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Lactobacillus acidophilus LA-5 ile Uretilen Probiyotik Yogurdun Fonksiyonel Ozelligi ve
Bakteri Canliiginin Uzun Siireli (12 Hafta) Depolamada incelenmesi

Halil YALCIN®. "2 Ziibeyde POLAT?

1 Burdur Mehmet Akif Ersoy Universitesi, Veteriner Fakiiltesi, Gida Hijyeni ve Teknolojisi Anabilim Dali, 15030, Burdur, Tiirkiye
2 Burdur Mehmet Akif Ersoy Universitesi, Saglik Bilimleri Enstitiisti, Gida Hijyeni ve Teknolojisi Programi, 15030, Burdur, Tiirkiye

Gonderim Tarihi: 21.09.2022 Kabul Tarihi: 21.12.2022

0z Bu arastirmada ticari yogurt iiretiminde kullanilan kiiltiirler ve Lactobacillus acidophilus LA-5 kiiltiiriiniin birlikte
kullanilmasi ile probiyotik yogurt tiretilmistir. Uretilen yogurtta 12 hafta boyunca (+4 °C) kiiltiir canliligi/depolama
stabilitesi ve bazi hijyen kriteri olan bakteriler aragtirlmistir. Uretim ii¢ paralelli, analizler ise iki tekerriirlii olarak
yapilmis, elde edilen sonuglar istatistiksel olarak degerlendirilmistir. Arastirma sonuglarina goére Lactobacillus
delbrueckii subsp. bulgaricus diizeyi depolamanin 1. gliniinde 7.59 log kob/g, son depolama giiniinde ise 3.69 log kob/g
olarak belirlenmistir. Ayni zaman dilimlerinde Streptococcus thermophilus, L. acidophilus ve toplam aerobik mezofil
bakteri sayisi sirasiyla 8.69-8.13, 7.43-3.8 ve 7.86/4.50 log kob/g diizeyinde tespit edilmistir. Uretilen probiyotik
yogurtta koliform grubu bakteri saptanmamistir. Bununla birlikte 3. hafta analizlerinde maya-kiif 3.35 log kob/g olarak
tespit edilmistir. 7. haftadan itibaren maya-kiif diizeyinin <1 log kob/g oldugu belirlenmistir. Uriiniin pH degerleri 1.
giin 4.73 son giin ise 4.19 olarak kaydedilmistir. Probiyotik yogurdun mikrobiyolojik kalitesi 3 hafta boyunca
bozulmadan kalmistir. Uriin 5. haftaya kadar bazi (maya-kiif, toplam aerobik mezofil bakteri) mikrobiyolojik kalite
kriterlerindeki degisikliklere ragmen fonksiyonel 6zelligini (L. acidophilus LA-5 sayisi, >5 log kob/g) korumustur.
Fermente siit tirtinlerinin depolama sartlarinin, kiiltiir kombinasyonlarinin optimize edilmesi ve prebiyotik ilavesi ile
daha fonksiyonel bir hale gelerek uzun siireli terapétik etki saglayabilir. Calismada elde edilen verilerin yapilacak
prebiyotik/probiyotik arastirmalarina ve yeni probiyotik iiriin gelistirmeye katki saglayacagi degerlendirilmektedir.

Anahtar Kelimeler: Gida, Gida depolama, Mikrobiyoloji, Probiyotik, Yogurt.

ABSTRACT Investigation of Functional Properties and Bacterial Viability of Probiotic Yogurt
Produced with Lactobacillus acidophilus LA-5 in Long-term (12 Weeks) Storage

