Trkiye orjinli hayvanlarla
besi faaliyetlerinin sonuglari ortaya konulmaya galisil-
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mustir. ithal edilen besilik hayvanlarin Tiirkiye kosulla-
rindaki besi performanslari ve ithalatin besicilik sekto-
rindeki isletmelerin karlihdina olan etkileri incelen-
mistir.

Gereg ve Yontem

Arastirmanin materyalini, Konya ili Kadinhani ve Sa-
rayonu ilgeleri ve bu ilgelere bagli kdylerde sidir besi-
ciligi yapan igletmelerden yiz yize uygulanan anket
yoluyla saglanan veriler olusturmustur. ikincil veri
olarak arastirma  bdlgesinde  kamu  kurum/
kuruluglarinin bilgilerinden ve konu hakkinda daha
once yapilan galismalarda elde edilen literatur bilgile-
rinden yararlaniimigtir. Aragtirmanin verilerini olugtu-
ran anketler 2017 yili Ekim-Aralik aylarinda uygulan-
mis ve 2016-2017 Uretim periyodu verileri esas alin-
mistir.

Ornege dahil edilecek igletmelerin belirlenmesinde
tabakali 6rnekleme yontemi kullanilimigtir. Tabakali
ornekleme yoéntemi igin yapilan gig¢ analizleri sonucu,
gerekli drneklem genigligi secilecek isletme sayisi igin
en az 58 isletme olarak belirlenmistir (Esfahani ve
Dougherty, 2018). Bu galismada besi materyalini ithal
olarak temin eden igletmelerin sayisi 10, Ulkemizdeki
mevcut hayvan irklar ile besicilik yapan islemelerin
sayisi 58 olmak uzere toplam 68 adet isletmeye an-
ket uygulanmistir.

istatistik analizlerde SPSS 22 (SPSS Statistics for
Windows, Version 22.0) programi kullaniimigtir. Veri
analizi yapilirken iki grup arasindaki farkhlklari de-
gerlendirmek amaciyla parametrik test 6n sartlarinin
saglandigi durumda “Student’s t Test”; saglanmadi-
ginda ise “Mann Whitney-U testi” kullaniimigtir. Veri-
lerin degerlendiriimesi sonucunda igletmelerin teknik,
ekonomik ve rantabilite rasyolarina iliskin hesaplama-
lar yapilmistir. Ancak sinirli sayida isletme (2 ya da 3
adet isletme) yabanci sermaye kullandidi i¢in ekono-
mik rantabilite hesabi yapilmamistir. Teknik, ekono-
mik ve rantabilite rasyolarina iliskin hesaplamalar igin
Cicek (2002) ve Aydin (2011)'nin bildirdikleri ekono-
mik analiz yontemi kullaniimigtir.

Bulgular

isletmeler, beside kullanilan materyali yerli pazardan
(Tarkiye menseili) ve ithal olarak temin etme durum-
larina goére iki grup olarak degerlendirilmistir. Arastir-
ma kapsamindaki isletmelere ait teknik bulgular Tab-
lo 1, ekonomik degerlendirme sonuglar Tablo 2, Tab-
lo 3, Tablo 4, ve Tablo 5 olarak, sosyo-ekonomik
bulgular ise Tablo 6’da verilmistir.

incelenen dénemde |. grup isletmelerde 3412 bas
sigir, 1l. grup isletmelerde 2073 bas sigir ve toplamda
ise 5485 bas sigir besiye alinmistir. Isletme basina
disen ortalama hayvan sayilari . grup igletmeler igin
58.82 adet, Il. grup isletmeler icin 207.3 adet, tim
isletmeler icin 80.66 adettir. isletmeler genelinde top-



Erciyes Univ Vet Fak Derg 2020; 17(1):1-9.

Tablo 1. incelenen isletmelere ait teknik bulgular

Aytekin GUNLU

) l. Grup Il. Grup Ortalama
Besi Igletmelerinin Bazi Teknik Verileri Sg Sg Sg
X+ X+ X+

Isletme Sayisi (adet) 58 10 68
Toplam Kurulu Kapasite (bas) 9410 5990 15400
Besiye Alinan Toplam Hayvan Sayisi (bas) 3412 2073 5485
Kapasite Kullanim Orani (%) 36.26 34.60 35.62
Besi Suresi (gun) 302.93+7.34 304.50+13.77 303.16+6.54
Besi Bagi Canli Agirlik (kg/bas) 245+5.56 284.40+7.01 250.7945.13
Besi Sonu Canli Agirlik (kg/bas) 616.47+7.68 694.50+29.27 627.9418.43
Canli Agirlik Artisi (kg/bas) 371.47+8.25 410.10+£32.07 377.15+8.51
Gunlik CAA (g) 1226+0.02 1 340+0.07 1 250+0.02
\1(:2] (l\;/l’?\lﬁalﬁlr(]k;?kemen Kuru Madde Cinsinden 10+0.41 11.91+1.25 10.28+0.40
Sicak Karkas Agirligi (kg/bas) 326.97+£3.90 400.60+14.48 337.7945.03
Karkas Randimani (%) 53.17+0.45 56.86+1.68 53.71+£0.48

I. grup: Yerli orjinli hayvan kullanan igletmeler; Il. grup: ithal orjinli hayvan kullanan igletmeler

lam kurulu kapasite 15 400, |. grup isletmelerde 9
410, Il. grup igletmelerde 5 990 bastir. Kapasite kulla-
nim oraninin |. grup igletmelerde %36.26, Il. grup
isletmelerde %34.60, toplamda ise %35.62 oldugu
tespit edilmistir.

incelenen igletmeler igin; masraf unsurlari olan besi
materyali, yem, iscilik, veteriner-saglik giderleri,
amortismanlar, bakim-onarim masraflari, genel idare
giderleri, diger giderlerin toplam giderler icindeki
oransal dagihmi sirasiyla igletmeler genelinde %
49.22, %32.98, %8.67, %1.40, %1.09, %1.44, %2.91,
%2.29; I. grup isletmelerde %48.83, %32.81, %9.16,
%1.45, %1.09, %1.44, %2.91, %2.30; Il. grup islet-
melerde ise %51.48, %33.98, %5.83, %1.08, %1.07,
%1.45, %2.91, %2.20 olarak bulunmustur.

incelenen isletmeler igin besi sonu maliyetleri olarak

bir kg karkas maliyeti, bir kg CA artigi maliyeti ve bir
kg CA maliyeti hesaplanmistir. Bir kg CA artigi mali-
yeti ve bir kg CA maliyeti sirasiyla igletmeler genelin-
de 24.20TL (7.75%), 10.59TL (3.40%), 13.03TL (4.18
$); I. grup isletmelerde 24.39TL (7.82$), 10.50TL
(3.37%), 12.98TL (4.16%) ve Il. grup isletmelerde
23.06TL (7.40%), 11.08TL (3.55%), 13.36TL (4.28%)
olarak bulunmustur.

isletmelerin gruplar itibariyle besi materyalini ithal
veya yerli orjinli hayvan tercih etmesinin bir kg karkas
maliyeti ve bir kg canli agirlhik maliyetleri bakimindan
p<0.05 sarti saglanamadig! igin gruplar arasinda an-
lamh bir farkhhk olmadigr anlagiimigtir.

isletmelerin net kar/zarar durumlari her iki grup igin
de pozitif gikmustir. 1. grup isletmelere ait net/kar za-
rar durumu isletmeler genel ortalamasinin altinda

Tablo 2. Girdi unsurlarinin masraflar genel toplami igcindeki paylari (%)

Girdi Unsurlan l. Grup Il. Grup Genel
Besi Materyali Maliyeti 48.83 51.48 49.22
Yem Giderleri 32.81 33.98 32.98
iscilik Giderleri 9.16 5.83 8.67
Veteriner Saglik Giderleri 1.45 1.08 14
Amortismanlar 1.09 1.07 1.09
Bakim - Onarim Giderleri 1.44 1.45 1.44
Genel idare Giderleri 2.91 2.91 2.91
Diger Giderler 2.3 2.2 2.29

I. grup: Yerli orjinli hayvan kullanan igletmeler; Il. grup: ithal orjinli hayvan kullanan isletmeler
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iken Il. grup isletmelerde ise isletmeler genel ortala-
masinin Ustiinde oldugu bulunmustur. Il. grup islet-
melerin daha karli oldugu tespit edilmistir.
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egilimindedir. Ureticiler bunun sebebi olarak besilik
hayvan materyali ve yem maliyetlerinin yluksek oldu-
gunu bildirmislerdir.

Tablo 3. incelenen besi igletmelerinin besi sonu maliyet degerleri

) l. Grup Il. Grup Genel
Bazi Igletme Sonu Degerleri 5= 5= 5= Min/Maks. P
Xz % X % X %
isletme Sayisi (N) 58 10 68
Bir kg Karkas Maliyeti (TL) 24.39+2.93 23.06+2.85 24.20+2.93 19.45/35.11 0.121
Bir kg CA Artisi Maliyeti (TL) 10.50£2.49 11.08+3.70 10.59+2.68 7.72/21.70
Bir kg CA Maliyeti (TL) 12.98+1.85 13.36+£2.00 13.03+1.86 10.19/19.79

I. grup: Yerli orjinli hayvan kullanan isletmeler; Il. grup: ithal orjinli hayvan kullanan igletmeler

Yapilan rantabilite faktori degderlendirmesine gore;
her 100 TL'lik gayri safi hasilanin I. grup isletmeler
icin 3.86’s1, Il. grup isletmeler igin 5.13’U ve isletmeler
genelinde ise 4.04’i saf hasila olarak ¢ikmistir. ince-
lenen donemde cari faiz orani 4.73 oldugu tespit edil-
mistir.

isletme sahiplerinin %14.7’si sigir besiciligi ile ilgili
seminer gibi egitim faaliyetlerine katilmiglardir. I.

Yapilan galismada besi sistemi olarak daha ¢ok agik
serbest dolasimli besi sistemi ( %79,31) tercih edil-
migtir. Bu sistem; hayvanlarin bakim, besleme ve
idaresi kolay olmasi nedeniyle daha ¢ok tercih edil-
migtir. Bunun disinda besi performansinin daha iyi
olmasi ve dider sistemlere gére daha karli olmasinin
da acgik serbest dolagimli besi sisteminin tercih edil-
mesinde etkili oldugu tespit edilmigtir.

Tablo 4. igletmelerin hayvan bagina toplam gelir, toplam maliyet ve net kar/zarar degerleri

l. Grup Il. Grup Min/Maks. Genel
Parametreler 5= 5= 5=
X+ ¥ X+ X Xt ¥
isletme Sayisi (N) 58 10 68
. 5833.67/
Toplam Gelir (TL/Bas) 7 250.35+131.44 9 357.044535.75 11 798.96 7 560.16+162.84
. 5 804.55/
Toplam Maliyet (TL/Bas) 6 938.97+111.44 8 820.52+455.63 11 708.81 7 215.67+£140.50
-779.35/
Net Kar/Zarar (TL/Bas) 311.38+£73.58 536.52+278.10 2809 82 344.49+74.57

I. grup: Yerli Orjinli Hayvan Kullanan isletmeler; Il. grup: ithal Orjinli Hayvan Kullanan Isletmeler

grupta iki veteriner hekim, Il. grupta ise bir veteriner
hekim hekimligin yaninda sigir besiciligi de yapmak-

tadir.

isletme sahiplerinin %41.18'i sigir besiciligini birakma

isletme sahiplerinin  %86.76’s1 yilda bir defa, %
10.29'u yilda iki defa, %2.94’l yilda i¢ defa besi faa-
liyeti strdirmektedir. Bu durum arastirma bdlgesinde
sIgir besi faaliyetlerinin belirli dénemlerde yogunlasa-

Tablo 5. isletmelere ait rantabilite rasyolari ve cikti/girdi orani

l. Grup Il. Grup Genel
Rantabilite Rasyolar G- G- G

X+ ¥ X+ ¥ Xt X
Mali Rantabilite (%) 4.58+0.83 5.67+1.95 4.74+0.76
Rantabilite Faktort (%) 3.86+0.87 5.13+2.41 4.04+0.82
Cikti/Girdi Orani 1.07+0.01 1.031£0.03 1.05+0.11

I. grup: Yerli orjinli hayvan kullanan isletmeler; Il. grup: ithal orjinli hayvan kullanan isletmeler
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Aytekin GUNLU

Tablo 6. Kadinhani ve Saraydnu ilgeleri sigir besi isletme sahiplerine ait bazi sosyo-ekonomik 6zellikleri

Ozellik ilgelerde Dagihm l. Grup Il. Grup Genel
Sayi (%) Sayi (%) Sayi (%)
Sigir Besiciligi  Evet 7 12 3 30 10 14.70
lle 'E')%:Ligdt'm Hayir 51 88 7 70 58 85.30
Sigir Karli Oldugu lgin 9 15.52 4 40 13 19.12
Besiciligi  Ek Is 25 43.10 4 40 29 42.65
YaPMa Baska Is Secenegi Olmadigi gin 24 4138 2 20 26 3823
Besiciligi Stir- Birakmayi DuglnGyor 26 44.83 2 20 28 41.18
dirme Egilimi  Birakmayi Diisiinmiiyor 32 55.17 8 80 40 58.82
. Aclk Serbest Dolagimli 46 79.31 6 60 52 76.47

c dﬁg;"g‘esi Actk Bagli 0 0 0 0 0 0

Sistemi Kapali Serbest Dolagimli 2 3.45 3 30 5 7.35
Kapali Bagl 10 17.24 1 10 11 16.18
Yilda Yapilan 1 54 93.10 5 50 59 86.76
Besi 2 3 5.17 4 40 7 10.29
Sayisi 3 1 1.73 1 10 2 2.94

1. grup: Yerli orjinli hayvan kullanan igletmeler; . grup:

rak arzin da bir ddnemde artmasina ve yil genelinde
arz-talep dengesinin istenildigi sekilde saglanamama-
sina neden olmaktadir. Bu sekilde isleyen bir piyasa
yapisinda 6nemli fiyat dalgalanmalari meydana gel-
mekte ve Ureticilerin dezavantajina durumlar yasana-
bilmektedir.

Tartisma ve Sonug

Arastirma kapsaminda yer alan isletmelerin cogunlu-
gunda sigir besiciligi, bazi tarimsal ve diger hayvan-
cilik faaliyetleriyle birlikte yirttulmektedir. Bu durum
Ozellikle 1. grup isletmelerde daha yogun goérilmekte-
dir. 1l. grup igletmelerin blyik bir kisminda birincil is
olarak sigir besiciligi yapiimaktadir. I. grup isletmele-
rin gogunlugu aile isletmesi konumundadir. Ancak Il.
grup isletmelerde ise daha modern ve daha bilingli bir
sigir besiciligi faaliyeti yuratulmektedir. 1l. grup iglet-
meler glnimizde makinelesmenin artmasiyla silo
yem karma ve dagitma romorku, yem kirma makine-
si, genel takip icin otomasyon sistemleri, canh agirlik
artigi takibi igin kantar, saglk yonunden tirnak kesme
ve ayak banyolugu, atik yénetimi icin glbre karistiri-
cl, gubre seperatdri gibi makine-ekipmanlara sahip
ve isletme kayitlar diizenli tutulan modern igletmeler-
dir.

Besi  slresi isletmeler genelinde ortalama
303.161+6.54 giin olarak bulunmustur. I. ve Il. grup
isletmelerde bu degerin genel ortalamaya yakin oldu-
gu gorulmustur. Besi suresi gunluk canli agirlik artisi
ve bir kg CAA igin tlketilen kuru madde cinsinden
yem miktarina etki etmektedir. Nitekim, yapilan bir
calismada besi slresi uzadikg¢a; gunlik CA artiginin
distiga, bir kg CAA icin tiiketilen kuru madde cinsin-
den yem tiiketiminin arttigi bildirilmistir (Ozlitiirk ve

ithal orjinli hayvan kullanan igletmeler

ark., 2008). Besi suresinin uzamasi neticesinde ger-
ceklesen gec kesimlerden dolayr ¢ok buyik kaynak
kayiplar da ortaya ¢ikmaktadir (Topcu, 2004). Besi
devam ederken gunlik besi giderinin, ginlik canh
agirhik artisi degerine esit oldugu zaman besiye son
verilmelidir (Sakarya ve Gunlu, 1996). Tespit edilen
besi siiresi bazi galismalardan (imik ve ark., 2000;
Cicek, 2002; Hazneci, 2007; Yicel, 2007; Aydin ve
Sakarya, 2012; Can, 2015; Celik ve Sandzkan, 2017
yuksek bulunmustur. Besi suresi agisindan calisma-
daki isletmelerin karl bir besicilik yapmadiklari sdyle-
nebilir.

Sigir besicilik faaliyetinde besi basi canli agirhdin
isletmenin karlilig1 Uzerine 6nemli etkisinin bulundu-
gunu ve besi basi canh agirlik azaldikga; isletme kar-
lihgmnin arttigr yapilan bir calismada belirlenmistir
(Cevger ve ark., 2003). Yapilan incelemede arastir-
ma kapsamindaki isletmelerde besi bagi canli agirli-
gin genel ortalamasi 250.79+5.13 kg olarak bulun-
mustur. . grup isletmeler genel ortalamaya yakin iken
1. grup igletmelerde bu deger 284.4 kg'a kadar yuk-
selmistir. Bulunan bu besi basi canli agirhd1 degerle-
rinin caligmadaki igletmelerin karliigina olumsuz ola-
rak yansidigi séylenebilir. Bulunan bu degerler Akbu-
lut ve ark.in (1995) yaptidi calismadan disik; yapi-
lan bazi galismalardan (imik ve ark., 2000; Cicek,
2002; Altuntas ve Arpacik, 2004; Aydin ve Sakarya
2012; Can, 2015; Celik ve Saridzkan, 2017) ise yuk-
sek cikmistir.

isletmeler genel ortalamasinda giinliik canh agirhk
artigi 1250+0.02 gr olarak tespit edilmigtir. I. grup
isletmeler genel ortalamaya yakin iken Il. grup islet-
melerde bu deger genel ortalamadan yuksektir. Bu
durum, |. grup isletmelerde kullanilan rasyon igerigi-
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nin bilingli bir sekilde hazirlanamamasindan kaynak-
lanabilecegi gibi; Il. grup isletmelerin beside daha ¢ok
kaltar irklari ve melezlerini kullanmasina da baglana-
bilir. Tespit edilen ortalama gunlik canl agirlik artisi
yapilan baz arastirmalardaki (Sakarya ve Ginld,
1996; Hazneci, 2007; Aydin ve Sakarya, 2012; Celik
ve Saridzkan, 2014; Can, 2015; Muizniece ve Kai-
risa, 2016) degerlerden ylksek bulunmustur. Elde
edilen bu degerler bazi c¢alismalar (imik ve ark.,
2000; Cigek, 2002; Syrucek ve ark., 2017) ile benzer
bulunmustur.

Sigir besiciliginde, geng olan hayvanlarin yemden
yararlanma oraninin daha yiksek olmasi ve bir kg
CAA igin tiketilen kuru madde cinsinden yem mikta-
rindaki azalmasi sebepleriyle igletmenin de karlihgi-
nin arttigr bildiriimektedir (Tizemen, 1995; imik ve
ark., 2000; Cevger ve ark., 2003). Arastirma kapsa-
mina alinan igletmelerde bir kg canli agirlik artigi icin
tuketilen kuru madde cinsinden yem miktari genel
ortalamasi 10.28+0.40 kg bulunmustur. I. ve Il. grup
isletmelerde bu deger genel ortalamaya yakin oldugu
gorulmustir. Bu degerler bazi galismalardan
(Sakarya ve Giinlii, 1996; imik ve ark., 2000; Cicek,
2002; Cevger ve ark., 2003; Aydin ve Sakarya, 2012;
Can, 2015) yiiksek oldugu tespit edilmistir.

isletme karliigini dogrudan etkileyebilecek bir bagka
teknik 6zellik olan karkas randimani sirasiyla, islet-
meler genel ortalamasi %53.71; |. grup isletmelerde
%53.17; II. grup isletmelerde %56.86 oldugu goril-
mdustir. |. grup igsletmelerde bu deger genel ortalama
ile benzer iken Il. grup isletmelerde ise genel ortala-
madan yilksek gikmistir. Genel ortalama imik ve ark.
(2000), Gozener ve Sayil'nin (2015) calismalarina
benzer; Ko¢ ve Akman (2003), Aydin ve Sakarya’'nin
(2012) buldugu degerden ise disuktur.

Arastirma kapsamindaki isletmelerde maliyeti olustu-
ran masraf unsurlar arasinda besilik materyal mali-
yeti ilk sirayr almaktadir. Genel ortalama %49.22
olarak bulunmus, I. ve Il. grup igletmelerin ortalamasi
bu genel ortalamaya yakindir. Bu degerler Cigek
(2002) ve Can (2015)'Iin yaptidi galismadan disuk,
bazi calismalarin (imik ve ark., 2000; Yiicel, 2007;
Ugurtas, 2008; Aydin ve Sakarya, 2012; Celik ve
Sariozkan, 2014; Malole ve ark., 2014; Gozener ve
Sayili, 2015) bildirdigi degerlerden ylksektir. Diger
calismalardan yiksek olmasinin nedeni, igletme veri-
lerinin alindid1 tarihte Tirkiye kirmizi et piyasasinda
yasanan fiyat dalgalanmalari, artiglar ve ithalat ka-
rarlarinin canli hayvan fiyatlarinda meydana getirdigi
artiglar olabilir.

Masraf unsurlari igerisinde ikinci en blylk pay
%32.98’lik genel ortalama ile yem masraflarina aittir.
I. ve Il. grup igletmelerin ortalamasi bu genel ortala-
maya yakindir. Bu degerler bazi calismalardaki (imik
ve ark 2000; Cicek, 2002; Aydin ve Sakarya 2012;
Can, 2015) degerlerden yiksektir. Bu durumun nede-
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ni olarak incelenen igletmeler yem teminini kendi ure-
timinden ¢ok yemi satin alarak saglamasi ve yem
fiyatlarindaki (6zellikle kesif yem) son ddnemdeki
dalgalanmalar gdsterilebilir. Yine bulunan bu degerler
bazi calismalardan (Ugdurtas, 2008; Malole ve ark.,
2014) duslk iken bazi galismalara (Celik ve Sardz-
kan, 2014; Yucel, 2007) ise yakindir. isletmelerin
optimum sayida besi hayvanini besiye almalari, silaj
yem kullanimi ve yem uretimini kendilerinin yapmasi
ile birim maliyetleri azaltmalari mimkin olabilir.

Uretim masraflar icerisinde iscilik masraflar iglinci
siradadir. igletmeler genel ortalamasi %8.67 olarak
bulunmustur. |. grup isletmelerdeki bu deger genel
ortalamaya benzer iken Il. grup isletmelerde ise bu
deger genel ortalamadan dusik cikmistir. Bunun
nedeni olarak Il. grup isletmeler daha modern ve tek-
noloji kullanimi ile besicilik yapmalari gdsterilebilir. Bu
durum |l. grup isletmelerde isgucunin daha verimli
kullanildigini gésterir. Isciligin isletmeler ortalamasi
Aydin ve Sakarya (2012), Celik ve Sariézkan
(2017)1in buldugu degerlerden diisiik, baz galisma-
lardaki (imik ve ark., 2000, Cicek, 2002, Yiicel, 2007,
Ugurtas, 2008, Malole ve ark., 2014, Can, 2015) de-
gerlerden ise ylksektir. Bu durumun nedeni olarak
aile is glicliniin hesaplanmasindaki metot farkligi ve
yillar arasindaki is gict maliyetlerindeki degdismeler-
den kaynaklandigi séylenebilir.

Aydin ve Sakarya (2012) yaptiklari ¢alismada bir kg
karkas, bir kg CAA, bir kg CA maliyetini sirasiyla
12.29 TL (8.09%), 5.84 TL (3.84%), 6.99 TL (4.60%)
olarak bulmuslardir. Koknaroglu ve ark. (2006)'in
yaptiklari calismada bu degerler; 7.64 TL (5.64%),
4.73 TL (3.499%) ve 4.35 TL (3.21$) olarak gikmistir.
Gobzener ve Sayili 2015 yilinda yaptiklar ¢alismada
yerli, melez ve kultir irkinda sirasiyla bir kg CA mali-
yeti, 8.23 TL (4.44%), 7.02 TL (3.79%) ve 547 TL
(2.95%); bir kg CA artis maliyeti, 4.26 TL (2.30%) ile
en yiksek diizeyde yerli irk, 3.15 TL (1.709%) ile de en
distk dizeyde kiltir irki hayvanlara ait oldugunu
bildirmiglerdir.

isletmelerin karliik durumlari degerlendirildiginde, II.
grup isletmelerin daha bilingli, daha modern ve tekno-
loji kullanimi ile besicilik yapmalari ya da birinci dnce-
likli yaptiklari isin besicilik olmasi nedeniyle daha karli
olduklari sdylenebilinir.

isletmelere ait rantabilite rasyolar ile gikti-girdi oran-
lan degerlendirildiginde igletmelerin cari faiz oraninin
altinda ya da cari faiz oranina ¢ok yakin bir kar elde
ettikleri belirlenmistir. Bu sartlar altinda sigir besicili-
ginin ¢ok karli olmadidi, sermayenin alternatif maliyeti
g6z 6nlne alindiginda alternatif maliyetin altinda bir
gelir elde edildigini séylemek mimkuindur.

Yapilan sosyo-ekonomik incelemeler neticesinde, |I.
grup isletme sahiplerinin %50’sinin ilkokul mezunu II.
grup igletme sahiplerinin ise %40’inin lise ve Universi-
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te mezunu oldugu; yani iki grup arasinda egitim dize-
yi yonunden farklilik oldugu tespit edilmistir. Yapilan
bazi arastirmalar sonucunda igletme sahiplerinin egi-
tim dizeyi yukseldikge isletmelerin; kdltar irki hayvan
temini, besi slresi, besi sekli, hayvanlarin ginlik
canli agirlik artigi ve isletme net kari gibi konularda
daha etkili ve verimli oldugu tespit edilmistir (Eren,
2006; Koéknaroglu ve ark., 2007).

isletme sahiplerinin biyiik bir kismi sigir besiciligini
ek is olarak yapmaktadirlar. Yapilan bir ¢alismada,
isletme sahiplerinin besicilik diginda ek is yapmalari-
nin bu is koluna yeterli emek ve zaman harcamalari-
na engel oldugu icin elde edilen net karin olumsuz
yonde etkilendigini bildirmislerdir (Celik ve Sariézkan,
2017). Ayni calismadaki isletme sahiplerinin az bir
kismi ise karli bir is oldugu icin sigir besiciligi yaptik-
larini bildirmislerdir.

isletme sahipleri ile yapilan anketler neticesinde sigir
besiciligi ile ilgili tespit edilen bazi sorunlar ve bunla-
rin ¢ézimdune iliskin 6neriler soyledir:

Kasaplik hayvan tedarikinde ve pazarlanmasinda
araclilarin piyasayl bozmasi ve piyasadaki oligop-
sonik yapi Ureticiler aleyhine iglemekte ve istikrarsizli-
da neden olmaktadir. Bu sorun gerek girdi tedarikin-
de gerekse besi sonu hayvanlarin/kesime sevk edil-
mesinde Uretici maliyetlerinden bagimsiz tek yanli bir
fiyat olusmasina neden olmaktadir. Bu durum Uretici-
lerin kazancinin dismesine, tlketicinin ise daha pa-
haliya iriin almasina yol agmaktadir. Uretici ve tiike-
tici refahini olumsuz etkilemektedir. Bu anlamda hem
araci sayisinin hem de araci marjlarini azaltici tedbir-
ler alinmasi gerekmektedir. Kasaplik hayvan ve et
ticareti konusunda Ulke igerisinde Ureticiden tiketici-
ye kadar olan zincirde hem Ureticiyi hem de tlketiciyi
koruyacak 6nlemler alinmalidir. Bu 6nlemler hayvan-
sal urlnlerde uretim ve verimliligin artirimasi, Gretim
maliyetlerinin dusurilmesi ve pazarlama zincirinin
kisaltilarak verimliligin yUkseltiimesi, Gretimde kalite
ve saglik kosullarini iyilestirici, fiyat ve pazar meka-
nizmasini geligtirici tedbirler olabilir.

Sigir besiciliginde en énemli girdi unsurlarindan olan
yem giderlerinin yuksek olusu da ureticilerin karliligini
etkileyen énemli bir faktérdir. Besiciler igin yem mali-
yetinin énemli dlgliide azaltilmasi buyuk énem arz
etmektedir. Bu bakimdan yem bitkisi Uretimine yone-
lik desteklerin artarak devam etmesi, mera islah c¢a-
lismalarina hiz verilmesi ve meralarin korunmasi
Uzerine birtakim tedbirlerin alinmasinin besiciler igin
faydali olabilecegi dustiniimektedir.

Sat sigircihginin dénemsel olarak karli olmamasi
nedeniyle yasanan sorunlar ve buna bagli zaman
zaman ortaya ¢lkan damizlik hayvan kesimleri de
besicilik igin 6nemli sorunlardan biridir. Stt ve kirmizi
et alt sektérleri birbirinin rakibi veya alternatifi degil
buttnleyicisidir. Sut fiyatlarindaki dalgalanmalarin ve
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inek sutu ile sigir eti Gretiminin birbirlerini olumsuz
etkilemesinin dniine gececek yeni stratejilerin ortaya
konulmasi gerekmektedir. Ayrica st sigirciliginin
ciktisi olan erkek buzagilar sigir besiciliginin girdisi
olmas! nedeniyle buzagi 6limlerinin azaltiimasi igin
gerekli tedbirler kismen alinmis olsa da bu tedbirlerin
artirlmasi ve geligtiriimesi lzerine galismalar yapil-
malidir.

Bulagici hayvan hastaliklari da sigir besiciliginde
karhhgi etkilemektedir. Hayvan hastaliklari ile muca-
dele ve eradikasyon c¢alismalarinda uygulanan yén-
temler ve stratejiler gelistirimelidir. Ulke igi ve digl
hayvan hareketleri denetimleri daha yeterli ve etkili
hale getirilmelidir. Bu konuda 6zellikle celeplere ciddi
yaptirimlar uygulanmalidir. Gunkl hastalik ¢ikisi ya-
pilan bdlgelerden veteriner saglik raporu almadan
hayvan satigi yaparak bulasici hayvan hastaliklarinin
yayllmasina sebebiyet vermektedirler. Bulagici hay-
van hastaliklarinin mucadelesinde uygulanan agila-
ma kampanyalari ile Ureticilerin egitim, seminer gibi
faaliyetlerle bilinglenmeleri saglanmalidir.

Yapilan galismada hayvancilik desteklemeleri igin
Ureticiler her ne kadar olumsuz bir gérus bildirmese-
ler de aslinda desteklemeler tam anlamiyla istenilen
amaca hizmet etmemektedir. Hayvancilik destekle-
meleri Uretimi tesvikten daha ¢ok bulasici hayvan
hastaliklarin asilarinin yaptiriimasi, hayvan hareketle-
rinin kontrolu gibi bazi uygulamalar icin araci olarak
kullaniimaktadir. Desteklemelerin Ureticilerin talepleri-
ni ve ihtiyaclarini karsilayacak dizeyde, uretimi daha
cok tesvik edici olmasina 6zen gosterilerek gelistirme
galismalar yapilmaldir. Ozellikle desteklemeler ve
bir takim politikalar tretim surecinde ureticilerin aley-
hine isleyecek bir hale donlsturidlmemeli ve besi bas-
langicinda mevcut sartlara gore kendini hazirlayan
ureticilerin ekonomik faaliyetini olumsuz etkileyecek
girisimlerden uzak durulmalidir.

Kasaplik hayvan ve et ithalati kirmizi et Uretiminde
istenmeyen yanlari ile sikga tartisiimaktadir. Yapilan
ithalat ve uygulama suresindeki belirsizlik, fiyatlarin
disecegi tedirginligini olusturarak besicilerin ellerin-
deki kesim olgunluguna ulagmamis hayvanlarini kesi-
me goéndermelerine neden olabilmektedir. Hatta bazi
Ureticiler igletmelerindeki butin hayvanlarini elden
cikararak sektdrii birakma karari alabilmektedir. itha-
lat baslangicta et arzinin artmasini ve et fiyatlarinin
dismesini saglayabilmektedir. Ancak orta ve uzun
vadede kesim olgunluguna ulagsmamis hayvanlarin
kesilmesi, bazi Ureticilerin sektorli birakmasi, fiyat
istikrarsizliklarinin olugsmasi, bulasici hastalik tehlike-
si gibi ciddi sorunlara yol agmakta ve kirmizi et Ureti-
minde tamamen disg bagimliliga neden olabilmektedir
(Aydin ve ark., 2011a; Sakarya ve Aydin, 2011; Ay-
din ve ark., 2011b). Kasaplik hayvan ve et ithalatin
onlne gecilmesi ya da kademeli olarak ithalatin son-
landiriimasi igin Ulke icinde kasaplik hayvan Gretimi
ve canl hayvan stokunun artirilarak, kirmizi et piya-
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sasinda arz talep dengesi saglanarak gergeklestirile-
bilir (Kirmizi Et Sektérii Komisyonu, 2011). Ithalat bu
amacin gerceklestiriimesinin bir araci olarak gérilme-
lidir.

Sonug olarak, yerli orijinli ve ithal besi materyali kulla-
nan igletmelerin maliyeti olusturan masraf unsurlarin-
da, bir kg CA maliyeti ve bir kg karkas maliyetinde
onemli bir farklilik tespit edilememistir. Bu iki grup
isletmenin gelirleri ve karlar arasinda az miktar farkli-
lik bulunsa da; bu durum ithal besi materyali ile besi-
cilik yapan isletmeler diger gruba gére daha bilingli,
teknolojiyi kullanabilen, daha modern isletmecilik
anlayisinda olmalarindan kaynaklanabilir. Kasaplik
hayvan ve et ithalati, sektdrdeki sorunlarin ¢ézimi
icin her ne kadar 6nerilmese de alinan kararlarla bazi
doénemlerde gerceklestiriimektedir. Bu ¢alismanin
sonuglari ithalat konusunda karar vericilere ve sektor-
deki dUreticilere yol gdsterici olmasi bakimindan
onemlidir.
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Ozet: Calisma, Aydin/Bozdogan ilgesi sinirlari iginde, Akgay (izerinde kurulu olan Kemer Baraji (37° 30" Kuzey enlemi
28° 35 Dogu boylami)'ndaki kafeslerde ve Akcay lizerindeki havuzlarda yetistiriciligi yapilan gdkkusagi alabaliklarinda
(Oncorhynchus mykiss) paraziter yayginlidi belirlemek amaciyla Eylil 2013-Agustos 2014 tarihleri arasinda gergekles-
tirilmistir. incelenen 348 baliktan 153'(iniin (%44) gesitli metazoon ve protozoonlarla enfekte oldugu saptanmistir. En-
feksiyon saptanan baliklarin; 118 (%33.9) Trichodina fultoni, 19'u (%5.4) Ichthyophthirius muiltifiliis, 5'i (%1.4)
Apiosoma sp., 4’0 (%1.1) Lernaea sp., olmak uzere tek tirle enfekte iken, 7’sinde (%2) ise T. fultoni + I. multifiliis (%
1.4) ve T. fultoni + Apiosoma sp. (%0.6)'den kaynaklanan miks enfeksiyon tespit edilmistir. Bulunan parazitlerin enfek-
siyon olusturmasinda etkili oldugu dusunulen bazi parametrelerin etki paylarinin belirlenmesi amaciyla lojistik regres-
yon analizi yapiimistir. Buna gore, kis mevsiminde enfeksiyon gorilme oraninin yaza gore 0.41 kat daha az oldugu
ortaya konmustur. Su sicakligindaki bir birimlik (°C) artis enfeksiyonun odds oranini (OR) 1.116 kat artirirken, ¢ozln-
mus oksijen miktarindaki bir birimlik artisin (O, mg/L) ise 0.842 kat azalttigi gorilmustur. Yine ayni sekilde balik boyla-
rindaki bir birimlik (cm) artis enfeksiyonun odds oranini (OR) 0.88 kat azaltirken, agirliktaki bir birimlik (g) artisin ise
0.99 kat azalttigr goérilmustur. Sonug olarak calisma boyunca incelenen baliklarda %44 gibi yuksek bir enfeksiyon ora-
ni belirlenmis olup, tespit edilen parazitler arasinda baskin tiiriin T. fultoni oldugu gérilmustir. Ozellikle su sicakliginin
arttigi donemlerde, stok yodunlugunun fazla olmasi, suyun yem artiklari ve 6li baliklarla kirletiimesi su kalitesinin bo-
zulmasina sebep olmaktadir. Bu gibi stres faktorlerinin, paraziter enfeksiyonlarin gérilme sikliklarinin artmasinda etkili
olabilecegi belirlenmistir.

Anahtar kelimeler: Gokkusagi alabaligi, Ichthyophthirius multifiliis, Lernaea sp., Trichodina fultoni

The Investigation of Parasite Prevalence of Rainbow Trout (Oncorhynchus myekiss)
Reared in Aydin/Bozdogan Province

Summary: This study was carried out to investigate the parasite prevalence on rainbow trout (Oncorhynchus mykiss)
which were raised in cage in Kemer Dam Lake built on Ak¢ay River and pools located on the river between September,
2013 and August, 2014. The cage and pools are located between 37° 30 northern 28° 35 eastern longitudes, in
Bozdogan/Aydin, in western Turkey. One hundred fifty three (44%) fish were detected as positive various protozoans
and metazoans at a total of 348 fishes. The number of cases and their percentages values in parenthesis in case of
infection with one species are as follows: 118 (33.9%) T. fultoni, 19 (5.4%) I. multifiliis, 5 (1.4%) Apiosoma sp., 4 (1.1%)
Lernaea sp. Seven of the 153 fishes (2%) were infected with mixed infection of T. fultoni + I. multifiliis (1.4%) and
T. fultoni + Apiosoma sp. (0.6%). The logistic regression analysis was done in order to determine the effect share of
the parameters which were supposed to have a role in the occurrence of the infection. The analyses indicated that the
rate of infection in winter was 0.41 times less than it was in summer. An increase of one unite in water temperature
result an 1.116 fold increase in infection odd ratio (OR), while 0.842 fold decrease was observed in response to one
unite increase in dissolved oxygen amount (O, mg/L). Likewise, an increase of one unite in fish length (cm), induced
0.88 fold decrease in infection odd ratio (OR), while an increase of one unite in fish weight (g) caused 0.99 fold reduc-
tion in infection odd ratio (OR). Consequently, high infection rate was detected as 44% and the dominant species
among the parasites was observed as T. fultoni. Especially, when the water temperature increase; high stock density
and contamination of water with feed residues/dead fish cause water quality to decrease. It was determined that such
stress factors may be effective in increasing the prevalence of parasitic infections.

Key words: Ichthyophthirius multifiliis, Lernaea sp., rainbow trout, Trichodina fultoni
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Girig

Tath sularda ve kismen de denizlerde yetistiriciligi
yapilan en 6nemli balik tirlerinden birisi gokkusagi
alabaligidir (Oncorhynchus mykiss). Bu tir, gozli
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yumurta naklinin kolaylhgi, kulugka suresinin kisa ve
hastaliklara kargi direncli olmasi nedeniyle dinyanin
bircok bdlgesine yayillmis olup yetistiricilikte siklkla
tercih edilmektedir (Emre, 2004). Yiksek adaptasyon
yetenegine ragmen yetistiricilik ortaminda, dogal ko-
sullardan farkh olarak gelisen bir takim olumsuzluklar
sonucu ciddi kayiplar yasanabilmektedir. Kétu su
kalitesi, yetersiz su degisimi, stok yogunlugunun fazla
olmasi, yetersiz/fazla besleme ve stres gibi faktorlere
bagl olusan hastaliklar kayiplarin baglica sebepleri
arasinda yer almaktadir (Pillay, 1992; C)ge, 1999;
Scholz, 1999). Bu sektdrde Urin kaybinin en aza
indirilebilmesi icin hastalik olusturan etkenlerin bilin-
mesi ve muicadele caligsmalarinin yapilmasi gerek-
mektedir. Hastalik etkenlerinin dnemli bir boélimdni
olusturan parazitler, baliklarda meydana getirdikleri
patojenite sonucu ciddi ekonomik kayiplara sebep
olmaktadirlar. Bu kayiplar, yalnizca 6lumlerle iligkili
degildir. Hayatta kalan bireylerde g6zlenen kondisyon
kayiplarinin da etkisinin buyuk oldugu belirtiimektedir.
Konak ureme sisteminde meydana getirdikleri hasar-
lar sonucunda yeni nesillerin devamliigi da etkilen-
mekte ve bulylk ekonomik kayiplar yasanabilmekte-
dir. Ayni zamanda hastalik etkenlerinin olusturduklar
lezyonlara bagh olarak da balidin kismi kullanimi s6z
konusu olmaktadir. Tim bunlarin yani sira bazi para-
zitlerin insanlarda enfeksiyon olusturabilmesinden
dolayr zoonotik 6nemleri de gindeme gelmektedir
(Oge, 1999).

Balik parazitleri iginde protozoonlar, monogenea alt
sinifina ait parazitler ve bazi crustacealar blylk yer
kaplamaktadirlar. Protozoonlar arasinda en yaygin
olarak Trichodina, Ichthyophthirius, Epistylis, Apioso-
ma, Scyphidia, Oodinium ve Chilodonella cinslerine
ait turlere rastlanmaktadir. Bu turler siklikla konaginin
deri ve solungaclarina yerlesim gdstermektedirler
(Tonguthai, 1997). Copepodlar, crustecealar iginde
en yaygin olan patojen parazitler olup, konakta olug-
turduklari lezyonlarin yani sira actiklari yaralardan
sekonder bakteriyel enfeksiyon girisine zemin hazirla-
maktadirlar (Tonguthai, 1997). Dactylogyrus ve Gyro-
dactylus gibi deri ve ylizgeglere yerlesen monogenea
cinlerine ait tirlerin birgogu direk yasam siklusuna
sahip olup, genellikle konak spesifiktirler. Konagin
solunga¢ dokularinda sayilarinin arttigi durumlarda,
siddetli hasara sebep olarak solunumu olumsuz etki-
leyebilmektedirler (Tonguthai, 1997; Buchmann ve
Bresciani, 2006). Trematodlar endoparazitik helmint-
ler olup, bir veya daha fazla ara konak kullanan hete-
roxene parazitlerdir (Berra ve Au, 1978). Birgok eris-
kin trematod baliklarin sindirim sisteminde parazitlen-
mekte ve genellikle konak spesifik 6zellik gostermek-
tedir. Trematod enfeksiyonlarinda asil patojenik etki
metaserker déneminde meydana gelmektedir. Meta-
serkerler eriskinlere goére daha az konak spesifik
olup, son konak olan evcil hayvanlar ve insanlarda
enfeksiyon olusturmaktadirlar (Tonguthai, 1997; Pa-
perna ve Dzikowski, 2006). Cestodlar, endoparazitik
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helmintler olup heteroxene parazitlerdir. Baliklar son
konak, paratenik konak ya da ara konak olabilmekte-
dirler. Eriskin cestodlar sindirim sistemi kanalinda
bulunurken diger gelisim dénemleri farkli organlara
yerlesebilmektedir (Dick ve ark., 2006).