In this study, probiotic yogurt was produced by using the cultures used in commercial yogurt production and
Lactobacillus acidophilus LA-5 culture together. Culture viability/storage stability and bacteria with some hygiene
criteria were investigated in the yoghurt produced for 12 weeks (+4 °C). The production was performed in triplicate,
the analyzes were performed in duplicate, and the results were evaluated statistically. According to the research results,
Lactobacillus delbrueckii subsp. bulgaricus level was determined as 7.59 log cfu/g on the 1st day of storage and 3.69 log
cfu/g on the last day of storage. At the same time intervals, the number of Streptococcus thermophilus, L. acidophilus
and total aerobic mesophyll bacteria were determined as 8.69-8.13, 7.43-3.8 and 7.86/4.50 log cfu/g, respectively. No
coliform bacteria were detected in the probiotic yoghurt produced. However, yeast-mold was determined as 3.35 log
cfu/g in the 3rd week analysis. The yeast-mold level was determined to be <1 log cfu/g from the 7th week. The pH
values of the product were recorded as 4.73 on the 1st day and as 4.19 on the last day. The microbiological quality of
probiotic yogurt remained intact for 3 weeks. The product preserved its functional properties (L. acidophilus LA-5
count, >5 log cfu/g) until the 5t week despite the changes in some microbiological quality criteria (yeast-mold, total
aerobic mesophyll bacteria). By optimizing the storage conditions, culture combinations and adding prebiotics,
fermented milk products can become more functional and provide a long-term therapeutic effect. It is considered that
the data obtained from the study will contribute to prebiotic/probiotic research and new probiotic product
development.

Keywords: Food, Food storage, Microbiology, Probiotic, Yogurt.
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GiRiS

Prebiyotik ve prebiyotikler ile ilgili otorite olan
uluslararasi bilim dernegine gore probiyotik, yeterli dozda
verildiginde tiiketici saghigini olumlu yonde etkileyecek
canli mikroorganizmalar olarak tanimlanmaktadir (ISAPP
2022). Probiyotik ve prebiyotikler bazi hastaliklarla
(metabolik, mental ve gastrointestinal hastaliklar)
micadele, saglikli yasam secgenegi, yasam kalitesinin
arttirllmasi, toplam kolesteroliin diisiiriilmesi, saghgin
korunmasi ve gelistirilmesinde kullanilmaktadir (Kumari
ve ark. 2020; Rugji ve ark. 2022). Ayrica probiyotik
bakteriler trinin tat, koku ve aromasina da etki ederek
tiiketici tercihini etkileyebilmektedir. Gidalarla alinan
probiyotiklerden fayda saglanabilmesi i¢in iiriinde 106-
107 kob/g diizeyinde kiiltiir bulunmalidir (Kaur Sidhu ve
ark. 2020). Ulkemizde tiiketici egilimleri ve satis rakamlar1
dikkate alindiginda artan sehir niifusu ile beraber
probiyotik iirlinlere olan talebin artis gosterdigi ifade
edilmektedir (Gok ve Ulu 2018). Catak (2019),
arastirmasina katilan bireylerde probiyotik tiiketim
oraninin %47,7 oldugunu ve bu kisilerin %49’unun
haftada en az 2-3 defa yogurt tiikettigini ortaya koymustur.
Son yillarda probiyotik yogurt tiiketim artisina bagh olarak
piyasaya bir¢ok yeni probiyotikli yogurt sunulmustur
(Yesilyurt ve ark. 2021). Diinyada probiyotikli fonksiyonel
gida pazarmin 2019 yilinda 45 milyar dolara yaklastig
belirtilmekte iken 2025 yilinda bu rakamin 55 milyar
dolara ulasacagi tahmin edilmektedir. Bu pazar icinde
probiyotik yogurt %71’lik bir paya sahiptir (IPA 2020).
Jezewska-Zychowicz (2009), Polonya’da en c¢ok tiiketilen
probiyotik gidanin yogurt oldugunu belirtmektedir. Celik
ve ark. (2022) ise yaptiklar1 ¢alismada probiyotik
yogurdun tiiketici tercihinde 2. sirada yer aldigini ortaya
koymuslardir. Tiiketiciler probiyotik yogurt ile beslenerek
basta sindirim sitemi sorunlari olmak iizere saghk
acisindan fayda beklediklerini ifade etmektedirler (Celik
ve ark. 2022).

Fonksiyonel gida iiriinlerinde bakteriyel probiyotik olarak
genellikle Lactobacillus, Bifidobacterium, Lactococcus ve
Streptococcus tiirleri ile diger laktik asit bakterileri
kullanilmaktadir (Azad ve ark. 2018). Kiiltiirler “genel
olarak giivenli kabul edilir” GRAS (Generally Regarded As
Safe) statiide olmalidir. Lactobacillus acidophilus susu
dahil bir¢ok probiyotik intestinal mikroflora sayisina ve
aktivitesine etki etmektedir (Azad ve ark. 2018).
Probiyotiklerin saglik iizerine olumlu etki gosterebilmeleri
icin ylksek sayida olmasi gerekmektedir. Yapilan
arastirmalar yogurdun raf omrii boyunca probiyotik
miktarinin  azaldigim1  gostermektedir (Shori 2017).
Depolama siiresince probiyotik sayisinda rekabet ortami,
inokiilasyon miktari, iriiniin pH’s;, depolama sartlari,
ortamdaki bakteriyosinler ~ve ambalajin  oksijen
gecirgenligi gibi faktorlerden kaynaklanan azalmalar
olabilmektedir (Celikel ve ark. 2018). Geleneksel yogurt
kiltiirleri Lactobacillus delbrueckii subsp. bulgaricus ve
Streptococcus salivarius subsp. thermophilus bagirsak
ortaminda canlliklarin1 kaybederler ve ayrica safra
asidine kars1 da direngsizdirler. L. acidophilus ve
Bifidobacterium bifidum gastrointestinal sistemde asit ve
safra tuzlarina direnclilik gostererek faaliyetlerine devam
edebilen kiiltiirlerdendir (Shah 2000). L. acidophilus soguk
depolama sartlarina Bifidobacterium spp.’den daha
direngli ve  canhliklarini  uzun siire devam
ettirebilmektedir. Bununla birlikte depolama siiresince
probiyotik bakterilerin sayisinda azalma oldugu da ifade
edilmektedir (Giiler-Akin ve Akin 2007). L. acidophilus’lu
yogurt, laktoz intoleransi azaltabilmekte, serum kolesterol
seviyesini diislirmekte, gastroenteriti 6nleyebilmekte, bazi
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tirogenital hastaliklar ve ishali kontrol altina alabilmekte,
alerjik reaksiyonlar1 azaltabilmekte, antioksidan ve
antikanserojenik etki gosterebilmektedir (Mishra ve ark.
2015).

L. acidophilus LA-5 diinyada en yaygin kullanilan
probiyotik bakterilerdendir (Kaur Sidhu ve ark. 2020). lyi
bir yogurt lretimi i¢in pH degerinin 4.5’in altinda olmasi
istenir. Ancak bu pH degerinin L. acidophilus sayisinda 3-4
log'lik diisiislere sebep olabilecegi belirtilmektedir (Giiler-
Akin ve Akin 2007). Yogurt iiretiminde oligosakkaritler
gibi prebiyotiklerin kullanilmasi ile probiyotik gelisimi
tesvik edilebilir (Akin ve Akin 2014). Probiyotik kiiltiirler
cogunlukla anaerobik ya da mikroaerofilik 6zelliktedirler.
Bu nedenle depolama siiresince ambalajlardaki oksijen
oranmnin  diisik tutulmasi, probiyotik  yogurdun
saglayacagl yararin uzun siire devami etmesi agisindan
olduk¢ca o6nemlidir (Celikel ve ark. 2018). Probiyotik
yogurdun raf dmriine yonelik arastirmalar genellikle 21-
28 giin smirinda ¢alisilmakla beraber 35 (Menezes ve ark.
2022) ve 39 giin siiren (Hussien ve ark. 2022) depolama
calismalari da yapilmigtir.

Probiyotik bakterilerin insan viicudunda metabolik ve
biyolojik aktivitelerinin devamu i¢in gida ile alim miktari
onemlidir. Bu tiir gidalarin raf émri igerisinde ve
depolama sartlarinda probiyotik bakteri sayisindaki
degisimler ile diger mikrobiyel Kkalite unsurlarinin
belirlenmesi tiiketici saghgini direkt olarak etkilemektedir.
Bu ¢alismada, probiyotik kiiltiiriin kullanilmasi ile {iretilen
yogurtun uzun depolama siirecinde bu 6zelliklerinde ve
yogurt kiiltiirinde meydana gelen sayisal degisimlerin
incelenmesi amaglanmistir.

MATERYAL VE METOT

Materyal

Probiyotik yogurt tretimi icin gerekli ¢ig siit Burdur
Mehmet Akif Ersoy Universitesi-Tarim, Hayvancilik ve
Gida Arastirmalar1 Uygulama ve Arastirma Merkezi'nden
saglanmistir. Uretimde Lactobacillus delbrueckii subsp.
bulgaricus  ve Streptococcus  salivarius  subsp.
thermophilus’u karisik olarak iceren liyofilize yogurt
kiltird (YO-MIX 885 LYO 50, Danisco, Fransa) ve
probiyotik L. acidophilus LA-5 (NU-TRISH, Chr. Hansen,
Tiirkiye) kullanilmistir.