Parazitlerin baliklardaki enfeksiyon oranlar; yasam
sikluslarina ve siklusta ara konak bulunup bulunma-
masina, yasadigi ortamin ekolojik 6zelliklerine, balik-
larin beslenme aligkanliklarina, yaslarina, boylarina,
endo ve ektoparazit olarak yasayan baska bir parazit
ile enfekte olup olmamalarina gore degisiklik goster-
mektedir (Saygi, 1999). Tim bunlar dikkate alindigin-
da, parazitlerin olumsuz etkilerini azaltabilmek ve
ekonomik kayiplari minumuma duslrebilmek igin
parazitlerin; tirlerinin, konaklarinin, yasam sikluslari-
nin, mevsimsel dagiim ve enfeksiyon oranlarinin,
yas ve cinsiyete bagh etkilerinin belirlenmesi énem
arz etmektedir.

Dinyanin farkli cografik bolgelerinde yodun bir sekil-
de vyetigtiriciligi yapilan gokkusagi alabaliklarinda
yuritilen ¢alismalarda birgok metazoon ve protozoon
tury tespit edilmistir (Moravec, 2004; Saghari Fard ve
ark., 2007; Atkinson ve Bartholomew, 2010; Skovga-
ard ve Buchmann, 2011; Rubio-Godoy ve ark., 2012).
Turkiye’deki veriler degerlendirildiinde ise ¢alismala-
rin daha ¢ok ektoparazit protozoonlar Gzerine oldugu,
tim paraziter faunayi belirlemeye, mevsimsel dagi-
limlarini ortaya koymaya ve enfeksiyon olusumunda
etkili parametrelerin etki paylarinin belirlenmesine
yonelik calismalara gok fazla rastlanamamistir (Ogiit
ve Akyol, 2007; Altunay ve Yavuzcan Yildiz, 2008;
Balta ve ark., 2008; Ozer ve ark., 2010; Balta ve Bal-
ta, 2017). Gokkusagi alabaliklarinin metazoon parazit
varligi ve dagilimlari hakkinda sinirl sayida veri bu-
lunmaktadir (Burgu ve ark., 1988; Saglam, 2013;
Avsever ve ark., 2016; Cevrimel ve Soylu, 2017; Bal-
ta ve Balta, 2018b). Metazoon parazit faunasi ve
mevsimsel dagilimlari tzerine detayli bir calisma ise
Pekmezci (2010) tarafindan yapilmigtir.

Bu calismada, Aydin/Bozdogdan yéresinde yodun bir
sekilde yetistiriciligi yapilan gokkusagi alabaliklarinda
enfeksiyon olusturan parazit tdrlerinin ve bunlarin
aylara-mevsimlere goére dagilimlarinin belirlenmesi,
balik boy ve agirliklarinin, su sicakhginin, ¢ézinmus
oksijen miktarinin ve pH’nin enfeksiyon olusumunda-
ki olasi etkilerinin ortaya konulmasi amaglanmistir.

Gereg ve Yontem
Aragtirma sahasi

Adnan Menderes Universitesi Hayvan Deneyleri
Yerel Etik Kurulu tarafindan onaylanan
(N0:64583101/2013/055) bu c¢alisma, Eylal 2013-
Agdustos 2014 tarihleri arasinda Aydin ili Bozdogan
licesi sinirlari igerisinde yer alan Kemer Baraji (37°
30 Kuzey enlemi 28° 35 Dogu boylami) ve Akgay
Uzerinde bulunan gdékkusagi alabaligi isletmelerinde
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Emrah SIMSEK

Tablo 1. 4 cm?lik alandan alinan kazintida tespit edilen parazitlerin enfeksiyon diizeylerine karsilik gelen enfek-

siyon dereceleri

Enfeksiyon Diizeylerinin Tanimlanmasi Derecesi
Enfeksiyon yok 0 parazit 0
Dusuk 1-10 parazit 1
Orta 11-30 parazit 2
Yiksek 31-75 parazit 3
Cok yuksek 75< parazit 4

yuratilmastir. Calisma siresince iki adet havuz iglet-
mesi 12 ay boyunca duzenli olarak ziyaret edilerek
her isletmeden aylik 12’ser adet ballk numunesi ola-
cak sekilde rastgele 6rneklem yapilmistir. Barajdaki
kafes isletmelerinde ise su sicakhgina bagli olarak
yalnizca Aralik-Nisan aylari arasinda lretim yapilabil-
mektedir. Bu sebeple kafes isletmesi toplam 5 ay
boyunca ziyaret edilmis ve aylk 12’ser balik érnek-
lenmigtir. Calisma sliresince havuz isletmelerinden
288, kafes isletmesinden ise 60 adet balik olmak
Uzere toplam 348 adet balik parazitolojik yonden in-
celenmistir. Baliklarin alindigi kafes veya havuzlarin
sicaklik (°C), pH ve oksijen degerleri (O2 mg/L) her ay
dijital aletlerle (HANNA HI 9124 portable waterproof
pH meters, HANNA HI 9142 portable waterproof dis-
solved oxygen meter) dlglilerek kaydedilmigtir.

Baliklarin laboratuvara tasinmasi ve paraziter
muayene

Baliklar havuz veya kafeslerden kepge yardimiyla
yakalanarak igerisinde ortam suyu bulunan tagima
kaplariyla Adnan Menderes Universitesi Veteriner
Fakultesi Parazitoloji Anabilim Dali Laboratuvarina
canh olarak getirilmistir. Paraziter ydnden incelemeye
baslamadan énce baliklarin boylari ve agirliklan dlgu-
lerek kaydedilmistir. Ardindan baliklar giplak gézle ve
stereo mikroskop altinda incelenerek makroskobik
muayeneleri tamamlanmis, varsa ektoparazitlerin
veya lezyonlarin fotograflari g¢ekilmistir. Daha sonra
ilgili literaturlere gére baliklarin rutin parazitolojik mu-
ayeneleri ve nekropsileri gerceklestiriimistir (Lom ve
Dykova, 1992; Buchmann ve Bresciani, 1997; Erer,

ark., 2013) ilgili literatUrlere gore yapilmistir.

Parazitlerin enfeksiyon/enfestasyon orani (%) ve yo-
gunlugunun (adet) hesaplanmasi Bush ve ark
(1997)'nin, enfeksiyon derecelerinin belirlenmesi ise
Rintamiiki-Kinnunen ve Valtonen, (1997), Schisler ve
ark., (1999), Jorgensen ve ark., (2009)'nin belirttigi
sekilde yapilmistir (Tablo 1).

Istatistik analizler

Su sicakh@l (°C), sudaki ¢oziinmis oksijen miktar
(O2 mg/L), pH, balik boy ve agirhidinin, enfeksiyon
pozitif ve negatif gruplardaki farkliiginin istatistik
Onem kontroli Student T-testi ile; mevsimin enfeksi-
yon gorilme orani (zerine etkisinin istatistik 6nem
kontrolu Ki-kare testi ile yapilmistir. Enfeksiyon goril-
me olasihgi tzerine etkili oldugu dislndlen bazi pa-
rametrelerin (mevsim, su sicakhgi, suda ¢6ziinmis
oksijen miktari, pH, balik boy ve agirlidi) etki paylari-
nin belirlenmesi amaciyla da tek degiskenli lojistik
regresyon analizi yapilmistir. Istatistik analizlerde,
SPSS 14:01 (SPSS Inc., Chicago, IL, USA) programi
kullanilmigtir.

Bulgular

Aydin’in Bozdogan llgesinde bulunan karasal isletme-
lerdeki havuzlardan ve Kemer Baraji’'ndaki kafes is-
letmesinden farkli boy ve agirlikta toplam 348 adet
gOkkusagdi alabaldi orneklenerek paraziter agidan
incelenmistir. Incelenen baliklarin ortalama boy ve
agirliklari Tablo 2'de verilmistir.

Tablo 2. Karasal ve baraj isletmelerinden alinan baliklarin boy (cm) ve agirliklari (g)

Balik
N Minimum Maksimum ¥+5
Boy 348 15 36 24.12+4.86
Agirlik 348 33 437 185.50+92.66
F+5;

N: Toplam incelenen balik sayisi

2002; Buchmann, 2007). Tespit edilen parazitlerin
morfolojik tanimlamalari ve élgimlerini gerceklestire-
bilmek igin fotograf atagmanli (Olympus DP70) aras-
tirma mikroskobu (Olympus BX61WI marka) kullanil-
mis ve teshisleri (Lom ve Hoffman, 1964; Lom ve
Dykova, 1992; Buchmann, 2007; Maceda Veiga ve

* : Ortalama + Standart hata

Enfeksiyonlarin seyrinde énemli olan su sicakligi ('C),
sudaki ¢ézunmus oksijen miktari (O, mg/L) ve pH
degerleri de dizenli olarak 6lgllerek kaydedilmigtir.
Ciftliklerde olgilen en ylksek su sicakhgi Eylul
2013'te 25.1°C olarak, en diistk su sicakligi ise Ocak
2014'te 9.6°C olarak belirlenmistir. Sudaki en yiiksek
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Tablo 3. Genel enfeksiyon oraninin mevsimsel dagilimi
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Mevsimler Enfeksiyon Incelenen
Pozitif Negatif Balik

Sayi % Sayi % Say

Sonbahar 39 54.2 33 45.8 72

Kis 34 31.5 74 68.5 108

ilkbahar 42 43.8 54 56.8 96

Yaz 38 52.8 34 47.2 72

Toplam 153 44 195 56 348

Tablo 4. Baliklarin boy (cm) ve agirliklarinin (g), genel enfeksiyon pozitif ve negatif gruplardaki farkhhklari

Enfeksiyon Istatistik Onem
Pozitif Negatif Kontrolii
N — — (Student T test)
X+ 5 X+ 5
Boy 153 22.61+0.35 195 25.31+0.35 P<0.01
Agirhk 153 142.7610.62 195 219.03+0.64 P<0.01
X+ 5;

N: Balik sayisi * : Ortalama + Standart hata

Tablo 5. Kafes ve havuzlardaki su sicakliginin (‘C), ¢dziinmiis oksijen miktarinin (O, mg/L) ve pH degerinin,

genel enfeksiyon pozitif ve negatif gruplardaki farkliliklari

Istatistik Onem

. Kontrolii
Enfeksiyon (Student T test)
Kafes ve Havuzlar Pozitif Negatif
N X+ 5 N X+5,
Sicaklik 153 17.14+0.3 195 15.29+0.3 P<0.01
Oksijen 153 6.7+0.09 195 6.9+0.09 P<0.05
pH 153 7.9840.02 195 7.94+0.02 P>0.05

¥+ s5;

N: Balik sayisi * : Ortalama + Standart hata

¢ozinmuls oksijen miktarl, 9.3 mg/L olarak Ocak
2014’te, en diuslik 4.9 mg/L olarak Haziran 2014’te
Olculmustur. pH’nin ise yil boyunca 7.3 ile 8.3 arasin-
da degistigi gorulmustar.

incelenen 348 adet baligin 153'iiniin (%44) cesitli
parazitlerle enfekte oldugu goriimistir. Tespit edilen
parazitlerin 3’0 protozoon olup, Ciliatalar subesinin
Oligohymenophorea sinifinda, 1’i ise metazoon olup,
Arthropoda subesinin Maxillapoda sinifinda yer al-
maktadir. Incelenen baliklarin; 118’i (%33.9)
Trichodina fultoni, 19'u (%5.4) Ichthyophthirius multi-
filiis, 5’1 (%1.4) Apiosoma sp., 4’4 (%1.1) Lernaea sp.,
olmak Uzere tek turle enfekte iken, 7’sinde (%2) miks
enfeksiyon tespit edilmigtir. Miks enfeksiyon tespit
edilen baliklarin 5’inin (%1.4) T. fultoni + I. multifiliis;
2’sinin (%0.6) ise T. fultoni + Apiosoma sp. ile enfekte
oldugu belirlenmistir.
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Orneklenen baliklarda her mevsim parazite rastlan-
mistir. Genel enfeksiyon oraninin mevsimsel dagilimi
farklilik goéstermis olup (Tablo 3), istatistiksel olarak
6nemli bulunmustur (P<0.01).

Balik boy ve agirliklarinin, genel enfeksiyon pozitif ve
negatif gruplardaki farkliliklari degerlendirildiginde
istatistiksel olarak o6nemli oldugu goérilmustir
(P<0.01). Buna goére, boylari kisa ve agirliklari dusuk
olan baliklarda paraziter enfeksiyonlar daha yogun
tespit edilmistir (Tablo 4).

Diger 6nemli parametreler olan su sicakhgi ve ¢oziin-
mis oksijen miktarinin, genel enfeksiyon pozitif ve
negatif gruplardaki farkliliklari istatistiksel olarak
6nemli bulunurken, pH'nin (P>0.05) énemli olmadigi
saptanmistir. Buna gére, enfeksiyon tespit edilen su
sicakhginin daha ylksek oldugu belirlenirken, su
sicakhgiyla ters orantili olan ¢6zlinmus oksijen mikta-
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rinin ise daha distk oldugu saptanmistir (Tablo 5).

incelenen baliklarin 125’inde (%35.9) (miks enfeksi-
yonlar dahil) Trichodina enfeksiyonu tespit edilmis,
ilgili literatrlere gore yapilan morfolojik analizler so-
nucunda etken T. fultoni olarak identifiye edilmistir.
Etkenin enfeksiyon orani (%) ve enfeksiyon derecele-
rinin aylara gére dagihmi incelendiginde Ocak ayi
hari¢ diger tim aylarda farkli enfeksiyon derecelerin-
de enfeksiyona rastlanmistir. En yiiksek enfeksiyon
orani Kasim ayinda %75 (18/24) oraninda belirlenir-
ken, bunu %62.5 (15/24) ile Haziran ay! takip etmistir.
En disuk enfeksiyon orani ise %12.5 (3/24) ile Eylil
ayinda tespit edilmigtir. Diger aylardaki enfeksiyon
oranlari ise %16.6 ile %47.2 arasinda degisiklik gos-
termistir. Eylul, Aralk, Subat ve Agustos aylarinda
dusik enfeksiyon derecesi (1) belirlenirken, enfeksi-
yonun gorildigi diger aylarda ise orta siddette (2)
enfeksiyonlar gorilmistur (Sekil 1).

100

25

Enfeksiyon Orani (%)
Enfeksiyon Derecesi

05

Aylar

iyon Orani (%)

Sekil 1. Trichodina fultoni'nin enfeksiyon orani (%) ve
enfeksiyon derecelerinin aylara gore dagilimi

iyon Derecesi

Trichodina fultoni enfeksiyonuna her mevsim rastlan-
mis olup mevsimsel dagilimi farklilk gostermistir
(P<0.05). En ylksek enfeksiyon orani [(%43.1),
31/72] sonbahar mevsiminde tespit edilirken, en di-
stk [(%23.1), 25/108] kis mevsiminde saptanmistir.
ilkbahar ve yaz mevsimindeki enfeksiyon orani ise
sirasiyla %42.7 (41/96); %38.9 (28/72) olarak belir-
lenmistir. Balik boy ve agirliklarinin, enfeksiyon pozitif
ve negatif gruplardaki farkhliklar da istatistiksel ola-
rak 6nemli bulunmus olup enfeksiyon tespit edilen
baliklarin boylarinin daha kisa, agirliklarinin ise daha
distk oldugu belirlemistir (Tablo 6).

Emrah SIMSEK

Yine su sicakhdi ve sudaki ¢éziinmis oksijen miktari-
nin, T. fultoni pozitif ve negatif gruplardaki farkhliklar
istatistiksel olarak 6nemli bulunurken, pHnin
(P>0.05) 6nemli olmadigr gortlmustir. Buna gore
T. fultoni enfeksiyonu tespit edilen su sicakliginin
daha yuksek oldugu, su sicakhgiyla ters orantili olan
¢6zinmus oksijen miktarinin ise daha disik oldugu
saptanmistir (Tablo 7).

Calisma suresince baliklarda tespit edilen bir diger
protozoon olan I. multifilis’in enfeksiyon orani %6.9
(24/348) (miks enfeksiyonlar dahil) olarak belirlenmis-
tir. Etkenin enfeksiyon orani (%) ve enfeksiyon dere-
celerinin aylara gore dagilimi incelendiginde toplam
bes ay enfeksiyona rastlanmistir. En yliksek enfeksi-
yon orani [(%33.3), 8/24] Agustos ayinda tespit edilir-
ken bunu Kasim [(%29.1), 7/24] ve Eylll [(%20.8),
5/24] aylan takip etmistir. En dislk enfeksiyon orani
ise Nisan [(%5.5), 2/36] ayinda belirlenmistir. En yuk-
sek enfeksiyon derecesi (3) Eylil ayinda belirlenir-
ken, en dusuk (1) Nisan ayinda belirlenmistir. Enfek-
siyonun goruldigi diger aylarda ise orta (2) enfeksi-
yon derecesi saptanmistir (Sekil 2).

Ichthyophthirius muiltifiliis enfeksiyonuna kis mevsimi
haricindeki mevsimlerde rastlanmigtir. Enfeksiyonu-
nun mevsimsel dagilimi farklilik gostermis olup, ista-
tistiksel olarak 6nemli bulunmustur (P<0.01). En yuk-
sek enfeksiyon orani [(%16.7), 12/72] sonbahar mev-
siminde tespit edilirken, en digslk ilkbahar mevsimin-
de [(%2.1), 2/96] belirlenmigstir. Yaz mevsiminde ise
%13.9 (10/72) olarak hesaplanmistir. Trichodina en-
feksiyonunda oldugu gibi balik boy/agirliklarinin, su
sicakhdinin ve sudaki ¢6zinmus oksijen miktarinin,
I. multifiliis pozitif ve negatif gruplardaki farkliliklari
istatistiksel olarak 6Gnemli bulunmustur (Tablo 8 ve 9).

Calismada tespit edilen bir diger protozoon olan
Apiosoma sp.’nin enfeksiyon orani %2 (7/348) (miks
enfeksiyonlar dahil) olarak belirlenmistir. Bu protozo-
ona sadece Ocak ve Subat aylarinda rastlanmigtir.
Ocak ayinda enfeksiyon orani %5.55 (2/36) iken Su-
bat ayinda ise %8.33 (3/36) olarak hesaplanmistir.
Enfeksiyon derecesi Ocak ayinda orta (2) olarak tes-
pit edilirken, Subat ayinda ise yiiksek (3) olarak belir-
lenmistir.

Calisma boyunca tespit edilen protozoonlarin enfek-
siyon duzeylerine karsilik gelen enfeksiyon derecele-
rinin dagilimi ise Tablo 10’da verilmigtir.

Tablo 6. Balik boy (cm) ve agirliklarinin (g), T. fultoni pozitif ve negatif gruplardaki farkhliklari

Enfeksiyon istatistik 5nem
Pozitif Negatif Kontrolii
N X+ 5, N X+ 5, (Student T test)
Boy 125 22.78+0.39 223 24.87+0.33 P<0.001
Agirhk 125 148.03+7.16 223 206.50+6.21 P<0.001
F+5;

N: Balik sayisi * : Ortalama + Standart hata
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Tablo 7. Kafes ve havuzlardaki su sicakhiginin (‘C), ¢dziinmiis oksijen miktarinin (O, mg/L) ve pH degerinin T.

fultoni pozitif ve negatif gruplardaki farkhhklari

istatistik Onem

Enfeksiyon Kontrolii
Kafes ve Havuzlar Pozitif Negatif (Student T test)
N X+ 5 N X+5,
Sicaklik 125 16.75+0.30 223 15.74+0.30 P<0.05
Oksijen 125 6.61+0.1 223 7.00+0.08 P<0.01
pH 125 7.98+0.03 223 7.95+0.02 P>0.05

X+ 5

N: Balik sayisi * : Ortalama + Standart hata

Tablo 8. Balik boy ve agirliklarinin, . multifiliis pozitif ve negatif gruplardaki farkliliklar

Enfeksiyon istatistik 5nem
Pozitif Negatif Kontrolii
(Student T test)
N X+5, X+ 5,
Boy (cm) 24 21.46+0.85 324 24.32+0.27 P<0.01
Agirlik (g) 24 109.04%13.1 324 191.16£5.11 P<0.001

5
N: Balik sayisi — “*: Ortalama * Standart hata

Tablo 9. Kafes ve havuzlardaki su sicakliginin ('C), ¢éziinmiis oksijen miktarinin (O, mg/L) ve pH degerinin, I.

multifiliis pozitif ve negatif gruplardaki farkliliklari

Enfeksiyon Istatistik Onem
— _ Kontrolii

Kafes ve Havuzlar Pozitif Negatif (Student T test)

N X+5, N X+5,
Sicaklik 24 20.33+0.76 324 15.79+0.22 P<0.001
Oksijen 24 6.33+0.07 324 6.9+0.15 P<0.05
pH 24 8.00 324 7.96+0.01 P>0.05
¥+ 5;

N: Balik sayisi : Ortalama * Standart hata

Tablo 10. Tespit edilen protozoonlarin enfeksiyon derecelerinin dagihmi

Enfeksiyon T. fultoni I. multifiliis Apiosoma sp.
Dereceleri Sayi % Sayi % Sayi %
Diusik (1) 53 15.2 4 1.1 1 0.2
Orta (2) 62 17.8 15 4.3 3 0.9
Yiiksek (3) 10 2.9 5 1.4 3 0.9
Toplam 125 35.6 24 6.8 7 2

Calismada bulunan tek metazoon olan Lernaea sp.
ile enfeste balik orani ise %1.1 (4/348) olarak belir-
lenmis olup enfestasyona yalnizca Ocak ayinda rast-
lanmistir. Baliklar lizerinden toplam 32 adet Lernaea
sp. toplanmisg ve enfestasyon yogunlugu 8 olarak
belirlenmigtir. Baliklarin makroskobik muayeneleri
esnasinda parazitlerin tutunduklar viicut ytzeylerin-

15

de 6dem ve yara izlerine rastlanmis olup, meydana
gelen lezyonlarin ¢apinin 5-9 mm arasinda oldugu
gOrulmustir. Yapilan mikroskobik incelemeler sonu-
cunda etkenlerin olgunlasmis ve iki adet yumurta
kesesine sahip disi Lernaea sp.ler olduklari belirlen-
mistir.
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Sekil 2. Ichthyophthirius multifiliis'in enfeksiyon orani
(%) ve enfeksiyon derecelerinin aylara goére dagilimi

Tek degiskenli lojistik regresyon modelleri

Mevsim, balik boy ve agirliklari, su sicakhdi, sudaki
¢oziinmus oksijen miktari ve pH modele dahil edil-
migtir. Parazitlerin goérilme oranlari ve mevsimsel
dagilimlari arasindaki iligkinin istatistiksel olarak
Onemli oldugu goérulmustur. Tek degiskenli lojistik

Tablo 11. Tek degiskenli lojistik regresyon modelleri

Emrah SIMSEK

Sekil 3. A) Trichodina sp. B) T. fultoni (gumus nitrat
boyama) C) Ichthyophthirius muiltifiliis (trofont) D)
Apiosoma sp. E-K) Lemaea sp. F-G) Bas ve kuyruk
kismi, G) Yumurta keseleri H-K). Konak lizerinde
olusturdugu lezyonlar

.. Degisken = I I OR’nin %95
Degisken Siitlan B SE(B) Wwald P Degeri OR Giiven Aralg
Yaz
(Referans) 11.907 0.008
Mevsi Sonbahar 0.056  0.334 0.028 0.867 1057 0549  2.036
evsim Kis -0.889  0.314 8.010 0.005 0411 0222  0.761
ilkbahar -0.363 0313 1.340 0.247 0.696  0.377  1.286
Sabit 0.111  0.236 0.222 0.638 1.118
Bo Boy 0121 0024 25167  <0.001 0.886  0.845  0.929
y Sabit 2665 0.586  20.663  <0.001  14.375
Agirlik -0.010  0.001  50.726  <0.001 0.090 0.987  0.992
Agirtik Sabit 1633 0279 34118  <0.001 5117
Sicakiik Sicaklik 0.110  0.027  16.460  <0.001 1116 1.059 1177
Sabit 2.025 0455  19.811  <0.001 0.132
Oksiten Oksijen -0.172  0.086 4.040 0.044 0.842 0712  0.996
) Sabit 0.936  0.595 2.477 0.115 2.551
H pH 0.380  0.345 1.210 0.271 1462 0743  2.877
P Sabit 3270 2755 1.409 0.235 0.038
5 .

: Kestirilen egim katsayisi, SE( B

): Kestirilen egim katsayisinin standart hatasi, Wald: Model icin egim kat-

sayilarinin sifira egit olup olmadigini test eden Wald istatistigi, P: Wald istatistigine ait P degeri, OR: Kestirilen

odds orani

regresyon analizi sonucuna goére kis mevsiminde
enfeksiyon goriilme oraninin yaza gore 0.41 kat daha
az oldugu ortaya konmustur. Balik boy ve agirliklari-
nin, genel enfeksiyon pozitif ve negatif gruplardaki
farkhliklari istatistiksel olarak 6nemli bulunmustur.
Boydaki bir birimlik (cm) artis, enfeksiyonun odds

oranini (OR) 0.88 kat azaltirken, agirliktaki bir birimlik
(g) artisin ise 0.99 kat azalttigr géralmustir. Su para-
metrelerinin, genel enfeksiyon pozitif ve negatif grup-
lardaki farkliliklari degerlendirildiginde ise; su sicakli-
g1 ve ¢6zinmis oksijen miktari istatistiksel olarak
onemli bulunurken, pH’nin 6nemli olmadigi gorilmus-
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tur. Buna gore sicakliktaki bir birimlik (°C) artis enfek-
siyonun odds oranini (OR) 1.116 kat artirirken, ¢6-
ziinmus oksijen miktarindaki bir birimlik artisin (O,
mg/L) ise 0.842 kat azalttigi gorilmustir (Tablo 11).

Tartisma ve Sonug

Turkiye'de gokkusagi alabahgi yetistiriciligi her gegen
gln artmakta ve Ulke ekonomisine oldukca buylk
katki saglamaktadir. Ancak, entansif yetistiricilik ko-
sullarinda Uretimi yapilan baliklar, dogal ortamda
bulunanlara gbére ¢ok daha fazla strese maruz kal-
makta ve enfeksiyonlara (paraziter, bakteriyel ve vi-
ral) agik hale gelmektedirler. Hastalik kaynakli 6lim-
lere ve tedavi giderlerine bagli olarak da ciddi ekono-
mik kayiplar yasanmaktadir. Bu kayiplarin en aza
indirilebilmesi igin baliklarin énemli patojenlerinden
olan paraziter etkenlerin yayginliklarinin ve mevsim-
sel dagihmlarinin belirlenmesi ayrica hastalik olusu-
munda etkili parametrelerin etki paylarinin degerlen-
dirilmesi gerekmektedir. Bu baglamda, Aydin/
Bozdogan yoresinde yetistirilen gokkusagi alabalikla-
rinda paraziter yayginhgi belirlenmeyi ve bazi para-
metrelerin hastalik olusumu Gzerindeki etkilerini orta-
ya koymay! amaclayan calisma kapsaminda toplam
348 adet balik incelenmis ve 153’Unin (%44) cesitli
parazitlerle enfekte oldugu tespit edilmistir. Turkiye
ve dunyanin farkli cografik bdlgelerinde gokkusagdi
alabaliklarinda yapilan bazi calismalarda paraziter
enfeksiyonlarin genel prevalansi %18.14 ila %90
arasinda rapor edilmistir (Schisler ve ark., 1999; Altu-
nay ve Yavuzcan Yildiz, 2008; Ozer ve ark., 2010;
Poulin ve ark., 2012). Paraziter enfeksiyonlarin pre-
valanslarindaki bu genis aralik ise hastalik olusumun-
da etkili olan ¢evre ve yetistiricilik kosullarinin calig-
manin yapildigi cografik alana gore farklilik gostere-
bilmesine baglanmaktadir.

Calisma siiresince incelenen baliklarin; 118’i (%33.9)
T. fultoni, 19'u (%5.4) [ multifilis, 5i (%1.4)
Apiosoma sp., 4'U (%1.1) Lernaea sp., olmak uzere
tek tirle enfekte iken, 7 tanesinde (%2) T. fultoni+
I multifilis  (%1.4); T. fultoni+Apiosoma sp.
(%0.6)'den kaynaklanan miks enfeksiyonlar tespit
edilmistir. Tirkiye'de gokkusagi alabaliklarinda yapi-
lan calismalarda Trichodina spp., [I. muiltifiliis,
Apiosoma sp., I. necator, Chilodonella spp., Epistylis
sp., Costia sp. Spironucleus salmonis ve Hexamita
salmonis gibi protozoonlar rapor edilmiglerdir. Balik-
larda siklikla karsilasilan Trichodina spp.’nin preva-
lansi %1.8-85 arasinda, . multifiliis’in prevalansi ise
%5.88-20.69 arasinda bildiriimistir (Balta ve ark.,
2008; Altunay ve Yavuzcan Yildiz, 2008; Ozer ve
ark., 2010; Cevrimel ve Soylu, 2017; Diler ve ark.,
2018; Balta ve Balta, 2018a). Ozer ve ark., (2010)’i
miks enfeksiyonu sadece bir balikta (Trichodina
spp.+Chilodonella spp.) rastladiklarini belirtirken,
Altunay ve Yavuzcan Yildiz, (2008) ise iki etkenle
enfekte ballk oraninin %66.6 oldugu bildirmistir.
iran’da gokkusag alabaliklarinda yapilan galismada
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ise I. multifiliis, Trichodina sp., Chilodonella sp. tespit
edilmis olup prevalanslari sirasiyla %16.4; 14; 1 ola-
rak belirlenmistir (Poulin ve ark., 2012). Yine Dani-
marka’da yapilan farkli galismalarda tespit edilen bir
¢ok parazitin arasinda Trichodina sp., Apisoma sp., 1.
multifiliis, T. fultoni tirlerinin yer aldigi dikkat ¢gekmig-
tir. (Buchmann ve Bresciani, 1997; Jergensen ve
ark., 2009). Calismalarda genellikle Trichodina
sp.’nin baskin protozoon oldugu ve prevalansinin
yuksek oldugu goérulmekte ve mevcut cgalismanin
bulgulariyla benzerlik géstermektedir. Ayrica ¢alisma
sliresince Trichodina’ nin her mevsim enfeksiyon
olusturabilmesi ve yapilan bir ¢cok ¢alismada da tespit
edilmis olmasi, bu etkenin gdkkusagd alabaligi iglet-
meleri igin her zaman bir tehdit unsuru olabilecegini
ortaya koymaktadir. Firsat¢i parazitler, her ne kadar
konak Uzerinde sayilari az oldugu dénemlerde ciddi
enfeksiyonlar olusturmasalar da, kuresel i1sinmanin
gindemde oldudu son yillarda su sicakliklarindaki
degisikliklere bagli olarak ortaya ¢ikan stres faktorleri
sonucu s6z konusu parazitlerin her zaman enfeksi-
yon olusturabilecegi ihtimali géz éninde bulundurul-
maldir. Yine bu gibi olumsuz kosullarin yani sira
daha fazla kar amaglayan igletmelerde stok yogunlu-
gunun arttinlmasi ve asir yemleme gibi bilingsiz ya-
pilan vyetistiricilik uygulamalar sonucu, sularda biri-
ken yem ve metabolizma atiklari, su kalitesinin bozul-
masina ve sonug olarak baliklarin strese girmelerine
sebep olmaktadir. Baliklarin immun sistemlerinin
zayiflamasina neden olan bu gibi durumlar firsatgi
parazitlere zemin hazirlamakta ve igletmeler i¢in her
zaman bir risk olugturmaktadir (Karasev ve ark., 199;
Durborow, 2003; Karvonen ve ark., 2010). Yine bu
calismada 1. multifiliis prevalansinin diger calismalara
gbre daha dusuk olmasinin sebebi su sicakligina
baglanmistir. Nitekim Aihua ve Buchmann, (2001) bu
protozoonun yasam siklusuyla su sicakligi arasinda
pozitif bir korelasyonun bulundugunu vurgulamistir.
Calismanin yapildigi yorenin, sicak bir bolgede yer
almasi, su sicakhginin yaz aylarinda yetistiricilik ko-
sullarinin oldukca disina ¢ikmasina sebep olmakta-
dir. Bu durum g6z o6ninde bulunduruldugunda
1. multifiliis prevalansinin oldukca yuksek olmasi bek-
lenmektedir. Ancak, artan su sicakligina énlem olarak
yaz mevsiminde barajdaki kafes isletmelerinde Uretim
durdurulmaktadir. Uretime ise daha diisiik su sicakli-
gina sahip baraj dip suyunun aktarildigi karasal iglet-
melerde devam edilmektedir. Bu uygulamanin yeter-
siz kaldigi durumlarda ise havuzlar yer alti sulariyla
desteklenerek su sicakliginin bazi igletmelerde asir
yukselmesi engellenebilmektedir. Boylelikle, dzellikle
su sicakhginin ayarlanabildigi isletmelerde
I. muiltifilis’e daha az rastlanmakta ve buna bagl
olarak da parazitin genel prevalansi distk olmakta-
dir. Nitekim calisma stresince su sicakligindaki degi-
simlerin hastalik olusumunda etkisi istatistiki olarak
onemli bulunmustur (P<0.01).

Calisma boyunca baliklarda en yaygin olarak rastla-
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nan protozoon turinin T. fultoni oldugu gorilmustur.
Bu protozoon Ocak ayi haricindeki diger aylarda farkli
enfeksiyon oranlari ve enfeksiyon derecelerinde tes-
pit edilmistir. Buchmann ve Bresciani, (1997) yaptik-
lar galismada Trichodina tirleri tarafindan olusturu-
lan enfeksiyonunun Mayis, Haziran ve Eylil aylar
hari¢ yiIl boyunca goéruldigunu bildirmiglerdir. Jorgen-
sen ve ark. (2009) Danimarka’da resirkulatif sistemin
kurulu oldugu ciftliklerden 6rnekledigi gokkusagi ala-
baliklarinda, Eylil, Aralik ve Nisan aylari haricinde
Trichodina sp. enfeksiyonuna rastladiklarini rapor
etmislerdir. Altunay ve Yavuzcan Yildiz, (2008) ise
Trichodina sp. enfeksiyonunu yil boyunca %100’e
varan enfeksiyon oranlarinda tespit etmiglerdir. Yine
Balta ve ark., (2008) Trichodina sp.'ye Mayis-Eylil
aylari arasinda rastladiklarini ve en ylksek enfeksi-
yon oraninin Agustos ayinda tespit edildigini belirt-
miglerdir. Yaptigimiz ¢alismada ise baliklarda bir ay
hari¢ yil boyunca bulunan bu etkenin en yiksek en-
feksiyon orani Kasim (%75) ayinda tespit edilmis
olup, diger calismalarla farkhlik gostermektedir. En-
feksiyon oraninin 6zellikle bu ayda artmasinin sebe-
bi; Kasim ayi Bozdogan yoéresinde baraj suyunun
yetistiricilige uygun olmaya basladidi ay olup, balikla-
rin bir kismi barajdaki ag kafeslere aktariimaktadir.
Bu nedenle hem su sicakhginin uygun olmasi hem
de baliklarin pazara daha erken surilebilmesi igin
karasal igletmelerde yogun bir yemleme sireci basla-
maktadir. Bu durum baliklarin metabolizmasinin hiz-
lanmasina ayni zamanda asiri su kirliligine de sebep
olarak baliklar uzerinde bir stres faktori olusturabil-
mektedir. Sonug olarak strese bagli immun sistemleri
etkilenen baliklarin bu gibi firsat¢i paraziter enfeksi-
yonlara yakalanmasi kaginilmaz olmaktadir. Nitekim
Karasev ve ark. (1997)'nin yaptiklari ¢galismada, Tric-
hodina nigra’nin Ureme ve ¢ogalmasinda 6zellikle su
sicakhdi ve suda artan organik madde miktarinin
oldukga 6nemli oldugu belirtilmistir.

Calisma suresince tespit edilen diger énemli bir pro-
tozoon I. muiltifiliis taridir. Balta ve ark. (2008) yap-
tiklari calismada Mayis’tan Eylile kadar olan dénem-
de bu enfeksiyonun tespit edildigini ve en yuksek
prevalans oranina Agustos ayinda ulastigini bildirir-
ken, Buchmann ve Bresciani, (1997) I. multifiliis’in
tipik olarak termofilik bir protozoon oldugunu ve Ara-
lik'tan Haziran’a kadar olan dénemde herhangi bir
enfeksiyon olusturmadigini rapor etmislerdir. En yUk-
sek enfeksiyon oranina ise (%10-20 mortalite) Tem-
muz-Eylul aylan arasindaki dénemde ulastigini, daha
sonra azalarak Kasim’a kadar devam ettigini belirt-
miglerdir. Hastaligin, Temmuz'da %11, Agustos’'ta %
23, Eylil'de %14, Ekim’de %4 ve Kasim’'da %Z2’lik bir
prevalansla seyrettigini ortaya koymuslardir. Ozer ve
ark. (2010) yaptiklan ¢alismada ise ilkbaharda l.
muiltifilis’e rastlanmazken diger aylarda baskin tir
oldugunu rapor etmislerdir. Ogiit ve ark. (2005) Kara-
denizde . multifiliisin mevsimsel olarak dagilimini
inceledikleri bir calismada enfeksiyonun en yilksek

Emrah SIMSEK

prevalans, ortalama yogunluk ve bolluk degerlerine
Agdustos ayinda ulastigini ve kis mevsiminde enfeksi-
yon tespit edemediklerini belirtmislerdir. Yaptigimiz
calismada . multifilis enfeksiyonuna toplam bes ay
rastlanmis olup en ylksek enfeksiyon orani Agustos
(%33.3) ayinda belirlenirken, bunu Kasim (%29.1) ayi
takip etmistir. En dislk enfeksiyon orani ise Nisan
(%5.5) ayinda tespit edilmistir. Diger ¢alismalarla
benzer olarak, mevcut ¢alismada /. multifiliis enfeksi-
yonunun genellikle su sicakhdinin yiksek oldugu
aylarda tespit edildigi ve prevalansinin Agustos ayin-
da pik yaptigi belirlenmistir. Ayrica I. multifiliis enfek-
siyonu kis mevsimi haricindeki tim mevsimlerde fark-
Il enfeksiyon oranlarinda tespit edilmis olup, bu farkli-
lik istatistiki olarak énemli bulunmustur. Bu protozoo-
nun dreme ve ¢ogalmasinda su sicakligi énem arz
etmektedir. Bu nedenle yaz mevsiminde ve erken
sonbahar déneminde bu protozoona daha sik rastlan-
maktadir. Dickerson, (2006)'nun belirttigine gore ya-
sam siklusundaki evreler ancak su sicakliginin 21-
23°C’ye ulastigi dénemlerde tamamlanabilmektedir.
Eger ortam sicakhgi 10°C’nin altindaysa kistlenme
meydana gelmemekte ve bdlinme sekillenmemekte-
dir. Bu durum enfeksiyonun kis mevsiminde goérilme-
mesinin  sebebini agikca ortaya koymaktadir.
1. multifiliis enfeksiyonu lzerine su parametrelerindeki
degisimlerin etkisi degerlendirildiginde; Ogiit ve ark.
(2005) yaptiklar calismada su sicakhgiyla ortalama
yogunluk arasinda 6énemli bir iliski bulundugunu, ayri-
ca logaritmik bir artigsin s6z konusu oldugunu belirt-
mislerdir. Su sicakliginin 18°C'’nin lizerine ¢iktigi do-
nemlerde konak Uzerinde parazit sayisinin arttigini
ve prevalansinin %80’nin Uzerine ¢iktigini vurgula-
mislardir. Enfeksiyonun ge¢ yaz déneminde meyda-
na gelmesinin sebebini ise, su sicakhdinin yiksek
olmasi, yagis miktarinin az olmasina bagli olarak su
seviyesinin disik olmasi ve gece-gundlz arasindaki
su sicaklik farkinin az olmasi gibi yetistiriciligi olum-
suz etkileyebilecek kosullarla aciklamiglardir. Yine
Buchmann ve Bresciani, (1997) bu etkenin prevalan-
sinin en yiiksek oldugu sicaklik araligini 16-20°C
olarak belirlemig olup, sicaklik arttikca prevalansinin
arttigini bildirmislerdir. Aihua ve Buchmann, (2001)
bu protozoonun yasam siklusuyla su sicakhgi arasin-
da pozitif bir korelasyonun bulundugunu vurgulamig-
tir. Yaptigimiz calismada su parametrelerindeki degi-
simlerin, I. multifiliis pozitif ve negatif gruplardaki fark-
liliklar de@erlendirildiginde; su sicakliginin ve ¢6zin-
mus oksijen miktarinin istatistiki olarak énemli oldugu
gorilirken, pH’nin 6nemli olmadigi ortaya konmus-
tur. Bu protozoonun tespit edildigi su sicakliginin
daha yuksek oldugu gérulmdistir. Enfeksiyonun ge-
nellikle su sicakliginin ¢cok daha ylksek oldugu do-
nemlerde tespit edilmesi, yine su sicakligiyla ters
orantili olan ¢éziinmis oksijen miktarinin disik ol-
maslyla da baglantih olabilece@i disunilmektedir.
T. fultoni igin bahsettigimiz sekilde, su sicakhgi ve
¢ozinmuls oksijen miktarindaki yetistiricilik aleyhine
olan degisiklikler I. multifilis enfeksiyonunun da olus-
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masina zemin hazirlayabilecegdi net bir sekilde gorul-
mustar.

Calisma boyunca incelenen baliklardan 4 tanesinde
sadece Ocak ayinda ¢ogu iki adet yumurta kesesine
sahip metazoon parazit olan disi Lernaea sp.’ler tes-
pit edilmigtir. Enfestasyon orani %1.1 olarak hesap-
lanmis olup enfestasyon yogunlugu ise dnceki calis-
malarla benzer sekilde 8 olarak belirlenmigtir (Berry
ve ark., 1991; Toksen ve ark., 2014). Bu parazitin
tespit edildigi havuzun bogaltiimasi sonucu yil boyun-
ca tekrar enfestasyona rastlanmamistir. Parazitlerin
tutunduklar vicut yizeylerinde daha 6nceki ¢calisma-
larin sonuglariyla uyumlu sekilde 6dem ve yara izleri-
ne rastlanmis olup, meydana gelen lezyonlarin ¢api-
nin 5-9 mm arasinda degistigi goérilmastir (Berry ve
ark., 1991, Bednarska ve ark., 2009). Cogunlukla
sazan tlrlerini enfeste eden Lernaea sp.,’nin bu ¢alis-
mada g6kkusagi alabaliklarinda tespit edilmesi, bu-
lundugu isletmede sazan yetigtiriciligi yapiimasada
ayni kaynak Uzerinde yapiliyor olmasi ve ayni za-
manda kullanilan su kaynaginda dogal olarak bu ba-
lik tdrlerinin yasiyor olmasina baglanmistir. Nitekim,
Polonya’da toplu 6limlerin goraldigu gokkusagi ala-
balik isletmelerinde L. cyprinacea enfestasyonu sap-
tanmig ve s6z konusu balik tirtinlin, sazan (Cyprinus
carpio) ve benzeri balik tlrleriyle ayni ortamda yetisti-
rildigi vurgulanmistir (Bednarska ve ark., 2009). Berry
ve ark. (1991) dort yil boyunca yuruttikleri calismada
ilk L. cyprinacea enfestasyonunu her yil yaz ortasin-
da (Temmuz) tespit ettiklerini, parazitin en bol bulun-
dugu mevsimin ise sonbahar oldugunu belirtmislerdir.
Prevalansini ise Temmuz, Eylil ve Kasim aylarinda
%100 olarak hesaplamiglardir. Yine Bednarska ve
ark., (2009)'nin belirttigine gore normal kosullarda L.
cyprinacea’nin optimum Ureme sicakhgr 23-30°C
civarinda olup, genellikle bu enfestasyona su sicakli-
ginin yiksek oldugu mevsimlerde rastlanmaktadir.
Fakat su sicaklhigi 14°C’nin altina distigi durumlarda
ise parazitin yasam siklusu durmakta ve ciftlesen disi
parazitler kigi ya da o dénemi herhangi bir konak
Uzerinde atlatabilmektedirler. Bu durum dikkate alin-
didinda yaptigimiz calismada parazitin tespit edildigi
mevsim ve konak farkliligi net bir sekilde agiklanabil-
mektedir.