Metot
Yogurt iiretimi

Kiiltiir aktivasyonu i¢in 45 derecedeki 100 ml pastdrize
slite %1 oraninda L. acidophilus LA-5 eklenerek belirtilen
sicaklikta 40 dk. inkiibe edilmistir. Ayni islem yogurt
kiiltiirleri i¢in de yapilmistir. Cig siit pastorize (85 °C’de 15
dk) edildikten sonra 45 dereceye sogutularak
aktiflestirilmis yogurt kiiltiiri ve probiyotik ilavesi
yapilmistir. Daha sonra 40 °C’de pH degeri 4.6 olana kadar
inkiibasyon yapilmis ve probiyotik yogurt elde edilmistir.
Inkiibasyon sonrasi probiyotik yogurtlar 30 dk. oda
1s1sinda (20 °C) bekletilmistir. Bu siirenin sonunda 4 °C’'de
soguk muhafazaya alinmis ve 24 saat sonra 1. giin (0. hafta)
analizleri yapilmistir. Takip eden 12 hafta boyunca
ornekler her hafta ayni giin analiz edilmistir.

Fiziko-kimyasal analizler

Cig siitte, toplam kuru madde miktar1 (%) Tekinsen
(2002)’ye gore, yag/ozgiil agirhik (gr/cm3) / kiil/titrasyon
asitligi (% laktik asit) Kirdar (2019)’a gore, protein miktari
Anonim (2001)’e gore, antibiyotik testi BetaStar hizli
antibiyotik test kitleri (Peyma Chr-Hansen A.S., Istanbul,
Tiirkiye) kullanilarak yapilmistir. pH degeri 6l¢iimlerinde
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onceden kalibrasyonu yapilmis olan Mettler Toledo (Seven
Compact, Isvigre) cihazi kullanilmistir.

Mikrobiyolojik analizler

Probiyotik yogurtun mikrobiyolojik analizleri icin 10 gr
ornek ve 90 ml steril peptonlu su (%0.1) kullanilarak 1/10
dilisyon hazirlanmistir. Daha sonra 10-8’e kadar seri
dilisyonlar hazirlanmis ve her bakteri icin uygun
dilisyonlardan ekimler yapilmistir. L. bulgaricus
belirlenmesi icin pH degeri 5.2’ye ayarlanmis Man, Rogosa
ve Sharpe (MRS) Agar (Biokar, Fransa) kullanilmistir. Ekim
yapilan petriler 43 °C’'de 72 saat anaerobik sartlarda
inkiibe edilmis ve gelisen kolonilerin sayimi yapilmistir
(Ashraf ve Smith 2015). S. thermophilus tespiti M-17
(Biokar, Fransa) agar kullanilarak yapilmistir. %10’luk
laktoz (Oxoid L70) ¢6zeltisinden 50 ml alinarak 950 ml M-
17 agar igerisine eklenmistir. Ekim yapilan petriler 37
°C’de 3 glin aerobik kosullarda inkiibe edilmistir
(Ranasinghe ve Perera 2016). L. acidophilus LA-5 tespiti
icin ISO 20128/IDF192 tarafindan bildirilen ydntem
(2006) kullanilmistir. MRS agara (Biokar, Fransa) 0.1 ppm
klindamisin (Sigma-Aldrich, C2250000-20mg/10ml) 0.22
um filtre ile sterilize edilerek eklenmistir (0,5ml/It).
Uygun diliisyonlardan yayma plak yontemi ile ekimleri
yapilan petriler anaerobik kosullarda 37 °C’de 72 saat
inkiibe edilmistir. Petrilerde iireyen tiim tipik koloniler L.
acidophilus bakterisi olarak degerlendirilmistir.

Koliform bakteriler i¢in Violet Red Bile (VRB) Agar (Merck,
Almanya) kullanilmistir. Plaklar 32+#1 °C'de 24 saat
fakiltatif anaerobik inkiibasyondan sonra
degerlendirilmistir (FDA-BAM, 2013). Maya-kiif sayimi
icin %10’luk laktik asit ile (Merck, Almanya) pH’s1 3.5’e
ayarlanmis Potato Dextrose Agar (PDA) (Biokar, Fransa)
kullanilmistir. Uygun diliisyondan yiizey yayma yoéntemi
ile ekimi yapilan petriler 25 °C’de 5 giin siire ile inkiibe
edilip, gelisen kolonilerin sayimi yapilmistir (Halkman
2014). Toplam aerobik mezofilik bakteri sayisinin
belirlenmesi i¢cin Plate Count Agar (PCA) (Biokar, Fransa)
besi yeri kullanilmistir. 30 °C’de 48 saat aerobik
inkiilbasyondan sonra gelisen Kkoloniler sayillmistir
(Halkman 2014). Probiyotik yogurttaki bakteri sayilari log
kob/g olarak hesaplanmistir.

fstatistik Analiz

Depolama stiresince elde edilen verilerin
degerlendirilmesinde IBM SPSS Statics 25.0 paket
programi kullanilmistir. Yapilan tek yonli varyans analizi
sonucunda 6nemli (p<0.05) bulunan parametreler Duncan
coklu Kkarsilastirma testi ile incelenmistir. Uretim 3
paralelli, analizler 2 tekerrtirlii olarak yapilmistir. Sonuglar
ortalama=SD olarak verilmistir.

BULGULAR

Probiyotik yogurt tliretiminde kullanilan siitiin genel
ozellikleri Tablo 1’de verilmistir. Bu 6zellikler ile siitlin
Tirk Gida Kodeksi Icme Siitleri Tebligi'ne (2019/12)
uygun oldugu belirlenmistir. Arastirmada iretilen
probiyotik yogurt Orneklerinin mikrobiyolojik analiz
sonuglar1 ve pH degerleri Tablo 2’de verilmistir.

Tablo 1. Arastirmada kullanilan siitiin genel 6zellikleri.
Table 1. General characteristics of the milk used in the

study.

Ozellikler Degerler
Antibiyotik testi Negatif
pH 6.55+0.03
Toplam Kuru madde (%) 11.2+0.03
Yag (%) 3.1+£0.02
Ozgiil agirhik (gr/cm3) 1.0334+0.01
Kiil (%) 0.84+0.03
Titrasyon asitligi (%Laktik Asit) 0.151+0.01
Protein (%) 3.47+0.01

L. bulgaricus sayiminda 1. giin 7.59 log kob/g degeri elde
edilmistir. Bu bakterinin sayisi 2. hafta sonunda <7 log
kob/g, 3. hafta sonunda <6 log kob/g diizeyine inmistir. 3-
4-5-6. haftalarda >5 log kob/g degerinde kalan sayim
sonuglari, 7. haftadan sonra 4 log kob/g civarinda, 11.
haftadan sonra ise 3 log kob/g diizeyinde kalmistir.
Depolamanin son giinii L. bulgaricus sayisinin 3.6 log
kob/g diizeyinde oldugu tespit edilmistir. S. thermophilus
‘un depolamanin baslangicinda 8.96 log kob/g olan sayis1
1. haftadan itibaren yiikselmis (p<0.05), 5. haftada (8.88
log kob/g) baslangi¢ seviyesine yaklasmistir. 5 ve 6.
haftada istatistiksel agidan fark olmadan >8 log kob/g
civarinda seyreden degerler 7-8-9. haftada >9 log kob/g
degerine tekrar yiikseldigi tespit edilmistir. S.
thermophilus sayis1 depolamanin son 3 haftasinda >8 log
kob/g diizeyinde kalmis ve son analiz giiniinde 8.1 log
kob/g olarak belirlenmistir. Bu bakteri en ytliksek degere
(9.7 log kob/g) 3. haftada ulagmistir. L. acidophilus LA-5 1.
gilinde 7.43 log kob/g olarak sayillmistir. Bu bakterinin 4.
haftada probiyotik 6zellik i¢cin kritik esik olan 6 log
kob/g'in altina (5.52 log kob/g) diistiigl tespit edilmistir.
Orneklerdeki L. acidophilus LA-5 sayis1 6. haftada 5 log
kob/g'in altina, 11. haftada ise 4 log kob/g'in altina (3.91)
diistiigi saptanmistir. 12 haftalik depolama sonunda L.
acidophilus LA-5 sayis1 3.8 log kob/g olarak belirlenmistir.
Ilk giin ile son giin arasinda 3.63 log kob/g fark vardir
(p<0.05).