Bu c¢alismanin bulgularindan farkli olarak Turkiye'de
gOkkusagi alabaliklarinda  Dactylogyrus  sp.,
D. sphyrma, Gyrodactylus sp., Diplostomum spp.,
Clinostomum complanatum (metaserker),
Pomphorhynchus laevis, Crepidostomum farionis,
Hysterothylacium aduncum, H. gadi aduncum,
Schulmanela petruschewskii rapor edilmistir (Burgu
ve ark., 1988; Ogiit ve Akyol, 2007; Pekmezci, 2010;
Saglam, 2013; Avsever ve ark., 2016; Cevrimel ve
Soylu, 2017; Balta ve Balta, 2018b). Mevcut ¢alisma-
da Lernaea sp., diginda yukarida bahsi gecen her-
hangi bir metazoon parazit tespit edilememistir. Bu
durumun ise yetistiricilik yapilan ortamda s6z konusu
bazi parazitlerin ara konaklarinin bulunup bulunma-
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masi veya baliklarin beslenmesinde kullanilan yemle-
rin tdru ve igerigiyle ilgili olabilecegi dusunulmektedir.
Nitekim Pekmezci, (2010) yaptigi c¢alismada
H. gadi aduncum tespit ettidi gokkusag! alabaliklari-
nin birkac ay éncesinde denizden avlanan hamsilerle
beslendigini, bu baliklarin etkenin larva 3 formuyla
enfekte olabilecegini ve dolayisiyla enfeksiyonun
bundan kaynaklandigina vurgu yapmigtir. Skov ve
ark. (2014) denizde yetistirilen gokkusagi alabalikla-
rinda yaptiklari calismada H. aduncum tespit ettikleri-
ni ve bu durumun ortamda artan ara/paratenik konak-
larla (kGigik baliklar, crustacealar vb.) iligkili oldugunu
belirtmislerdir. Baliklarin parazitler i¢cin bazen son
bazen de arakonak olabildikleri dikkate alindiginda,
ciftliklerde yem olarak deniz baliklarinin kullaniimasi,
bazi metazoonlarin bulagmalarinda ve yayilmalarinda
risk teskil ettigini acikca géstermektedir.

Sonug olarak g¢alisma boyunca bulunan protozoonlar
firsatgl parazitler olup, konak Uzerinde sayilan az
oldugu dénemlerde ciddi bir enfeksiyon olusturmaz-
ken, baliklarin immun sistemini etkileyecek ve strese
sokabilecek herhangi bir durumda énemli mortalitele-
re sebep olabilmektedirler. Yeterince stres faktoriiniin
bulundugu yetistiricilik kosullarinda bu gibi enfeksi-
yonlarin ortaya ¢ikmasi kaginilmaz olmaktadir. Nite-
kim galismamiz sonucunda bazi parametrelerin en-
feksiyon varligi lzerine olan etkisi ortaya konulmus
olup, kis mevsiminde enfeksiyon goérilme oraninin
yaza gore 0.41 kat daha az oldugu belirlenmistir.
Ozellikle su sicakhigi, c¢oziinmiis oksijen miktari, ba-
ik boy ve agirliklarinin enfeksiyon olusumunda ol-
dukca 6nemli oldugu goralmustir. Codunlukla sazan
turlerini enfeste eden L. cyprinacea, ¢alisma sirasin-
da gokkusagi alabaliklarinda tespit edilmistir. Ayni su
kaynagi Uzerinde sazan vyetistiriciligi yapiliyor olmasi
ya da yetistiricilikte kullanilan suda dogal olarak s6z
konusu balik turinin bulunmasi, bu gibi durumlarin
olusabilecegine isaret etmektedir. Tim bu durumlar
g6z 6nlinde bulunduruldugunda, olumsuz sartlarin bir
arada oldugu yetistiricilik kosullarinda su kalitesinin
mimkin oldudunca iyi olmasina, stok yodunlugunun
fazla olmamasina, sularin yem artiklari ve 6lu balik-
larla kirletimemesine dikkat edilmelidir. Ayni zaman-
da kultir ortamindaki baliklarla etkilesim icinde olan
dogal ortamdaki baliklarin, hem protozoon hem de
metazoon faunasininin mevsimlere gére dagihmlarini
belirlemeye yonelik calismalarin yapilmasi ve yetisti-
ricilik agisindan olusturduklar risk faktorlerinin belir-
lenmesi gerekmektedir.
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Summary: Listeria monocytogenes is a foodborne pathogen, which has great importance for human and animal
health. Although 13 serotypes have been identified for L. monocytogenes, four of these serotypes (1/2a, 1/2b, 1/2c and
4b) are significant with regard to human listeriosis. With this study, beef, sheep and chicken meat samples were exam-
ined for L. monocytogenes and serotype of isolates were detected by molecular methods. A total of 156 marketed meat
samples comprising of beef, sheep and chicken were collected from different supermarkets, butchers and retail shops.
L. monocytogenes contamination rate was found as 12.8% in overall meat samples. In this study L. monocytogenes
were detected in meat samples of beef, sheep and chicken meat samples as 14.8% (8 of 54), 9.6% (5 of 52), 14% (7 of
50), respectively. Common serotype was belonged to 1/2c in beef meats, 1/2a in chicken meats. L. monocytogenes
strains of sheep were serotyped first time and dominant serotype was found to be 1/2c in Turkey. The presence of L.
monocytogenes, contamination level and predominant serotype distribution in diverse foods should be elucidated with
comprehensive studies mainly in animal products. Additionally, genetic relationship of human and animal isolates
should be revealed and the role of animal products in human listeriosis should be investigated.

Key words: Listeria monocytogenes, mPCR, meat, serotype

Satisa Sunulan Etlerde Listeria monocytogenes Prevalansi ve Serotip Dagiliminin Belirlenmesi

Ozet: Listeria monocytogenes, gida kaynakli patojenlerden biri olup insan ve hayvan saghigi agisindan blyiik dneme
sahiptir. L. monocytogenes’in 13 serotipi bulunmasina ragmen, bunlardan doérdi (1/2a, 1/2b, 1/2c ve 4b) insan listeri-
ozisi agisindan onemlidir. Bu ¢alismada sigir, koyun ve tavuk et érnekleri L. monocytogenes yoninden incelenerek,
molekuler yontemlerle serotipleri ortaya kondu. Sigir, koyun ve tavuk etinden olusan toplam 156 6rnek siipermarket,
kasap ve perakende satis noktalarindan alindi. Tim et 6rneklerinin %12.8’i L. monocytogenes ile kontamine bulundu.
Bu c¢alismada, L. monocytogenes sidir et orneklerinde %14.8 (8/54), koyun et drneklerinde %9.6 (5/52), tavuk et
drneklerinde %14.0 (7/50) oraninda tespit edildi. Sigir etinde 1/2c, tavuk etinde ise 1/2a serotipi baskin olarak bulundu.
Bu calismada, Turkiye’de koyun listeria suslari ilk defa serotiplendirildi ve baskin serotip 1/2c olarak belirlendi.
Kapsamli galigmalar ile basta hayvansal gidalar olmak Uzere farkli kaynaklarda L. monocytogenes varlidi, kontami-
nasyon duzeyi ve predominant serotip dagilimi belirlenmelidir. Buna ilaveten, insan ve hayvan izolatlarinin genetik
iligkileri ortaya konularak insan listeriozisinde hayvansal trlnlerin roli arastiriimaldir.

Anahtar kelimeler: Et, Listeria monocytogenes, mPCR, serotip

teriosis cases originate from the consumption of
ready to eat products and animal foods L. monocyto-
genes isolation was stated in red meat, chicken meat,
raw milk and milk products and ready to eat foods
(Norton and Braden, 2007).

Introduction

A significant rise has been observed in foodborne
infections and intoxications throughout the world and
one of the bacterial agents responsible for this is L.
monocytogenes. European Food Safety Authority

(EFSA) reports that L. monocytogenes ranks fifth
among foodborne outbreaks (EFSA, 2015). Accord-
ing to Center for Disease Control and Prevention
(CDC) data, 1500 people are being hospitalized and
260 people are losing their lives due to L. monocyto-
genes annually in the USA (CDC, 2016).

It has been reported that vast majority of human lis-
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L. monocytogenes has 13 serotypes (1/2a, 1/2b,
1/2¢, 3a, 3b, 3¢, 4a, 4ab, 4b, 4c, 4d, 4e and 7) on the
basis of somatic (O factor) and flagellar (H factor)
antigens. Four of these serotypes, (1/2a, 1/2b, 1/2c
and 4b) are identified mostly in human listeriosis
(Doumith et al., 2004). It has been stated that isolates
obtained from human cases were mostly 4b serotype,
and secondly common serotype was 1/2a in the USA
(CDC, 2016). EFSA notified that 1/2a (57.5%) sero-
type was the most common isolate and followed by
4b, 1/2b, 1/2c, 3a and 3b serotypes for human listeri-
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osis (EFSA, 2015).

Rapid detection of agent and accurate determination
of serotypes are crucial for struggling with disease.
Consequently, agglutination, ELISA and PCR assays
(Doumith et al., 2004; Kerouanton et al., 2010) are
widely employed for serotyping. But agglutination
method has several limitations such as high-cost
antisera, being time-consuming, requirement of expe-
rience and low discrimination capacity (Kerouanton et
al., 2010). In recent years, specific, rapid, reliable and
cost-effective Multiplex Polymerase Chain Reaction
(mPCR) method was replaced by conventional sero-
typing methods, for identification and serotyping of L.
monocytogenes (Doumith et al., 2004).

The current study aimed to reveal the occurrence of
L. monocytogenes and to determine the distribution
of serotypes by molecular methods in meats samples
that belong to different animal species (beef, sheep
and chicken).

Materials and Methods

Food samples: A total of 156 marketed fresh meat
samples comprising of beef (n=54), sheep (n=52)
and chicken (n=50) were collected randomly from 55
different markets, butchers and retail shops between
April and October 2016. Samples were brought to the
laboratory in cold chain, immediately followed by iso-
lation and identification processes.

Isolation and identification of L. monocytogenes:
EN ISO 11290-1 culture technique was utilized for
isolation of L. monocytogenes. A 225 ml Half Fraser
Broth (Merck 1.10398.0500) was added onto 25 g of

Erciyes Univ Vet Fak Derg 2020;17(1): 22-27

at 37 °C for 24 hours. One loopful of broth was
streaked on PALCAM agar (Polymyxin Acriflavine
Lithium Chloride Ceftazidime Aesculin Mannitol Ox-
oid CM0877-SR0150E) and plates were incubated at
37 °C for 48 hours. Presumptive colonies (black-
centered, gray-black in color with a black halo) were
subcultured onto TSA-YE (Tryptone Soy Agar-Yeast
Extract, Oxoid CM0131) and incubated at 37 °C for
24 hours. Colonies grown on TSA-YE were trans-
ferred to TSB (Tryptone Soy Broth Oxoid CM0129)
with 20% glycerol for further analysis and preserved
at -20 °C.

DNA extraction and PCR: Isolates stored in TSB
were thawed and 500 pl of broth was transferred to
microcentrifuge tubes. Tubes were centrifuged at
10.000 rpm for 5 minutes (VMR International Galaxy
16DH) and the supernatant was decanted. Pellet was
suspended in 300 pl of sterile distilled water and 300
gl of K buffer (20 mM Tris, 150 mM NaCl, 10 mM
EDTA, 0,2 % Sodium Dodecyl Sulfate-SDS) and 5 pl
of proteinase K (20 mg/ml) (Vivantis PC0712-100mg)
were added. After the incubation of tubes at 56 °C for
2 hours, samples were heated in water bath at 100 °
C for 10 minutes to inactivate Proteinase K. Tubes
were centrifuged at 13.000 rpm for 10 minutes and
the supernatant was discarded. Then 100 pl of sterile
distilled water was added and used as template DNA
in PCR assays.

Initially, DNA samples were analyzed for Listeria spp.
with the prs gene specific primer pair. Listeria spp.
positive samples were examined for L. monocyto-
genes with prfA gene specific primers. Then, sero-
types of L. monocytogenes were determined by multi-

Table 1. Primer pairs used for Listeria spp., L. monocytogenes and serotyping

Target

Sizes

Primer sequence (5’-3°) Reference
Gene (bp)
s GCTGAAGAGATTGCGAAAGAAG /o 370bp  (Doumith etal,
P CAAAGAAACCTTGGATTTGCGG PP P 2004)
o GATACAGAAACATCGGTTGGC | monocvtogenes 974 by (D’Agostino et
P GTGTAATCTTGATGCCATCAGG : ytog P al., 2004)
AGGGCTTCAAGGACTTACCC (Doumith et al.,
Imo0737 ACGATTTCTGCTTGCCATTC 1/ 2a, 1/2 ¢, 3a and 3c 691bp 2004)
AGGGGTCTTAAATCCTGGAA (Doumith et al.,
Imot1118  GGCTTGTTCGGCATACTTA 1/2.c and 3¢ 906 bp 2004)
AGCAAAATGCCAAAACTCGT (Doumith et al.,
Of2819 A TOACTAAAGCOTCOCATTG 1/2 b, 3b, 4b, 4d and 4e 471 bp 2004)
AGTGGACAATTGATTGGTGAA (Doumith et al.,
02110 ATCCATCCCTTACTTTGGAC 4b, 4d and 4e 597 bp 2004)

each sample, and samples were homogenized for 2-
3 minutes in the stomacher (Interscience BagMixer
400 cc, France). The suspension was incubated at 30
°C for 24 hours for pre-enrichment. After the pre-
enrichment, 0.1 ml was taken and transferred to 10
ml Fraser Broth (Merck 1.10398.0500) and incubated
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plex PCR using specific primer pairs (Table1).

Listeria spp., and L. monocytogenes PCR reactions
were performed in a final volume of 50 pl including 5
gl 10X PCR Buffer (500 mM KCI, 100 mM Tris-HCI
(pH 9.1) and 0.1% Triton X-100) (Vivantis,ViBufferA),
5 upl 25 mM MgCl, (Vivantis, 50 mM), 250 uM each
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deoxynucleotide triphosphate (Vivantis, NP2406
100mM), 20 pmol each primer (Biomatik, Canada),
1.25 U Taq DNA polymerase enzyme (Vivantis,
PL1202 500 U) and 5 pl (25 ng) template DNA. Sero-
typing of L. monocytogenes was performed by mPCR
described by Doumith et al. (2004). All PCR tests
were carried out in Biorad-T100 thermal cycler
(Biorad, USA). PCR amplification conditions were as
follows: an initial denaturation at 94 °C for 3 min. 35
cycles consisting of denaturation at 94 °C for 40s,
annealing at 53 °C for 75 s and hybridization at 72 °C

274 bp
370 bp

- o e
—

Land ———

L aand

Tz /9 ,3 .
M12 3 4
Figure 1. Serotype identification of L. monocyto-
genes isolates from chicken meat products by multi-
plex PCR
M: 100 bp DNA marker. Lane 1: prs gene positive
Listeria sp. (370 bp) Lane 2: prfA gene positive L.
monocytogenes (274 bp) Lane 3: Positive control (L.
monocytogenes ATCC 7644) Lane 4: Negative con-
trol. Lane 5: L. monocytogenes serotype 1/2a (or 3a)
(Lmo0737 691 bp) Lane 6: L. monocytogenes sero-
type 1/2b (or 3b) (Orf2819 471 bp). Lane 7: L. mono-
cytogenes serotype 1/2c (or 3c) (Lmo0737 691 and
Lmo1118 906 bp) Lane 8: L. monocytogenes sero-
type 4b (or 4d, 4e) (Orf 2819 471 and Orf 2110 597
bp)
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for 75 s; final extension at 72 °C for 7 min. PCR prod-
ucts on gel were stained with Ethidium bromide (10
mg/ml) (Merck, 1.11608.0030), after electrophoresis
at 110 V for 120 min. and visualized by ultraviolet
transilluminator (Vilber Lourmat Quantum ST4) imag-
ing system. For serotype definition was as such; if an
isolate was determined as Imo737 positive serotype
1/2a (or 3a), isolate was determined both Imo737 and
Imo1118 positive determined as serotype 1/2c (or
3c), isolate was determined as 0rf2819 positive deter-
mined as serotype 1/2b (or 3b), isolate was deter-
mined both orf2819 and orf2110 positive determined
as serotype 4b (or 4d, 4e) (Figure 1). Reference
strains of L. monocytogenes RSKK 471 (serotype
1/2a), L. monocytogenes RSKK 472 (serotype 1/2b),
L. monocytogenes ATCC 7644 (serotype 1/2c) and L.
monocytogenes RSKK 475 (serotype 4b) were used
as positive control, as negative control sterile distilled
water was used.

Results

In PCR analysis, 60 isolates were found to contain
prs genes and determined as Listeria spp. Listeria
spp. detection rates were 24.1%, 23% and 70% in
beef, sheep and chicken meat samples, respectively.
Twenty out of 60 Listeria spp. isolates were identified
as L. monocytogenes. L. monocytogenes contamina-
tion rate was found as 12.8% in overall meat sam-
ples. Contamination levels of L. monocytogenes were
estimated as 14.8%, 9.6% and 14% in beef, sheep
and chicken meat samples, respectively (Table 2).

In mPCR assays, four different serotypes (1/2a, 1/2b,
1/2c and 4b) were observed among the 20 L. mono-
cytogenes isolates. In this study, predominant sero-
type was 1/2c (55%), and followed 1/2a (25%), 4b
(15%) and 1/2b (5%) in L. monocytogenes isolates,
respectively (Table 3).

Table 2. Distribution of Listeria spp. and L. monocytogenes in meat samples (%)

Meat samples No. of samples (n)

Listeria spp.

L. monocytogenes

Beef 54 24.1% (13/54) 14.8% (8/54)
Sheep 52 23.0% (12/52) 9.6% (5/52)
Chicken 50 70.0 %(35/50) 14.0% (7/50)
Total 156 38.5% (60/156) 12.8% (20/156)

Table 3. Serotype distribution of L. monocytogenes in meat samples

Number of serotype positive isolates (%)

Meat samples

Total isolates

1/2a 1/2b 1/2¢ 4b
Beef 0 0 6 (75) 2 (25) 8
Sheep 0 0 4 (80) 1 (20)
Chicken 5 (71.4) 1(14.3) 1(14.3) 0 7
Total 5 (25) 1(5) 11 (55) 3 (15) 20
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Discussion and Conclusion

L. monocytogenes was detected in the meats of three
animal species. Contamination rate was calculated
as 12.8% in overall meat samples. The results ob-
tained from this research (14.8%) are consistent with
those of the studies conducted in other countries,
although it was higher than the previous study carried
out in Turkey. L. monocytogenes occurrence has
been reported at 4.3-75% in beef meats especially
4.3% in Korea (Baek et al., 2000), 15.5% in Japan
(Ochiai et al., 2010), 24.4% in Italy (Pesavento et al.,
2010) and 75% in Iran (Mashak et al., 2015). The
occurrence rate has been found to be between 0.9
and 6.32 % in Turkey (Cetinkaya et al., 2014; Dogru-
er et al, 2015).

L. monocytogenes has been isolated from various
food sources mainly in meat and meat products
(Norton and Braden, 2007). L. monocytogenes may
contaminate in processes of animal production,
slaughtering, selling or preparation of foods steps
(Bouayad et al., 2015; Dogruer et al., 2015; Mead,
2004).

L. monocytogenes prevalence in chicken meats was
reported as 14.3% in South Africa (Van Nierop et al.,
2005), 20.2% in Turkey (Ayaz et al., 2009), 24.5% in
ltaly (Pesavento et al., 2010), and 30.2% in Korea
(Baek et al., 2000). The prevalence of the agent re-
vealed in this study (14%) was lower than those of the
aforementioned studies. Interestingly, L. monocyto-
genes was detected in chicken meats by 14%, although
isolation rate of Listeria spp. was 70%, higher Listeria
spp. presence in chicken meats than red meat; might
have resulted from cross contamination that happened
during slaughtering excessive number of chicken per
hour, bleeding, removal of feathers, evisceration and
packaging steps (Mead, 2004).

L. monocytogenes occurrence in sheep meats were
declared as 2% in India (Vinay Kumar et al., 2016),
8% in Iran (Mashak et al., 2015) and 16% in Romania
(Carp-Carare et al., 2013), beside it was reported to
be between 0-50 % in Turkey (Abay et al., 2012;
Kahraman et al., 2005; Kocaman and
Sarimehmetoglu, 2017). Reported studies in Turkey
are Kocaman and Sarimehmetoglu (2017) found that
L. monocytogenes were in lamb meat samples of
15.8%, Abay et al. (2012) isolated L. monocytogenes
in 50% of minced sheep meat samples. However,
Kahraman et al. (2005) reported that they were not
able to detect L. monocytogenes in lamb carcasses.
In this study, L. monocytogenes frequency was de-
fined to be 9.6% in sheep meat samples. The differ-
ence in prevalence of L. monocytogenes could be
due to the regional difference, slaughter hygiene,
sample types and counts and isolation methods.

L. monocytogenes causes aborts, septicemia and
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central nervous system infections in humans. It was
reported that among the food pathogens, L. mono-
cytogenes has the highest mortality rate with 30%.

Consumption of foods contaminated with L. mono-
cytogenes causes infection in humans (Schlech,
2000). So, the presence of L. monocytogenes on
foods is limited via legislations in many countries.
Zero tolerance policy on struggling with L. monocyto-
genes is applied in Turkey and many other countries
such as the USA and European Union. According to
this, 25 grams of ready-to-eat foods should not con-
tain any L. monocytogenes agent (EFSA, 2015;
Shank et al., 1996). However, no limit has been im-
posed on minced meat, red meats, chicken meats
and meat preparations in Turkey (TFC, 2011). Deter-
mination of microbiological threats in meat products
is substantial for taking precautionary measures
against the risks that threaten human health.

In the current study, predominant serotype was 1/2c
(55%), followed by 1/2a, 4b and 1/2b in L. monocyto-
genes isolates, respectively. Even 1/2c and 4b sero-
types were isolated in beef meat samples in this
study. Another study conducted in Estonian by Kra-
marenko et al. (2013) reports that common serotype
was 1/2a, followed by 1/2c, 1/2b and 4b, respectively.
Cetinkaya et al. (2014) demonstrated that common
serotype in beef meats was 1/2a.

Although various studies have been conducted on
the occurrence of L. monocytogenes in sheep meats,
no data has been observed in literature upon sero-
type distribution in Turkey. To our knowledge, this is
the first study to investigate the serotypes of L. mono-
cytogenes from sheep meats. Most common ob-
served serotypes were 1/2¢ (80%), secondly 4b
(20%). This result is in agreement with result of a
study in Romania (Carp-Carare et al., 2013).

Predominant serotypes in chicken meats vary from
country to country. While Zhang et al. (2007) reported
that the most prevalent serotype was 1/2b followed
by 4b, Fallah et al. (2012) reported that the most
common serotype was 4b and followed by 1/2a. The
most dominant serotype was reported to be 1/2a in
Turkey, Portugal and Estonia (Cetinkaya et al., 2014;
Erol and Sireli, 1999; Guerra et al., 2001; Praakle-
Amin et al., 2006; Siriken et al., 2014). This study
revealed that the most predominant serotype was
1/2a (71.4%), followed by 1/2b and 1/2c in chicken
meats. When overall the samples were evaluated,
only 1/2c serotype was present in the meats of three
animal species. Serotype 4b (15%) was indicated
mostly in beef and sheep meat samples. Considering
the serotype 4b, which is responsible for most human
listeriosis cases, it can be asserted that beef and
sheep meats may be riskier.
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Rapid detection and accurate serotyping in Listeriosis
cases are first steps of subtyping and revealing the
transmission source and route of infection. Among
the 14 serotypes of L. monocytogenes 1/2a, 1/2b,
1/2c and 4b serotypes are accounted for 95-98% of
human listeriosis (CDC, 2016; Doumith et al., 2004;
EFSA, 2015). Aimost no serotype data has been in-
troduced in human listeriosis cases in Turkey. Only
4b serotypes was reported in humans (Tekay et al.,
2014).

Consequently, contamination of meats to different
animal species by L. monocytogenes was found to be
12.8% and predominant serotype was 1/2c, followed
by 1/2a. Serotype distribution of the pathogen in
sheep meat samples was indicated for the first time
in Turkey and most common serotype was detected
as 1/2c. Comprehensive studies should be conducted
on different sources mainly on animal foods to eluci-
date the presence of L. monocytfogenes, contamina-
tion level and predominant serotype distribution. Also,
the role of animal products in human listeriosis
should be investigated by clarifying genetic relation-
ships of human and animal isolates. To prevent lister-
iosis cases caused by meat samples, preventive
measures in general hygiene and disinfection appli-
cations should be taken throughout the production
line and during the cooking process.
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Ozet: Ulkemizde son yillarda yapilan anket caligmalarinda %33’ lilk bir oranla kuslardan sonra en ¢ok kedi beslenildigi
ve kedi sahiplenmelerinde ciddi bir artis oldugu bildirilmistir. Dolayisiyla fakiltemize gelen kedilerde siklikla gdzlenen
abdominal ve ortopedik hastaliklarin belilenmesi ve kedi sahiplerine, 6grencilere ve veteriner hekimlere, odaklaniimasi
gereken oncelikli hastaliklarin gdsteriimesi amaglanmistir. Selguk Universitesi Veteriner Fakiiltesi, Cerrahi Klinigi’ ne
2015-2018 yillari arasinda getirilen 2347 kediden, ortopedik ve abdominal bolge kaynakli sikayeti olan farkh irk, yas,
cinsiyet ve agirliklara sahip 696 (%29.65) kedi galisma materyalini olusturdu. Anamnez ve Anabilim Dallarindan (i¢
Hastaliklari, Dogum ve Jinekoloji) alinan konsiiltasyon bilgileri degerlendirildikten sonra klinik muayene, rutin sistemik
kan ve biyokimyasal analizleri yapildi. Ardindan olgularin teshisi igin tanisal islemlere gegildi. Bunun igin stuphelenilen
bolgeye gore gesitli pozisyonlarda (cranio-caudal, ventro-dorsal, dorso-ventral, latero-lateral vb.) direkt ve indirekt rad-
yografik ve ultrasonografik muayeneler yapildi. Getirilen toplam 2347 kedi igerisinde, %7.03 (n=165) abdominal ve %
22.62 (n=531) ortopedik problemlere rastlaniimistir.

Anahtar kelimeler: Abdominal bozukluklar, kedi, ortopedik bozukluklar

Prevalence of Abdominal and Orthopedic Diseases in Cats

Summary: In recent years, a significant increase in cat ownership has been reported in our country. Cat owners are in
the second place among other animal owners with a rate of 33%. Therefore, it is aimed to determine the frequently
observed abdominal and orthopedic diseases in cats brought to our faculty and to evaluate the diseases that need to
be focused on cats by the cat owners, students and veterinarians. Between 2015 and 2018, 696 (29.65%) cats out of
2347 with different breed, age, gender and weights that were brought to the surgery clinic with orthopedic and ab-
dominal region complaints were used as study material. Clinical examination, routine systemic blood and biochemical
analyzes were performed after evaluation of the patient history and consultation from the other departments (Internal
Medicine, Obstetrics and Gynecology). Diagnostic procedures were performed to diagnose cases. For this purpose,
direct and indirect radiographic and ultrasonographic examinations were performed in various positions (cranio-caudal,
ventro-dorsal, dorso-ventral, latero-lateral, etc.). In the 2347 cats, 7.03% (n=165) abdominal and 22.62% (n=531) or-
thopedic problems were observed.

Key words: Abdominal problems, cat, orthopedic problems

Girig

GinUimuzde yodun kentlesme ve teknolojinin ilerle-
mesi ile birlikte insan ve hayvanlarin yasamini tehdit
eden faktérlerde de ciddi bir artis géralmustur. Evcil
hayvanlarda travmaya sebep olan unsurlarin basin-
da; trafik kazalari, yliksekten disme, atesli silah ya-
ralanmalari, 1sirik ve kesik yaralari gelmektedir. in-
sanlarla etkilesimin ¢ok fazla olmasi ve gindelik ha-
yatin her alaninda yer almalarindan dolayi kedi ve
kopeklerde bu tir travmalara siklikla rastlaniimakta-
dir. Ozellikle kedilerdeki travma sebeplerinin baginda
yuksekten disme ve trafik kazalari gelmektedir. Kedi
ve kopeklerde travmatik yaralanmalarin etiyolojisini
etkileyecek etmenler, basta trafik kazalari ve ylksek-
ten disme olmak (izere, hayvan kavgalari, ategli
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silah, kesici cisim yaralanmalari, glines carpmasi,
donma ve kimyasal zehirlenmeler olarak siniflandiri-
labilir (Parlak ve Arican, 2015).

Kediler kopeklerle karsilastinldiginda strese daha
duyarhdirlar. Bununla birlikte zapt-1 rapt ve entlibas-
yon zorluklari, asir anestezi ve hipotermi riskleri ile
karsilasilabilmektedir. Ayrica ilaglara karsi yan etki
gorilme olasihgi daha siktir. Anesteziye bagl 6lim
riski (%0.24) kopeklerden daha fazla olmaktadir
(Gorgll ve Topal, 2007).

Ortopedik problemlere sahip birgok kedide stres, agr
ve sivi kaybi bulunmaktadir. Buna bagli olarak, yu-
musak doku hasari, kan kaybi ve enfeksiyon sekille-
nebilir. Travma ile beraber solunum, kardiyovaskiiler
ve merkezi sinir sistemi problemleri de gorilebilir.
Ortopedik hastaliklarin dagihmi incelendiginde, 6zel-
likle osteoartritis’in gérilme sikligi %90’ dir. Buna
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Tablo 1. Ortopedik ve abdominal patolojisi bulunan kedilerin yas, agirlik ortalamalari ve cinsiyet ylizdeleri

Patolojik Olgular Yas (ort.)(ay)

Agdirlik (ort.)(kg) Cinsiyet (%)

Abdominal 17.93

Ortopedik 19.97

Disi (36.36)
283 Erkek (63.63)
312 Disi (39.73)

Erkek (60.26)

ragmen kedilerdeki bazi ortopedik hastaliklarin
(osteoartritis vb.) etiyolojisi, korunma ve tedavisi he-
nldz tam olarak bilinmemektedir. Kedilerdeki ortopedik
problemlerin  belirlenmesinde hayvan sahiplerinin
klinik gbézlemleri cok 6nemlidir. Ayrica klinisyenlerin
ortopedik muayenelerini tam ve dikkatli bir sekilde
yapmamalari da birgok ortopedik problemlerin g6z-
den kagmasina sebep olmaktadir. Bunun da énemli
sebeplerinden biri gogu kedinin muayene sirasinda
oldukga stresli olmasi ve buna bagl olarak osteoartri-
tis gibi eklem problemlerini gizlemelerinden kaynak-
lanmaktadir (Gentry ve Mann, 1993; Scott ve
McLaughlin, 2006).

Kediler insanlardan daha hizli yaslanir ve kendilerini
iyi hissetmediklerinde sosyallesmeleri olduk¢a zorla-
sir. Ayrica 12 yagina kadar yilda bir kez veteriner
hekim tarafindan muayeneye edilirken, 12 yasindan
sonra yilda iki kez mutlaka rutin muayeneye goturul-
melidir. Yavru iken kopekler gibi egitime gereksinim
duymazlar. Ayrica, kdpeklerden daha iyi bir hafizaya
sahiptirler. Herhangi bir konuyu 16 saat Uzerinde
hatirlarken, kopekler sadece 5 dakikayr hatirlarlar
(Drum ve ark., 2015).

Sunulan galigmadaki sonuglar kedi sahipleri, 6grenci-
ler ve veteriner hekimlere abdominal ve ortopedik
problemlerde odaklaniimasi gereken 6nemli bilgiler
vermeyi amaglamaktadir.

Gereg ve Yontem

2015-2018 yillari arasinda, Selguk Universitesi, Vete-
riner Fakultesi Cerrahi Klinigi’ ne getirilen 2347 kedi-
den ortopedik ve abdominal bdlge kaynakl patoloji
sikayeti bulunan degisik Ik, yas, cinsiyet ve agirlikla-
ra sahip 696 (%29.65) kedi ¢alisma materyali olarak
kullanildi (Tablo 1). Hayvan sahiplerinden alinan
anamnez ve Anabilim Dallarindan (ig Hastaliklari,

Dogum ve Jinekoloji) alinan konsiltasyon bilgileri
degerlendirildikten sonra kedilerin klinik muayene,
rutin sistemik kan ve biyokimyasal analizleri yapildi.
Ardindan vakalarin teghisi i¢in tanisal islemlere gegil-
di.

Radyografik muayenede klinigimizde bulunan Sie-
mens tek tlplu sabit radyografi (Model: 483388, Chi-
na) cihazindan yararlanildi. istenilen bélgeye gére
cesitli pozisyonlarda (cranio-caudal, ventro-dorsal,
dorso-ventral, latero-lateral vb.) direkt ve indirekt rad-
yografik muayeneleri yapildi.

Olgularin ultrasonografik muayeneleri (Esaote Pie-
medical, Model 410477, Netherlands) 5-7,5 mHz
konveks prob ile yapildi. Uygulama sirasinda abdo-
minal bolge tiras edilerek, deri ile ultrason probu ara-
sina transmisyon ultrason jeli uygulandi. Alinan goé-
runtller ve ultrason g¢iktilari kayit altina alindi.

Bulgular
Abdominal patoloji dagilimi

Toplam 2347 kedi arasinda, ¢alismada degerlendiri-
len 165 kedide (%7.03) abdominal bolge patolojisine
rastlaniimistir. Alinan anamnez ve yapilan klinik mua-
yene, radyografi ve ultrasonografi ile birlikte olgular
siniflandirimistir. Buna gore; siklikla %2.04 kolon ve
rektum patolojileri (n=48), %1.70 yumusak doku ne-
oplazileri (n=40), %1.15 asites (n=27), %0.68 hernia
diyaframatika (n=16), %0.59 gastrointestinal sistem-
de yabanci cisim (n=14), %0.55 Uriner sistem patolo-
jileri (n=13), %0.21 hernia abdominalis (n=5), %0,08
kriptorsidi (n=2) olgulari teshis edilmis ve siniflandiril-
mistir (Tablo 2).

Tablo 2. Abdominal bélge patolojisi bulunan olgularin siniflandiriimasi

Siniflandirma

Olgu Sayilar (Kedi/

Olgularin Yiizde

Adet) Degerlendirilmesi (%)
Kolon ve rektum patolojileri 48 2.04
Uriner Sistem Patolojileri 13 0.55
Sindirim Sisteminde Yabanci Cisim 14 0.59
Hernia Diaframatika 16 0.68
Asites 27 1.15
Hernia Abdominalis 5 0.21
Kriptorsidi 2 0.08
Yumusak Doku Neoplazileri 40 1.70
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Ortopedik patoloji dagilimi

Toplam 2347 kedi arasinda, ¢alismada degerlendiri-
len 531 kedide (%22.62) ortopedik patolojilere rastla-
nilmigtir. Alinan anamnez ve yapilan klinik muayene,
radyografi ve ultrasonografi ile birlikte olgular siniflan-
dirllmistir. Buna gére; %6.94 Femur (n=163), %4.55
Pelvis (n=107), %3.06 Tibia (n=72), %2.72 Vertebra
(n=64), %1.91 Radius-Ulna (n=45), %1.70 Humerus
(n=40), %0.72 Metacarpus (n=17), %0.46 Metatarsus
(n=11), %0.38 Kranium (n=9), %0.12 Scapula (n=3),
patolojileri teshis edilmis ve siniflandiriimistir (Tablo
3).

Kurtulus PARLAK

bilir (Nikousefat ve ark., 2018). Calismada degerlen-
dirilen ve sistotomi yapilan Urolitiazis olgusuna sahip
13 (%0.55) erkek kedide tekrar Urolitiazis olusumu
g6zlenmedi.

Hernia diaframatika olgularinda, tim abdominal or-
ganlarin toraks bosluguna gegebilecegi bildiriimekte-
dir. Genellikle dalak, mide, karaciger, ince bagirsak-
lar, omentum ve pankreas fitiklasan abdominal or-
ganlardir (Besalti ve ark., 2011). Cok nadir olmakla
birlikte bdbreklerinde toraks bogluguna gectigi belirtil-
mektedir (Tobias ve Johnston, 2012). Calismada 16
(%0.68) kedide hernia diaframatika gézlendi. Olgula-
rin degerlendiriimesinde ¢zellikle karaciger, dalak,

Tablo 3. Ortopedik problemi bulunan olgularin siniflandiriimasi

Siniflandirma

Olgu Sayilar (Kedi/Adet)

Olgularin Yiizdelik
Degerleri (%)

Kranium
Scapula
Humerus
Radius-Ulna
Metacarpus
Vertebra
Pelvis
Femur
Tibia
Metatarsus

9 0.38
3 0.12
40 1.70
45 1.91
17 0.72
64 2.72
107 4.55
163 6.94
72 3.06
1" 0.46

Tartisma ve Sonug

Abdominal boélge kaynakli patolojilerin radyolojik mu-
ayenesinde; abdominal organ yogdunluklari az oldugu
icin deg@erlendirilmeleri gi¢ olmustur. Ayrica abdomi-
nal bogluktaki sivi da abdominal organlarin radyogra-
fik olarak degerlendiriimesini zorlastirmaktadir. Bu
sivinin miktarina gore radyolojik gorintinun netligi
degismektedir. Genellikle iki goriuntt 6zelligi goralir.
Birincisi; radyografinin normale gore daha silik ve
bulanik goérilmesi, dideri ise; butlin yapilarin donuk
ve bilyimus gorilmesidir (Alkan, 1999; Arican,
2012). Calismamizda abdominal efuzyonlu 27 (%
1.14) kedi gozlendi. Latero-lateral alinan abdominal
bdlge radyografisinde eflizyondan dolayi net bir rad-
yografik goriinti alinamadi ve abdominal organlarin
sinirlari belirlenemedi. Bundan dolay ultrasonografi-
den yararlanildi. Ultrasonografide 6zellikle abdominal
boslukta serbest olan sivi anekoik géruntilendi.

Osborne ve Finco (1995) te yaptiklari degerlendirme-
de, tedavi amaciyla klinige alt Uriner sistem sikayeti
ile getirilen kedilerin %35’ ini Urolitiazis olgularinin
olusturdugunu bildirmiglerdir. Ayrica erkek kedilerde
Uretranin anatomik olarak daha dar ve uzun olmasin-
dan dolayi Urolitiazis olgularinin daha sik gorildiga
bildirilmistir (Osborne ve Finco, 1995). Kedilerde sis-
totomi sonrasi sik goérilen bakteriyel sistite bagh epi-
tel doékintulerin, bakterilerin, kalsiyum oksalat tas
kalintilarinin birikimi ile tekrar Gretral tikanikhk olusa-

mide ve omentumun pleural bosluga gegtigi gorilda.
Fitiklasan organlar arasinda bobreklere ise hig rastla-
nilmadi.

Yapilan bir arastirmada 534 kedi incelenmis ve abdo-
minal patolojilerin degerlendiriimesinde; 513 kedide
kilo kaybi (%96), 124 olguda polifaji (%23.2), 45 olgu-
da polidipsi (%6.4), 20 olguda politiri (%3.4), 4 olguda
diare (%0.7), 4 olguda anoreksi ve hiporeksi (%0.7),
8 olguda (%1.5) ise herhangi bir klinik problem gordl-
memigtir. Genel olarak 315 kedide (%66.5) tek klinik
semptom, 158 kedide (%29.6) iki klinik semptom, 13
kedide ise (%2.4) Ug¢ ve Uzeri klinik semptom gorildu-
gi bildirilmistir (Nussbaum ve ark., 2015). Alinan
anamnezlere gore ¢alismamizda gézlenen abdominal
patolojiler ile iligkili olarak bu gibi iki veya daha fazla
klinik semptom birlikte gortimustir. Bu klinik semp-
tomlarin dizeltiimesi ve hastanin hayati fonksiyonlari-
nin yerine getirebilmesi icin siklikla karsilagilan bu
patolojiler siniflandiriimistir.

Kedilerde gorilen ortopedik yaralanma oranlari %
22.62 (n=531) olup bu olgularin tedavileri igin gesitli
cerrahi mudahaleler gerekmektedir. Cardoso ve ark.
(2016) yaptiklari retrospektif bir calismada 141 kedi-
de uzun kemik kiriklarini incelemiglerdir. Calisma
sonucuna gére en c¢ok etkilenen kemikler sirasiyla;
Femur (%50.84), Tibia-Fibula (%29.05), Radius-Ulna
(%10.61) ve Humerus (%9.5) olarak bildirilmistir
(Cardosa ve ark., 2016). Genellikle bu olgulara %56
siyrik, %26 ezik, %10 amfizem ve %8 buyik deri
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yaralanmalarinin da eslik ettigi bildirilmistir (Simpson
ve ark., 2009; Streeter ve ark., 2009). Yapilan ¢alis-
mada kedilerde ortopedik problemlerin gorilme orani
%22.62 olarak belirlendi. Kemiklerdeki dagilimlari ise
%6.94 Femur (n=163), %4.55 Pelvis (n=107), %3.06
Tibia (n=72) ve %2.72 Vertebra (n=64). Elde edilen
sonuglarin, siklikla karsilasilan kirik bélgelerinin ben-
zerlik gosterdigini ayrica bdlgemizde pelvis ve arka
ekstremite kiriklar ile fazlasiyla kargilagiimasi da bu
patolojilerin olusumunda (ylksekten disme, ftrafik
kazalar) dikkatsiz hasta sahipleri ve otomobil kullani-
cilarinin birer etken olabilecegini dislindurmustur.

Sonug olarak kediler, toplumumuzda rolleri bulunan
ve ortak yasama dahil olan hayvanlarin basinda gel-
mektedir. Bu sebepten, yasam alanlarimizda bulunan
kedilerin ortopedik ve abdominal hastaliklarina, etiyo-
lojik dederlendirmeler sonucunda en fazla trafik kaza-
larinin ve ylksekten dismelerin sebep oldugu goril-
mdstir. Ortopedik ve abdominal hastaliklara sahip
olan kedilerde, problemlerin teshisi igin 6zellikle vete-
riner hekimlerin sabirli ve detayl bir sekilde muayene
etmeleri ve olasi birden fazla problemin gbézden kagi-
rilmamasi gerekmektedir. Calismamizda siklikla rast-
lanan bu patolojilerin; veteriner hekimler, égrenciler
ve hasta sahiplerine dncelikli odaklaniimasi gereken
durumlar hakkinda fikir verebilecegi dusuinilmektedir.
Ayrica tedavi sonucunda hasta takibini yapacak olan
hasta sahipleri ¢ok iyi bir sekilde hekim tarafindan
bilgilendirilmeli ve sirekli iletisim halinde olunmaldir.
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Summary: This study was carried out to investigate the presence and distribution of Theileria, Babesia and Anaplasma
species in cattle and their ticks from Sivas province. A total of 314 EDTA-blood samples and 610 ticks were analysed.
A part of 18S and 16SrRNA genes of Theileria/Babesia and Anaplasma species were amplified from the genomic
DNAs extracted of the blood samples and tick pools by with polymerase chain reaction (PCR). A total of 14 probes (two
catchall, two genera and ten species-specific) were bound on a membrane and then the PCR products were tested by
reverse line blot (RLB) assay. The partial sequences of the 18S and 16S rRNA genes of representative positive sam-
ples were determined. According to the results of the blood and tick samples analysed by RLB and sequencing, T.
buffeli (GenBank accesion number: KJ183080), A. centrale (KJ183082), A. marginale (KJ183083), A. bovis
(KJ183084), one Babesia genotype (Babesia sp. Sivas, KJ183081) and one Anaplasma genotype (Anaplasma sp.
Sivas, KJ210855) were detected. Babesia sp. Sivas were found to be 99% identical with B. occultans, Babesia sp.
Kashi and Babesia sp. Kayseri whereas Anaplasma sp. Sivas were found to be 99% and 98% identical with Anaplas-
ma sp. Clone 7 and A. bovis, respectively. Overall prevalences of Theileria and Anaplasma infections in cattle were
found to be 5.10% and11.15% by RLB, respectively. This study is the first molecular survey on species of Theileria,
Babesia and Anaplasma in cattle and ticks from Sivas.

Key words: Anaplasma, Babesia, cattle, Theileria, tick, Sivas

Sivas Yoresinde Sigir ve Kenelerde Theileria, Babesia ve Anaplasma Enfeksiyonlarinin Arastirilmasi
Ozet: Bu calismada, Sivas yoresinde sigir ve kenelerde Theileria, Babesia ve Anaplasma tirlerinin varligi ve yayginli-
ginin arastiriimasi amaglandi. Sidirlardan toplanan 314 EDTA’lI kan ve 610 kene 6rnegi analiz edildi. Kan ve keneler-
den elde edilen genomic DNA’lardan polimeraz zincir reaksiyonu (PZR) ile Theileria, Babesia ve Anaplasma turlerinin
18S ve 16S rRNA parsiyal gen bolgeleri amplifiye edildi. Bir membran lzerine toplam 14 prob (iki cathall/genel, iki soy
ve on tir) baglandi ve PZR urinleri reverse line blotting (RLB) ile analiz edildi. Pozitif érneklerin 18S ve 16S rRNA
genlerinin kismi dizileri belirlendi. RLB ve sekans analizi ile Sivas yoresinde sigir ve kenelerde; T. buffeli (KJ183080),
A. centrale (KJ183082), A. marginale (KJ183083), A. bovis (KJ183084) ve bir Babesia genotipi (Babesia sp. Sivas,
KJ183081) ile bir Anaplasma genotipi (Anaplasma sp. Sivas, KJ210855) tespit edildi. Babesia sp. Sivas izolatinin, B.
occultans, Babesia sp. Kashi ve Babesia sp. Kayseri izolatlari ile %99, Anaplasma sp. Sivas izolatinin ise Anaplasma
sp. Clone 7 ile %99 ve A. bovis ile %98 benzerlige sahip oldugu belirlendi. Sidirlarda Theileria ve Anaplasma enfeksi-
yonlarinin genel prevalansi, RLB'de sirasiyla %5.10 ve %11.15 olarak bulundu. Bu galisma Sivas ydresinde sigirlarda
ve kenelerde Theileria, Babesia ve Anaplasma tirlerinin belirlendigi ilk molekuler ¢alisma niteligindedir.

Anahtar kelimeler: Anaplasma, Babesia, kene, sigir, Sivas, Theileria

Genetically and pathogenetically different six Theil-

Introduction ; . . .
eria species have been found in cattle. Theileria an-

Theileria, Babesia and Anaplasma species are trans-
mitted by ixodid ticks and infect domestic and wild
animals throughout the world. The diseases cause
important economic losses in livestock industry.
Some of the species of these genera have zoonose
potential and known as emerging infectious diseases
(Inci et al., 2013; Inci et al., 2016; Uilenberg, 1995;
Uilenberg, 2001).
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nulata and T. parva are the most common pathogen
Theileria species of cattle. These two species cause
lympho-proliferative disease with high mortality. T.
sergenti/buffeli/orientalis group, T. mutans, T. velifera
and T. taurotragi are known as lower pathogenic or
apathogenic species (Uilenberg, 1995). Babesia bo-
vis, B. bigemina, B. divergens and B. major are
caused bovine babesiosis. Bovine babesiosis is an
important livestock problem in tropical and subtropi-
cal regions (Uilenberg, 1995). Bovine anaplasmosis
is caused by Anaplasma marginale, A. centrale, A.
phagocytophilum and A. bovis (Inokuma, 2007). A.
marginale is the most important species among these
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species and causes clinical infections characterized
with anemia and jaundice. A. centrale causes mild
infections in cattle (Dumler, 2001). A. phagocytophi-
lum (compiled from previously known as Ehrlichia
phagocytophila, E. equi and human granulocytic ehr-
lichiosis agent) is a causative agent of tick-borne
fever (TBF) in cattle. TBF characterized by high fe-
ver, depression, decreased milk production and re-
duced fertility (Pusterla et al., 1997; Woldehiwet and
Scott, 1993). A. bovis (previously E. bovis) infections
have been reported mainly in Asian and African
countries and much is not known about its epidemiol-
ogy (Dumler et al., 2001). The infection is known
asymptomatic but the pathogen can cause fever,
anorexia, debility, incoordination, anemia, pale mu-
cous membranes, weight loss, and enlargement of

Erciyes Univ Vet Fak Derg 2020;17(1): 32-38.

sequencing.
Materials and Methods
Collection of blood and tick samples

The blood and tick samples were collected from cat-
tle between April-September 2012 in Sivas (Sivas,
Kangal, Koyulhisar, Sarkisla, Yildizeli and Zara,
Table 1). A total of 314 blood samples in tubes with
EDTA were collected from apparently healthy ani-
mals above the age of one year from randomly se-
lected 70 farms. All animals are maintained outside
and accommodated in the barns during the night.
Blood samples taken from all the animals were exam-
ined for the presence of tick infestation. The ticks
were removed from the cattle manually and placed in

Tablo 1. The blood samples and tick species collected from cattle in Sivas

Location n Hyalom-  Hyalom- Rhipiceph- Rhipiceph- Haema- Boophi- Derma- Total

ma mar- ma ex- alus bursa alus physalis lus annu- centor

ginatum  cavatum turanicus sulcata latus margina-

tus
Sivas 55 148 13 32 293 3 146 2 637
Kangal 55 5 - 76 - - - 8 89
Koyulhisar 22 171 43 1 - - - - 215
Sarkigla 50 108 - 5 73 - - - 186
Yildizeli 51 19 2 - - - - - 21
Zara 51 10 - 54 - - - - 64
31 461 58 168 366 146
o,

Total (%) 4 (3804) (478 (1386) (3020) °(©025 (4505 10(082) 1212

lymph nodes, rarely abortion and death in cattle
(Donatien and Lestoquard, 1936; Kaufmann, 1996).

Molecular diagnostic methods such as polymerase
chain reaction (PCR) and PCR-based reverse line
blotting (RLB) have become widely used as sensitive
and specific tools for detection and discrimination of
tick-borne parasites in both their vectors and hosts
(Aktas et al., 2006; Aktas and Ozubek, 2015; Altay et
al., 2008a, 2008b, 2008c; Altay et al., 2012; Altay et
al.,2014; Ica et al., 2007b; Yildirim et al., 2013). The
capability of simultaneous detection of multiple patho-
gens in one sample is the superiority of reverse line
blotting (Altay et al., 2008a)

Babesiosis, theileriosis and anaplasmosis are the
main tick-borne diseases in Turkey (Inci et al., 2016).
These infestions are endemic and seen in almost all
regions of Turkey (Aktas et al.,, 2011; Altay et al.,
2008a; Altay et al.,2014; Ica et al., 2007a, 2007b; Inci
et al., 2013). Although Sivas has a suitable climate
for presenting Ixodid ticks, there is not available re-
search based on molecular diagnostic tools about tick
-borne diseases in this city. This study was carried
out to determine the presence and distribution of
Theileria, Babesia and Anaplasma species in cattle
and ticks using reverse line blot hybridizasyon and
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bottles containing 70% ethanol. The collected ticks
were identified according to their morphological fea-
tures under the stereo-microscope (Estrada-Pena et
al., 2004; Merdivenci, 1969). Randomly selected 610
tick specimens were divided into 53 pools and used
for total DNA extraction. The blood and tick samples
were stored at -20°C until to use in DNA extraction.

Microscopic examination

Thin blood smears of all sampled animals were pre-
pared with EDTA-blood samples during the field
study. Having been returned to the laboratory, the
blood smears were fixed in methanol for 5 min and
stained with 4% Giemsa stain for 30 min. The stained
blood smears were examined under microscope at
100x magnification for presence of Theileria spp.,
Babesia spp., and Anaplasma spp.. Approximately
100 microscopic field were examined per slide. Even
when only one pathogen was seen in the microscopic
examination the samples were recorded as positive.

Total DNA extraction from blood samples and tick
pools

Total DNA extraction from EDTA-blood samples were
performed using DNA extraction kit according to the
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Table 2. Theileria, Babesia and Anaplasma genera and species specific primers and probes

Primer or probe

Sequences (5°-3’)

Primers

RLB-F2 GACACAGGGAGGTAGTGACAAG

RLB-R2 biotin-CTAAGAATTTCACCTCTGACAGT

16S8FE GGA ATT CAG AGT TGG ATC ATG GCT CAG
B-GA1B biotin-CGGGATCCCGAGTTTGCCGGGACTTCTTCT
Probes

Catchall (Theileria spp.+Babesia spp.) Amino-TAATGGTTAATAGGA(AG)C(AG)GTTG
Theileria spp. Amino-TGATGGGAATTTAAACC(CT)CTTCCA

Theileria annulata

Theileria buffeli/orientalis

Babesia spp.

Babesia bigemina

Babesia bovis

Babesia major

Babesia divergens

Catchall (Anaplasma spp.+Ehrlichia spp.)
Anaplasma centrale

Anaplasma marginale
Anaplasma (E.) bovis

Anaplasma (E.) phagocytophylum

Amino-CCTCTGGGGTCTGTGCA
Amino-GGCTTATTTCGGWTTGATTTT
Amino-CCT(GT)GGTAATGGTTAATAGGAA
Amino-CGTTTTTTCCCTTTTGTTGG
Amino-CAGGTTTCGCCTGTATAATTGAG
Amino-TCCGACTTTGGTTGGTGT
Amino-GTTAATATTGACTAATGTCGAG
Amino-GGG GGA AAG ATT TAT CGC TA
Amino-TCG AAC GGA CCATAC GC
Amino-GAC CGT ATACGC AGC TTG
Amino-GTA GCT TGC TAT GRG AAC A
Amino-TTG CTA TRR AGA ATA RTT AGT GG

manufacturer’s instructions (Gene JETGenomic DNA
Purification Kit, Thermo Scientific, Waltham, MA,
USA). The frozen tick pools were crushed using ster-
ile disposable pestles (Axygen Biosciences, Tewks-
bury, MA, USA) in liquid nitrogen in eppendorf tubes
for extraction of total genomic DNA. The total DNAs
were isolated using commercial kit (DNeasy Blood
and Tissue Kit, Qiagen, Hilden, Germany) with re-
garding to manufacturer's recommendations. As a
modification of this recommendation, the crushed
ticks’ pool samples were overnight incubated at 56°C
in a shaking water bath with Proteinase K. All the
extracted DNA samples were stored at -20°C until
used in polymerase chain reaction.

Polymerase chain reaction and reverse line blot-
ting

The hypervariable V4 region of 18S rRNA gene of
Theileria and Babesia species and V1 region of 16S
rRNA gene of Anaplasma species were amplified
using two different primer sets (RLB-F2/RLB-R2 and
16S8FE/BGA1-B), the reverse primers of which are
biotin-labeled by PCR (Georges et al., 2001; Schouls
et al, 1999). The RLB-F2/RLB-R2 and 16S8FE/
BGA1-B primer pairs amplify a 390-430 bp fragment
of 18S rRNA gene of Theileria and Babesia species
and a 492-498 bp fragment of 16S rRNA gene of
Anaplasma species. The PCR products were hybrid-
ized with genus-and-species-specific probes for de-
tection of Theileria, Babesia and Anaplasma species.
Preparation, hybridisation and stripping of the RLB
membrane were performed as previously reported in
Aktas et al., (2011) and Altay et al., (2008a). The
primers and oligonucleotide probes containing a N-
(trifluoroacetamidohexyl-cyanoethyl, N, N-diisopropyl

phosphoramidite [TFA])-C6 aminolinker were synthe-
sized by a commercial company (Thermo Scientific,
Waltham, MA, USA). The sequences and references
of the primers and oligonucleotide probes used in this
study are listed in Table 2. All oligonucleotid probes
used in this study were perviously tested against dif-
ferent Theileria, Babesia and Anaplasma species and
gave positive results with their corresponding species
(Aktas et al., 2011; Altay et al., 2008a; Georges et al.,
2001; Schouls et al., 1999). Bovine total genomic
DNA isolated from non-infected calf blood was used
as negative control.

DNA sequencing of 18S and 16S rRNA genes

The hypervariable V4 region of 18S rRNA gene of
Theileria-Babesia species and V1 region of 16S
rRNA gene of Anaplasma species were sequenced.
The PCR products were purified from 1.6% agarose
gel after electrophoresis with a commercial kit
(Wizard SV gel and PCR clean-up system, Promega,
Madison, WI, USA). The purified PCR products were
sequenced by a commercial company (lontek, Istan-
bul, Turkey)

The partial sequences of 18S rRNA gene for T. buf-
feli and Babesia sp. and 16S rRNA gene for A. cen-
trale, A. marginale, A. bovis, and Anaplasma sp.
were determined. After the sequences were subject-
ed to BLAST similarity searches they were deposited
in the EMBL/GenBank databases (GenBank data-
base; National Center for Biotechnology Information,
National Enstitute of Health).
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Results

Prevalence of the tick-borne haemoparasites detect-
ed with the microscopic examination and RLB results
of cattle from Sivas are given in Table 3. of 314 blood
samples, 5.10% (16/314) were found as positive by
microscopic examination, whereas 16.24% (51/314)
were found as positive by reverse line blotting (Table
3).

Erciyes Univ Vet Fak Derg 2020;17(1): 32-38.

jor and A. phagocytophilum were not detected in the
cattle. Single infection any of Anaplasma species and
T. buffeli was determined in 45 (14.33%) cattle,
whereas mixed infections were observed in 3 cattle
(0.96%). Mixed infection of T.buffeli-A. bovis and A.
marginale-A. centrale were detected in one (0.32%)
and in two (0.64%) cattle, respectively.

The partial gene fragments of Theileria, Babesia and

Table 3. Microscopic examination and reverse line blotting results of cattle investigated for tick-borne haemo-

parasites (n: 314)

Reverse line blotting

Total infection

Mixed infection (%)
Single infection

Microscopic exami- (%) (%) A. bovis A. centrale
nation (%)

Theileria spp. 5(1.59) 16 (5.10) 15 (4.78)

T. buffeli 16 (5.10) 15 (4.78) 1(0.32) 0
Anaplasma spp. 11 (3.50) 35 (11.15) 30 (9.55)

A. centrale 21 (6.69) 19 (6.05) 0 2 (0.64)
A. marginale 13 (4.14) 11 (3.50) 0 2 (0.64)
A. bovis 1(0.32) 0 1(0.32) 0
Total 16 (5.10) 51 (16.24) 45(14.33) 1(0.32) 2(0.64)

Total prevalance of tick-borne haemoparasites in the
cattle was found as 16.24% by RLB. Prevalence of
Anaplasma spp. was 11.15%, whereas prevalence of
T. buffeli was 5.10%. The most abundant Anaplasma
species was identified as A. centrale (6.69%) fol-
lowed by A. marginale (4.14%). A. bovis was detect-
ed in only one sample (0.32%). On the other hand, T.
annulata, B. bigemina, B. bovis, B. divergens, B. ma-

Anaplasma spp. amplified by PCR were used in RLB
and hybridised onto the membrane with specific oli-
gonucleotide probes. All the PCR positive samples
gave positive signals with their complementary
probes. The reverse line blot assay revealed that T.
buffeli, Babesia sp., A. centrale, A. marginale, A. bo-
vis and Anaplasma sp. existed in the cattle and their
tick (Table 3 and Table 4). Representative samples

Table 4. Tick polls used in reverse line blotting and results of reverse line blooting

RLB results (positive pool numbers)

- . o . Anaplasma
Tick species ntp np  Theileria +Babesia +EhrIit,:)hia posi- A. centrale  A. marginale
positive tive : :
Hyalomma . 5 5 1 . .
marginatum
Rhipicepha- o4 44 ; 7 1 5
lus turanicus
Rhipicepha- 86 8 ) ) } }
lus bursa
Boophilus 77 6 ) ) } }
annulatus
Hyalomma 29 3 y ) ) )
excavatum
Dermacentor 3 1 ) } } }
marginatus
Haemaphysa-
. 2 1 - - - -
lis sulcata
Total 610 53 6 8 1 5

ntp: ticks number used in pools, np: tick pool numbers
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were chosen and sequenced. BLAST similarity
searches showed that sequence of T. buffeli
(KJ183080), A. centrale (KJ183082), A. marginale
(KJ183083) and A. bovis (KJ183084) shared 100%
with sequences previously reported AF236094 (T.
buffeli), JQ839010 (A. centrale), KF696858 (A. mar-
ginale) and U03775 (Ehrlichia bovis) identity, respec-
tively. However, 8 samples from tick pools gave posi-
tive signals with catchall (6 with Theileria+Babesia
and 2 with Anaplasma+Ehrlichia catchall) probes
(Table 4).

The 6 samples also gave positive signal with Babesia
genera-specific probe. However, the samples did not
show any signal with the other species-specific
probes. One for Babesia genus-specific probe posi-
tive and one for Anaplasma+Ehrlichia catchall probe
positive representative samples of them were se-
quenced. Babesia genus-specific probe positive sam-
ple shared 99% identity to the 18S rRNA genes of
Babesia occultans (KC157568), Babesia sp. Kashi
(AY726557) and Babesia sp. Kayseri (EF434786).
The sequence of Anaplasma+Ehrlichia genus probe
positive sample was similar 99% to Anaplasma sp.
Clone A7 (AY851664) and 98% to A. bovis
(JN558822). The genotypes detected in the study
were named Babesia sp. Sivas and Anaplasma sp.
Sivas and deposited in GenBank with the accession
numbers; KJ183081 and KJ210855, respectively.

During the survey, 87 (27.70%) of the 314 cattle were
found to be infested with Ixodid ticks. A total of 1212
ticks were collected from the cattle. Seven different
tick species were identified from the cattle. The most
prevalent tick species was H. marginatum (38.04%)
followed by R. turanicus (30.20%), R. bursa
(13.86%). The other tick species detected from the
cattle were Boophilus annulatus (12.05%), Hyalom-
ma excavatum (4.78%), Dermacentor marginatus
(0.82%) and Haemaphysalis sulcata (0.25%) (Table

1).
Discussion and Conclusion

Theileriosis, babesiosis and anaplasmosis are among
the most important tick-borne diseases of domesticat-
ed animals. These infections, which are common in
tropical and subtropical regions including Turkey,
cause significant economic losses in animal hus-
bandry (Dumler et al., 2001; Inci et al., 2013; Kocan
et al., 2000; Uilenberg, 2001). Theileria, Babesia and
Anaplasma species have morphological and biologi-
cal differences as well as their pathogenicity. Com-
parative studies conducted at the molecular level in
recent years have shown that there are significant
genetic differences between species and there are
differences even among the isolates of the same
species (Altay et al., 2007; Ciloglu et al., 2018; Dum-
ler et al., 2001; Duzlu et al., 2011).

Kursat ALTAY

Reverse line blotting, in addition to allowing the iden-
tification of new species or genotypes, has high spec-
ificity and sensitivity (Altay et al., 2008a; Gubbels et
al.,1999; Nagore et al., 2004; Oura et al., 2004). In
this study, using RLB method; the presence of T.
buffeli, A. centrale, A. marginale and A. bovis was
detected in cattle and ticks from Central Anatolian
region of Turkey. In addition, two new isolates, one of
which was in Babesia genus and the other in Ana-
plasma genus, were found in the region. There are
molecular-based studies showing the presence of
new tick-borne parasite isolates in Turkey (Altay et
al., 2008a; Ica et al., 2007b). In this study, two
catchall (Theileria + Babesia spp. and Anaplasma +
Ehrlichia spp.), two strains (Theileria spp. and Babe-
sia spp.) and 10 species specific probes (T. annulata,
T. buffeli, B. bigemina, B. bovis, B. divergens, B. ma-
jor, A. centrale, A. marginale, A. bovis and A. phago-
cytophilum) were used in RLB (Table 3). Six Babesia
spp. probe positive and 2 Anaplasma + Ehrlichia spp.
probe samples did not give signals to the species-
specific probes in RLB. The Babesia sp. Sivas
(KJ183081) was found 99% to be similar to the DNA
sequences of Babesia sp. Kashi (AY726557) and
Babesia sp. Kayseri (AY726557) where as Anaplas-
ma sp. Sivas (KJ210855) were found to be 99% and
98% identical with Anaplasma sp. Clone 7 and A.
bovis, respectively. The results of the study show the
presence of new Babesia/Anaplasma species or gen-
otypes in the region. In order to determine the effects
of these isolates on animal husbandry, studies on
determination of vector, host, prevalence and patho-
genesis are needed.

There are many molecular-based studies aimed at
detecting the presence and prevalence of theil-
erioisis, babesiosis, anaplasmois in cattle and ixodid
ticks from Turkey (Aktas et., 2011; Altay et al., 2008a;
2014; Ica et al., 2007a; 2007b; Yildirim et al., 2013).
However, there is not any molecular-based research
on tick-borne parasites in cattle in Sivas. This study is
the first investigation of the parasites in cattle and
their ticks from Sivas in the Central Anatolia Region
of Turkey using RLB and DNA sequencing. In this
study, 314 cattle were examined with RLB, the preva-
lences of T. buffeli, A. centrale, A. marginale and A.
bovis were determined as 5.10%, 6.69%, 4.14%, and
0.32%, respectively. The results showed that tick-
borne diseases prevalence is lower than in the other
parts of Turkey. The main reason for this is that there
are climatic and geographical differences in the re-
gion located in the continental climate zone.

It is important to diagnose disease in vector ticks, to
understand their epidemiology and to develop appro-
priate control strategies. T. lestoquardi in H. anatoli-
cum (Kirvar et al., 1998), T. annulata in Hyalomma
sp. (d'Oliveira et al., 1997), B. bigemina and B. bovis
in B. microphilus (Oliveira-Sequeira et al., 2005), T.
ovis and B. ovis in R. bursa (Aktas et al., 2006; Altay

36



Theileria, Babesia and Anaplasma infections in Sivas...

et al., 2008c) were detected with PCR and DNA se-
quencing. In the study, H. marginatum, H. excava-
tum, R. bursa, R. turanicus, Hae. sulcata, B. annula-
tus and D. marginatus were collected from cattle
(Table 4). As a result of RLB and sequence analysis
of the ticks pools, A. centrale, A. marginale and Ana-
plasma sp., in R. turanicus pools, Babesia spp. and
Anaplasma spp., H. marginatum, Babesia spp. in H.
excavatum pools were identified. The detection of
pathogens in ticks does not prove that they are natu-
ral vectors, but they provide valuable contribution to
the understanding of the diseases epidemiology.

As a result, in this study; T. buffeli, A. centrale, A.
marginale, A. bovis and 2 new species or genotype
(Babesia sp. Sivas and Anaplasma sp. Sivas) were
determined by using molecular methods in cattle and
ticks. The use of RLB method in such studies was
found to be important in terms of revealing new spe-
cies or genotypes. Further studies are needed on the
identification of vector, host and pathogenesis of
these genotypes.
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Summary: The study was conducted to determine the effects of different additives on the fermentation and physical
characteristics in Lenox Silage. For this purpose, Lenox sample was collected and chopped by using scissors. Then,
Lenox was treated with 10% barley (B), 0.5% formic acid (FA), 5% sugar (S), and 5% molasses (M), respectively.
Treated lenox samples with silage feed additives were ensiled in glass jar with 5 replicates for 90 days and, the silage
was analyzed in terms of physical characteristics and fermentation pattern. The results revealed that the smell of Lenox
silage in molasses and sugar group was significantly better in all other groups (P<0.05). No statistical difference was
observed among all the groups in terms of structure and color value (P>0.05). Dry matter of the silage was significantly
affected by addition of barley and molasses (P<0.05). Flieg point significantly increased by addition of molasses, but
pH decreased (P<0.05). It was also found that ammonia-nitrogen/total nitrogen (NH3;-N/TN) concentration of the silage
ranged from 0.48 to 0.67% but the difference between them was not statistically significant (P>0.05). Based on the
results, Lenox silage can be used as an alternative in the field of animal nutrition and in the future studies.

Key words: Fermentation, lenox, silage

Farkl Katki Maddelerinin Lenox Silajinin Fermantasyon ve Fiziksel Ozellikleri Uzerine Etkileri

Ozet: Bu arastirma farkli katki maddelerinin Lenox silajinin fermantasyon ve fiziksel ézellikleri (izerine etkilerini belirle-
mek igin yapilmistir. Bu amagla, lenox ornekleri toplanmis ve makas kullanilarak pargalanmistir. Lenox sirasiyla %10
arpa, %0,5 formik asit, %5 seker ve %5 melas ile muamele edilmistir. Silaj katki maddeleri ile muamele edilen lenox
cam kavanozlara bes tekerrirli olarak 90 giin boyunca silolanmis ve silaj fermantasyon 6zellikleri ve fiziksel nitelikleri
bakimindan analiz edilmistir. Melas ve seker ilavesi yapilan lenox silajindaki koku, diger gruplara gére 6nemli derecede
iyilesmistir (P<0.05). Gruplar arasinda renk ve striiktiir bakimindan istatistik bir farklilik olusmamistir (P>0.05). Lenox
silajina arpa ve melas ilavesi ile silajin kuru madde iceridi 6nemli derecede etkilenmistir (P<0.05). Melas ilavesi ile Flieg
puani 6nemli derecede artmig, pH degeri azalmistir (P<0.05). Silajin amonyak-azotu/toplam azot (NH;-N/TN) konsant-
rasyonu %0.48 ile %0.67 arasinda de@ismis ama aradaki fark istatistiki olarak énemli bulunmamistir (P>0.05). Bu so-
nuglar g6z énune alindiginda, lenox silajinin hayvan besleme alaninda ve ileriki galismalarda alternatif olarak kullanila-
bilecegdi ortaya ¢ikmistir.

Anahtar kelimeler: Fermantasyon, lenox, silaj

(Chaucheyras and Fonty, 2001), roughage is the
essential feedstuffs in ruminant ration. This situation
is associated with the fact that there is a very serious
lack of quality in forage in Turkey (Gemalmaz and
Bilal, 2016). It becomes an advantage because silage
supplies the need of quality in forage together with
water especially when considering green feeds that
are not available in winter (Sahin and Zaman, 2010).

Introduction

Turkey is situated in large Mediterranean geograph-
ical location, covering diverse regions that have dif-
ferent climates because of irregular topography. Alt-
hough its coastal areas have moderate climatic con-
ditions, inland areas of Anatolia are characterized by
harsh hot summers and cold winters (Saadi et al.,
2015). This region has some disadvantages in terms

of extreme and harsh long winter conditions that limit
animal and crop production (Neumann et al., 2016). It
may not be possible to for animals to graze on natu-
ral rangelands of the region due to the necessity of
keeping them inside during winter (Johansen et al.,
2017). Thus, forage is required as silage and grass to
maintain meat and milk productivity during winter
season. Being required for microbial fermentation
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Silage making technique has been extensively used
in the Mediterranean region since 19" century. Maize
was first ensiled in Hungary in 1860s (Neumann et
al., 2016), and soon after in Turkey in 1931 (Sahin
and Zaman, 2010). Silage is made of forages (e.g.
Lucerne, maize, sorghum or other cereals), crop resi-
dues, agricultural or industrial by-products (Neumann
et al., 2016). Silage is the main feedstuffs source for
dairy and beef cattle ration (Cogan et al., 2017) sup-
plied as high- energy forage (Rowghani and Zamiri,
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2009). Economy depends naturally on agriculture
because of being mainly based on animal production
(Kara, 2016). Making good silage depends on ade-
quate level of water soluble carbohydrates, anaerobic
condition, exclusion of oxygen, pH level in silage (3.8
-4.2), low buffering capacity of the crop, moisture of
green material, optimal temperatures, and nutritive
value of the material (Neumann et al., 2016). By
means of the silage additives that should be used to
improve silage management. Silage additives such
as absorbent (wheat, grain, sugar beet pulp), fermen-
tation stimulants (microbial inoculants) and fermenta-
tion inhibitors (organic salts) have been used for
years to improve the silage quality (Muck et al.,
2018).

Mostly, corn silage has been used because of its dry
matter yield, high energy level, and good fermenta-
tion ability (Ayasan, 2011). For this reason, it can be
asserted that the use of silage is essential to supply
the increasing demand of forage in Turkey. Lenox is
an annual forage plant grown in the all types of soil. It
is planted as alfalfa and wheat at the 1.5-2 cm depth
by using a mechanical or pneumatic drill. Lenox is
harvested as 10-15 ton/decare per year in the ferti-
lized soil. Being one of the fast-growing species, Le-
nox has a small leaf, a thick and brittle stem, and a
height of 2-3 m within a year.

Lenox feed is added into the ration as green grass or
silage. It contains crude protein in leaf and stem, by
22% and 18% respectively. Its silage contains crude
protein of 20% and energy of 2400 kcal/kg (Ayasan,
2011). Lenox (Brassica Rapa cultivar Polybra variety)
is called “grass type of turnip or forage
rape” (Ayasan, 2011). Brassica cultivar, which have
been used as forage for centuries. Short-season and
full-season ones. While short-season Brassica culti-
vars include forage rape, full-season Brassica culti-
vars are kale (Brassica oleracea var. acephalia) and
collards (Altinok and Karakaya, 2003). Both leaves
and root of turnip (Brassica Rapa L.) are favorably
consumed by dairy and beef cattle (Gemalmaz and
Bilal, 2016).

In recent years, Lenox silage has been used in some
cities of Turkey such as Kars, Artvin, and Burdur.
However, there is not enough number of studies on
Lenox silage and its effective usage on animal feed-
ing in the literature. Therefore, the aim of this study
was to determine the effects of different silage addi-
tives (Barley, molasses, formic acid, and sugar) on
fermentation pattern and physical characteristics of
Lenox silage.

Materials and Methods

This experimental study was conducted under labora-
tory conditions at the Animal Nutrition and Nutritional
Diseases Department in the Veterinary Faculty of
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Mehmet Akif Ersoy University located in Burdur (37°
43' North; 30° 16' East) in Turkey.

Preparation of lenox silage

To clarify the process, Lenox seeds were initially
planted using 2-cm deep split row planter on 23 Sep-
tember 2014. Following this procedure, Lenox sam-
ple was planted during flowering stage from the farm
between 15 March and 1 May 2015. Annual average
temperature was about 15.1-16.2 °C in autumn and
11.6-12.6 °C in spring in Burdur.

Lenox was chopped into small pieces (2-2,5 particle
length) cm size with a knife and scissors. Then, the
silage additives were properly mixed with fresh Lenox
in a basin. Mixed materials were ensiled in the 1-L
glass jars by tamping in the laboratory. Then, five 1-L
glass jars (100 mm in diameter x 170 mm in height)
were filled for each treatment and a total of 25 glass
jars were used in this experimental study. The treat-
ment groups were 10% barley (B); 0.5% formic acid
(FA); 5% (glucose) sugar (S), 5% molasses (M) and
control (no additive-C) groups. After silages were
kept at room temperature for 90 days, the silages
were taken for analysis of dry matter content, silage
pH, physical characteristics (PC), and Flieg point.

Experimental procedure, measurement, and anal-
ysis

Silage pH levels were determined using pH meter
(Ecomet pH/mV/TEMP Meter p25) in silage extracts,
prepared by adding 125 g demineralized water into
25 g silage and homogenizing it in a laboratory blend-
er for 5 min (Filya, 2003). The Kjeldahl method and a
Vapodest 10 Rapid Kjeldahl Distillation Unit
(Gerhardt, Konigswinter, Germany) were used to find
total value of NH3-N/TN (Broderick and Kang, 1980).
While nutrient composition of Lenox plant was deter-
mined according to the AOAC (AOAC, 2003), crude
fiber was determined by using the methods of
Crampton and Maynard (Crampton and Maynard,
1938). The metabolizable energy levels of Lenox hay
(Table 1) were determined by the methods of TSI
(TSI, 1991). Its physical characteristics were deter-
mined by 3 researchers. Color properties (according
to quality scores 0, 1 and 2), structure properties
(according to quality scores 0, 1, 2 and 4) and smell
properties (according to quality scores 0, 2, 4, 8 and
14) were determined according to the method of Kilig
(Kilig, 1986). The quality score was divided into four
as good total score (14-20), middle total score (10-
13), utilizable total score (5-9), and low total score (0-
4). Flieg point was calculated by using silage pH and
dry matter content according to the following formula:
[220 + (2 x Dry matter - 15) - 40 x pH] (Kara et al.,
20009).
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Statistical analysis

SPSS program (SPSS Inc., Chicago, IL, USA) was
used with inferential statistics to analyze quantitative
data. More specifically, the data were analyzed using
one-way ANOVA and significant differences were
calculated using Duncan’s test (Dawson and Trapp,
2001) to determine whether or not any statistically
significant result was found in the present study. The
value of P<0.05 was accepted as significance level.

Results

The main purpose of the present study was to see
the effects of different feed additives on fermentation
pattern and physical characteristics of Lenox silage.
After the process, the results revealed that the nutri-
ent content of upper part of the plant was higher com-
pared to its lower part, as it can be seen in Table 1
regarding the nutrient content in chemical composi-
tion of the Lenox (%).

The results of the present study also showed that
physical characteristics of Lenox silage (smell, struc-
ture and color) had statistically significant effects on
the groups in terms of the quality (Table 2). Moreo-

Hidir GUMUS

ver, the smell of silage in formic acid group was less
than in the other groups. Total quality score was sig-
nificantly higher in formic acid group than in all the
other groups and ranged from 15.00 to 19.50 points.

Differences in dry matter (%) of Lenox silage were
found to be significant (P<0.05) between the groups
(Table 3). Barley group had the highest mean DM of
20.04 %, which was significantly higher than control
group. The Lenox silage DM percentage was deter-
mined as lowest (15.27%) in FA group, which was
less than Barley group at the rate of 20.04 %. Howev-
er, no statistically significant difference was observed
between sugar and control groups in terms of dry
matter.

Highly significant differences were observed among
all the groups in terms of flieg point of the Lenox si-
lage (Table 3). Molasses group (84.08) had a signifi-
cantly higher flieg point than all the other groups. The
control group had the lowest Flieg point (51.20). Simi-
lar results were obtained from barley, sugar, and for-
mic acid groups.

Analysis of pH values revealed significant differences
(P<0.05) among the groups (Table 4). While the high-

Table 1. Chemical composition of Lenox hay (Dry matter, %)

Upper part of Stem Lower part of Stem
Dry matter (%) 89.85 89.72
Ash (%) 8.39 11.74
Organic matter (%) 81.46 77.98
Crude fiber (%) 22.29 30,79
Ether extract (%) 6.01 3.62
Crude protein (%) 21.77 17.58
Metabolizable energy (kcal/kg) 2229.45 1801.32
Table 2. Physical characteristics of (smell, structure and color) Lenox silage
Group (n=5) Smell Structure Color Total Quality
Control 13.25% +0.28 3.67 £ 0.01 2.00 £ 0.01 18.92%+0.28 Good
Barley 13.20% +0.25 3.53+0.08 2.00 £ 0.01 18.73%+0.29 Good
Formic acid 12,66°+0.56 3.46£0.13 1.74 £ 0.19 17.86°+0.87 Good
Sugar 13.93°+0.06 3.67 £0.01 2.00+0.01 19.60°+ 0.06 Good
Molasses 13.93°+0.06 3.67 £ 0.01 1.94 + 0.06 19.54°+0.08 Good
P 0.03 0.19 0.26 0.07
ab< Means with different superscript in the same column are different (P<0.05).
Table 3. The effects of various silage additives on dry matter and Flieg point in Lenox silage
Group (n=5) Control Barley Formic acid  Sugar Molasses P
Dry matter 16.75°+0.52 20.04°+0.85 1527°+0.63 16.74°+0.18 19.14°+0.25 0.01
Flieg Point 51.20°%+5.86 66.11°+2.50 56.667+7.20 60.55°+8.59  84.08"+2.24 0.001

2> Means with different superscript in the same row are different (P<0.05).
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Table 4. The effects of various silage additives on pH value and NH3-N/TN (DM%) in Lenox silage

Group (n=5) Control Barley Formic acid  Sugar Molasses P
pH value 4.687+0.16  4.687+0.15  4.477+0.02  4.44®:0.08 3.98%:0.06  0.001
NH3-N/TN 0.67%0.06 0.69+0.01 0.66+0.21 0.65+0.07 0.48+0.06 0.81

2 Means with different superscript in the same row are different (P<0.05).

est pH value was obtained from control group (4.68).
Molasses group had significantly the lowest pH value
among all the other groups. However, pH value of
Lenox silage was similar to the control and barley
groups (averagely 4.68%). Addition of sugar de-
creased pH value, if insignificantly (P<0.05).

There was no significant difference among the
groups in terms of NH3-N/TN (Table 5). Molasses
group had lower mean NH3-N/TN (0.48%) than that of
the other groups, which was insignificant. NH3-N/TN
was averagely 0.66%, similar to the three silages.

Discussion and Conlusion

Physical characteristics (smell, structure, and color)
of Lenox silage were significantly effective among the
groups. The highest total score (smell score + struc-
ture score + color score) was observed in sugar
group (19.60), whereas, the lowest total score was
observed in formic acid (17.86). Toruk and Kayisoglu
(2008) reported that physical characteristics (smell,
structure, color) of the corn silage was not effective
at d 15 but smell and structure scores were higher
than those of control group at d 80 (Toruk and
Kayisoglu, 2008). In the present study, the total quali-
ty score was higher in molasses group but lower in
barley group compared with the control group, which
was similar to the result obtained by Cetin, who found
that addition of barley decreased total quality score of
feed turnip silage (Cetin, 2017).

The flieg point of control group was significantly the
lower compared to the other groups. The results of
the present study were similar to those reported by
Toruk and Kayisoglu, who stated that flieg point in
supplemented silage was higher than in non-
supplemented corn silage (Toruk and Kayisogdlu,
2008). Researches (Toruk and Kayisoglu, 2008)
indicated a strong positive correlation between flieg
point and silage quality. Flieg point was positively
correlated with dry matter; whereas, it was negatively
correlated with pH value of silage. Dry matter in Le-
nox silage with treated molasses was higher than
control group but pH level was relatively lower. Thus,
it can be suggested that the highest flieg point was
observed in Lenox silage with treated molasses. In
the present study, addition of formic acid decreased
dry matter ratio and silage pH compared to the con-
trol group. The dry matter concentration in grass si-
lage with barley was significantly higher and the pH
value was significantly lower compared to the control
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group and formalin group (Haigh and Davies, 1998).
The another study (Silva et al., 2016) stated that the
low pH value in silage is desirable to enhance the
fermentation quality. It is possible that a quick in drop
in pH causes the limitation of proteolysis and inhibits
the spoilage microorganism in alfalfa silage. The am-
monia-N level significantly decreased with addition of
formic acid. In the present study, dry matter level and
flieg point were significantly higher in Lenox silage
treated with molasses; whereas, pH level and NH3-N/
TN were lower compared to control group. Research-
er (Sanchez-Duarte et al., 2014) reported that a lower
pH and higher NH3;-N was observed in canola silage
(Brassica napus L.) compared to alfalfa silage
(Medicago sativa). The effect of molasses was similar
to that which was the results (Baytok et al., 2005)
indicating that its usage significantly increased dry
matter; however, it had no effect on pH. Nishino et
al. reported that addition of molasses into grass si-
lage increased dry matter; whereas, pH level and
NHs-N/TN concentration reduced at the end of 56-d
(Nishino et al., 2012). The results of this trial showed
that the sugar used in Lenox silage decreased dry
matter concentration and pH while enhancing flieg
point. The dry matter pattern in the present study was
different from the results of Tai et al. indicating that
the level of dry matter increased in sugar additive in
maize silage compared to control group (Tai et al.,
2003). Addition of formic acid decreased dry matter
and pH value numerically; while increasing flieg point
up to 10% compared to control group. The results
showed parallelism with those of Rowghani et al.
reporting that dry matter and pH value in silage treat-
ed with formic acid were lower than in the control
group (Rowghani et al., 2009). This decrease can be
attributed to the fermentation limitation by formic acid.
Another study conducted with formic acid in grass
silage showed (Baytok et al., 2005) an increase in dry
matter concentration of grass silage when value of
pH was reduced. The enhanced dry matter in grass
silage treated with formic acid can probably be at-
tributed to ensilage conditions and ensilage structure.
This can be associated with the poorly packed silage
material, air trapped in the silage, sludging and spoil-
age (Liu et al., 2018). When wilting time extended in
silage, dry matter concentration increased and total
protein content decreased. When dry matter concen-
tration in the crop increased, microbial activity was
inhibited and proteolysis was reduced during harvest
and wilting. Thus, dry matter was negatively correlat-
ed to the amount of soluble NPN. Researchers
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(Johansen et al., 2017) reported that while soluble N
and NH3-N of total N decreased, dry matter in-
creased the concentration in silage.

Based on the results, it was concluded that Lenox
silage treated with molasses had an enhanced the
quality compared to the other groups. Lenox silage
treated with molasses was higher than the other
groups in terms of dry matter, pH value and flieg
point. On the other hand, the good quality point was
obtained in molasses group. The DM of silage is the
important for silage quality. Therefore, the forage
such as hay and straw could be added to increase
the DM of silage. It is required to conduct further
studies on lenox silage in order to determine the ef-
fects of fermentation pattern and physically charac-
teristics.
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Summary: Nowadays, milking process in a dairy farm is carried out with the "animal, human and machine" trio closely
related to each other. Expected success in milking process is ensured by the animal's accustomedness to the milking
machine, the skill and experience of the milkman, and the functional conformity of the milking machine. The aim of this
study was to determine the effect of milkman on milk productivity and revenue. As study material, average milk yields
obtained from 387 milking of 35 Holstein cows raised in the farm was used. The cows were milked by 6 different milk-
men. Linear Mixed Models were used to determine the effect of different milkman and milkman experience on the aver-
age milk yields. In addition, the difference in milk yields due to milkman was analyzed in terms of economy. In the
study, it was determined that the individual milkman and milkman experience were significant for the average milk
yields. Thus, a difference of 2.3 kg was determined between 1% milkman (the highest average milk yield; 22.6+0.46 kg),
and 5™ milkman (the lowest average milk yield; 20.320.76 kg), and the difference was statistically significant (P=0.011).
This difference in the average milk yield was reflected in 80 liters of additional milk yield per day and 184 £ (31.9 $§)
additional revenue increase achieved in the farm where 35 cows were milked. This difference in income corresponds to
the cost of an insured worker. Milkman experience has been split in three categories, the difference between the aver-
age milk yield obtained by the least experienced milkman and the average milk yield of the most experienced milkman
was found to be statistically significant (P=0.04). This case shows that the experienced milkman income about 156 %
(27.03 $) more per day. In conclusion, it was determined that the milkman factor was important for the profitability of
the farm in dairy cow. The experienced milkman may earn his own salary with the income increase provided for the
farm, and, therefore, economically does not cost extra.

Key words: Cow, income, linear mixed models, milkman, productivity

Siit Sigircilign isletmelerinde Sagimcinin Verimlilik ve igletme Gelirine Etkisi

Ozet: Giniimiizde siit sigirciiginda sagim siireci birbiriyle yakindan iliskili olan "hayvan, insan ve makine" lglisii ile
gerceklestiriimektedir. Sagim siirecinde beklenen basari, hayvanin sagim makinesine aliskanhigi, sagimcinin deneyimi
ve sagim makinesinin fonksiyonel uygunlugu ile saglanir. Bu ¢alismanin amaci sagimcinin sit verimi tzerine ve iglet-
me gelirine katkisini belirlemektir. Calisma materyali olarak, 35 adet sagmal Holstein inek bulunan isletmeye ait 387
sagimdan elde edilen siit verimi ortalamalari kullaniimistir. inekler 6 farkli sagimci tarafindan sagiimistir. Arastirmada
farkli sagimci ve sagimcilarin deneyimlerinin ortalama sut verimine Gzerine etkisini belirlemek icin Linear Mixed Models
kullanildi. Ayrica sagimcidan kaynaklanan sit verimindeki fark ekonomik olarak analiz edilmigtir. Calisma sonucunda,
bireysel olarak sagimcinin ve sagimci deneyiminin ortalama siit verimi izerindeki etkisinin dnemli oldugu belirlenmistir.
Buna gore, 1. sagimci (en yiksek ortalama st verimi; 22.6+0.46 kg) ve 5. sagimci (en disik ortalama st verimi;
20.3+0.76 kg) arasinda gunlik ortalama 2.3 kg'lik bir fark belirlenmis ve bu fark istatistiksel olarak énemli bulunmustur
(P=0.011). Sagimcidan dolayi ortalama sut verimindeki fark; 35 sagmal inegin bulundugu isletmede ginde yaklasik 80
It daha fazla sit verimi ve 184 % (31.9 $)lik gelir artisi saglamistir. Bu gelir farki, sigortall bir igginin maliyetine karsilik
gelmektedir. Sagimci deneyimi U¢ kategoriye ayrilmistir, en az deneyimli sagimcidan elde edilen ortalama sut verimi ile
en deneyimli sajimcidan elde edilen ortalama sit verimi arasindaki fark istatistiksel olarak anlamli bulunmustur
(P=0.04). Bu durum, deneyimli sagimcinin giinde yaklagik 156 % (27.03 $) daha fazla gelir getirdigini gdstermektedir.
Sonug olarak, sit sigirciligi isletmesinin karliigi igin sagimci faktdrinin 6énemli oldugu belirlenmistir. Tecrubeli sagim-
cinin, kendi giderlerini kargilayacak kadar gelir artisi saglayabilecegi ve isletmeye ilave maliyet olusturmayacagi ortaya
cikmistir.

Anahtar kelimeler: Gelir, inek, lineer mixed model, sagimci, verimlilik

Introduction essential amino acids, vitamins and minerals

(Koyubenbe and Konca, 2006). About 22 million tons
Milk is a valuable animal product, for it contained of milk is produced in Turkey and 90.58% of this
Gelis Tarihi/Submission Date - 15102019 amount constitutes the cow milk. Therefore, dairy
Kabul Tarihi/Accepted Date  : 17.12.2019 cows has an important place in Turkish livestock pro-

duction (Cukur and Saner, 2012; Yavuz et al., 2003;
*This paper was presented in the 3™ National Livestock Economics
Congress in 2018. 45
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TUIK, 2018).

Livestock is a production sector where the highest
profitability is targeted as in all commercial activities.
The highest profitability can be achieved with high
sales revenue and low production costs. Hence, hu-
man, cow, land, capital and other resources should
be used rationally for higher profitability (Oz and
Bilgen, 2002; Bakir and Kibar, 2019).

High milk yield (productivity) per animal in dairy cattle
farms will increase sales revenue and have a positive
impact on profitability. Milk yield may vary depending
on some factors like gender, age, the number of lac-
tations, nutrition, diseases, and milkman (Alpan and
Arpacik, 1998).

As a result of diseases, unfavorable care and feeding
conditions (management), and the resulting negative
animal behavior adversely affect animal welfare, and
accordingly, cause losses in product quantity and
quality (Bozkurt et al., 2013; Knight et al., 1998;
Hemsworth et al., 1998). This shows that there is a
relationship between the caretakers’ and milkman’s
attitudes and behaviors of caretakers and the behav-
ioral responses of animals to humans (de Ondarza,
2019). It has been reported that human fear and re-
lated stress in cow may cause a decrease in milk
yield (Rushen et al., 1999; Breuer et al., 2000). Ac-
cording to a previous study, it was observed that
cows exposed to less stress during milking gave
more milk than those under stress (Sreekumar,
2019). As a result of these, it is seen that human-
animal interactions have a share on milk yield, which
may have an effect (positive or negative) on profita-
bility (Hemsworth et al., 1998; Lensink et al., 2001).

Nowadays, milking process in dairy cattle farms is
carried out with the "animal, human and machine" trio

Erciyes Univ Vet Fak Derg 2020;17(1): 45-49.

yield, and to determine the economic reflections of
the milkmen on farm income.

Material and Methods

Study material calculated from average milk yields
obtained from 387 milking result of an average of 35
milking Holstein cows on a dairy farm. The mean age
and parity of cows were 4.2+1.4 and 2.2+1.1 respec-
tively. Milk yield data were obtained from a farm with
automatic milking unit (2x5 fishbone) and milking
twice a day. Cows were milked by six different milk-
men with the same level of education (primary
school). The income was calculated from retail price
of milk. The experience was divided into 3 categories
as beginner (<2 years), intermediate (2-5 years) and
advanced (>5 years).

Linear Mixed Models were used to determine the
effect of different milkman and milkman experience
on the average milk yields. Linear mixed models are
extensions of simple linear models to allow both fixed
and random effects, and are particularly used when
there is no independence in the data, such as those
arising from a hierarchical structure. In this study;

Linear mixed model:

Yik=p+Si+Dj+(SxD)j+ e

Y i: Dependent variable (the average milk yields)
M: Constant

Si: Random and Repeated effect (Milkman)

D;: Fixed effect (Experience)

(S x Dy; : Milkman and Experience interaction

ejk : Random Error term / Residuals

Table 1. Statistical significance of individual milkman effects on average milk yield

= st - - = v
Milkman Mean + SEM leferer_1ce from 1 Statlstlcalslty S.lgnlflcance between the
milkman 1% milkman (P value)
15t 22.59+0.46 - -
2nd 21.03+0.56 1.56 0.035
3 22.08+0.50 0.51 0.456
4™ 22.16+0.49 0.43 0.522
5t 20.27+0.76 2.32 0.011
6" 20.91+0.71 1.68 0.052

closely related to each other. Expected success in
milking process is ensured by the animal's accus-
tomedness to milking machine, the skill and experi-
ence of the milkman, and the functional conformity of
the milking machine. In the literature, the effect of
milkman on milk yield and sales income was not en-
countered directly.

In this study, it was aimed to investigate the effects of
different, individual, and experienced milkmen on milk
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Calculations were given both in TL (%) and USD (§$).
Data of milk yield were given as Mean+SEM (X+SxX)
in the tables.

Results

Savas SARIOZKAN

(2.3 $-(0.40 $) X 1.94 kg) and 156 % (27.03 $) per
day for 35 cows. This result shows that the experi-
enced milkman income about 156 + (27.03 $) more
per day in this farm. This price corresponds to the
cost of an insured worker (Table 4).

Table 2. Statistical significance of milkman experience on average milk yield

Milkman Experi- Difference from Statistically Significance between the 157
Mean = SEM .
ence Advanced milkman (P value)
Advanced 22.59+0.59 - -
Intermediate 21.71£0.33 1.06 0.07
Beginner 20.65+0.47 1.94 0.004

Table 3. The effect of milkman on dairy farm income*

Milkman Income (t-$/day) Total Income (%-$/farm)
15t 36.2%(6.27 $) 1.267 % (0.22 $)
2 33.6%(5.82 %) 1.176 % (0.20 $)
3 35.4%(6.13 $) 1.238% (0.21 $)
4" 35.5% (6.15 $) 1.243% (0.22 $)
5t 325%(5.63 %) 1.137 % (0.20 $)
6" 33.4%(5.79 %) 1.170% (0.20 $)

* $ information was obtained from TCMB on November 12, 2019

Table 4. The effect of milkman experience on dairy farm income*

Milkman Experience

Income (%-$/day)

Total Income (%-$/farm)

Advanced 36.2% (6.27 9) 1.266 % (0.22 $)
Intermediate 34.7% (6.01 %) 1.215% (0.21 $)
Beginner 33.0%(5.72 %) 1.154 % (0.20 $)

*$ information was obtained from TCMB on November 12, 2019

In the study, it was determined that the individual
milkman efficiency and milkman experience were
significant on the average milk yields. According to
this, a difference of 2.3 kg was determined between
1% milkman (the highest average milk yield;
22.6+0.46 kg), and 5" milkman (the lowest average
milk yield; 20.31£0.76 kg) and the difference was sta-
tistically significant (P=0.011) (Table 1).

Milkman experience has been split in three catego-
ries, the difference between the average milk yield
obtained by the least experienced (Beginner) milk-
man (20.6+0.47 kg) and the average milk yield of the
most experienced (Advanced) milkman (22.6+0.59
kg) was found to be statistically significant (P=0.04)
(Table 2).

In addition, the difference in milk yields resulting from
milking was analyzed economically. The average milk
yield difference due to milkman, the income is in-
creased by approximately 3.7 % (0.64 $) per day for a
cow (Selling price of 1 kg of milk (2.3 % (0.40 $)) X
2.32 kg) and 184 % (31,9 $) per day for 35 cows
(Table 3).

The average milk yield difference due to milkman
experience, the income is increased by approximate-
ly 3% (0.52 $) /day/cow (Selling price of 1 kg of milk

Discussion and Conclusion

Human factor is one of the factors affecting animal
health and productivity in dairy cows and milkman
plays an important role in effective management of
animals. In addition, it has been reported that tech-
nical training and experience of milkman’s on the
behavioral characteristics of cow can increase milk
yield by applying more effective and stress-free man-
agement on animals (de Ondarza, 2019).

In this study, it was determined that the individual and
experience characteristics of six different milkmen’s
had an effect on milk productivity. Similarly, in many
studies investigating the effects of herd management
and animal welfare on milk yield, it has been stated
that milkman experience had a positive effect on milk
productivity (Ozdemir and Singin 2016; Géncii et al.
2016; Rushen et al. 2001; Akbas, 2013). However,
Munksgaard et al. (2001) reported that milkman ex-
perience did not increase the productivity of dairy
cow. According to the results of this study, the differ-
ence (2.3 kg/day) between 1°' milkman (highest mean
milk yield; 22.6+0.46 kg) and 5" milkman (mean milk
yield; 20.3+0.76 kg) was found statistically significant
(P=0.011). Due to this difference in the average milk
yield, 80 liters of additional milk yield per day and
184 % (31.89 $) additional revenue increase were
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achieved in the farm where 35 cows were milked.
This income difference corresponds to the cost of an
insured worker. Six milkmen were divided into three
categories according to experience level and differ-
ence was found to be statistically significant (P=0.04)
between the milk yield obtained from the lowest and
highest experienced milkman (20.6£0.47 kg -
22.6+0.46 kg). This result showed that the income
from experienced milkman is about 156 £ (27.03 $)
more per day. This means that experienced milkman
caused 4.4 ¥ (0.76 $) /cow more income per day. As
de Ondarza (2019) pointed out, the differences that
arise with the experience of the milkman and the
milkman can be thought to be due to the fact that the
milkman communicates with the animals, acts in a
reassuring manner and milking in a stress-free. In
addition, experienced milkmen are thought to have
more information than lower experienced milkmen
about animal behavior, use of milking machines, hy-
giene and management.

In conclusion, it was determined that the milkman
factor was important for the profitability of dairy farm-
ing. The experienced milkman may earn its own sala-
ry with his provided income increase to the farm and
by this way milkman may not cost extra. Therefore,
milkmen should be training in terms of animal behav-
ior and hygiene in dairy farms.
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Summary: Prostaglandins (PGs) in particular PGE2 by regulating luteal angiogenesis and steroidogenesis, play
an important role in ovarian as well as luteal function in many mammalian species. While the direct luteotrophic
effect of PGE2 has been studied intensively, there is still not much information available regarding the indirect
effects of PGE2 in ovine corpus luteum (CL). Therefore, in the present study, possible effects of PGE2 stimula-
tion on expression of some steroidogenic hormone receptors (ERa/ER1, ERB/ER2 and PGR) and growth factors
(IGF1, IGF2 and VEGF) were investigated using the isolated primary luteal and -microvascular endothelial cells.
Neither the expression of steroidogenic hormone receptors (ERa/ER1, ERB/ER2 and PGR) nor growth factors
(IGF1, IGF2 and VEGF) were affected by PGE2 stimulation in primary luteal cells. However, there was statisti-
cally significant difference for the expression of both ERa/ER1 and ERB/ER2 following PGE2 treatment in prima-
ry microvascular endothelial cells. Moreover, while the expression of IGF2 was upregulated, there was no statis-
tically significant change for the expression of IGF1 and VEGF following PGE2 treatment in ovine primary micro-
vascular endothelial cells. In conclusion, by regulating expression of estrogen receptors (ERa/ER1 and ERpB/
ER2) and IGF2 in ovine luteal endothelial cells, PGE2 might involve in luteal angiogenesis and vasculogenesis
during early luteal phase in sheep.

Key words: Corpus luteum, prostaglandin E2, sheep

Prostaglandin E2 nin Koyunlarda Erken Luteal Donemde Korpus Luteum Uzerine Etkisi

Ozet: Prostaglandinler (PG'ler) 6zellikle de PGE2 luteal anjiyogenezis ve steroidogenezis’i diizenleyerek, birgok
memeli tiriinde ovaryumun yani sira luteal fonksiyonun dizenlenmesinde dnemli rol oynamaktadir. PGE2'nin
direkt luteotropik etkisi yogun olarak galisilsa da PGE2'nin koyun korpus luteumundaki (CL) indirekt etkileri hak-
kinda hala ¢ok fazla bilgi bulunmamaktadir. Bu nedenle, bu galismada, korpus luteumdan izole edilen primer
luteal ve mikrovaskdler endotel hiicreleri kullanilarak, PGE2 stimllasyonunun bazi steroidogenik hormon resep-
torlerinin (ERa / ER1, ERB / ER2 ve PGR) ve buyume faktorlerinin (IGF1, IGF2 ve VEGF) ekspresyonu Uzerin-
deki olas etkileri arastiriimistir. Primer luteal hiicrelerin PGE2 ile stimulasyonunu takiben ne steroidogenik hor-
mon reseptorlerinin (ERa / ER1, ERB / ER2 ve PGR) ne de buyime faktérlerinin (IGF1, IGF2 ve VEGF) eksp-
resyonu etkilendi. Ancak, PGE2 ile primer mikrovaskiler endotel hiicrelerininin stimilasyonunu takiben ERa /
ER1 ve ERB / ER2'in ekspresyonu belirgin olarak artti. Ayni zamanda, primer mikrovaskuler endotel hiicrelerin-
de IGF2'nin ekspresyonu upreglile olurken, IGF1 ve VEGF'’in ekspresyonu PGE2 stimilasyonundan etkilenme-
di. Sonug olarak, PGE2 6strojen reseptorlerinin (ERa / ER1 and ERB / ER2) ve IGF2'in ekspresyonunu dizenle-
yerek erken luteal dénemde luteal anjiyogenez ve vaskilogeneze katildigi disinutlmektedir.

Anahtar kelimeler: Korpus luteum, koyun, prostaglandin E2

Introduction progesterone (P4) production, are observed during
formation of CL (Suzuki et al., 1998; Grazul-Bilska et

Following ovulation, the remnants of the granulosa
and the theca cell layer of the Graafian follicle turns
into a temporary endocrine gland called a corpora
lutea (CL) (Channing et al., 1980; Smith et al., 1994;
Fraser and Wulff, 2003). Rapid and intense blood
vessel formation and supply, which are important for
the establishment and maintenance of CL as well as

Gelis Tarihi/Submission Date :26.11.2019
Kabul Tarihi/Accepted Date  :28.01.2020

al., 2007; Martelli et al., 2009). In the CL, vasculariza-
tion and angiogenesis are regulated by a variety of
locally produced growth factors such as, fibroblast
growth factors (FGFs), vascular endothelial growth
factor (VEGF)-system and angiopoietins (Angpts).
Furthermore, locally produced luteotropic factors i.e.
prostaglandins (PGs), P4 and estrogens (E2) are
involved in the maintenance of this temporary endo-
crine gland (CL).

Prostaglandins are known as a fatty-acid hormone
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synthesized following the liberation of 20-carbon un-
saturated fatty acid derivate arachidonic acid from the
cellular plasma membrane by phospholipaseA2
(Smith and Dewitt, 1996). Then, this released arachi-
donic acid is converted into the prostaglandin H2
(PGH2) the main precursor of the different PGs, by
means of cyclooxygenases (COXs) (Smith and
Dewitt, 1996). While COX1 is constitutively ex-
pressed in most of the mammalian cells, expression
of PTGS2/COX2 is induced by an inflammatory and
proliferative stimulus (Smith and Dewitt, 1996). Pros-
taglandin E2, prostacyclin (PGI2), PGD2 and PGF2a
are produced form the PGH2 with the aid of specific
enzymes (Tai et al., 2002).

Among PGs, particularly PGE2 plays important roles
in angiogenesis, cellular proliferation and blood sup-
ply (Namkoong et al., 2005; Trau et al., 2016). PGE2
mediates its signal through four PGE2 receptors,
PTGER1, -2, -3 and -4 (also known as EP1, EP2,
EP3 and EP4) (Castellone et al., 2005; Cha et al.,
2007). Activation of PTGER2 (EP2) and PTGER4
(EP4) increases production of cyclic adenosine
monophosphate (CAMP), an activator of PKA signal-
ing pathway (Narumiya et al., 1999). However, acti-
vation of PTGER1 (EP1) and PTGER3 (EP3) induces
intracellular Ca2+ release that activates of PKC sig-
naling pathway (Narumiya et al., 1999).

While PGF2a exerts luteolytic effect, PGE2 shows
luteoprotective effect in sheep and cows (Weems et
al., 1985; Weems et al., 1995; Weems et al., 2006;
Wiltbank et al., 2018). Luteotropic effect of PGE2 has
been shown in a variety of species such as dog, pig
and human as well (Hahlin et al., 1988; Ford and
Christenson, 1991; Kowalewski et al., 2013). In ac-
cordance with this, high expression of COX2 and
PTGES was detected in the dog CL during early lute-
al phase (Kowalewski et al., 2006). Additionally,
PGE2 by inducing expression of ETB and ANGPT2
expression in the dog appears to involve in luteal
blood supply and angiogenesis (Gram et al., 2015;
Gram et al., 2018). Furthermore, CL, pregnant uterus
and conceptus are able to produce PGE2 in sheep.
During establishment of pregnancy in ewe, PGE2
seems to be involved in the rescue of the CL (Weems
et al., 1995). In sheep, intrauterine infusion of PGE2
mitigates luteolytic action of PGF2a during spontane-
ous luteolysis (Weems et al., 1985). Administration of
PGE2 as well as PGE1 blocks PGF2a induced luteol-
ysis and P4 production in this species as well
(Reynolds et al., 1981). Moreover, PGE2 induces
production of P4 by activating production of cAMP an
activator of PKA signaling pathway in human and
rabbit (Boiti et al., 2001; Hahlin et al., 1988). Block-
age of the PTGS2/COX2 in vivo with its specific
blocker reduces expression of steroidogenic acute
regulatory protein (STAR) thereby P4 production in
the dog (Janowski et al., 2014).
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While the effect of PGE2 on luteal steroidogenesis
was intensively investigated in a variety of species,
there is little information available regarding the indi-
rect effects of PGE2 in the ovine CL. In order to get
more information regarding the potential function of
PGEZ2 in ovine CL and thus to better understand the
regulation of its function, in the current study ovine
primary luteal and -microvascular endothelial cells
were isolated. Thereafter, using the isolated luteal
and -microvascular endothelial cells, possible effects
of PGE2 stimulation on expression of some steroido-
genic hormone receptors (ERa/ER1, ERB/ER2 and
PGR) and growth factors (IGF1, IGF2 and VEGF)
were investigated.

Materials and Methods

Tissue collection and isolation of ovine primary
luteal and -microvascular endothelial cells

Luteal cells and luteal microvascular endothelial cells
were isolated by using our previously described pro-
tocol (Gram et al., 2019). Briefly, primary luteal and -
microvascular endothelial cells were isolated from CL
of clinically healthy and non-pregnant ewes (n=3).
Samples for isolation of primary cells were obtained
from the local slaughterhouse. Corpora lutea of each
animal were separated from the surrounding tissues
and washed with sterile phosphate-buffered saline
(PBS). Afterwards, they were cut into small pieces
with a sterile scalpel blade and incubated for 1h in
PBS containing 0.15 % collagenase (Sigma-Aldrich
Chemie GmbH). Following digestion of tissues, they
were filtered through a sterile 100um nylon strainer.
Then filtrate was centrifuged at 500 g at room tem-
perature. The obtained pellet was subsequently re-
suspended with PBS containing 1% bovine serum
albumin. Then, the endothelial cells were separated
from the resulting suspension through affinity purifica-
tion with magnetic beads. Magnetic tosylactivated
beads (Dynabeads M- 450) were coated with
(Bandeiraea) Simplicifolia Lectin | (BSL-l) (Vector
Laboratories) according to the manufacturer’s instruc-
tion. Following incubation dispersed cells together
with BSL-I labelled magnetic beads, bead adherent
cells were separated with the aid of the magnet.
Bead-free supernatant that contained the luteal cells
were separated and suspended in culture medium
((DMEM/F12, with 10% heat-inactivated FBS, 100 U/
ml penicillin and 100 mg/ml streptomycin, and 1%
ITS (Insulin-Transferrin-Selenium), seeded immedi-
ately into six well plates.

Bead adherent cells, resuspended in endothelial cell
culture medium (DMEM/F12, with 10% heat inactivat-
ed FBS, containing 100 U/ml penicillin and 100 mg/mi
streptomycin and 200 pg/ml Endothelial Cell Growth
Supplement (ECGS)) and seeded directly into the six
-well plates. Both endothelial and luteal cells were
cultured in a humidified incubator at 37°C under 5%
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CO,. To characterize endothelial and luteal cells ster-
ile cover glasses were put into each well and grown
on them. When cells reached approximately 90-100%
confluency, they were fixed by adding 2% formalde-
hyde for 10 min at 37°C.

As for stimulation experiments, prior to stimulation,
the cells were washed with sterile PBS and replaced
by a serum and ECGS-free DMEM/F12 medium con-
taining 1ng/ml PGE2 for 6h. This dosage of the PGE2
is decided based on previously published report.

RNA isolation and semi-quantitative RT-PCR and
data evaluation

Total RNA was obtained from primary luteal and -
microvascular endothelial cells using TRIzol® rea-
gent according to the manufacturer’s instructions
(Invitrogen). The concentrations of isolated RNA
samples were quantified by spectrophotometrically.
DNase treatment was performed using RQ1 RNase-
free DNase (Promega). Reverse transcription (RT) of
the RNA samples was achieved following the manu-
facturer’s instructions (Applied Biosystems).

Semi-quantitative Real Time (TagMan) PCR was
performed in CFX Connect Real Time system (Bio-
Rad). All the reactions were performed in duplicates.
Primers and TagMan® probes labelled with 6-
carboxyfluorescein (6-FAM) and 6-
carboxytetramethylrhodamine (TAMRA) and are pre-
sented in  Table 1.

Aykut GRAM

Normalization of the target genes was achieved using
two different reference genes, GAPDH and 3-ACTIN.
Relative gene expression of each target gene was
calculated with comparative CT method (AACT meth-
od).

Statistical analyses

Each experiment was performed independently at
least three times. All the statistical analyses were
performed using the SPSS 16.0 Software. The Effect
of PGE2 treatment on expression of ERa/ER1, ERB/
ER2, PGR, IGF1, IGF2 and VEGF in primary luteal
and -microvascular endothelial cells was calculated
using an unpaired two-tailed Student’s t-test. All nu-
merical data are presented as the mean + standard
deviation. P<0.05 was considered statistically signifi-
cant.

Results

Effect of PGE2 stimulation on expression of ERa/
ER1, ERB/ER2, PGR and IGF1, -2 and VEGF in
ovine primary luteal and -microvascular endothe-
lial cells

Both primary luteal and -microvascular endothelial
cells were isolated from CL of sheep by enzymatic
digestion. The expression of all target genes were
detected by semi-quantitative RT-PCR. They were

Table 1. List of primers used for Real Time (TagMan) PCR

Gene Primer sequence

Product
length

(bp)

Accession
number

Forward: 5- CCTGACGGCTGACCAGATGA-3"

ERa/ER1

ERB/ER2

IGF1

IGF2

VEGF

B-ACTIN

GAPDH

Reverse: 5- CCTCACTGAAAGGGTCTGGTAGGT-3

TaqgMan probe: 5-TGGAGGCTGAGCCCCCCATAATCTATTCT-3"
Forward: 5’- GTCTCCTATAACTGCGGTCAATCC-3°

Reverse: 5'- GAGTATTCATGGCGGCTCTCTAC-3°

TagMan probe: 5-TGGAGCCAGGCCCCATATATTTACCCTCTT-
3

Forward: 5- CAGCAGTCTTCCAACCCAAT-3

Reverse: 5'- CAGGGCCAGATAGAAGAGATG-3

TaqgMan probe: 5-AGGTGAAGATGCCAGTCACATCCTCCTC-3'

Forward: 5- GGGATGTGTCTGCCTCTACGA-3

Reverse: 5- GACTGCTTCCAGGTGTCAGATTG-3"

TagMan probe: 5-TCACAGCATACCCCGTGGGCAAGTT-3"
Forward: 5- GGGCTGCTGTAATGACGAAAGT-3"

Reverse: 5- CTGGCTTTGGTGAGGTTTGATC-3

TagMan probe: 5-TGTGCCCACTGAGGAGTTCAACATCAC-3"
Forward: 5- AGA GGC ATC CTG ACC CTC AA-3°

Reverse: 5’- GTT GTA GAA GGT GTG GTG CCA GAT-3'
TagMan probe: 5-TAC CCC ATT GAG CAC GGC ATT GTCA -3°
Forward: 5’- GGC ACA GTC AAG GCA GAG AAC-3°

Reverse: 5- CAC GTA CTC AGC ACC AGC ATC A-3°

TagMan probe: 5-AAG GCC ATC ACC ATC TTC CAG GAG C-3°

92

92

103

91

94

93

114

AY033393.1

NM_001009737
A

NM_001009774
3

NM_001009311
A

AF071015.1

U39357.1

NM_001190390
A
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clearly detectable in both stimulated and non-
stimulated ovine primary luteal (Fig. 1-2) and -
microvascular endothelial cells (Fig. 3-4). There were
no statistically significant changes in the expression
of investigated steroidogenic hormone receptors
(P=0.20 for ERa/ER1, P=0.93 for ERB/ER2 and
P=0.70 for PGR) in primary luteal cells following
treatment with 1ng/ml PGE2 treatment (Fig. 2A-C).

Ovine Primary Luteal Cells

ERa /ESR1 ERB/ESR2

Relative mRNA expression
Relative mRNA expression

Relative mRNA expression

Control PGE2

Figure 1. Effect of PGE2 on expression of ERa/ER1,
ERB/ER2 and PGR in ovine primary luteal cells col-
lected from clinically healthy and non-pregnant ewes.
Luteal cells were cultured in serum-free DMEM/F12
medium with 1ng/ml PGE2. Non-stimulated cells
served as a negative control. (A-C) ERa/ER1, ERB/
ER2 and PGR mRNA expression as determined by
real-time (TagMan) PCR normalized against GAPDH
and B-ACTIN. Numerical data are presented as the
mean * standard deviation

Ovine Primary Luteal Cells

Relative mRNA expression
Relative mRNA expression

Relative mRNA expression

Control PGE2
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Figure 2. Effect of PGE2 on expression of IGF1,
IGF2 and VEGEF in ovine primary luteal cells collected
from clinically healthy and non-pregnant ewes. Luteal
cells were cultured in serum-free DMEM/F12 medium
with 1ng/ml PGE2. Non-stimulated cells served as a
negative control. (A-C) IGF1, IGF2 and VEGF mRNA
expression as determined by real-time (TagMan)
PCR normalized against GAPDH and B-ACTIN. Nu-
merical data are presented as the mean + standard
deviation

Similarly, there was no statistically significant chang-
es in the expression of IGF1, either, (P=0.70) -2
(P=0.70) and VEGF (P= 0.10) in primary luteal cells

Interestingly, the expression of ERa/ER1 and ERp/
ER2 were affected in luteal microvascular endothelial
cells following stimulation with 1ng/ml PGE2 (Fig. 3A
and B). There was a significant change in expression
of both ERo/ER1 (P=0.002) and ERPB/ER2
(P=0.0001) in primary microvascular endothelial cells
following treatment with PGE2 (Fig. 3A and B).

— Ovine Primary Microvascular Endothelial Cells —
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25
ERat /ESR1 . B ERB/ESR2

3

Relative mRNA expression
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°

°

Control PGE2

Relative mRNA expression
°
@

Control PGE2

53

Figure 3. Effect of PGE2 on expression of ERa/ER1,
ERB/ER2 and PGR in ovine primary microvascular
endothelial cells collected from clinically healthy and
non-pregnant ewes. Microvascular endothelial cells
were cultured in serum-free DMEM/F12 medium with
1ng/ml PGE2. Non-stimulated cells served as a nega-
tive control. (A-C) ERo/ER1, ERB/ER2 and PGR
mMRNA expression as determined by real-time
(TagMan) PCR normalized against GAPDH and (-
ACTIN. Bars with different letters differ at P=0.002
(ERa/ERT1), P=0.0001 (ERB/ER2) and P=0.1 (PGR).
Numerical data are presented as the mean + stand-
ard deviation

Moreover, the expression of IGF2 (P=0.0005) was
also increased significantly (Fig. 4B). On the other
hand, the expressions of PGR (P=0.10), IGF1
(P=0.60), and VEGF (P=0.60) did not change signifi-
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cantly in primary microvascular endothelial by 1ng/ml
PGEZ2 stimulation (Fig. 3C-4A and C).
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Figure 4. Effect of PGE2 on expression of IGF1,
IGF2 and VEGF in ovine primary microvascular en-
dothelial cells collected from clinically healthy and
non-pregnant ewes. Microvascular endothelial cells
were cultured in serum-free DMEM/F12 medium with
1ng/ml PGE2. Non-stimulated cells served as a neg-
ative control. (A-C) IGF1, IGF2 and VEGF mRNA
expression as determined by real-time (TagMan)
PCR normalized against GAPDH and B-ACTIN. Bars
with different letters differ at (P=0.0005). Numerical
data are presented as the mean + standard deviation

Discussion and Conclusion

Prostaglandin E appears to play an important role in
luteal function in domestic animals by regulating angi-
ogenesis, proliferation and steroidogenesis. Luteotro-
phic effect of PGE2 has been shown in many domes-
tic animal species such as dog, cow, sheep, pig and
human (Hahlin et al., 1988; Ford and Christenson,
1991; Kowalewski et al., 2013; Weems et al., 1985;
Weems et al., 1995; Weems et al., 2006; Wiltbank et
al., 2018). However, indirect effect of PGE2 on luteal
function has not yet been investigated in detail.
Therefore, aiming to better understand the effect of
PGE2 on luteal function, primary luteal and microvas-
cular endothelial cells were isolated from early sheep
CL and mRNA expression of ERa/ER1, ERB/ER2
and PGR and IGF1, IGF2 and VEGF, we investigated
in primary luteal and microvascular endothelial cells
following treatment with PGE2.

Time dependent expression of both ERa/ER1 and
ERB/ER2 were shown in ovine CL previously
(Cardenas et al., 2001; Tomanek et al., 1997). Locali-
zation of both receptors in different cellular compart-
ments of the CL such as luteal cells and endothelial
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cells suggest involvement of estrogen in the regula-
tion of an autocrine/paracrine role of CL (Cardenas et
al.,, 2001; Tomanek et al., 1997). Furthermore, the
increase in expression of ERa/ER1 at mid luteal
phase, and the decrease ERB/ER2 expression during
mid-luteal phase indicate that the functions of these
two receptors in the sheep CL might differ (Cardenas
et al.,, 2001; Tomanek et al., 1997). Interestingly, in
the present study, expression of the investigated ster-
oid hormone receptors (ERa/ER1, ERB/ER2 and
PGR) remained unaffected by the PGE2 stimulation.
Thus, it seems that there is no functional connection
between locally acting PGs, especially PGE2 and
ERa/ER1, ERB/ER2 and PGR in ovine luteal cells.

Interestingly, in ovine primary microvascular endothe-
lial cells, expression of both ERa/ER1 and ERB/ER2
were upregulated following treatment with PGE2,
suggesting an interplay between estrogen and PGE2
in the regulation of the proliferation of endothelial
cells as well as vascularization occurring during early
CL formation. Nevertheless, further research is re-
quired to better understand the mechanisms of PGE2
-mediated effects on endothelial cell proliferation and
angiogenesis in ovine CL.

As for PGR, similar to luteal cells, its expression was
not affected by PGE2 treatment. On the other hand,
the time period that was used to stimulate primary
microvascular endothelial cells might be not enough
to induce expression of PGR. Moreover, there might
be no functional connection between locally produced
PGE2 and PGR in ovine luteal endothelial cells.
Therefore, further research is required to better un-
derstand the effect of PGE2 stimulation on PGR in
ovine CL.

Growth hormones (IGF1 and IGF2), like insulin, are
also involved in the development, proliferation and
regression of the CL in sheep (Juengel et al., 1997;
Hastie and Haresign, 2006). By regulating P4 produc-
tion, IGF1 and IGF2 are involved in steroidogenesis
in ovine CL as well (Juengel et al., 1997; Hastie and
Haresign, 2006). Furthermore, similar to other do-
mestic animals such as dog and cow, in the sheep
early luteal phase is characterized by upregulated
expression of VEGF. By regulating angiogenesis this
angiogenic growth factor is crucial for the mainte-
nance of the CL. However, in our study neither ex-
pression of insulin like growth hormones (IGF1 and
IGF2) nor VEGF were affected by PGE2 stimulation
in primary luteal cells. Therefore, it appears that there
is no functional connection between locally acting
PGE2 and IGF1, IGF2 and VEGF in ovine luteal
cells. On the other hand, while the expression of
IGF2 was upregulated, expression of IGF1 and
VEGF were not affected by PGE2 treatment in ovine
primary microvascular endothelial cells. This indi-
cates the possible functional interplay among differ-
ent cellular compartments within the ovine CL. There-
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fore, involvement of PGE2 in local autocrine and
paracrine regulation of this temporary endocrine
gland still needs to be elucidated.

In conclusion, the effects of PGE2 on expression of
ERa/ER1, ERB/ER2 and PGR and IGF1, IGF2 and
VEGF have been investigated herein by using the
ovine primary luteal and -microvascular endothelial
cells. The results presented in the current study sug-
gest that by regulating expression of estrogen recep-
tors (ERa/ER1 and ERB/ER2) and IGF2 in ovine lu-
teal endothelial cells, PGE2 might involve in luteal
angiogenesis and vasculogenesis during early luteal
phase in sheep.
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Summary: In this study, the biochemical and histopathological changes in the lungs due to lower extremity ischemia-
reperfusion injury and protective effect of boric acid to prevent them were investigated. The rats were divided into three
groups as Group 1 (Sham group, n=9), Group 2 (Ischemia-reperfusion group, I/R, n=9) and Group 3 (Ischemia-
reperfusion, (I/R) + boric acid (BA), n=9). Anaesthesia was applied to the first group of rats without any ischemia-
reperfusion process. Following a two-hour ischemia, two hours of reperfusion, with the help of left lower extremities
tourniquet, were applied to the second group. To the third group, 200 mg/kg (i.p.) boric acid application was performed
10 minutes before the ischemia was initiated and two hours of ischemia and two hours of reperfusion application were
carried out. Some antioxidant enzymes in lung tissue (SOD, GSH-Px, CAT) were analyzed. In addition the lung tissue
was evaluated histopathologically. Boric acid application was found to significantly enhance the positive effect of anti-
oxidant enzymes. Normal histological structure was better preserved, some of macrophages were non-activated, and a
remarkable reduction of neutrophil infiltration was seen after treatment in boric acid given group.

Key words: Antioxidant enzyme, boric acid, histopathology, ischemia/reperfusion, lung damage

Siganlarda Alt Ekstremite iskemi Reperfiizyonu Sonucunda Geligsen Uzak Doku Akciger Hasarinin
Onlenmesinde Borik Asidin Etkilerinin incelenmesi

Ozet: Bu galismada, alt ekstremite iskemi reperfiizyon hasari sebebiyle akcigerlerde meydana gelen biyokimyasal ve
histopatolojik degisiklikler ve bunlara karsi borik asidin koruyucu etkisi arastirildi. Siganlar Grup 1 (Kontrol/sham grubu,
n=9), Grup 2 (iskemi-reperfiizyon grubu, I/R, n=9) ve Grup 3 (iskemi-reperfiizyon, (I/R) + Borik asit (BA), n=9) olmak
lizere Uig gruba ayrildi. iskemi-reperfiizyon prosesi olmayan ilk sigan grubuna sadece anestezi uygulandi. ikinci gruba
iki saatlik bir iskemi sonrasi, sol alt ekstremite turnike yardimiyla iki saatlik reperfiizyon uygulandi. Ugiincii gruba, iske-
mi baglamadan 10 dakika énce 200 mg / kg (i.p.) borik asit uygulamasi yapildi, iki saatlik iskemi ve iki saatlik reperfuiz-
yon uygulamasi yapildi. Akciger dokusunda bazi antioksidan enzimlerin (SOD, GSH-Px, CAT) aktiviteleri analiz edildi.
Ayrica akciger dokusu histopatolojik olarak degerlendirildi. Borik asit uygulamasinin antioksidan enzimlerin pozitif etki-
sini 6nemli dlglide glclendirdigi tespit edildi. Borik asit verilen grupta tedaviden sonra normal histolojik yapinin daha iyi
korundugu, bazi makrofajlarin aktive edilmedigi ve nétrofil infiltrasyonun da belirgin bir azalmanin oldugu gézlemlendi.
Anahtar kelimeler: Akciger hasari, antioksidan enzim, borik asit, histopatoloji, iskemi/reperfizyon

1989a; Klausner et al., 1988). Despite ischemia is
saved through re-start of blood flow, it leads to the
development of multiple organ dysfunction and it is
especially observed in heart, renal and lungs
(Blaisdell, 2002). Lung tissue is the target organ be-
ing affected by the lower extremity ischemia reperfu-

Introduction

Lower extremity ischemia reperfusion has significant
out comes commonly observed in clinical case stud-
ies. After reperfusion followed by ischemia and the
impact of inflammatory mediator and free-oxygen

radicals, the development of a local and ischemia
damage will start (Grace, 1994; Klausner et al,
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sion most and its aetiology is not fully known (Tekeli
et al., 2001; Uysal, 2006). Boric acid (BA) occurs
naturally in both sea and fresh water sat 1-5 ppm. Its
concentrations in the soil are more than waters
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(Buyukguzel et al., 2013). Boric acid is abundant in
fruits, vegetables and legumes, so it can be obtained
in the diet with the consumption of these (Devirian
and Volpe, 2003). Found in nature at high concentra-
tions, BA is widely used in the industry, agriculture,
cosmetics and other small practices. It is considered
that the supplemental use of BA in human and animal
food has considerable effects on the physiological
and metabolic systems. Acute oral toxicity of inorgan-
ic boron-containing compounds is stated as 2660-
4000 for rats LD50 (g/kg) (Fail et al., 1998). In some
studies it is stated that BA has effects on minerals
(Ca and P), vitamin D, hormones (insulin, oestrogen,
testosterone, T3,T4), energy substrates (triglyceride,
glucose) and reactive oxygen species (Hunt, 1988;
Meacham et al., 1994; Hunt, 1996; Armstrong et al.,
2001; Eren et al., 2006; Turkez et al., 2007). Never-
theless, the biochemical mechanism of BA is not
completely known. In this study, we examined two
things biochemically and histopathologically; the lung
tissue damage caused by lower extremity ischemia/
reperfusion and the role of boric acid in preventing
this damage.

Material and Methods
Experimental animals

Our experimental studies were carried out after the
experimental animals were approved by the Bingdl
University Ethic Committee of Animal Research
(decision no:2018/02-02/06). The animals were kept
in cages in a controlled room at a fixed 20-22 °C tem-
perature and a 12-hour shift of light and dark cycle
(light 07:00-19.00, dark: 19:00-07:00). They were
provided with water and standard food. The experi-
ments started after the rats were rested in their cages
for a week in order to provide their adaptation to the
environment. Rats were fed with pellet feed obtained
from the market and analysis contents given in Table
1.

Table 1. Nutrient composition of pellets

Erciyes Univ Vet Fak Derg 2020;17(1): 57-62.

Group 1 (control/sham group, n: 9); these rats were
only given anaesthesia. Group 2 (ischemia/
reperfusion, I/R, n: 9); Group 3 (ischemia reperfusion
(I/R) + BA, n: 9) where 10 minutes before ischemia, a
200 mg/kg dosage of BA was applied intraperitone-
ally as described Bagbug et al. (2015). All the rats
were exposed to ischemia for two hours through the
bilateral lower extremity tourniquet method. The loss
of arterial flow was determined through the inability to
detect Doppler signals through Doppler USG. Two
hours later, the tourniquets was opened, and reperfu-
sion was performed for two hours (Klausner et al.,
1989b). The control of arterial flow was again
checked by Doppler USG. At the end of the fourth
hour, the rats were sacrificed through injection of a
high dosage of 60 mg/kg (i.p.) ketamine hydrochlo-
ride (Ketalar, Parke-Davis) and 10 mg/kg Xylazine
(i.p.)- Their lung tissues were taken out through medi-
astinotomy, and biochemical and histopathological
analyses (SOD, GSH-Px, CAT levels) of the tissues
were carried out.

Biochemical assays

Superoxide dismutase activity (SOD) was performed
according to the method Sun et al. (1988). Tissue
glutathione peroxidase’s activity (GSH-Px) Paglia et
al. (1967) and Catalase activity (CAT) were per-
formed according to the method Aebi (1984).

Anaesthesia, necropsy and histopathologic ex-
amination

The main materials of this study were 10-week-old 27
Wistar albino rats in 3 groups (n:9). Firstly, all rats
were anesthetized with intraperitoneal injection of 10
mg/kg xylazine and 60 mg/kg ketamine, and euthana-
sia was applied by decapitation under deep anaes-
thesia (Tranquilli et al., 2013). For light microscopy,
the lungs were inflated via the trachea with 10%
phosphate-buffered formaldehyde after sacrificing the

Dry matter 87.2%
Crude protein 23.0%
Crude fat 3.7%
Crude fiber 7.7%

Ash 5.8%
Sodium 0.6%

Mn 96 mg/kg
Fe 31 mg/kg
Zn 960 mg/kg
Co 0.60 mg/kg
S 0.30 mg/kg
| 2.28 mg/kg

The rats were fasted for 12 hours before the experi-
ments, with free access to water. A total of 27 male
Wistar albino rats weighing between 200 and 300
grams each were randomly divided into three groups.
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animal as described above (Fiette and Slaouni,
2011). The lungs were then removed and placed into
10% phosphate-buffered formaldehyde until ready for
sectioning and treated as routine histopathological
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protocol of dehydrated samples in ascending grades
of ethanol (50%, 70%, 96% and 100%) cleared in
xylene and then embedded in paraffin (Bancroft et
al., 2008). The paraffin-embedded tissue samples
were sectioned at 5 pm thicknesses by a rotary mi-
crotome (Leica, RM2125). The slides were stained
with haematoxylin & eosin (H&E) for histopathological
analyses (Fisher et al., 2008). Finally, the slides were
examined and photographed by using a light micro-
scope with an imaging system (Leica, DM2500/
DFC295) for detection of degenerative changes in
the lung tissues.

Statistical analysis

The results are expressed as mean * the standard

error of the mean ( X 4 SEM). The comparisons
between the groups were done with Kruskal Wallis
and Benferroni corrected Mann Whitney U test. The
statistical analysis was performed utilizing SPSS®,
v23 statistical software (SPSS Inc. Chicago lllinois).

Results

Aydin Sikrii BENGU

When the enzyme activities of SOD, CAT and GSH-
Px are compared to the control group, it is clear that,
while the values decreased in the ischemia reperfu-
sion group. According to the I/R group, the SOD,
CAT, GSH-PX enzyme activities increased in the
group which received boric acid treatment compared
to the I/R group. Moreover, in comparison to the con-
trol group, a significant decrease in the GSH-Px en-
zyme activity level was observed in the group that
received boric acid treatment (Table 2 and Figures
1,2 and 3). In the control (sham) group (Group 1), no
significant histopathologic lesions were observed in
the investigated lung tissues, and the alveolus, bron-
chioles and pneumocytes displayed a normal histo-
logical structure (Figure 4-A). In the group that re-
ceived I/R (ischemia/reperfusion) treatment (Group 2)
in the lung tissues, interstitial and perivascular oede-
ma, neutrophil leukocyte accumulation, a small
amount of fibrin deposits, and erythrocyte permeation
in alveolus swelling and desquamation of bronchiolar
and alveolar epithelial cells were determined (Figure
4-B). In addition to this, in the compared lung tissues
of the boric acid treatment group (Group 3), the histo-
pathological findings were seento be significantly

Table 2. Distribution of SOD, CAT and GSH-Px values based on the groups

Enzyme Control Group 1 Group 2 P values
(Eu/mg ) (sham) (IIR) (I/IR+BA)

SOD 2828.68+2.45 @ 2809.73+1.86 ° 2815.64+2.83°

CAT 34.96+1.87 @ 17.07+1.50 P 32.31+1.79 2
GSH-Px 1.66+0.057 ? 0.8513+0.073 © 1.301+0.046°

***: P<0.001; a,b,c: different letters, significant differences between control (Sham), Group1(l/R), Group 2(I/R+BA) groups

2835
2830 -
2825 -
2820 - a
2815 -
2810 -
2805 -

2800

2795

Sham Group I/R Group I/R+BA Group

40
35 a
30
25 A
20 A b
15 -

10

Sham Group I/R Group I/R+BA Group

Figure 1. Super oxide dismutase levels in the lung tissues
of the control (Sham), Group1(l/R), Group 2(I//R+BA) groups
(SOD) (EU/g)

In this study, which evaluated the remote tissue dam-
age that occurred in the lungs in connection with rat
lower extremity ischemia reperfusion damage, antiox-
idant defence parameters such as SOD, CAT and
GSH-Px enzyme activities were determined. The
results ofthe SOD, CAT and GSH-Px values for each
group are shown in Table 2.

Figure 2. Catalase levels in the lung tissues of the control
(Sham), Group1(l/R), Group 2(I/R+BA) groups (EU/g)

decreased. Only limited swelling of bronchiolar and
alveolar epithelial cells and remarkable reduction of
neutrophil infiltration were observed after treatment
inthe group that was given boric acid (Figure 1V-C).
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Figure 3. Glutation peroxidase levels in the lung tissue of
the control (Sham), Group1(l/R), Group 2(I/R+BA) groups
(EU/Q)

Figure 4. Histopathological Analyses of the lungs with H&E
staining.(A): Normal histological structure of the lung tissue
in the control group (Group 1). Swelling and desquamation
of bronchiolar (arrow heads) and alveolar (arrows) epithelial
cells, neutrophil leukocyte accumulation and erythrocyte
permeation in alveolus (star) in the I-R group (Group
2).Limited swelling of bronchiolar and alveolar epithelial
cells (arrow heads), in the I-R and boric acid treatment
group (Group 3). All photographs were taken at 20x magnifi-
cation by the same lens

Discussion and Conclusion

Turkez et al. (2007) reported that boron compounds
(as boric acid) caused significant increases in antioxi-
dant enzyme activities. However, the defence of boric
acid against reactive oxygen species (ROS) has not
been adequately described yet. The activities of anti-
oxidant enzymes (SOD, CAT, GSH-Px) have im-
portant roles in cell defence (Tapiero et al., 2004).
Superoxide dismutase has a central role against oxi-
dative damage. This enzyme catalyzes the dismuta-
tion of superoxide to hydrogenperoxide and oxygen
(Kakarla et al., 2005). Catalase activity protects lipids
and proteins in erythrocyte membranesagainst perox-
ide radicals. Glutation peroxidase is associated with
increases in the quantity of glutathione. Glutathione is
a tripeptide that is very important for erythrocytes. It
has a key role in antioxidant enzyme activities
(Tarkez et al. 2007). Hunt et al. (1996) stated that
boron compounds have a protective effect on oxida-
tive damage to human health by showing their effects
on SOD, CAT and GSH. It is considered that the ef-
fects occur because they stimulate the immune sys-
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tem and lead to secretion of Vitamin D metabolism or
insulin. It is stated that lung damage occurred in the
reperfusion period after lower extremity ischemia in
connection with free oxygen radicals. In the same
study, it was also found that melatonin, an antioxidant
compound, played a protective role against I/R dam-
age. In this study, it was also determined that boric
acid applications used against radicals which are
caused by extremity ischemia led to a significant in-
crease in the protective effect of antioxidant en-
zymes. In comparison to SOD and GSH-Px, the en-
zyme CAT, which is the main subject of this study,
was also affected more positively. The late phase of
reperfusion injury is known to be neutrophil-
dependent (Uysal, 2006). Although there are im-
portant studies on the effects of remote organ ische-
mia-reperfusion cases that lead to lung injury (e.g.,
hind-limb, ischemia reperfusion) (Seekamp et al.,
1993), much fewer studies have been conducted to
focus on the lungs as the direct aim of ischemia and
reperfusion injury. In this study, using an in vivo rat
lung ischemia-reperfusion model, we characterized a
model of injury in the lung during the early and de-
layed reperfusion periods by determining the protec-
tive effects of boric acid and its relationships in in-
flammatory injury. In similar studies, oedema was
mentioned in the alveolar cells (Den-Hengst et al.,
2010; Ferrari et al., 2015). Macrophages and neutro-
phils are determinants for the improvement of lung
ischemia-reperfusion injury (Den-Hengst et al., 2010).
Alveolar type Il cells appear to be quite sensitive to
the effects of ROS and RNS. These cells are respon-
sible for the release of inflammatory mediators and
cytokines (Sharmaet al., 2007). The light microscopy
examinations observed considerable perivascular
oedema in the lungs undergoing ischemia and 2
hours of reperfusion in comparison to the lungs of the
sham-operated rats. At 2 hours of reperfusion, there
were also significant interstitial and perivascular oe-
dema, deposition of fibrin in the alveolar spaces, intra
-alveolar haemorrhage and leukocyte accumulation.
The normal histological structure was better pre-
served, some macrophages were non-activated, and
a remarkable reduction of neutrophil infiltration was
seen after treatment in the group that was given boric
acid (Beckers et al., 2017).

Damage to the lung tissue of the rats exposed to
ischemia-reperfusion was detected. This damage
was observed as a decrease in enzyme activities and
histopathological deterioration. After the application
of boric acid, the increase in enzyme activity (SOD,
CAT, GSH-Px) in lung tissue and histopathology
were determined as normalization. According to
these results, boric acid has therapeutic effects in
lung damage after ischemia reperfusion.
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Summary: The objective of this study is to follow up the follicular growth in ovaries until mating by ultrasonography to
determine of pregnancy rates, serum estrogen, progesterone, AMH and IGF-1 concentrations in mares which synchro-
nized with altrenogest and to compare the obtained data with non-lactating mares. The study was carried out during
breeding season while ovaries were active; lactating mares were included in Group 1 (n = 8) and non-lactating mares
in Group 2 (n = 8). In both groups, synchronization was performed by administration of altrenogest (Regumate®) and
prostaglandin F 2 alpha (PGF2a). Dominant follicle diameters of non-lactating mares were found to be greater than
those of lactating ones. During the study, estrogen, progesterone, AMH and IGF-1 levels were significantly lower in the
lactating mares. The non- lactating mares were found to have a first pregnancy conception rate (75%), similar to that of
lactating mares (62%) (x°=1.54, P=0.62). It was concluded that in the mares synchronized with altrenogest, the pres-
ence of lactation and the foal are significantly influences ovarian activities, ovarian steroid levels, AMH and IGF-1 lev-
els. Therefore, in order to increase pregnancy rates in lactating mare, sexual cycle synchronization with altrenogest are
considered to be a suitable method.

Key words: Altrenogest, anti millerian, estrogen, lactation, mare, progesterone

Laktasyonda Olan ve Laktasyonda Olmayan Kisraklarda Altrenogest Uygulamasi Sonrasi Serum Ostrojen,
Progesteron, AMH ve IGF-1 Diizeylerinin Arastiriimasi

Ozet: Sunulan galismanin amaci, altrenogest ile senkronize edilen laktasyondaki kisraklarda asim zamanina kadar
gecen siregte ovaryumlardaki follikiiler gelisimlerin ultrasonografi ile takibi, serum &strojen, progesteron, AMH ve IGF -
1 konsantrasyonlarinin élgtimesi ve gebelik oranlarinin degerlendirilerek bu verilerin laktasyonda olmayan kisraklarla
karsilastinimasidir. Calisma, Ureme sezonun basladigi ve ovaryumlarin aktif oldugu Greme sezonunda gergeklestirildi;
laktasyonda olan kisraklar Grup 1’e (n=8) ve laktasyonda olmayan kisraklar Grup 2'ye (n=8) dahil edildi Her iki gruba
altrenogest (Regumate®) ve prostaglandin F2a ile senkronizasyon gerceklestirildi. Laktasyonda olmayan kisraklarin
dominant follikul ¢aplari laktasyonda olanlara gore daha blyik bulundu. Calisma suresince toplanan kan érneklerinde
Ostrojen, progesteron, AMH ve IGF-1 diizeyleri laktasyondaki kisraklarda belirgin olarak diigiik bulundu. Laktasyonda
olmayan kisraklarin ilk agimda gebe kalma orani (%75), laktasyonda olan kisraklarla (%62.5) benzer bulundu (x?=1.54,
P=0.62). Altronogest ile senkronize edilen kisraklarda laktasyonun ve tayin varliginin ovaryum faaliyetlerine, ovaryum
steroid duzeylerine, AMH ve IGF-1 dlzeylerine énemli oranda etki ettigi kanisina varildi. Bu nedenle laktasyonda olan
kisraklarda gebelik oranlarini arttirmak amaciyla altrenogest ile sekstel siklus senkronizasyonunun uygun bir yontem
oldugu disinilda.

Anahtar kelimeler: Altrenogest, anti-mdllerian, kisrak, laktasyon, dstrojen, progesteron

Introduction

Estrus cycles of mares are controlled by the hor-
mones which respond to photoperiod of season in
mares. The photoreceptors of the retina turns light
stimulus into signals and transfers these signals to
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superior cervical ganglion which have adrenergic
neuronal endings that reach the pineal gland and
have action in different pathways of synthesis of mel-
atonin. Thus, the increased exposure to photoperiod
results in a decrease of melatonin secretion. As a
result of decrease in melatonin secretion, gonadotro-
pin releasing hormone (GnRH) is stimulated. The
GnRH has a decent role in hypothalamic-pituitary
axis and is transferred to adenohypophysis where it
stimulates follicle stimulating hormone (FSH) and
luteinizing hormone (LH) responsible of follicle growth
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and ovulation (Satue and Gardon, 2013). Lactating
mares have a completely different reproductive me-
tabolism from those of cyclic mares (Heidler et al.,
2003). At early lactation, alteration of Growth Hor-
mone (GH), Insulin-like Growth Factor 1 (IGF-1) and
leptin have some roles in metabolism to regulate vari-
ous mechanisms. These changes are beneficial to
energy metabolism, apart from suppressing repro-
ductive activity (Block et al., 2001). These hormonal
alterations are most effective at early lactation right
after delivery and their influence go down by time
(Heidler et al., 2003). While GH is responsible for
growth and development, it also mediates secretion
of IGF-1 from liver and stimulates ovarian activity
(Izadyar et al., 1998). Thus GH directly or with the
help of IGF-1, in gonadotropin dependent or inde-
pendent ways affects ovarian steroidogenesis (Hull
and Harvey, 2000). Heidler et al. (2003) found that
GH levels were lower in non-lactating mares than in
lactating ones. However, researchers could not find
any statistically meaningful difference in GH levels in
cows at lactation than those in non-lactation period
(Block et al., 2001). Estrogen is one of the determina-
tive factors on IGF-1 levels and it elevates secretion
of IGF-1. Also, estrogen augments number of GH
receptors, so IGF-1 becomes more bio-effective
(Ginther et al., 2002).The granulosa cells of pre-
antral and small antral follicles secrete anti-mullerian
hormone (AMH) (Ball et al 2008) and plasma concen-
tration of AMH was found to be positively correlated
with the number of follicles having a diameter of 6-20
mm in mares (Claes et al., 2014). AMH is secreted in
minimal concentrations from follicles with a diameter
greater than 30 mm (Ball et al., 2008) and its plasma
concentration increases while follicles are developing
(Vernunft et al., 2011). Although serum AMH concen-
trations may show individual variations among mares,
these concentrations reportedly do not vary with the
different stages of the estrous cycle or pregnancy
(Ball et al., 2008; Almeida et al., 2011). Though many
studies have shown the relationship between AMH
and fertility, further studies are required to reveal the
effects of lactation on AMH profile. The aim of this
study is to monitor follicular growth in ovaries till mat-
ing and to investigate estrogen, progesterone, AMH,
IGF-1 levels and pregnancy rates in mares which are
synchronized with altrenogest, and to compare them
with non-lactating mares which synchronized with
altrenogest.

Material and Methods
Animals and study groups

The study was approved by Kirikkale University Local
Ethics Committee for Animal Experiments with the
approval number 15/06. Sixteen mares with ages
ranging between 4-10 years, a body condition score
of at least 7, having given birth at least once, without
any genital system infections, and with regular estrus
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cycles were used. This study was carried out during
breeding season while ovaries were active. The
mares that lactate and were housed with their foals
were included in group 1 (n=8), non-lactating mares
were included in group 2 (n=8). Immediately before
the study, USG examinations were performed, the
mares with inactive ovaries or uterus pathologies
were not included in the study. In this research, no
artificial lighting, feed additive, hormone or drugs
were used to stimulate ovarian activity

Ultrasonographic examinations

Ovaries and uterine horns were ultasonographically
examined daily with Pie Medical-Falco 100 device.
Both uterine horns and ovarian follicle diameters
were recorded. Examination of uterine horns with
USG was performed using a linear transducer at the
site of near corpus uteri via dorsal-ventral. Including
both endometrial and stratum vascular layers, the
distances between top and bottom serosal layers
were measured as uterine horn diameter. Pregnancy
examinations were performed with USG after mating
at days 15, 35 and 60.

Drug administrations

For synchronization of estrus cycles; 0.044 mg/kg
altrenogest (Regumate) administered orally daily for
12 days. At the 12" day of altrenogest administration,
single dose of 12.5 mcg PGF2a was administered
intramuscularly.

Collection of blood samples and biochemical
analyses

Blood samples were collected to plain vacuumed
tubes from jugular vein right before drug administra-
tions. Blood samples centrifuged at 3500 rpm for 15
minutes and stored at -20°C until analyses. Blood
sera estrogen (Genway®), progesterone (Cayman®),
AMH (Beckman®) and IGF-1 (IDS®) levels were
measured with commercial ELISA kits and ELISA
MAT-2000 microplate reader.

Statistical analyses

All the statistical analyses were performed using
SPSS version 14.1. First, descriptive analyses of the
parameters (mean and standard error) according to
the experimental conditions were done. Then, the
evaluation of normality by the Kolmogorov Smirnov
test was performed. As all data were considered as
nonparametric, Mann Whitney test was carried out.
Statistical significance was considered when P<0.05.

Results

During the study, follicle sizes of both groups have
been measured daily. In both study groups, generally
dominant follicle used to develop at right ovary. It is
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Table 1 Mean values for estradiol, progesterone, IGF-I and AMH serum concentrations of lactating and non-lactating mares

Parameter
(XS X)
b ; E, P, IGF-I AMH
ggfn‘_’ (pg/mL) (ng/mL) (ng/mL) (ng/mL)
pling
LM NLM LM NLM LM NLM LM NLM
0 264087 87214 114301 280104 27.3:1.9  48.7+4.1 0.32°+0.1 0.77°:0.0
e 3 8 6 2 2 9
P =0.08 P =0.06 P =0.15 P =0.05
3rd 11.84+1.  10.78z0. 2.23 2.98+1.1 28.60°t2. 54.86°t3. 0.36°t0.2 0.62°+0.0
02 72 +0.30 26 59 0 6
P =0.07 P =0.09 P =0.03 P =0.02
gth 22.32+  26.45+2. 3.822 752°+1.4 32.80%2. 62.24°+5. 0.47°t0.1 0.84°+0.1
2.37 65 +0.12 70 21 2 2
P =0.13 P =0.02 P =0.03 P =0.02
12t 42.60 36.71 11.40%t1. 16.40°+1. 75.70°t4. 88.77°t+6. 1.30°+t0.4 1.11°t0.2
+2.26 +1.34 12 21 34 5 3
P =0.16 P =0.026 P =0.05 P =0.012
oD 64.627+2. 84.30°+1. 0.32+0.1 0.48+0.0 108.50°t 148.50°¢ 0.56°t0.2 0.77°+0.2
27 67 1 6.70 7.65 8 7
P=0.04 P=0.25 P=0.002 P=0.041

LM: Lactating mares NLM: nonlactating mares. E2: Estradiol, P4: Progesterone, IGF-I: Insuline Like Growth Factor-I, AMH:

Anti-mullerian hormone, OD: Day of ovulation

_— BLM
* B NLM

RUH LUH

Figure 1. Mean diameters (standard error mean) of uterine
horns during study period. RUH: Right uterine horn LUH:
Left uterine horn. LM: Lactating mares NLM: Nonlactating
mares. (* P< 0.05)

found that, in lactating mares, dominant follicle sizes
that ovulated are bigger than in non-lactating mares.
It is observed that dominant follicle development
used to take place on average 12-13 days after last
drug treatment in both groups. Average dominant
follicle diameter which will ovulate in lactating mares
is measured as 43.2+ 0.82 mm and 52.6+0.63 mm in
non-lactating mares (P<0,05). Even though ovarian
activity was monitored with ultrasonography, the clini-
cal signs of estrus in lactating mares were observed
to be weaker than in non-lactating mares. The sizes
of uterine horns in both groups have been shown in
Figure 1.

In lactating mares, the diameter of right uterine horn

———m

—m— N |

60 14
E s0 S
2 B 1
= 40 &
“ 30 =

IGF-I (ng/mL)
AMH (ng/ml)

[ 3rd 6th 12th OD [ 3rd  6th 12th oOD

Figure 2. Mean values of estradiol, progesterone, IGF-I and
AMH serum concentrations from day 0 to ovulation day of
mares (‘P<0.05, **P<0.01). LM: Lactating mares NLM:
nonlactationg mares. E,: Estradiol, P4: Progesterone, IGF-I:
Insuline Like Growth Factor-I, AMH: Antimdllerian hormone.
OD: Day of ovulation.

was observed to be bigger than in non-lactating ones.
The results of blood serum analyses have presented
in Figure 2 and Table 1.

Serum estradiol levels of lactating mares were ob-
served to be lower than in non-lactating group. More-
over, though in both groups serum IGF-1 levels had
sharp rises on ovulation day, a decrease was ob-
served in serum AMH levels after selection of domi-
nant follicle.
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In the initial pregnancy diagnosis, similar pregnancy
rates have been observed in both groups (5 at lactat-
ing mares, 6 at non lactating ones). One mare
showed estrus signs at day 22 after coitus. USG ex-
amination showed that embryonic loss had occurred.
Serum estradiol levels were found to be lower in lac-
tating mares than non-lactating mares. The reason
for this was thought to be that the dominant follicle
diameters were smaller than the ones not in lactation.

Discussion and Conclusion

Maximum follicle sizes of ovaries could be 5 mm
smaller in miniature breeds like pony and could be 10
mm bigger in giant breeds like Friesian. Also, in
spring season, follicle size could be 5-8 mm bigger
than in summer season (Brinsko et al., 2010). Moreo-
ver, A study by Koyla et al. (2000) reported that lacta-
tion had no effect on maximum follicle diameter in
their research on five mares from two different breeds
in a breeding season. In contrast to Koyla et al.
(2000), the maximum follicle diameters differed be-
tween the groups in this study. Perkins and Grimmet
(2001) reported that pregnancy rates in lactating and
non-lactating mares (67 % vs. 66 %) were similar. In
this study, similar pregnancy rates (6 in non-lactating
mares and 5 in lactation) were obtained in both
groups in the first pregnancy examination (day 15)
after mating. One mare in lactation displayed estrus
again on the 22" day after mating. Ultrasonographic
examination revealed an embryonic death. This find-
ing was found to be similar to the one from the study
by Van Niekerk and van Niekerk (1998a), which re-
vealed a higher incidence of embryonic death in lac-
tating mares. The primary source of progesterone is
corpora lutea which is required for embryo-uterine
interactions (embryo mobility and implantation) and
uterine secretions. The progesterone levels were
found lower in lactating mares (van Niekerk and van
Niekerk, 1998b). It was thought that it may be a fac-
tor that may increase the risk of embryonic death in
early pregnancy period. Plasma concentrations of
progesterone gradually increased during altrenogest
treatment from days 1 to 8 and rapidly decreased
after the administration of prostaglandin (Korosua et
al., 2012). In our study, similar to the study by
Korosua et al. (2012), progesterone profiles rapidly
increased on the 3™ days of altrenogest administra-
tions. However, these increase were similar in both
groups, the response of nonlactating mares was
higher than lactating ones. Collins et al. (2014) com-
pare the time of altrenogest therapy in Przewal-
ski's mares. After altrenogest administrations for 12
days, estrogen and progesterone responses were
higher than in a 14-day therapy.

Preantral and small antral follicles secrete AMH and
the concentrations are positively correlated with the
number of follicles and also 8 mm or larger follicles
(Claes et al., 2014). AMH is secreted at low levels by
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follicles with a diameter greater than 30 mm and its
plasma concentration increases with the number of
developing follicles. Although serum AMH concentra-
tions may show individual variations among mares,
these concentrations reportedly do not vary with the
different stages of the estrous cycle, pregnancy and
lactation period. In this study AMH levels were found
significantly lower than in non-lactating mares.
Whether these findings can be extrapolated to mares
still remains to be determined. Further studies are
required to determine AMH course during the whole
lactation period. In addition, at 6™ day of altrenogest
treatment, AMH levels were rising in the same way in
both groups when ovarian follicles reached 20-30 mm
diameter. Even if AMH is low in lactating mares, it
can be increased under the effects of progesterone
treatment. Dominant follicles have higher IGF-1 lev-
els than the largest subordinated follicles which are
positively correlated with estradiol levels in mares.
The increase in the IGF-1 concentration in the future
dominant follicle reflects the follicle to decrease FSH
sensitivity and increase LH availability. The other
follicles in the follicular wave possess the same ca-
pacity for dominance but never reach similar sizes
and the largest follicle alone continues developing,
until it becomes dominant and ovulates (Salazar-Ortiz
et al., 2014). IGF-1 has been shown to enhance FSH
-induced granulose cell differentiation, particularly LH
receptor acquisition which is critical for ade-
quate gonadotropin output because, prolactin can
negatively regulate the LH response to GnRH espe-
cially in the presence of dopamine (Hodson et al.,
2010). In a study in mare ovarian cell culture; prolac-
tin stimulated cells were influenced from the GnRH
response. Thus, in our study; the presence of lacta-
tion also prolactin and oxytocin can affect the maxi-
mum follicle diameter, negatively.

As a result, it is concluded that in mares which were
synchronized with altrenogest, lactation and pres-
ence of foal have considerably effect on ovarian ac-
tivity; especially on diameter of dominant follicle,
ovarian steroids, levels of AMH and IGF-1. For this
reason, it was thought that in order to increase preg-
nancy rates in lactating mares sexual cycle synchro-
nization with altrenogest could be appropriate meth-
od. Furthermore, it was confirmed that altrenogest, in
combination with PGF2a, has tremendous potential
for optimizing the fertility in lactating mares.
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Ozet: 2000'li yillardan énce gidalardaki biyolojik tehlikeler endise yaratirken kimyasal endiistrisindeki atilimlar gidalar-
daki kimyasal tehlikeleri 6n plana tasimistir. Ikinci diinya savasindan sonra kimyasal kullanimi kirllmaz biberondan, ev
esyasina ve yemek servisine kadar hayatin her alaninda yayginlasmistir. Gunlik hayatimizda kullandigimiz esyalarin
yapisinda 80 binden fazla kimyasal bulunmaktadir. Bu kimyasallarin gogu halk sagligi agisindan heniz test edilmis
degildir. Kimyasallara; “aksi kanitlanmadigi sirece masumdur” yaklagimi uygulanmaktadir ki bu yaklagim halk saglhigi
agisindan risk teskil etmektedir. Glinimizde normal bir insanin kaninda ve idrarinda 200’den fazla kimyasal bulunmak-
tadir. Bu kimyasallar amniyotik sividan, anne sitinden, bebek kordonundan ve mekonyumdan da analiz edilebilmek-
tedir. Erken dénemde maruz kalinan kimyasallar ileri yaglardaki kronik hastaliklarin temelini olusturmaktadir. Bu toksi-
kantlardan en ¢ok fitalatlar ve bisfenol-A (BPA) lzerinde durulmaktadir. Fitalatlar, plastikleri yumusatmak, bisfenol-A
ise sertlestirmek icin kullaniimakta, fitalatlar ayni zamanda kozmetiklerde de kullaniimaktadir. Bu kimyasallar viicutta
hormonlari taklit ederek endokrin sistemi ve fizyolojik fonksiyonlari bozmaktadir. Gebelik esnasinda maruz kalindiginda
bu kimyasallar; hamileligin hangi déneminde maruz kalindigina bagh olarak hem anneyi hem de fétal gelisimi etkile-
mekte, basta erkek ¢cocuklar olmak tzere beyin ve Greme organlarinin gelisimini engellemektedir. Endokrin bozucu bu
kimyasallarin etkileri, ne miktarda, ne kadar sirre alindiklarina ve bireylerin yasam tarzlarina gére degismektedir. Bu
kimyasallar beyinde uretilen hormonlari da etkileyerek cocuklarda disleksi ve hafiza problemlerine neden olabilmekte-
dir. Erken yaglarda maruziyet ileriki yaglarda davranis bozukluklari, depresyon, anksiyete, allerji, solunum yolu hastalik-
larina sebebiyet vermekte, pubertal gelisimi etkilemekte ileri yaglarda ise obezite, diyabet ve timdrogenesisi tetikle-
mektedir. Ozellikle anne karninda, diisiik dozdaki kimyasallar bile bebek beyninde biiyiik hasarlara neden olabilmekte,
ileride hizli digstinmeyi ve tepki vermeyi engelleyebilmektedir.

Anahtar kelimeler: Bisfenoller, endokrin bozucular, fitalatlar, halk saghgr

Effects of Bisphenols and Phthalates on Public Health

Summary: Before 2000s; biological hazards in foods were the major public health concerns however, great increase in
plastic industry, has carried chemicals to the highest level of concern. After the Second World War, the use of chemi-
cals in all areas of life, from baby bottles, furniture to food service, has become widespread. Currently, over 80,000
chemicals are used in everyday products. Most of them are not yet tested for their public health effects. “Innocent un-
less proven otherwise” approach is applied to the chemicals, which means a significant risk for public health. More than
200 chemicals are detected in the blood and urine of almost every individual. Chemicals can also be analyzed from
amniotic fluid, mother milk, baby cord and meconium. Early exposure to chemicals forms the basis of chronic diseases
in later ages. Phthalates and bisphenol-A (BPA) are the most emphasized toxicants. Both are used to soften and hard-
en the plastics and phthalates are also used in cosmetics. They mimic the hormones and disrupt the endocrine system
in human. When exposed during pregnancy, they affect the fetus by blocking the development of brain and reproduc-
tive organs especially in boys. Their effects vary depending on how much and how long they are being exposed and
people’s lifestyle. Endocrine-disrupting chemicals can also interfere with brain hormones causing dyslexia and memory
problems in children. Exposure in early life causes behavioral disorders, depression, anxiety, allergy, respiratory dis-
eases, early pubertal development, obesity, diabetes and tumorigenesis in later ages. Even low levels of chemicals can
prevent rapid thinking and fast reacting.

Key words: Bisphenol, endocrine disruptors, phthalates, public health

Girig ¢ozlnebilme kapasitesine sahip yad benzeri sivilar-

dir. Yapistiricilarin, kozmetiklerin, kokularin
Fitalatlar renksiz, kokusuz, yiksek kaynama noktasi- (fragnance), boyalarin, yazici mirekkeplerinin ve
na (280-400°C), disiik uguculuga ve dusik suda daha birgok endstriyel trintn yapisinda bulunmakta

ve dogada ¢ok yavas yok olmaktadir (Montouri ve
ark., 2008). Bu kimyasallar kullanildiklari Uriinden
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koparak ortama gegmeye egilimli olup, ortama dagil-
ma potansiyelleri, ortamin pH’sina, temas siresine,
depolama sicakligina, kimyasal yapisina ve lipofilik
olup olmamasina bagl olarak degisiklik gdstermekte-
dir. Canlilara ait biyolojik sivilar da dahil farkli mat-
rikslerde varliklari tespit edilmistir (Bosnir ve ark.,
2007).

Fitalatlar insan popullasyonunun yaygin bir sekilde
maruz kaldidi, her yerde bulunabilen ¢evresel konta-
minantlardir. Ozellikle kadinlarin idrarlarindaki goklu
fitalat metabolitlerinden siklikla parfiim ve kozmetikler
sorumlu tutulmakta, fitalatlar ayni zamanda bazi gi-
dalarda, ilaglarda ve diyet takviye Uriinlerinde de bu-
lunabilmektedir. Plastiklerdeki yiyecek ve igecekler
temel kirlilik kontaminantlari olarak bu kimyasali ige-
rir. Plastik damacana ve pet siselerde satilan sular da
s6z konusu kimyasalla kontamine olabilmektedir.
Siselenmis sularin yiiksek isilarda depolanmasi suya
gecen fitalat dizeylerini arttirmaktadir. Yapilan bir
calismada, 50°C’de bekletilen sise sularindaki fitalat
oranlari, oda isisinda bekletilenlere oranla olduk¢a
yuksek bulunmustur (Zaater ve ark., 2014).

Fitalatlarin bircogunun endokrin bozucu oldugu ve
blyime ve Uremeyi engelledidi bilinmektedir. Fitalat-
larin ayrica girdigi dokuda irritasyon ve kansere ne-
den olabilecegi, endokrin ve Greme sistemlerini etkile-
yerek, kizlarda az gelismis gogus yapilarina erkek-
lerde ise sperm canliliyi ve sayisi Uzerine olumsuz
etkilere neden olabilecegi belirtiimektedir Prenatal
dénemde maruz kalindiginda MEHP (mono-(2- etil-
hegzil fitalat)in ilk aylarda dusutklere neden oldugu
vurgulanmaktadir (Pant ve ark., 2011).

Biyuk populasyon kitleleri giinlik hayatlar dahilinde
fitalatlara ilaveten bisfenol A (BPA)'ya da maruz kal-
maktadir. Maruziyet kaynaklari baglica; dis dolgulari,
konserve gidalar ve igecekler, polikarbonat su pom-
palar, yenidogan bakim Unitelerindeki medikal cihaz-
lar, dus perdeleri, mutfak ve ¢camasir deterjanlari, ev
temizlik Grtnleri, sabunlar, losyonlar, sampuanlar,
tras kremleri, ojeler, glines kremleri, kagit paralar, ev
tozu ve aligveris figleri olarak siralanmaktadir. Kana-
da’da yapilan bir galigmada popilasyonun %90’inin
idrarinda belirlenebilir dizeylerde Ostrojen aktivitesi
gOsteren BPA varli§i ortaya konmustur (Zhou ve ark.,
2015).

BPA tiim diinya ¢apinda en yaygin kullanilan sentetik
bilesiktir. En endigse verici olan ise basta konserve
gidalar olmak Uzere igecek kaplarinin yapiminda
kullaniimasi ve icerige karismasidir. Cesitli yollardan
alinan BPA'lar kandan ve idrardan tespit edilebilmek-
tedir. Toplam 2517 katilimcinin incelendigi bir calig-
mada; kadinlarin erkeklerden, ¢ocuklarin ise yetiskin-
lerden daha ylksek oranda BPA'ya maruz kaldigi
belirlenmistir. $ehir hayati yasayanlarin  %41’inin,
kirsal hayat yasayanlarin ise %14.8'inin sa¢ ornegin-
den BPA tespit edilmis ve dolayisiyla yasam tarzinin
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BPA maruziyetinde énemli bir indikator oldugu sonu-
cuna varilmisgtir (Schonfelder ve ark., 2012).

BPA diyetle viicuda alindiktan sonra plasenta ve fe-
tusta en ylksek konsantrasyonlara ulagmaktadir.
BPA’'nin bu sekildeki akimdilasyonu DNA’'da kolay
onarilabilen kopmalara eden olabilecegi gibi onarila-
mayan ¢oklu kirilmalara da sebebiyet verebilmekte-
dir. Her ne kadar karaciger BPA’yI glukorinidasyon ve
stlfasyon yollari ile metabolize edebiliyorsa da ortaya
cikan ara Urunler DNA’ya yapismaktadir. BPA'nin
diguk dozlarinin bile hicrelerde gesitli sinyalizasyon
bozukluklarina, viicutta sekilsel bozukluklara ve hatta
timorogenozise yol agtigi belirtiimektedir. Yine disik
dizeylerdeki BPA maruziyeti kalsiyum disregulasyo-
nuna yol agmaktadir (Jalal ve ark., 2018).

Hamile kadinlarin kaninda tespit edilen serbest veya
konjige formadaki BPA’'nin plesanta ve gelismekte
olan fetuste yodunlastigi ve bu olgunun hayvan de-
neylerinde dogmasal defektlerle sonuglandigi (Lee
ve ark., 2005), erkek fetuslardaki BPA birikiminin disi
fetuslara oranla daha fazla oldugu (Padmanabhan ve
ark., 2008) bildirilmistir. Kuzey Amerika ve Avrupa,
BPA’'nin gida kaplarinda kullanimini yasaklama y6-
ninde énemli adimlar atmigken, 2008 yilinda BPA
kullanimini yasaklayan Kanada olmustur. Genel ola-
rak Asya Ulkeleri BPA'nin biyotoksik etkilerinin heniliz
yeni farkina varmistir. EFSA ise 2011 yilinda BPA’'nin
glnlik tolere edilebilir alim diizeylerini 50 ug/kg Vi-
cut agirhg (va)/gin’ den (0.05 mg/kg) 4 ug/kg va/
gln’e dusurmustur. Avrupa, bebek biberonlarinda
BPA kullanimi sinirlandiriimigtir (EFSA, 2015).

Maruziyet yollari ve etkileri

Bisfenoller ve fitalatlar agiz yolu ile alindiklarinda
glukorinidasyon veya sulfasyonu da iceren bir meta-
bolizmaya ugradiktan sonra kan-plesenta bariyerini
gecerek yavruya ulasmakta, hormonlari taklit ederek
gelisim ve Uremeyi engelleyici etkiler ortaya koymak-
tadir (Philips ve ark., 2018). insanlarin fitalatlara
muhtemel maruz kalma yollari; oral, dermal, inhalas-
yon ve intravendz yollarla olmaktadir. Absorbsiyon-
dan sonra bu bilesikler monoesterlere metabolize
olup glukoronidler olarak idrarla atilir. idrarda fitalat
bulunmasi bu etkene maruz kalindiginin belirtisi ola-
rak degerlendiriimektedir (Lin ve ark., 2018). Gin
icerisinde en ¢ok, alisveris fisleri temasiyla BPA ‘ya
maruz kalindidi belirtiimektedir. Yapilan bir aragtirma-
ya gore 5 saniye boyunca aligveris fisini elinde tutan
bir insanin maruz kalacagi BPA dizeylerinin 0.2-6 ug
(ortalama 1pg) dizeylerinde oldugu; el terli, kremli
veya yagli ise 10 kat fazla maruziyetin s6z konusu
oldugu belirtiimektedir. Bu durumda giinde 10 saat
boyunca alisveris figlerine temas eden calisanlarin
yuksek dizeyde BPA’'ya maruz kaldigi ve bu figlerin
herhangi bir el bakim Griini uygulanmis deri ile tema-
sI sonucunda transdermal gegisin 100 kati kadar
artabilecegi (BPA lipofilik bir bilesendir) belirtiimekte-
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dir (Biedermann ve ark., 2010). Fitalat ve cevresel
fenollerin siklikla obezite, bas agrisi, oksurik ve ka-
sinmaya neden oldugu bilinmektedir. Bunu yani sira
endometriyozise ve sperm motilitesinde azalmalara
neden oldugu belirtimektedir (Zhang ve ark., 2018).
Yiksek dizeydeki BPA maruziyetinin sitotoksik ve
DNA'ya hasar verici etkiler ortaya koyarken; dusuk
dozlardaki maruziyetin ise kemik gelisimi ve gégus
kanseri olusumu Uzerine etkileri vurgulanmaktadir.
DNA da meydana gelen hasarlarin bircogunun onari-
labilir nitelikte olmasina karsin, ¢ift iplikli DNA hasari-
nin onarilamadigi belirtiimektedir. BPA dinamiklerinin
bilinenin ¢ok daha 6tesinde etkiler ortaya koyabilece-
gi beyinde sinir impulslarinin elektrokimyasal gegcisleri
Uzerine de etkili olabilecegdi belirtimektedir. BPA'nin
Ozellikle gida ile temasinin yasaklanmasi dnemli bir
adim olsa da sadece yiksek dozlarinin degil gok
diusik dozlarinin dahi ciddi saglik sorunlarina yol
acabilecegi, sadece kisirlik sorunlarina degil karsino-
jenik ve mutojenik etkilerinin de olabilecegi bildiril-
mektedir. Duguk dizeylerde maruz kalinan BPA’larin
osteoblast olma ydniinde farklilasmasi gereken kok
hicrelerinin, yag hucresi olarak degismesine neden
oldugu ve kemik olusumuna zarar verdigi belirtimek-
tedir (Jalal ve ark., 2018). Ortamda bulunan fitalat ve
fitalat metabolitlerinin gocukluktaki astim ve hiriltili
solunum gibi alerjik hastaliklarla yakindan iligkili oldu-
gu belirtiimektedir. Ozellikle ev tozlari ve PVC yiizey
kaplamalarinin (Jaakkola ve Knight, 2008) astim va-
kalariyla iligkisi vurgulanmaktadir. Yapilan bir calig-
mada idrarinda fazla miktarda fitalat ve metabolitleri-
nin saptandigi ¢ocuklarin akciger fonksiyonlarinin
dusuk bulundugu belirtiimektedir (Lin ve ark., 2018).
Yapilan bir ¢alismada prenetal donemde idrarinda
yiksek miktarda BPA ve diklorofenol bulunan annele-
rin erkek ¢ocuklarinda dogumdan sonra solunum ve
alerjik sorunlar yasandigi, kiz ¢cocuklarinda bdyle bir
etki gdzlenmedigi belirtilmistir. Bir diger calismada ise
prenetal ddnemde maruz kalinan cesitli kimyasallarin
5 yasina kadar olan erkek ¢ocuklarda alerji ve solu-
num yolu hastaliklarina sebebiyet verdigi teyit edil-
migstir (Vernet ve ark., 2017). Benzer bir ¢alismada
Ozellikle erkek cocuklardaki astim olgulariyla siklikla
gebeligin son trimesterinde maruz kalinan BPA kon-
santrasyonlari arasinda guglu bir iliski oldugu bildiril-
mektedir. Prenetal dénemde BPA’'ya maruz kalan
cocuklarda hirilti solunum ve astim, gebeligin 2.
trimesterinde BPA'ya maruz kalan cocuklarda ise
hinltih solunum gézlemlendigi bildiriimistir (Xie ve
ark., 2016). Gebeligin spesifik donemlerinde maruz
kalinan belli kimyasallarin farkli cinsiyetlerdeki ¢ocuk-
larda farkli sorunlara sebebiyet verebilecegi, gebeli-
gin ilk trimesterinde maruz kalinan kimyasallarin hiril-
tih solunuma, ge¢ dénemdeki maruziyetin ise astima
neden olabilecedi belirtiimektedir. Yine atopik deri
lezyonlarina iligkin; anne karninda ve erken yaglarda
maruz kalinan BPA’larin kizlarda degil ama erkek
cocuklarda isilik, egzema ve Urtiker olusumuna sebep
olabilece@i bildirilmektedir. Yapilan epidemiyolojik
calismalar, BPA nin Greme sistemini, instlin Gretimi-
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ni, mental ve motor gelisimi ve immun sistemi etkile-
digini ortaya koymaktadir (Rochester, 2013; Vernet
ve ark., 2017; Zhou ve ark., 2015). Cin’de Universite
dgrencilerinin %60’indan fazlasinin idrar érneklerinde
9 ayr fitalat metaboliti, 3 paraben tlrevi ve BPA varli-
g1 tespit edilmis; kiz 6grencilerin fitalat, paraben ve
triklosanlara ¢ok daha ylksek diizeyde maruz kaldik-
lari bunun da muhtemelen bireysel bakim GrinG kul-
lanmalarindan kaynaklandigi bildirilmistir (Zhang ve
ark., 2018).

Fitalatlara maruz kalma yollarindan genellikle oral ve
inhalasyonla alimlar izerine yogunlasiimis, deri yolu
ile maruziyetler géz ardi edilmistir. Fitalatlarin inha-
lasyona oranla, deri yoluyla 10 ila 20 kat fazla gegis
yaptidi belirtiimektedir (Weschler ve Nazaroff, 2014).
Deri ile temas eden kimyasallar direk olarak dermal
kapillari gecerek doku ve organlara ulasmaktadir.
Elle yemek yeme aliskanligi olanlarda ,eldeki fitalatla-
rin agiz yoluyla alinmasi da olasi gérilmektedir. Islak
mendillerde bulunan alev sdndiricllerle insan seru-
mundaki duzeyler yakin iligkili bulunmustur. Islak
mendillerdeki kimyasallarin havaya karismasiyla in-
halasyon yolu ile alim da s6z konusu olmaktadir. Deri
yoluyla maruziyet, kiyafetlerin yilkanma sikligina ve
sekline, ylzeylerle temas durumuna ve kiyafetlerin
degistiriime periyoduna bagli olarak da degismekte-
dir. Ozet olarak insanlarin glnluk aktiviteleri, tercihleri
ve aliskanliklarina goére deri yoluyla maruz kalinan
fitalat oranlari degismektedir (Bu ve ark., 2018). Agiz
yoluyla alinan BPA gastrointestinal sistemden gege-
rek biyolojik olarak inaktif molekiillere dénisebilmek-
te, dermal yolla alindidinda kismi bir metabolizasyo-
na ugramaktadir (Toner ve ark., 2018). Serumdan
Olgulen fitalat konsantrasyonlarinin, kisa sureli maru-
ziyetler sonucu ortaya ¢ikan dusik fitalat konsantras-
yonlarini belirleyebilirken, idrar fitalat metabolitlerinin
ise uzun sure maruz kalinan ylksek duzeydeki kon-
santrasyonlari belirleyebildigi belirtimektedir (Calafat
ve ark., 2015).

Bebeklerin maruziyeti

Bebek biberonlarinda 2003 yilinda BPA varlii bir
alarm olarak duyurulmustur (Brede ve ark., 2003).
Bazi Ulkelerde bununla ilgili yasal énlemler alinmis
olsa da hala ciddi yasal bosluklar bulunmaktadir.
Cocuk takilari, oyuncaklari, bebek kozmetikleri, be-
bek bezi, bebek minderi, bebek tekstilleri, bebek bes-
leme ve banyo materyalleri incelenmis; bebek takim-
larinin %23’Gnun kursun igerdigi; bebek tekstili, min-
deri ve bebek bezlerinin %14-45’ inin fitalat ve BPA
icerdigi belirlenmigtir (Negev ve ark., 2018). Bebek ve
cocuklarin nesneleri, 6zellikle oyuncaklari, adzina
alarak tanimasi, bu yas grubunun oral yolla fitalatlara
yogun bir sekilde maruz kalmalarina neden olmakta-
dir. Bebeklerin fitalat, BPA ve alev 6nleyicilere en sik
maruz kaldiklari kaynaklar puset, araba koltuklari ve
bebek yastiklari olarak siralanmaktadir (Negev ve
ark., 2018). 2010 yilinda McDonalds’a ait oyuncaklar,
oyuncak boyalarindaki icerikten dolayi toplatilmistir
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(CPSC, 2017). internet alisverisleri uluslar arasi bir
regllasyonla duzenlenemediginden bu sekilde temin
edilen ucuz oyuncaklar, yerel saglik standartlarina
uymamakta ve halk saghg! riski teskil etmektedir
(Negev ve ark., 2018).

Erkek ¢ocuklardaki etkileri

Yeni dogan erkek ¢ocuklarda anogential aralidin kisa
olmasi; Ureme sistemi toksisitesinin erken belirtisi
olarak kabul edilmekte ve annenin halilelik esnasinda
fitalat maruziyeti ile iliskilendiriimektedir. Fitalatlarin
dogum agirligi Gzerindeki etkileri tam olarak bir netli-
ge kavusmasa da yapilan bir calismada dusik do-
gum agirhkh bebek dodumlari ile fitalat maruziyeti
arasinda korelasyon g6zlendigi belirtiimektedir
(Zhang ve ark., 2018). Son yillarda 6zellikle cocuklar-
da mental ve davranis bozukluklarina iligkin énemli
artislar halk sagligi agisindan énemli bir problem
haline gelmistir. Toplumdaki geng bireylerin %17’sinin
duygusal, mental ve davranigsal bozukluklar yagadigi
bildiriimektedir. Hamilelik esnasinda BPA maruziyeti-
nin erken yasam doénemlerinde néro-gelisimsel ve
davranis problemlerine yol actigina dair calismalar
bulunmaktadir. Fitalatlar 6zellikle anne karnindaki
erkek cocuklarda anti-androjenik etkilerle Ureme or-
ganlarinin gelisimini de engellemektedir (Negev ve
ark., 2018). Cocuklarda goérilen mental sorunlarin
basinda dikkat daginikligi ve hiperaktivite gelirken,
davranis problemleri, anksiyete ve depresyona da
¢ok sik rastlanmakta ve bu bozukluklar ileride ¢ocuk-
larin 6grenme yetenegdini ve genel saghgini énemli
Olgctde etkilemektedir. Sadece Amerika’ da 24 yas alti
bireylerde mental ve davranigsal bozukluklar iligkin
saglik harcamalar kisi bagina 2380 dolara ulagmistir.
Yapilan bir aragtirmada toplumun %93’Unun idrarinda
BPA tespit edilmis ve en yuksek BPA duzeyleri ise
kadinlarda ve dusuk gelirli bireylerde gézlemlenmistir.
Anne karninda BPA'ya maruz kalan erkek ¢ocuklarda
duygusal duyarlilik, agresyon ve depresyon semp-
tomlarinin gézlendidi belirtiimektedir (Wolstenholme
Negev ve ark., 2011). Anne karnindaki maruziyetler
in erkek cocuklari, dogum sonrasi erken c¢ocukluk
dénemindeki maruziyetlerin ise kiz gocuklari daha
cok etkilledigi, anne karnindaki erkek gocuk beyni-
nin, cesitli tarim ilaglarn ve kursun gibi kimyasallara
da ¢ok duyarl oldugu; davranis problemlerine ve 1Q
disukligine neden oldugu belirtimektedir (Roen ve
ark., 2015).

Fitalat ve BPA’larin sirasiyla anti-androjenik ve éstro-
jenik mekanizmalar yoluyla hormon metabolizmalari-
ni bozduklari iyi bilinmektedir. Yapilan bir calismada
erkek cocuklarda gebelik slirecinde maruz kalinan
kimyasallarin pubertal gelisimi geciktirdigi, BPA’larin
total ve serbest testosteron diizeylerini dusutrdigu
belirtiimektedir. Yine erkek fetuslardaki BPA birikimi-
nin disi fetuslara oranla daha fazla oldugu bildiriimek-
tedir (Jalal ve ark., 2018). Prenatal ve erken gocukluk
doénemlerinde BPA maruziyetinin 9 ila 7 yas araligin-
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daki ¢cocuklardaki etkisinin arastirildigi bir baska ca-
lismada, anne karninda BPA’ ya maruz kalan erkek
cocuklarin depresyon ve agresif davranis skorlarinin
artis gosterdigi ve bu durumun kalici davranig haline
doénusme meyilinde oldudu; kizlarda ise postnatal
BPA maruziyetinin depresyon ve agresif davranis
skorlarinda artisa neden oldudu bildiriimektedir
(Braun ve ark., 2017). Bu durumda anne karninda
veya dogumdan sonra maruz kalinan BPA’larin co-
cuklari cinsiyet spesifik olarak etkiledigi ortaya ¢ik-
maktadir (Roen ve ark., 2015).

Kiz ¢ocuklarindaki etkileri

Annenin fitalat maruziyeti anne karnindaki bebekte
mental ve motor gelisimin yavaglamasina ve ileride
ice kapanik davranis durumlarina neden olabilmekte,
6zellikle kiz ¢cocuklarda psikomotor gelisme indeksin-
de azalmalarla sonuglanabilmektedir (Téllez-Rojo ve
ark., 2013).

Son yillarda kiz ¢ocuklarinda erken puberta olgulari
dinya capinda 6nemli bir artis gostermistir. Erken
puberta ise erken genclik déneminde alkol ve diger
bagimlilik yaratan maddelere egilim, psikolojik ve
sosyal durum degisiklikleri ile birlikte, yetiskinlikte
metabolik sendrom, Tip 2 diyabet, kardiyovaskiiler
hastaliklar ve endokrin temelli kanser olusumlarina
sebebiyet vermektedir (Prentice ve Viner, 2013). Asiri
beslenme ve obezite de erken pubertaya sebebiyet
veren faktorler arasinda sayilmaktadir (Shalitin ve
Kiess, 2017). Fitalat ve BPA maruziyetinin kiz gocuk-
larinda erken pubertaya neden oldudu; bunun da
psikolojik ve fizyolojik durumlari etkileyerek ileriki
yaslarda kardiyometabolik hastaliklara yol actigi,
kanser riskini 6nemli dizeyde arttirdigi bilinmektedir.
Bu gercevede Meksika’da yapilan bir galismada anne
karnindaki kiz gocuklarinin kritik donemlerde fitalat ve
BPA maruziyetine, reprodaktif gelisim ac¢isindan ¢ok
duyarli olduklari belirlenmistir (Watkins ve ark.,
2017). Kiz cocuklarinda reprodaktif gelisime iligkin
bazi anormalliklerin anne karninda belli periyotlarda
maruz kalinan fitalat ve BPA dizeyleri ile iligkili oldu-
gu belirtiimektedir. Gebeligin ilk trimesterinde maruz
kalinan fitalatlarin kiz ¢gocuklarinda erken menstural
siklus baslangicina, 2. trimesterda maruz kalinan
BPA’larin ise erken gdgus gelisimine sebebiyet verdi-
gi belirtimektedir (Watkins ve ark., 2017).

Hamilelerde etkileri

Avrupada sadece obezite ve diyete iliskin saglik har-
camalarinin 17 milyon euroyu gectigi, bu iki 6nemli
halk saglig1 sorununun ise temelde fétal ve gocukluk
doéneminde maruz kalinan fitalat ve bisfenollerle iliskili
oldugu belirtiimektedir (Legler ve ark., 2015).

Hamileligin spesifik donemlerinde maruz kalinan fita-
lat dlizeylerinin yavrudaki dogum agirlidini, boy uzun-
lugunu, kafa cevresini 6nemli dizeyde etkiledigi ve
prematire dogum riskini arttirdigr  bildirilmistir
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(Watkins ve ark., 2016). Hamilelikte maruz kalinan
BPA’nin kiz gocuklarinda degil ama erkek gocuklarda
vicut kitle indeksi ve adipoziteyi etkiledigi belirlenmis-
tir (Vafeiadi ve ark., 2016). Bununla birlikte dogum-
dan sonraki ilk ¢cocukluk dénemlerinde maruz kalinan
BPA’nin gocuklarda gelisen adipoziteyle yiiksek oran-
da iligkili oldugu belirlenmistir. Fazla gida tiketimi ve
yetersiz fiziksel aktivite de obeziteye yol agan risk
faktorleri arasinda sayilsa da, glinimiizdeki obezite
epidemisini aciklayabilecek kadar etkili gérilmemek-
tedir. Cevreden maruz kalinan obezojen kimyasallar,
yag birikimini tegvik etmekte 6zellikle erken yaslarda
veya hamilelik ddneminde maruz kalindiginda daha
etkili olmaktadir. Obezojenik kimyasallar basta kalici
organik kirleticiler (DDT, organoklorurlii bilesikler,
dioksinler, dibenzofronlar) olmak Uzere fitalatlar ve
BPA olarak siralanmaktadir (Vafeiadi ve ark., 2016).

Son 10-20 yilda fitalat ve BPA maruziyeti, Kuzey
Amerika ve Avrupa birliginde yasal duzenlemelere
neden olmus, bu duzenlemeler sadece oyuncak ve
bebek bakim Urtnleriyle sinirl kalmis ve bunlarin
yerine sentetik analoglarinin kullaniminda artiglar
gorulmustir (Zota ve ark., 2015). Hamile kadinlar
arasinda gorilen bisfenol ve fitalat konsantrasyonlari-
nin annenin yasam tarzi, vicit kitle indeksi ve folik
asit yetersizligi ile cok yakindan alakali oldudu belirtil-
mektedir (Philips ve ark., 2018). 1396 anne adayinda
endokrin bozucularin arastirildigi bir caismada hami-
lelerin sirasiyla %79.2 ve %90'inda BPA ve fitalat
tespit edilmistir (Philips ve ark., 2018).

Fitalat ve BPA'ya gida yolu ile maruziyet; bazi gida
gruplarina ydnelik tuketim egilimleri, yasam tarzi,
tuketim aligkanliklar ile alakali olup, diyet yoluyla
siklikla fitalat maruziyeti s6z konusu olmaktadir
(Schettler, 2006). Yapilan bir calismada sigara igcen-
lerin veya sadece gebelik esnasinda birakanlarin
idrarindaki BPA konsantrasyonlarinin yiksek bulun-
dudu, acken idrar verenlerde, disuk gelirli ve disuk
egitimli kisilerde ylksek géruldugu belirtiimektedir
(Arbuckle ve ark., 2014).

BPA gugclu bir ovarian toksikanttir. Anne karninda
BPA’ya maruz kalan kiz bebeklerde primordial folikul
yiizdeleri digsmektedir. Ozellikle fétal ovaryumda pro-
faz olusumlari engellemekte, ¢ok dustk dozlardaki
maruziyet bile primordial folikil olusumunu azaltmak-
tadir. Yine 15 ayri kimyasala maruziyet sonucu ka-
dinlarda erken menapoz olgularinin arttidi, bu kimya-
sallarin ise poliklorlu bifeniller, pestisitler, dioksin /
furan ve fitalatlar oldugu bildiriimektedir (Zhou ve
ark., 2015). BPA maruziyeti yetiskin kadinlarda endo-
metrit, endometriyal kanser, godus kanseri, tekrarla-
yan duslk olgulari, prematir dogum ve polikistik
ovaryum olgularina sebebiyet vermektedir
(Rochester, 2013).

Yeliz YILDIRIM

Tiroid (izerine etkileri

Tiroid hormonlarinin bayime, gelisme, enerji metabo-
lizmasi ve Ureme sistemi Uzerine etkileri bilinmekte-
dir. Fetus ve infant gelisimi esnasinda tiroid hormon-
larinda meydana gelen ufak degisiklikler bile bebekte
noro-biligsel problemlere sebebiyet vermektedir.
Fitalat ve BPA maruziyeti TSH reseptorleri ile bagla-
narak ve tiroid hdcrelerinin iyot alimina mudahale
ederek endokrin isleyisi engellemektedir. Toplam
6003 yetiskin koreli bireyin idrar fitalat ve BPA diizey-
lerinin tiroid hormonlari lzerine etkisinin arastirildigi
bir calismada, idrarda fitalat metabolitlerinin ylksek
bulundugu 6zellikle yetigkin erkek bireylerde t3 ve t4
seviyeleri diserken, TSH dizeyleri artis gostermistir
(Park ve ark., 2017)

Gidalarla bulagma

Diyet yoluyla alinan BPA ve fitalatlarin maruziyet
acisindan énemli bir kaynak tegskil ettidi bildiriimekte-
dir (Schettler, 2006). BPA'nin siklikla gida ve icecek
tenekelerinin i¢ kisimlarinda kullanilan epoksi kapla-
malarin bilesiminde bulundudu belirtiimektedir. Fita-
latlarin ise siklikla gida paketlemede kullanilan ma-
teryallerden gidaya gegis yaptidi ve tim bunlarin
hamilelik esnasinda plasentada en yogun diizeylere
ulagsma Ozelliklerinin oldugu belirtimektedir (Minatoya
ve ark., 2018). Hamile kadinlarin BPA’ya en énemli
maruz kalma kaynagi olarak konserve sebze ve kon-
serve balik tiketimi gosterilmektedir (Braun ve ark.,
2011). Kanatl eti, kirmizi et ve balik tliketimine bagli
maruziyetin ise paketleme materyalindeki fitalat t-
revlerinden kaynaklandigi bildiriimektedir (Serrano ve
ark., 2014). Konserve gidalar basta olmak lizere am-
balaj materyali ile temas halinde bulunan tim gidalar-
da yogun miktarda BPA bulundugu bildirilmigtir
(Larsson ve ark., 2014). Annenin kilolu olmasi da
BPA ve fitalat dizeyleri ile iliskilendiriimektedir
(Philips ve Jaddoe, 2018). Kirsal hayat slren gocuk-
lara gore 6zellikle sehir hayati yasayan ve bazi gida-
lan (cgikolata ve dondurma) yogun bir sekilde tiiketen
cocuklarda fitalat maruziyetinin ¢ok daha yuksek
oldugu bildirilmistir (Larsson ve ark., 2014). Toplam
12 farkli gida grubuna ait érneklerin %76’sinda bir
veya birden fazla fitalat esteri bulunmus, fitalatlara
maruziyete neden olan gidalarin basinda sebzeleri
takiben tahillar ve kahvaltilik gevrekler sayilmistir
(Yang ve ark., 2018). Dunya saglk oérgutd (WHO),
toplumlarin maruz kaldig1 kimyasallarin tlke bazinda,
standardize metodlarla, periyodik total diyet galisma-
lan yoluyla belirlenmesini 6nemle tavsiye etmektedir
(WHO, 2013).

Sonug

Bu c¢alisma kapsamindaki en énemli vurgu; endokrin
bozuculara yetiskinlik veya fotal agsama maruziyetleri
arasindaki kritik farkin anlasiimasidir. Anne karninda
organogenesis asamasindaki maruziyetle hormonal
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aktivitenin artmasi sonucu meydana gelen duyarlilik-
lar, hayatin diger sureclerindeki hicbir maruziyetle
karsilastirlamayacak kadar etkili sonuglar, ciddi sag-
lik sorunlari dogurmaktadir. Hamilelerin gebelik sire-
cindeki kimyasal maruziyetler konusunda bilgilendiril-
mesi halk saghgi acisindan kritik énem arz etmekte-
dir. Anne karnindaki maruziyetlerin erken gelisme ve
saglikh yetiskinlik sireci Uzerindeki etkilerini belirle-
mek icin gebeligin farkli dénemlerinde genis kapsaml
cok detayh calismalara ihtiya¢c duyulmaktadir.
BPA’nin halen bilinmeyen bircok etki mekanizmasi
olduguna inaniimaktadir. BPA’nin gida paketleme,
bebek biberonu ve diger bazi kullanimlarinin yasak-
lanmasiyla, her ne kadar yuksek doz maruziyeti bir
Olclide engellemis olsa da, dusik doz maruziyetlerine
iliskin calismalarin da planlanmasi da gerekmektedir.
Uluslararasi gida glvenligi ve saglik organizasyonlari
BPA’yI sadece “klas 2 reprodaktif toksin” olarak nite-
lendirse de karsinojenik statisunin yeniden deger-
lendirilmesine ihtiyag duyuldugu bir gercektir. insanlar
gunlik yasamlarinda hi¢bir zaman tek bir kimyasala
maruz kalmamaktadir. Bu gergevede birden ¢ok kim-
yasalin kombine etkilerinin degerlendirildigi ¢calisma-
lar planlanmalidir. Ozellikle bebek bakim ve (rinle-
rinde yasal bosluklarin ele alinarak bir an énce gerek-
li diizenlemelerin yapiimasi gerekmekte-
dir.Kimyasallara maruziyete iliskin en basarili muca-
deleler devlet politikalari yoluyla alinan dnlemlerdir.
Bu kapsamda toksisite ac¢isindan degerlendiriimemis
kimyasallarin kullanimina izin verilmemeli, ulusal ve
uluslararasi diizeyde gerekli yasal dizenlemeler ile
halk saghgi korunmalidir. Her yil milyonlarca ton fita-
lat ve BPA Uretilerek gesitli amaglarla gunlik hayata
dahil edilmektedir. Ozellikle meslek icabi bu kimya-
sallara maruz kalan bireylerin korunmasi ve muhte-
mel sagdlik riskleri konusunda egitilmeleri gerekmekte-
dir.
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Ozet: Gen ekspresyon galismalarinda farkli deneysel veya klinik kosullar altinda genlerin ekspresyon seviyelerinin
karsilastiriimasi igin kullanilan en yaygin teknik Kantitatif Gergek Zamanl Polimeraz Zincir Reaksiyonu (RT-gPCR)’dur.
RT-qPCR’da glvenilir sonuglar elde etmek igin verilerin housekeeping genler (HKG) ile normalizasyonunun yapilmasi
gerekmektedir. Bununla birlikte; galisma tasarimina uygun en stabil HKG’nin kullaniimasi, galisma sonuglarinin giiveni-
lirligini artirmaktadir. Guvenilir veri elde etmek igin galisma tasarimina uygun stabil HKG’nin segimi ve validasyonu
onemli bir adimdir ki bu ekspresyon bazli ¢alismalarda butlnleyici bir adim olmustur. HKG segimi igin farkl yazilim
programlari gelistirilmistir. Normalizasyon igin segilecek en stabil HKG'nin segilmeden 6nce deneysel calismalar ile
dikkatli bir sekilde degerlendirmesinin yapilmasi gerekmektedir. Bu derlemede; Kantitatif Gergek Zamanl PCR Deney-
lerinin Yayinlanmasi igin Asgari Bilgi (MIQE), HKG'lerin genel 6zellikleri, RT-gPCR calismalarinda kullanimlari ile ¢alis-
ma dizaynina goére en uygun ve stabil olan HKG’lerin segimi ve validasyonu hakkinda bilgiler 6zetlenmistir.

Anahtar kelimeler: Gen ekspresyonu, housekeeping gen, kantitatif RT-PCR, referans gen

Selection and Validation of Suitable Housekeeping Genes (HKGs) in Quantitative RT-PCR (RT-qPCR) Studies
Summary: The quantitative Real-time Polymerase Chain Reaction (RT-qgPCR) is the most common technique used to
compare the expression levels of genes under different experimental or clinical conditions. Data should be normalized
with housekeeping genes (HKGs) to obtain reliable results in RT-qPCR. Likewise, the use the most stable and suitable
HKG for the study design improves the reliability of the study results. The selection and validation of a stable HKG
according to the study design to obtain reliable data is an essential and integral step in expression-based studies. The
several software programs have been developed for HKG selection. The most stable HKG to be selected for normali-
zation needs to be carefully evaluated by experimental studies before selection. In this review, summarized Minimum
Information for Publication of Quantitative Real-Time PCR Experiments (MIQE), characteristics of HKGs, selection and
validation of most suitable and stable HKGs according to study design and, usage in RT-qPCR.

Key words: Gene expression, housekeeping gene, quantitative RT-PCR, reference gene

Girig

Cok hucreli organizmalara ait doku ve organlar birbi-
rinden farkli fenotipik 6zelliklere sahip olmalarina
ragmen benzer gen kimelerine sahiptirler. Doku ve
organlarda ki bu fenotipik farkliliklar ilgili genlerin
ekspresyon profillerinin dokuya spesifik olarak dizen-
lenmesi ile ortaya ¢ikmaktadir (Goldman, 2001). Do-
ku ve organlardaki gen ekspresyonlari Northern Blot,
insitu Hibridizasyon, Kantitatif Gergek Zamanlh Poli-
meraz Zincir Reaksiyonu (RT-qPCR) ve Mikroarray
teknolojisi gibi ¢esitli analiz yontemleri ile gerceklesti-
rilmektedir (Goldman, 2001; Segundo-Val ve Snaz-
Lozano, 2016). Kantitatif gen ekspresyon analizlerin-
de kullanilan bu analiz yéntemleri arasinda bir gene
ait hedeflenen mMRNA’nin yiksek duyarlilikta belirle-
nebilmesi, hedef bdlge ¢ogaltimi ve kantitatif belirle-
me asamasinin tek bir cihaz ile yapilabilmesi yénin-
den en yaygin olarak kullanilan yoéntem RT-gPCR’dir
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ve gen ekspresyon analizlerinde kullanilan dogru,
hizli ve hassas bir tekniktir (Jarczak ve ark., 2014;
Tilli ve ark., 2016). Bunun yaninda; gen ekspresyo-
nundaki nispi degisikliklerin es zamanlh izlenmesini
saglayan ve mRNA ekspresyonu ile iligkili “altin stan-
dart” olarak kabul edilen gigli bir tekniktir
(VanGuilder ve ark., 2008). Geleneksel RNA o6lgim
yontemlerine gore duyarlihdi, genis dinamik arahgi ve
yuksek verim potansiyeli gibi birgok avantaji nedeniy-
le, biyolojik arastirma alanlarinda gesitli gen ekspres-
yon profillerinin analizinde 6nemli yaklasim bigimidir
(Fleige ve Pfaffl, 2006; Livak ve Schmittgen, 2001).
Bununla birlikte; oldukga spesifik ve hassas dlguimler
yapmasina karsin, hedeflenen genlerin ekspresyon
seviyelerinin analizinde baslangic numune miktari ile
incelenen numune miktar arasinda ki degiskenlikler,
RNA'nin yapisal bitinliginin zayif olmasi ve PCR
etkinligi degerlerindeki farkhhklardan kaynaklanan
sorunlar ile karsilasiimaktadir. Bu tir sorunlar érnek-
lerin farkli zaman araliklarinda ve farkli bireylerden
ve/veya doku Orneklerinden elde edilmesi ile artmak-
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tadir. Doku ve/veya organda gen ekspresyon analiz-
lerinde karsilasilan sorunlarin ortadan kaldiriimasi ve
guvenirliginin  arttirilmasi igin qPCR deneylerinde
dikkat edilmesi gereken asgari standartlari konu alan
bir dizi kurallar (MIQE) ortaya konmustur. MIQE stan-
dartlar;; DNA mikroarray analizi, proteomik galisma-
lar, genom sekanslama, RNA interferans ve metabo-
lomik galismalar ile birlikte MIBBI (Minimum Informa-
tion for Biological and Biomedical Investigations; Bi-
yolojik ve Biyomedikal Arastirmalar icin Minimum
Bilgi) catisi altinda koordine edilen bir modeldir
(Bustin ve ark., 2009). MIQE standartlari geregi elde
edilen gen ekspresyon urinlerinin analizinde meyda-
na gelebilecek sorunlarin en aza indirgenebilmesi i¢in
genlerin uygun referans genler ile normalizasyonu-
nun yapilmasi gerektigi bildiriimistir (De Spiengelaere
ve ark., 2015). Normalizasyon; guvenilir bir gPCR
analizinin temel bilesenidir ki bu islem izolasyon, ters
transkripsiyon ve amplifikasyonun verimliligindeki
degisiklikleri ortaya koymaktadir ve bdylece farkli
ornekler arasinda mRNA konsantrasyonlarinin kargi-
lastinimasini saglamaktadir. Referans genler veya bir
diger adi ile Housekeeping genler (HKGs); hicrelerin
fonksiyonel rollerinden bagimsiz olarak, bir hicrenin
varligi icin gerekli olan genlerdir (Eisenberg ve Leva-
non, 2003). Bu nedenle; bir organizmanin tim hicre-
lerinde doku tipine, gelisim evresine, hiicre déngusu-
ne veya dis sinyallerine bakilmaksizin normal kosul-
lar altinda da eksprese olmaktadirlar (Sikand ve ark.,
2012). HKG'ler bu avantajli 6zelliklerinden dolayi
cesitli deneysel ve sayisal veri arastirmalarinda yay-
gin olarak kullanim alani bulmustur (Sikand ve ark.,
2012; Tilli ve ark., 2016). Son zamanlarda yapilan
calismalar ile birlikte housekeeping genlerin ekspres-
yon seviyelerinin; gene, hicre tipine ve deneysel
kosullarina bagli olarak degisebildigi ortaya konmus-
tur. Ornegin; en sik kullanilan housekeeping genler-
den biri olan GAPDH’in doku tipine (Sullivan-Gunn ve
ark., 2011), metabolik siirece (Gong ve ark., 2016)
veya belirli ¢caligma kosullarina (Mahoney ve ark.,
2004) bagh olarak stabil olmadigi ortaya konmustur.
Bu nedenle; galisma tasariminda ilgili hiicrelerde
normalizasyon igin kullanilacak genin stabilitesinin
belirlenmesi herhangi bir hedef genin ekspresyonu-
nun dogru analizi i¢in bir 6n kosuldur (Panina ve ark.,
2018). Normalizasyon; hedeflenen genlerin mRNA
ekspresyon seviyelerinin referans genlere oran-
lanmasi ile ortaya konan verileri icermektedir. Refer-
ans genlerin mRNA'lar stabil bir sekilde eksprese
olmali ve oranlari, numunelerde bulunan toplam
mRNA miktarlariyla pozitif bir korelasyon goster-
melidir. Calisma tasarimina veya fizyolojik duruma
yanit olarak numuneler arasinda ekspresyon seviye-
leri sabit olan i¢ kontrol genlerin (ICG'ler) veya refer-
ans genlerin (RG'ler) kullanilmasi, transkripsiyon ver-
ilerinin varyasyonun kontrol altina alinabilmesi icin
kullanilan en etkili ydontem olarak kabul edilmektedir
(Kaur ve ark., 2018). Uygun HKG’lerin arastiriimakta
olan her doku tipi ve qPCR veri analizinden 6nce
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dogrulanmasi gerekir (Klatte ve Bauer, 2009). Gen
ekspresyon verilerinin  hatali  yorumlanmasinin
Onlenebilmesi icin, birden fazla HKG'nin kullaniimasi
gerektigi onerilmektedir (Chervoneva ve ark., 2010;
Vandesompele ve ark., 2002).

Bu derlemede; Kantitatif Gergek Zamanlh PCR De-
neylerinin Yayinlanmasi igin Asgari Bilgi (MIQE),
HKG'lerin genel 6zellikleri, RT-gPCR ¢alismalarinda
kullanimlari ile calisma dizaynina gbére en uygun ve
stabil olan HKG'lerin segimi ve validasyonu hakkinda
bilgiler 6zetlenmisgtir.

Kantitatif Gergek Zamanli PCR Deneylerinin
Yayinlanmasi igin Asgari Bilgi (MIQE)

MIQE; gPCR ybnteminin yeniden yapilandiriimasini
ve deneysel ayrintilarin, veri analizlerinin ayrintili
denetimini saglamaktadir. gPCR analizleri ile dogru
ve guvenilir sonuglarin alinabilmesi icin bu kurallarin
dikkate alinmasinin gerekli oldugu bildiriimektedir
(Bustin ve ark., 2010). gPCR yodntemini tanimlayan
dort ana standardizasyon adimi bulunmaktadir ki
bunlar; calismanin tasarimi, teknik detaylar, analiz
yontemleri ve istatistik analizlerden olugmaktadir

(Sekil 1).
Calismanin Tasarimi

gPCR calismalarinda genellikle oldukga diiglik verimli
ve farkh 6rneklem tipinde gok gesitli hedeflerin analizi
gerceklestiriimektedir. Ele alinmasi gereken ana pa-
rametreler testin analitik duyarliligi ve 6zgullugu ile
ilgilidir. Bu baglamda testin ka¢ tane hedef bdlgeyi
algilayabilecegi ve kontrollerin calisma ile iligkili so-
nuclarda dogrulugu énceden belirlenmeli ve dngoriil-
melidir (Bustin ve ark., 2010).

RT-qPCR

NUMUNE RNA RNA KALITE/ DNAse | cDNA/
TOPLANMASI | | IZOLASYONU KANTITE UYGULAMASI TRANSCRIETON

RTGPCR ON PRIMER RTqPCR
[ HAZIRLIK }[ TASARIMI PROTOKOL || VALIDASYON

VERI ANALIZI

Sekil 1. MIQE’de tanimlanan dort ana standardizas-
yona gore RT-qPCR yd6nteminin is akigi

PRIMER
ETKINLIK

Teknik Detaylar

Tasarlanan calismada; numunelerin toplanmasi ve
saklanmasi oldukg¢a kritik bir asamadir (Bustin ve
ark., 2009). Bu asama boyunca oldukga dikkatli dav-
raniimali ve numuneler soguk zincirde tasinmalidir.

Nukleik asit analizleri igin toplanan drnekler icin en
sik  kullanilan  saklama yontemleri arasinda
“‘dondurma” yontemi bulunmaktadir. Ayrica numune-
lerden kaliteli RNA elde etmek icin RNAse aktivitesi
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mimkin oldugunca ¢abuk 6nlenmelidir. Bunun igin
sivl azotta ani dondurma, fenol veya kontrol edilen
pH ve cevre sicakligindaki dokularin sulu siilfat tuzu
cOzeltilerinde (amonyum siilfat gibi) saklanmasi veya
tasinmasi 6nerilebilir. Sulu silfat tuzu ¢ozeltileri RNA-
se’larin ve diger ¢ézlinmis proteinlerin ¢okelmesine
neden olmaktadir. Bu saklama teknigi; ticari olarak
temin edilebilen RNA laters ¢ozeltisinin temelini olus-
turmaktadir. Alinan numuneler TRIZOL igerisine ko-
nularak -80 °C’de RNA saflastirma islemine kadar
bekletilebilir (Nolan ve Bustin., 2008). Saflastirma
isleminden sonra; RNA bir diger igslem asamasina
kadar -80 °C'de saklanabilir (Hashemipetroudi ve
ark., 2018). ikinci en kritik asama; RNA izolasyon
asamasidir. RNA izolasyonunun etkinligi; numunenin
homojen yapida olup olmadigi, numune tipi, yogunlu-
gu ve fizyolojik durumuna (6rnegin, saglikh, kanserli
veya nekrotik) bagli olarak degisebilmektedir. izole
edilen numunelerdeki RNA miktari dnemlidir. Bu ne-
denle; elde edilen RNA’nin kalite ve kantite kontrolleri
yapilmalidir. RNA kalite kontroli; RNA safligi ve RNA
bitinlGginin analizini kapsamaktadir. RNA safligi-
nin belilenmesi; NanoDrop veya diger hassas spekt-
rofotometreler kullanilarak fotometrik olarak o6lgulebil-
mektedir. Bu degerlendirme yonteminde; optik yogun-
luk (OD) farkli dalga boylari ile saptanmaktadir. Bu
dalga boylarindan 230 nm; farkli kontaminant madde-
lerin maksimum absorbans degerini, 260 nm; nukleik
asit kontaminasyonunun maksimum absorbans de-
gerini, 280 nm; protein-fenol kontaminasyonun mak-
simum absorbans degerini ve 320 nm ise; farkh kon-
taminant maddelerin maksimum absorbans degerini
isaret etmektedir. OD260/280 orani RNA safliginin
belirlenmesi icin tercih edilmektedir (Becker ve ark.,
2010). OD260/280 orani, RNA saflidi icin gOsterge
olarak kullanilir. Gen ekspresyon olgimleri igin
1.8'den yuksek bir oranin uygun oldugu varsayilmak-
tadir (Nolan ve Bustin, 2008; Becker ve ark., 2010).
Nikleik asitlerin kalite kontroll; ribozomal RNA
(rRNA) alt birimlerinin farkh fraksiyonlarini (5S, 18S,
288S) ayirmak igin agaroz jel elektroforezi kullanilarak
yapilmaktadir. lyi kalitedeki RNA igin 28S/18S orani
2.0 olarak kabul edilmektedir (Becker ve ark., 2010).
Total RNA butunluginin (RNA integrity) kontroli igin;
farkli otomatize sistemler kullaniimaktadir. Bu sistem-
ler ile RNA butunlik degeri (RNA Integrity Number;
RIN) ve RNA kalite indeksi (RNA Quality Index; RQlI)
degerleri belilenmektedir (Nolan ve Bustin, 2008;
Becker ve ark., 2010). Bu degerler; 1 ile 10 arasinda
degismektedir. Kaliteli bir RNA eldesi igin bu degerin
en az 8 olmasi istenmektedir (Nolan ve Bustin, 2008).
Bununla birlikte; farkh numuneleri karsilastirirken
yaklasik olarak ayni miktarda RNA kullaniimasi 6ne-
rilmektedir (Bustin ve ark., 2010; Huggett ve ark.,
2005). Uygun sulandirma islemlerinden sonra; olasi
DNA kontaminasyonu igin cDNA analizinden 6nce
DNAse | ile DNA digestion iglemi uygulanmalidir
(Bustin ve ark., 2009). DNAse | ile muameleden son-
ra, saflastirlmis RNA numunesinin kalite kantite kont-
rolleri yaninda, spesifik ribozomal DNA (rDNA) pri-
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merleri ile test edilmeleri sonuglarin guvenilirligi agi-
sindan gereklidir. Analiz sirasinda DNA icermeyen
RNA numunelerinde amplifikasyon sinyali tespit edil-
memelidir. Buna dayanarak, gPCR'de bir amplifikas-
yon sinyali tespit edilirse veya agaroz jelde bir bant
tespit edilirse bunun DNA kontaminasyonundan kay-
naklandigi sonucuna varilabilir (Hashemipetroudi ve
ark., 2018). Bu islemlerden sonra; cDNA sentezi
yapilmali ve uygulanan protokoller ayrintili bir sekilde
aciklanmalidir. Ayrica elde edilen RNA’nin cDNA’ya
donustirilmesi yani ters transkripsiyon asamasinin
iki veya Uc¢ kez tekrarlanmasi &nerilmektedir
(Stahlberg ve ark., 2004). RT-gPCR icin hedeflenen
primer dizileri, amplikon igin veritabani erisim numa-
ralari, herhangi bir boya ve/veya modifiye edilmis
bazlarin bilgileri ve konumlarinin kontrol edilmesi
O6nemlidir (Bustin ve ark., 2010). Calismada kullanila-
cak olan primer dizilerinin 6zgulligu; jel elektroforez
ve erime profilleri kullanilarak dogrulanmali, erime
sicakliklari ve dongii sayisi (Cycle threshold; Ct) be-
lirlenmelidir. Ayrica calismada kullanilacak her bir
primerin  etkinlik (primer efficiency) degerleri,
0zgulligu ve duyarhhgi belirlenmelidir (Bustin ve ark.,
2010b). RT-gPCR’in optimizasyonunun yani sira
istenmeyen amplifikasyon Urlnlerinin  olusumunun
Onlenebilmesi icin bazi kontrol Urtnleri veya kali-
bratorler kullanilabilir (Bustin ve ark., 2010). Kontrol
Uriinleri PCR’da olusan ikincil yapilan tespit ederek,
kullanilan reaksiyonda az miktardaki PCR Urlnlerini
saptamaktadir. Kalibratorler; sentetik RNA veya DNA
oligonukleotitleri, plazmid DNA yapilar, plazmidlere
klonlanmis cDNA, in vitro kopyalanan RNA, referans
RNA havuzlari, spesifik biyolojik numunelerden RNA
veya DNA gibi saflastinlmis hedef molekillerden
tercih edilebilir (Bustin ve ark., 2009).

gPCR analizlerinin dogrulugu ve givenirligi gPCR’nin
etkinligi ile iliskilidir. gPCR etkinligi; 6zellikle hedef
genin mMRNA ekspresyon seviyesinin referans gen ile
karsilastirildigi zaman anlagiimaktadir. Bu dogrultu-
da; ornekler arasindaki konsantrasyon farkinin ortaya
konmasinda, dolayisi ile gPCR verilerinin analizinde
yaygin olarak  “2**°” yéntemi kullaniimaktadir
(Bustin ve ark., 2009; Livak ve Schmittgen, 2001). 2
A% metodu; bir kalibratér yardimi ile hedef genin ve
HKG'nin karsilastirnimasi yapilarak oransal gen anla-
tim dizeylerinin aritmetik formille hesaplanmasi te-
meline dayanmaktadir (Livak ve Schmittgen, 2001).
Hedeflenen genin HKG ile normalizasyonu igin reak-
siyonun etkinligi (E) belirlenmeli ve genler arasindaki
Ct degerlerine dayali farkhiliklar g6z éniinde bulundu-
rulmalidir. Etkinlik degerleri arasindaki fark 2*“! me-
todu ile saptanmaktadir (Livak ve Schmittgen, 2001).
Bununla birlikte, referans gen ile galigilan genler ara-
sinda benzer PCR etkinligine 222 metodu ile nadi-
ren ulasiimaktadir, bu nedenle genler arasindaki et-
kinlik farkini azaltan bagka bir matematiksel model
gelistiriimistir. Referans gen ile normalizasyonu sag-
layan matematiksel model; R: (Ecansian gen) *~* *"5"@" 9°"

(kontrol—ornek)/(Ekontrol gen) ACt kontrol gen (kontrol-ornek) olarak bildi-
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rilmistir (Pfaffl, 2001). PCR amplifikasyon Grtnlerinin
etkinligi, kalibrasyon egrisi ile goreceli olarak ortaya
konmaktadir. Kalibrasyon egrisinin <10 ile 10">
dinamik sulandirma araliginda olmasi istenmektedir.
Bu dogrultuda; kalibrasyon egrisi ile iligkili regresyon
katsayisi hesaplanmaktadir (Pfaffl, 2001). Bu regres-
yon katsayisi; PCR’nin logaritmik artis bolimdnin
egimine esit olmakla birlikte amplifikasyon Urunlerinin
etkinligi ile de iligkilidir (Burns ve ark., 2005). Kalib-
rasyon egrisinin egimi E= 10°"%9™ jle hesaplanmakta
ve optimal qPCR etkinligin E=1.60 ile 2.10 olmasi
istenmektedir (Pfaffl ve ark., 2002). Ayrica mutlak
gen ekspresyon analizinde kullanilan referans gen ve
primerlerin etkinliginin belirlenmesinde bir dizi dills-
yon serilerinin olusturulmasi ve degerlendiriimesi
¢alisma sonucunun dogrulugunu ve glvenirliginin
arttirlmasi yéniinden 6nerilmektedir (Bustin ve ark.,
2009).

gPCR analizinin temel bir bileseni olan normalizas-
yon ile izolasyon, ters transkripsiyon ve amplifikasyon
urinlerinin etkinlik degerleri arasinda degisikliklerin
kontrol edilebilmesinin yanisira farkli 6rnekler arasin-
daki mRNA konsantrasyonlari da karsilastirilabilmek-
tedir. Bu dogrultuda normalizasyon igin referans gen-
ler yani HKG'ler tercih edilmektedir (Bustin ve ark.,
2009; Stahlberg ve ark., 2004). Normalizasyon igin
kullanilacak olan referans genler gesitli deneysel ca-
lismalar ile ilgili doku ve/veya organ igin uygunlugu
belirlenmelidir. Ayrica kullaniimasi planlanan HKG’le-
rin Ggten daha az olmasi 6nerilmemektedir (Huggett
ve ark., 2005).

HKG’ler ve HKG’lerin Genomik Yapisi

Batiin doku ve/veya organlarda eksprese olan
HKG'ler; hedeflenen gen diziliminden farkh bir geno-
mik organizasyona sahiptir (Goldman, 2001). Ayrica
bu genler; DNA sentezi, protein sentezi ve transkrip-
siyon gibi hlcresel metabolik olaylarda da rol oyna-
maktadir (Farre ve ark., 2007). HKG'lerin dokuya
spesifik eksprese olan genlerden farkl bir promotor
bolgelerine sahip olduklari ve CpG adalari ile iligkili
olduklari bildirilmistir (Farre ve ark., 2007; Goldman,
2001). Diger genlerin aksine HKG’lerin promotor bol-
gelerinde TATA ve CAAT kutusu bulunmamaktadir,
bunun yerine promotér bélgelerinde GC’ce zengin
diziler icermektedirler. Promotdr boélgelerinde bulunan
GC dizileri, TATA kutusu gibi transkripsiyonun basla-
tilmasindan sorumlu olmakla birlikte, Sp1 gibi GC
dizilerini taniyan transkripsiyon faktorlerin promotor
bdlgelerine baglanmasini saglamaktadir (Goldman,
2001). Ayrica farkli genomik organizasyona sahip
organizmalarda yapilan galismalarda referans genle-
rin kisa ve uzun intron ve ekzon bélgelerine, tim ge-
noma dagilmis tekrar dizilerine, disuk korunumlu
promotdr bdlgelerine sahip olduklari, ayrica histon
proteinlerine kargi daha az ilgi g6sterdikleri saptan-
mistir (Farre ve ark., 2007).
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HKG’ler kantitatif analizlerde yaygin olarak kullanil-
maktadir (Tilli ve ark., 2016). Yapilan ¢alismalarda
yaygin olarak kullanilan HKG'lerin; glisealdehit-3-
fosfat dehidrojenaz (GAPDH), Beta aktin (B-Aktin),
TATA baglanma proteinleri (TBP), hipoksantin-
guanidin fosforibozil transferaz (HPRT), tubulinler,
siklofilin (CyP), albimin, 18S rRNA ve 28S rRNA
oldugu bildirilmektedir.

HKG'lerin ekspresyon seviyelerinin tiire, doku tipine,
organizmanin gelisim dénemine, hastalik ve enfeksi-
yon durumuna gére degistigi ortaya konmustur. Orne-
gin; GAPDH yapilan bazi ¢alismalarda en stabil gen
olarak bildiriimesine ragmen; bu HKG’nin eksternal
ve internal faktorlerden énemli 6lglide etkilendigi gos-
terilmistir. Oyle ki; Barber ve ark. (2005) insanlarda
72 farkli doku 6rneginde GAPDH mRNA ekspresyon
seviyesinin énemli dlclide degistigini bildirmislerdir.
incelenen doku drneklerinde; GAPDH’nin iskelet kas-
larinda en yiksek, meme dokusunda ise en dusuk
ekspresyon profiline sahip oldugu ortaya konmustur.
Morfolojik degisikliklere ugrayan doku ve farkli geli-
sim evrelerini iceren calismalarda B-aktin’lerin, HKG
olarak kullanimlari énerilmemektedir (Zhong ve Si-
mons, 1999). RT-gPCR analizlerinde yaygin olarak
kullanilan HKG’lerden biri olan ribozomal RNA’larin
da ¢ogu hucre tipinde ekspresyon seviyelerinin yuk-
sek olmasindan dolayi, bazi gen ekspresyon analizle-
rinde HKG olarak kullaniimalari 6nerilmemektedir
(Kozera ve Rapacz, 2013). Ornegin; hiicre oksidatif
stres altindayken 18S rRNA ekspresyonlarinin azal-
digi (Hayashi, 2014); 28S rRNA’nin ise hipoksik ko-
sullar altinda ekspresyonunun; GAPDH, B-aktin ve
CyP’ye gore daha stabil oldugu ortaya konmustur
(Zhong ve Simons, 1999). Elde edilen bu verilerin
normalizasyon igin tek bir referans genin kullaniima-
sinin ¢alisma sonuglarinin hatali yorumlanmasina
neden olacagini gostermektedir (Vandesompele ve
ark., 2002). Bu nedenle; yapilacak olan ¢alismada iki
veya daha fazla referans genin tanimlanmasi ve kul-
laniimasi 6nerilmektedir (Bustin ve ark., 2009). Bu
anlamda; evcil memeli hayvanlarda ve insan gibi ge-
sitli thrlerin farkl dokularinda en stabil HKG’lerin be-
lirlemesi Uzerine cesitli calismalar yapilmaktadir. Ud-
din ve ark. (2011) yenidogan, gen¢ ve yetigkin do-
muzlardan toplanan farkl doku (servikal ve mezente-
rik lenf bezleri, duodenumdan bagdirsak mukozasi,
jejunum ve ileum, mide, karaciger, dalak, timus, akci-
ger, bobrek, kalp ve kulaktan alinan dokular) érnekle-
rinde yaygin olarak kullanilan dokuz tane referans
genin (B2M, BLM, GAPDH, HPRT1, PPIA, RPL4,
SDHA, TBP ve YWHAZ) mRNA ekspresyon stabilite-
sini arastirmiglardir. Bu amagla; geNorm, NormFinder
ve BestKeeper yazilimlarini kullanmislardir. geNorm
yazilimi ile yapilan analizlerde; yenidogan ve yetiskin
domuzlarda RPL4, PPIA ve YWHAZ'In yiiksek stabili-
te gosterdigi, geng domuzlarda ise B2M, YWHAZ ve
SDHA'nin yiksek stabilite goésterdigi belirlenmistir.
Tidm durumlarda; GAPDH’nin en az stabilite gdsterdi-



Erciyes Univ Vet Fak Derg 2020;17(1): 76-83.

gi bildirilmigtir. Cinar ve ark. (2012) lipopolisakkarit
ve lipoteikoik asite kargl olusan immun yanitta gorev
alan domuz alveolar makrofajlarinda gen ekspres-
yon calismalari i¢in uygun referans genlerin deger-
lendirilmesi i¢in yaygin olarak kullanilan B2M, BLM,
GAPDH, HPRT1, PPIA, RPL4, SDHA, TBP and
YWHAZ HKG'lerin stabilitesini degerlendirmek igin g
farkh algoritma (geNorm, Normfinder ve BestKeeper)
uygulamistir. Tim genlerin mRNA ekspresyon sevi-
yelerinin, stimilasyon tipinden ve stimilasyon sure-
sinden etkilendigi belirtiimisti. geNorm yazilimi,
SDHA, B2M ve RPL4'Un, stimilasyon grubundan
bagimsiz olarak yuksek ekspresyon stabilitesi gdster-
digini, SDHA, YWHAZ ve RPL4'lUn, stimlle edilmemis
kontrol grubunda yiksek stabilite gésterdigi belirlen-
migtir. Tum durumlarda; GAPDH'nin en az stabilite
gosterdigi belirlenmistir. NormFinder ile yapilan ana-
lizlerde SDHA'nin tim gruplarda en stabil gen oldu-
gunu ortaya konulmustur Ayrica, geNorm yazilimi
sonucu elde edilen verilerden; en kararli U¢ genin
(SDHA, YWHAZ ve RPL4) geometrik ortalamasinin,
gen ekspresyonu galismasinin dogru normalize edil-
mesi i¢in uygun kombinasyon olacagini dnermislerdir.
Du ve ark. (2016) piyometrali ve saglkli kdpek uterus
doku Orneklerinde GeNorm, Normfinder, BestKeeper
ve RefFinder yazilim programlarini kullanarak en
stabil referans geni belirlemek igin yedi farkh HKG
(18SrRNA, ACTB, B2M, GAPDH, HPRT, RPL13A ve
YWHAZ)'nin stabilitesini degerlendirmislerdir. Sonug-
lar incelendiginde; YWHAZ disinda diger HKG’lerin
piyometra ve saglikli dokulardaki ekspresyon stabili-
telerinin farkh oldugunu saptamiglardir. Agaoglu ve
ark. (2017) tedavi amaciyla presynch-10+ovsynch
uygulanan repeat breeder ineklerin endometriyumla-
rinda Toll (TLR-2, TLR-4) ve Nod (NOD-1, NOD2,
IPAF ve NALP3) benzeri reseptorlerin ekspresyon
seviyelerinin arastirdiklari calismalarinda; referans
genin belirlenmesi amaciyla (B2-GAPDH, Beta-Aktin,
HPRT1, YHWAZ, SDHA, SUZ12, TUBA1, 18S) ge-
Norm, NormFinder ve BestKeeper algoritmalarindan
yararlanarak en uygun ve stabil referans geni
YHWAZ olarak belirlemiglerdir. Korkmaz Agaoglu ve
ark. (2017) kedilerde gebeligin farkli dénemlerinde
IGF ailesinin (IGF-1, IGF-2, IGF1R, IGF2R, IGFBP1,
IGFBP2, IGFBP3, IGFBP4, IGFBP5 ve IGFBP6) ute-
rustaki ekspresyon seviyelerinin nasil bir degisim
gOsterdigini arastirdiklari galismalarinda; 8 farkli HKG
(GAPDH, 18S, TUBA1, UBB, HPRT1, Beta Aktin,
SDHA, YWHAZ)'i geNORM, NormFinder ve BestKee-
per algoritmalar ile degerlendirmislerdir. Calisma
tasarimina gore en uygun ve stabil referans genin
GAPDH oldugunu bildirmiglerdir. Kaur ve ark. (2018)
mandalarda on adet aday referans gen (GAPDH,
ACTB, UXT, RPS15, RPL4, RPS9, RPS9, RPS23,
HMBS, p2M ve EEF1A1)'in bobrek, dalak, karaciger,
kalp, bagirsak, ovaryum, akciger, kas, beyin, deri alti
yagi ve testislerde stabilitesini analiz etmislerdir. Ge-
norm (UXT/RPS9> RPL4> RPS23> EEF1A1>
ACTB> HMBS> GAPDH> B2M> RPS15), Normfin-
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der (UXT> RPS23> RPL4> RPS9> EEF1A1>
HMBS> ACTB> 2M> GAPDH> RPS15) ve BestKe-
eper (RPS9> RPS23/UXT> RPL4> GAPDH>
EEF1A1> ACTB> HMBS> 32M> RPS15) programlari
temel alinarak yapilan calismada RPS23, RPS9,
RPL4 ve UXT genlerinin mandalarda cgesitli doku
Orneklerinde transkripsiyonel verilerin normalizasyo-
nunda kullanilabilecek en stabil HKG’ler olarak tanim-
lanmiglardir.

HKG’lerin Seg¢imi

Kantitatif gen ekspresyon calismalarinda; dokuya
spesifik, ekspresyon profili degismeyen tek bir refe-
rans genin tanimlanmasinda ki zorluklardan dolayi,
birden fazla referans gen kullanilarak en stabil genin
belirlenmesi 6nerilmektedir (Bustin ve ark., 2009). Bu
dogrultuda; kantitatif analizlerde kullanilacak olan bir
genin guvenilir HKG olarak kabul edilebilmesi igin;
eksternal ve internal faktorlerden minimum diizeyde
etkilenmesi, organizmanin fizyolojik durumuna ve
farkh doku tipleri arasindaki ekspresyon seviyelerin-
deki degiskenligin minimal seviyede olmasi istenmek-
tedir. Bu nedenle; dokularda ve hucrelerde ayni biyo-
kimyasal sinyal yollarina sahip olmayan ve farkl fe-
notipik fonksiyonlarda goérev alan genler tercih edil-
melidir. Ayrica secilecek HKG’lerin, hedeflenen gen
ile benzer/yakin déngu sayisinda (Ct) eksprese olma-
si  Onerilmektedir (Chervoneva ve ark., 2010).
HKG’lerin segiminde hedeflenen genin ekspresyonu-
nun, referans gene gore daha disuik veya daha ylk-
sek Ct degerinde oldugunun saptanmasi, kantitatif
analiz sonuglarinin hatali yorumlanmasina neden
olabilmektedir (Cross ve ark., 1994). Ornegin; Hipok-
santin-guanin fosforibozil transferaz (HPRT) geninin
cesitli hucre ve dokularda ekspresyon seviyesinin
disiik oldugu belirlenmigtir. Bundan dolay! ekspres-
yon seviyesi dugik olan hedef genlerin, normalizas-
yonu igin tercih edilmesi gerektigi onerilmistir (Bar ve
ark., 2009). Ayrica, HKG’lerin promotdr bolgelerinin
distk korunumlu olmasindan dolayi cesitli eksternal
(radyasyon, cesitli kimyasal maddeler ve mutasyon
gibi) ve internal (farkli hiicre ve/veya doku tipi gibi)
faktorlere bagll olarak ekspresyon seviyelerinin de-
gistigi ortaya konmustur (Cross ve ark., 1994; Gold-
man, 2001; Zhong ve Simons, 1999). Ornegin; Blom-
berg ve ark. (1987) insanlarda referans gen olarak
kullanmig olduklari B-aktin geninin farkli timéral hic-
relerde ekspresyonlarinin degistigini bildirmiglerdir.
Zhong ve Simons, (1999) GAPDH geninin ekspres-
yon seviyesinin hiicrelerde hipoksi, instlin, deksame-
tazon, mitojenler ve EGF dahil olmak (izere gesitli
uyaricilara yanit olarak degistigini bildirmislerdir. Ben-
zer sekilde; HKG genlerden biri olan melallotiyoninin
agir metallerin bulundugu durumlarda ekspresyon
seviyesinin arttig1 saptanmigtir (Goldman, 2001). Bu
nedenle; kantitatif analiz ¢alismalarinda kullaniimasi
planlanan referans genlerin calismaya uygun segil-
mesi ve degerlendiriimesi gerekmektedir. Calisma
tasarimina goére; en uygun ve stabil housekeeping
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genin secimi icin cesitli istatistiksel yaklagim metotlari
bulunmaktadir. Bu yaklagim metodlari ile bir veya
birden fazla referans genin optimal segiminde; Ge-
Norm (Vandesompele ve ark., 2002), KH Sadek
(Sadek ve ark., 2012), Normfinder (Andersen ve ark.,
2004), BestKeeper (Pfaffl ve ark., 2004) ve RefFinder
(Xie ve ark., 2011) gibi cesitli algoritmalar kullanil-
maktadir (Sekil 2).
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Sekil 2. Referans gen segiminde kullanilan yazilimlar
[GeNorm (Vandesompele ve ark., 2002), BestKeeper
(Pfaffl ve ark., 2004), Normfinder (Andersen ve ark.,
2004)] ve ornekler (Agaoglu ve ark., 2017; Korkmaz
Agaoglu ve ark., 2017)

Bunlardan en yaygin olarak kullanilan metot; Ge-
Norm isimli bilgisayar algoritmasidir. Bu yazilim prog-
rami; HKG'yi belirli bir dokuda stabilitesine (M) gére
siralamaktadir. Yazilim programinda belirlenen M
degderi dusuk olan genlerin daha stabil oldugu varsa-
yilarak; sec¢im sirasinda ekspresyon stabilitesi daha
zayif olan HKG'ler ardisik olarak ortadan kaldiriimak-
tadir. Geriye kalan aday HKG’lerin geometrik ortala-
malari alinmakta ve hedef genin normalizasyonu igin
kullaniimaktadir (Vandesompele ve ark., 2002). Bir
diger metot olan KH Sadek analizi; farkli gruplar iceri-
sinde butln referans genlerin esik dongu sayilari (Ct)
arasindaki degisikliklerin karsilastiriimasina dayanan
bir yaklagim metodudur (Sadek ve ark., 2012). Norm-
finder yazilimi ise; aday referans genleri verilen 6rnek
numunedeki ve calisma tasarimindaki ekspresyon
stabilitesine gore siralamaktadir (Andersen ve ark.,
2004). Ayrica; bu yazilim algoritmasi hem aday
HKG’lerin genel ekspresyon varyasyonlarini hem de
Ornek setteki alt gruplardaki varyasyon icin de stabili-
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te analizi yapmaktadir. BestKeeper yazilm programi;
temel olarak tim referans genleri ¢ift yonli bir kore-
lasyon analizine tabi tutarak, aday genlerin stabilitesi-
ni dlgmektedir. Bu 6lgim sonucunda en stabil olan
HKG'lerin geometrik ortalamalari alinmakta ve sirala-
ma islemi yapilmaktadir (Pfaffl, 2001). Son olarak
RefFinder; stabil olan genlerin ortalama geometrik
oranlarini alarak HKG'leri siralamaktadir (Xie ve ark.,
2011). Referans gen seciminde kullanilan bu prog-
ramlar arasindan biri veya birkac¢i kullanilarak en
uygun ve stabil HKG'ler segilmektedir.

Sonug

Gen ekspresyonu analiz yontemleri cesitli molekiler
arastirmalarda yaygin olarak kullaniimaktadir. Hedef
genin mRNA ekspresyon analizlerinde guvenilir so-
nuglar elde etmek igin; RNA miktari ve cDNA miktari-
nin getirdigi 6rnekler arasi baglangi¢ farkliliklari, de-
neysel hatalar gibi degiskenler karsisinda ekspres-
yonlari stabil olan HKG’ler ile normalizasyonun yapil-
masi gerekmektedir. Bu nedenle; farkli doku ve hiicre
tiplerinde, hedef genlerin ekspresyon diizeyinin kanti-
tatif olarak belilenmesi amaciyla yapilan calismalar-
da, once referans olarak kullanilacak en uygun stabil
HKG'nin dogru secilmesi gereklidir. Ayrica segilecek
HKG icin daha 6nce yapilan pilot calismalardan refe-
rans alinmasi gen ekspresyon analizlerinde nispi
dogrulugunu artiracaktir. Daha o6nce belirlenen ve
yaygin olarak kullanilan ¢ok sayida HKG olmasina
karsin; yapilan calismalar ile birlikte HKG'lerin eksp-
resyon seviyelerinin tire, doku tipine, organizmanin
gelisim dénemine, hastalik ve enfeksiyon durumuna
gOre degistigi de ortaya konmustur. Bu nedenle;
HKG'lerin galigma tasarimina uygun olarak secilmesi
ve degerlendiriimesi gerekmektedir. Calismaya uy-
gun bir veya birden fazla referans gen cesitli istatistik-
sel yaklasim metodlari kullanilarak secilmektedir. Bu
yaklagim metodlari ile belirlenen HKG’ler, hedeflenen
genin ekspresyon seviyesine oranlanarak normali-
zasyon yapilmaktadir. Bu da ¢alismadan elde edilen
verilerin guvenirligini artiracaktir. Sonug olarak; calis-
malarda kullanilacak HKG’lerin ekspresyon seviyesi
ne kadar stabil olursa, hedef genin ekspresyon sevi-
yesinin kantitatif analizi de o kadar guivenilir olacaktir.
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Summary: Squamous cell carcinoma (SCC) of the third eyelid membrane (also known as the nictitating membrane)
was diagnosed in a 34-year-old African grey parrot (Psittacus erithacus) that was presented to the clinics of our faculty
for unilateral periorbital swelling, blepharospasm, severely bleeding of 2 months duration. A large, hard, yellow mass
on the bulbar surface of the third eyelid membrane that was attached to the ventro-medial quadrant of the bulbar con-
junctiva was identified under general anesthesia. Surgical removal of the mass was performed but the bird died just
after the operation. The left globe with adnexal tissues and the body of bird were submitted for histopathological exami-
nation. The dimensions of the solitary mass were 0.8x1 cm and the histopathological examination revealed SCC. There
was no evidence of metastasis in the globe and other organs.

Key words: African grey parrot, nictitating membrane, Psittacus erithacus, squamous cell carcinoma, third eyelid
membrane

Bir Afrika Gri Papaganinda Ugiincii Géz Kapaginin Skuaméz Hiicreli Karsinomu

Ozet: ki aydir siiren tek tarafli periorbital sislik, blefarospazm ve siddetli kanama sikayetiyle fakiilte kliniklerine getirilen
34 yash bir Afrika gri papaganinda (Psittacus erithacus), tguncli goz kapaginin (niktitan membran olarak da bilinen)
skuamdz hucreli karsinomu (SCC) teshis edildi. Genel anestezi altinda, Uglncli géz kapagi membraninin bulbar ylze-
yinde, goz kiresinin bulbar konjunktivasinin ventromedial kadranina bagh blyuk, sert, sari bir kitle tespit edildi. Kitle
cerrahi olarak eksize edildi, ancak operasyondan hemen sonra kus 6ldu. Kus ve sol goz kiresi adneksal yapilariyla
birlikte histopatolojik incelemeye gdnderildi. Kitle 0.8x1 cm boyutlarindaydi ve histopatolojik incelemede SCC oldugu
belirlendi. G6z kiresi ve viicudun diger organlarinda metastaz goéralmedi.

Anahtar kelimeler: Afrika gri papagani, niktitan membran, Psittacus erithacus, skuamoz hiicre karsinomu, Gglncu goz

kapagi

Introduction

The nictitating membrane has a transparent structure
which is presented in some animals that allows the
eye to be moisturized and protection from any dust
and debris (Stibbe, 1928; Maggs et al., 2013; Joc-
hems and Phillips, 2015; Kleckowska-Nawrot et al.,
2016). Unlike the upper and lower eyelids, the nictita-
ting membrane moves across the eyeball horizontally
and covers almost the entire eyeball and does not
obstruct vision (Sivak et al., 1978; Jochems and Phil-
lips, 2015; Kle¢kowska-Nawrot et al., 2016). Birds
can actively control their nictitating membrane owing
to muscle control. It begins at the inside corner of the
eye closest to the beak and moves across to the out-
side corner (Kern et al., 1996; Bayon et al. 2007,
Maggs et al., 2013). This structure also has many
disorders like other organs that affect the appearance
and functions. These diseases which impair the
structure and functions of the eyelids are; infection,
trauma, neoplasia and degeneration. Although other

Gelig Tarihi/Submission Date :18.03.2019
Kabul Tarihi/Accepted Date  :16.07.2019

diseases are common, neoplasms are very rare
among these diseases. Chondrosarcoma, myoid cys-
toma, Marek’s disease, lymphoma, hibernoma, xant-
homa, squamous cell carcinoma are reported tumors
of the third eyelid (Sivak et al., 1978). SCC has been
reported rarely in parrots although it is common in
budgerigars. Anatomic locations of SCC are tongue,
pharynx, gastrointestinal system, uropygial gland,
upper weak, head, eyelid, neck, wings and leg’s skin.
As in other species, SCC has a very invasive effect in
birds but it is slow to metastasize (Diaz-Figueroa et
al., 2006).

In our country, no studies have been reported indica-
ting the occurrence of this cancer in the third eyelid of
the birds. In this case report, the clinical and histopat-
hological findings of SCC that was detected in the
third eyelid of an African grey parrot is evaluated.
Case

A 34-year-old African grey parrot (Psittacus eritha-
cus) of unknown sex was presented to the Surgical
Department of the Veterinary Hospital of Istanbul
University-Cerrahpasa with a complaint of unilateral
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periorbital swelling, and blepharospasm. The owner
declared that the bird had been constantly scratching
the eye and causing bleeding for 2 weeks. No diag-
nostic tests had been performed by the referring ve-
terinaria. The bird had been previously treated with
enrofloxacin for a week. According to the owner, ini-
tial treatment with enrofloxacin had not been effecti-
ve, hemorrhage of the left eye had not resolved and
periorbital swelling was observed. The bird’s diet
consisted of vegetables, fruits and commercial pelle-
ted diet.

On physical examination, the weight of the bird was
410 g. There were no clinical findings of respiratory
and urinary diseases. Ophthalmic examination revea-
led unilateral slight periorbital swelling and the third
eyelid was partially prolapsed and it's surface was
covered by the hematoma and exudates. The ante-
rior segment of the same eye was not seen because
of the exudates that had sticked to the ocular surface.
The right eye and the other physical examination
findings were normal.

A blood sample was collected and submitted for a
complete blood cell (CBC) count and plasma bioche-
mical analysis. Results were unremarkable with the
exception of increased activities of creatine kinase
(904 UIL; reference range, 123-875 U/L) and bile
acids (524 Imol/L; reference range, 6-35 Imol/L).
Initial empirical treatment consisted of topical 0.3%
ofloxacin (Exocin®, Abdi Ibrahim, Turkey) three times
daily, artificial tears (Tears Natural free®, Alcon, Tur-
key) three times daily and 1% fusidic acid hemihidrat
(Fucithalmic® gel, Abdi ibrahim, Turkey) two times
daily. The patient received oral meloxicam 0.5 mg/ml
(Metacam®, Boehringer, 0.2 mg/kg/24h) and amoxici-
lin sodium-clavulanic acid (125 mg/kg/PO q12h;
Amoklavin suspansion®, Turkey). Following several
days of treatment, no clinical improvement of ocular
signs was observed. The hemorrhagic exudates were
removed but the third eyelid was hiperemic and to-
tally prolapsed, its motility was relatively impeded
(Figure 1). The left eye was exophthalmic. Almost
every day extensive bleeding was occured by bird’s
self-trauma. It was difficult to make an inspection of
ocular and internal surface of the third eyelid because
of the bird's reactivity.

Figure 1. Hyperemic third eyelid membrane
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Detailed eye examination under general anesthesia
was performed for abnormal tissue biopsy and appro-
priate palliative treatment.

The bird was induced with 2% isoflurane administe-
red via modified glove mask (Figure 2). On detailed
eye examination under anesthesia, yellow-pink, multi-
lobular, hard mass on the bulbar surface of the left
third eyelid membrane was detected which was attac-
hed to the ventral portion of the bulbar conjunctiva of
the globe. Hence, it was decided to remove the globe
with the adnexa.

Figure 2. Isoflurane administered via modified glove
mask

For treatment 5% dextrose lactate ringer was admin-
istered intravenously and preoperative butorphanol
(Butamid0r®, Richter Pharma AG, Austria) was used
subcutaneously.

The bird was placed in dorsal recumbency, the head
was turned laterally to expose the left eye. Ocular
surface was cleaned with a dilute solution of 0.05%
betadine. Periocular surface was painted with povido-
ne iodine solution. Except the operation area, the bird
was covered with a sterile cover. To facilitate dissec-
tion, eyelids were closed with two simple separate
suture before the incision. A circular skin incision was
made parallel to the edge of the eyelids. Then, blunt
dissection was performed between the skin and con-
junctiva and the eyeball was removed by exentera-
tion bulbi technique (Figure 3).

o
3

Figure 3. Removal of the eyeball with exenteration
bulbi technique

In order to prevent bleeding, absorbable bleeding
stopper sponge was placed into the orbita. After the
bleeding control, the skin was closed with a simple
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separate suture with a 3/0 monofilament polypropyle-
ne (Figure 4). After operation, the bird died. The
mass with the left globe was removed by the exente-
ration bulbi method and submitted to Pathology De-
partment (Figure 5).

Figure 4. After removal of the mass, eyelids were
closed with simple seperated suture
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Figure 6. Various nests of malignant squamous
Keratin pearl in a nest (arrow) H&E (A)

SN

cells.

Bizarre squamous cells and mitotic figures (arrows),
inflammatory cells mainly composed of heterophils,
lymphocytes and plasma cells (star) (B)

Tissue samples were fixed in 10% buffered formalin,
routinely processed, embedded in parffin. From par-
affin block 5-um sections were cut and stained with
haematoxylin and eosin (H&E) and examined under
light microscope. Histopathological diagnosis was
squamous cell carcinoma of the third eyelid mem-
brane. The tumor was compised of various nests of
malignant squamous cells (Figure 6A, B). The keratin
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pearls were prominent. Bizarre squamous cells and
mitotic figures were present. Inflammatory cells main-
ly composed of heterophil leukocytes, lymphocytes
and plasma cells were observed.

Discussion and Conclusion

In all birds, the third eyelid membrane is a structure
of the dorsal nasal portion of the conjunctival sac that
is also composed of epithelial, muscle, connective
and vascular tissue (Maggs et al.,, 2013; Jochems
and Phillips, 2015; Kleckowska-Nawrot et al., 2016).
Due to the muscular structure, it has the ability to
move independently (Stibbe, 1928; Sivak et al.,
1978). The internal surface of the eyelid is covered
by columnar strafied epithelium while the external
surface is composed of stratified squamous epithe-
lium (Stibbe, 1928; Kern et al., 1996). The epithelium
and vascular structure of the nictitating membrane
engenders a predisposing cause for to the formation
of malignant tumors like SCC. Malignant tumors of
the third eyelid have been reported to be extremely
rare in birds (Sivak et al., 1978). To the best of aut-
hor’s knowledge, this is the first case report of a SCC
on the nictitating membrane in an African grey parrot
in our country.

In human and most domestic species such as cats
and dogs, SCC has been reported to be an extremely
invasive but slow, metastatic, malignant, epithelial
tumor of the squamous epithelium. The same is true
for avian species (Diaz-Figueroa et al., 2006). Altho-
ugh this tumor is observed commonly in budgerigars,
it has been reported rarely in Psittaciformes (Diaz-
Figueroa et al., 2006; Pye et al., 2009). In birds, ana-
tomic locations of this tumor is the globe, orbit, infra-
orbital sinus, tongue, pharynx, gastrointestinal sys-
tem, uropygial gland, beak skin of the head, neck,
eyelids, chest, wings and legs (Diaz-Figueroa et al.,
2006; Pye et al., 2009).

SCC has been reported to occur widely in the non-
pigmented eyelid epithelium, bulbar conjunctiva and
third eyelid in animals which was exposed to the out-
doors and sunlight (Rodriguez-Ramos Fernandez
and Dubielzig, 2014). However, the exact etiology of
this tumor is still not fully known. In this case, histo-
pathological examination revealed that tumor cells
were originated from conjunctival epithelial cells of
the third eyelid membrane. In birds, the third eyelid
does not have a nictitating gland unlike cats and dogs
so it can be removed when necessary but it has to be
considered that it is very important for birds that look
for food underwater and flying at high speed (Sivak et
al. 1978; Kleckowska-Nawrot et al., 2016).

Due to its invasiveness, early diagnosis and surgery
of the squamous cell carcinoma is necessary and
important for prognosis. Therapeutic options that
have been included cryotheraphy, chemotheraphy
with carboplastin, radiation theraphy with strontium-
90 (Sr-90), radioactive implants and photodynamic
theraphy (Diaz-Figueroa et al., 2006; Ledwon et al.
2013).
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We believe that the surgical removal of the tumor
was the only option in our case although the parrot
could not survive after the operation and reporting
this case will contibute valuable information to the
veterinary literature since SCC of the third eyelid
membrane is African Grey Parrots.
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oftalmoskopik ve ultrasonografik bulgularin degerlendiriimesi,
Doktora tezi, Ankara Univ Sag Bil Ens, Ankara 2003; s. 1-2.
Kaynak internette bulunan bir web sitesi ise;

Ornek: TUIK. Hayvancilik Istatistikleri. http:/www.tuik.gov.tr/
hayvancilik.app/hayvancilik.zul; Accessed Date: 14.03.2010.
Eserler dergide yayimlandiktan sonra, butin sorumluluk
sahiplerine aittir.

Yazilar gonderilirken son kontrol listesi izlenecek ve “Telif
Hakki Devir Formu” tum yazarlarca isim sirasina gore
imzalanacaktir. Yazim kurallarina  uygun olarak
hazirlanmayan yayinlar igleme alinmayacaktir.
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Instructions to Authors

The Journal of Faculty of Veterinary Medicine, Erciyes
University  publishes  original  research  articles,  short
communications, case reports, letter to editor and original review
articles related to the field of Veterinary Medicine.

Formal language of manuscripts is Turkish. Manuscripts
in English are also accepted. The publication of English-
language manuscripts is given priority.

Publications should be in A4 format, double spacing and Arial 10
font size. With a margin of 2.5 cm from each edge, the page
number should be placed at the bottom right of the pages. Original
articles and reviews should not exceed 14 pages and case reports,
research notes and short papers should not exceed 7 pages
including illustrations, figures and references.,

Manuscripts should be sent to ercvet@gmail.com. For
correspondence, author's name, tittle, ORCID number, and E-mail
address should be written on cover page of the manuscripts.
Studies were presented in a meeting and published as an abstract
can be published with indication of this status at the bottom of the
cover page.

Information should be included on any institutions financially
contributed to the study as a footnote on the cover page.

The cover page should be supplied as a separate page and
include: Turkish running title (bold and first letters capital), English
title (first letters capital), short title (max 40 characters and first
letters of first word is capital, others should be written as small),
author(s) names (without titles), author(s) affiliations (Superscript
numbers should be given to the surnames of authors as affiliation
information).

The summaries in Turkish and English should be written on the
next page. The title page must contain the Turkish and English
summaries (up to 250 words) with no paragraph and not more than
five Key words in Turkish and English. Key words must be placed
below summary with an alphabetical order (comma delimited). Only
the first Key word must start with a capital letter. For non-Turkish
authors, there is no obligation to write summary and
keywords in Turkish.

Original research paper must be organized as follows: Cover page,
Summary (Turkish and English), Key words (Turkish and English),
Introduction, Material and Methods, Results, Discussion and
Conclusion,  Acknowledgements, References,  Tables and
Figures and Correspondence. All titles in the text should be written
in bold. There should be no paragraph indent in the text and
continuous line number should be given.

Review articles are considered for publications if they are original
and contain recent developments and accepted for publication if
the authors have at least 3 papers directly related to the subject.
Reviews must be organized as follows: Summary (Turkish and
English), Key Words (Turkish and English), Introduction, Sub-
headings of the subject, Conclusion, Acknowledgements,
References, Tables and Figures and Correspondence.

Case reports must be organized as follows: Summary (Turkish and
English), Key Words (Turkish and English), Introduction, Case(s),
Discussion and Conclusion, Acknowledgements, References,
Tables and Figures and Correspondence.

In the studies requiring the ethics approval, the name and approval
number of the institution of the Ethics Committee must be specified
in the Materials and Methods section of manuscript.

The place where the tables and figures belong in the text should be
indicated as underlined and upperlined.

Decimal expressions should be used in the dot.

Species names and anatomical terms in Latin should be italicized.
All measurement specifications must follow the SI (Systeme
Internationale) units.

Tables must be given in a separate page after the text. First letters
of first word should be capital, others should be written as small in
the headings of the tables. Title of tables and figures should be
numbered in order as Table 1. Internal and lateral lines should not
be used in the tables. Descriptive information and explanations
should be placed below the tables.
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Each picture, graphic and drawing; should be given as figure and
should be written as Figure 1. Each one should be on a separate
page. Descriptive information and explanations should be placed
below the figures. Pictures should be the least 300dpi resolution.
References should be specified in the text at the end of the
sentence. Author surnames and the date of publication should be
specified in parentheses. If the reference has two names, the
names should be given after the publication year (eg, Kaldhone
and Nayak, 2008). If the reference has more than two names
should be given as “et al.,” (eg, Kaldhone et al., 2008). If the
source is used at the beginning of the sentence, the year of
publication should be specified in parentheses after the names of
the authors.

References should be placed in alphabetical order and hanging 0.5
cm inwards in the references section. Punctuation should be taken
into consideration as shown in the examples, Journal abbreviations
must be in line with Index Medicus. The reference list must not
contain more than 30, 45, and 15 references for original
research articles, reviews and case reports, respectively.
References;

. If the reference is a periodical, citation must be done as shown

below;

Example: Kaldhone P, Nayak R, Lynne AM, Dvaid DE, McDermott
PF, Logue CM, Foley SL. Characterisation of Salmonella enterica
serovar Heidelberg from turkey-associated sources. Appl Environ
Microbiol 2008; 74(16): 5038-46.

If the reference is from chapter of a book with an editor, citation
must be done as shown below;

Example: Hornbeck P. Assay for antibody production. Colign JE.
Kruisbeek AM. Marguiles DH. eds. In: Current Protocols in
Immunology. New York: Greene Publishing Associates, 1991;
pp. 105-32.

If the reference is a book, citation must be done as shown below;
Example: Fleiss JL. Statistical Methods for Rates and Proportions.
Second Edition. New York: John Wiley and Sons,1981; p.103.

If the reference is whole book with an editor, citation must be as
below;

Example: Balows A, Mousier WJ, Herramafl KL, eds. Manual
of Clinical Microbiology. Fifth Edition. Washington DC: IRL
Press, 1990; p. 37.

If the reference is from meeting, citation must be done as shown
below;

Example: Entrala E, Mascarp C. New structural findings in
Cryptosporidium  parvum  oocysts. Eighth International
Congress of Parasitology (ICOPA VIII). October, 10-14, 1994;
izmir-Tirkiye.

If the reference is from a thesis, citation must be done as shown
below;

Example: Erakinci G. Investigation of Antibodies Against Parasites
in Blood Donors. PhD Thesis. Ege Univ. Institute of Health
Sciences. Parasitology Program, I1zmir-Turkey, 1993.

The reference is a website on the internet, citation must be done
as shown below; _

Example: TUIK. Hayvancilik Istatistikleri. http://www.tuik.gov.tr/
hayvancilik.app/hayvancilik.zul; Accessed Date: 14.03.2010.

Once the studies one published in the journal, all the responsibility
belongs to the authors.

The final checklist should be followed when submitting
manuscripts and the “Copyright Release Form” must be signed by
all authors in order. Manuscripts which are not prepared in
accordance with the “Instructions for authors” will not be
processed.
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TELIF HAKKI DEVRI / COPYRIGHT RELEASE

ERCIYES UNIVERSITESI VETERINER FAKULTESIi DERGISi / JOURNAL OF FACULTY OF

VETERINARY MEDICINE, ERCIYES UNIVERSITY

Makale Turd/ Article Type: wiof o] 20..

(...) Arastirma [ Research (...) Derleme [ Review (...) Kisa Bilimsel Calisma / Short Communication

(...) Olgu Sunumu [ Case Report (...) Editore Mektup [ Letter to Editor

Makale Basligi/Article

X 014 =T PPN

Sayin Editér,
Yayinlanmasi dilegiyle Erciyes Universitesi Veteriner Fakiiltesi Dergisi’ne génderdigimiz makalenin yazarlari olarak;

Derginizde yayimlanmak tizere yollamis oldugumuz makalenin orijinal oldugunu; bilimsel ve etik sorumlulugunun bize ait
oldugunu,

2-  Makalenin; daha 6nce yayimlanmadigini, derginizdeki degerlendirme siirecinde baska bir yayin organina yayimlanmak lizere
gonderilmedigini ve génderilmeyecegini,
3-  Makalenin; kisilik ve telif haklarina aykiri kanun disi maddeler icermedigini,
4-  Gerekli goriilen diizeltmelerle birlikte her tiirli yayin hakkini, yazinin yayimlandig) giinden itibaren Erciyes Universitesi
Veteriner Fakdiltesi Dergisi’ne ait oldugunu kabul ve beyan ederiz.
Dear Editor,

Here we affirm and warranty as the Author(s) of this manuscript submitted to Journal of Faculty of Veterinary Medicine, Erciyes
University that;

The manuscript /We submitted to the Bulletin is original and responsibilities belong to us ethically and scientifically,

The manuscript has not been previously published, being considered for publication by any other journal and will not be
submitted to any other journal for such review while under evaluation by this bulletin,

The manuscript contains no unlawful statements and does not contain any materials that violate any personal or proprietary
rights.

The Journal of Faculty of Veterinary Medicine, Erciyes University reserves all rights with due corrections from the date it has
been published onwards.

Yazar/ Yazarlarin Adi
Author’s/Authors’ Printed Name

Imza/Signature:..........coeeen.

mza/Signature:..........cceee

Jmza/Signature:.........cceeene

Jmza/Signature:..........cc.o.e.

mza/Signature:........cccccoeen

Not/Note: Formu asagidaki adrese,e-mail ya da posta yolu ile génderiniz veya elden teslim ediniz./ Please send this form to the address
below by e-mail, post or deliver personally.

Erciyes Universitesi Veteriner Fakiiltesi Dergisi / Journal of Faculty of Veterinary Medicine, Erciyes University

Erciyes Universitesi Veteriner Fakiiltesi Dergisi Editorliigii, 38039, Melikgazi-KAYSERI / TURKIYE
Tel/Phone: 0352 339 94 84 Faks/Fax: 0352 337 27 40  e-posta/e-mail: ercvet@gmail.com
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SON KONTROL LISTESI

Makalenizi géndermeden 6nce litfen bu bélimdeki maddelerle karsilastirma yapiniz ve eksiklikleri

gideriniz.

Eksiksiz doldurulmus ve butlin yazarlarca imzalanmis “Telif Hakki Devri Formu”
(http://ercvet.gmail.com adresinden ulasabilirsiniz) makale ile birlikte génderildi.

Metnin tamamu ¢ift aralikli (5 mm) yazildi (Ozetler, tablolar, sekil alt yazilari, kaynaklar v.d. dahil).
Her bir kenarda 2,5 cm bosluk birakildi.

Yazilar 10 punto (Arial) ile yazildi.

Satir numaralari verildi.

Kapak sayfasinda, makalenin basligi (sadece yazim dilindeki) koyu (bold) yazildi, kisa baglik
eklendi.

Kapak sayfasinda, yazar isimleri agik olarak yazildi (kisaltma yok).
Kapak sayfasina dipnot (varsa) eklendi.

Turkge baslk yazildi.

Tarkce 6zet yazildi.

Turkge anahtar kelimeler (alfabetik sirali ve ilk kelimenin ilk harfi blyuk digerleri kiigik harfle
yazildi) verildi.

ingilizce baslk yazildi.

ingilizce 6zet yazild.

ingilizce anahtar kelimeler verildi.

Sekillerin orijinal halleri eklendi.

Metin icinde sekiller ardisik numaralandi.

Sekil boyutlar min.=8x20; max.=16x20 cm.
Metin iginde tablolar ardigik numaralandi.
Tablo boyutlari min.=8x20 cm; max.=16x20 cm.
Sekil ve tablolarin metin iginde gelmesi istenilen yer belirtildi.
Sekiller listesi ayri bir sayfa olarak hazirlandi.
Her sekil ayri sayfaya yerlestirildi.

Tablolar listesi ayri bir sayfa olarak hazirlandi.
Her tablo ayri sayfaya yerlestirildi.

Kaynaklar yazim kurallarina uygun yazildi.

Yazisma adresi verildi.



FINAL CHECKLIST

Before you submit your work, please take the time to be certain that your paper (and other writings

as applicable) is in the correct format and that you have included everything necessary by checking it

against this checklist.
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Copyright Release Form has been enclosed, completed and signed by all authors
(http://ercvet.gmail.com).

Entire paper has been 5 mm double-spaced (abstract, tables, captions/legends, references).
Margins have been 2,5 cm each side.
Font size has been 10 pt (Arial).

Lines have been numbered.

Title of the manuscript has been written bold and short title added on the cover page.
Author(s) names have been fully written (not abbreviated) on the cover page.

Footnote has been given on the cover page (if necessary)

English title has been given.

English summary has been given.

English keywords have been given alphabetically.

Turkish title has been given.

Turkish summary has been given.

Turkish keywords have been given alphabetically.

Orijinal figures have been enclosed.

Orijinal figures have been prepared correctly according to instructions.
Figures have been referred to consecutively in the paper.

Dimensions of figures have been min =8x20 cm; max.=16x20 cm.
Tables have been referred to consecutively in the paper.

Dimensions of tables have been min =8x20 cm; max.=16x20 cm.
Figures and tables have been stated requiring put on the manuscript.
Names of figures have been given on a separate page as figure list.
Each figure has been given on a separate page.

Names of tables have been given in a separate page as table list.
Each table has been given on a separate page.

References has been typed according to instructions.

Corresponding address has been given.
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