Yogurt drneklerinde depolama siiresince koliform grubu
bakteriye rastlanmamistir (<1 log kob/g). PDA besi
yerinde 3. haftada 3.35 log kob/g diizeyinde sayim
yapilmis bu deger 4. haftada istatistiksel agidan fark
(p<0.05) olusturarak 4.45 olarak belirlenmistir. 5 ve 6.
haftada PDA degerleri ile 3. hafta sonucu arasinda
istatistiksel acidan fark yoktur.7. hafta ve sonrasinda PDA
besiyerinde sayim alinamamistir (<1 log kob/g). Uretilen
probiyotik yogurtta depolama siirecinde toplam aerobik
mezofilik bakteri degerleri 7.86 log kob/g ile baslayip 4.5
log kob/g ile bitmistir (p<0.05). Bu deger 1. haftada 1.3 log
kob/g yiikselme gostererek tiim depolama boyunca en
yliksek say1iya (9.16 log kob/g) ulasmistir. Toplam aerobik
mezofilik bakteri sayis1 1. haftadan sonra 5 hafta boyunca
(47. gine kadar) istatistiksel ac¢idan fark gostererek
diismistiir (p<0.05). 6-7, 8-9-10 ve 11-12. haftalarda elde
edilen sonuglar kendi iglerinde istatistiksel agidan fark
olusturmamistir (p>0.05). Orneklerin baslangigtaki pH
degeri 4.73, depolama sonunda ise 4.1 olarak 6l¢iilmiistiir.



[Halil YALCIN ve Ziibeyde POLAT]

Van VetJ, 2023, 34 (1) 1-6

Tablo 2. Depolama siiresince probiyotik yogurdun mikrobiyolojik analiz sonuglar1 ve pH degerleri (ortalama+SD).
Table 2. Results of microbiological analysis and pH values of probiotic yogurt during storage (mean+SD).

Analizler Depolama (4 °C) siireci (Hafta)

0 1 2 3 4 5 6
Lactobacillus delbrueckii
subsp. bulgaricus 7.59+0.152 7.01+0.14b> 6.49+0.13¢ 5.95+0.124 5.88+0.124 5.73+0.114 5.17+0.10¢
Streptococcus Salivarius cde . . A . " .
subsp. thermophilus 8.96+0.18¢d 9.42+0.192 9.55+0.19ab 9.75+0.19 9.17+0.18bcd  8.88+0.18def 8.70+0.17¢f
Lactobacillus
acidophilus LA-5 7.43+0.152 7.66+0.152 7.09+0.14b 6.80+0.14¢ 5.52+0.114 5.03+0.10e 4.37+0.091
Koliform <1 <1 <1 <1 <1 <1 <1
Maya-kiif <1 <1 <1 3.35+0.07> 4.45+0.092 3.42+0.07> 3.38+0.07"
Toplam Aerobik A . .
Mezofilik Bakteri 7.86+0.164 9.16+0.18 8.68+0.17> 8.24+0.16 7.52+0.15 6.58+0.13f 5.87+0.12¢
PH 4.73+0.092 4.55+0.092 4.60+0.092 4.48+0.09¢c 4.46+0.09>d  4.46+0.09bd  4.41+0.09bcde

Depolama (4 °C) siireci (Hafta)

7 8 9 10 11 12
Lactobacillus delbrueckii —, 4, or 436:09%  4.3109% 4.140.8¢ 3.830.8h 3.69+0.7h
subsp. bulgaricus
Streptococcus salivarius g 35,0 g0 935£0,19a  9.29+0.18%  8.500.17%  8.22+0.16¢  8.13:0.16¢
subsp. thermophilus
Lactobacillus 425:0.08¢  447:0.09%  4.83+0.10°  4.53£0.09°  3.91:0.08"  3.80+0.08"
acidophilus LA-5
Koliform <1 <1 <1 <1 <1 <1
Maya-kiif <1 <1 <1 <1 <1 <1
Toplam Aerobik " "
Mezofilik Bakteri 5.78+0.128 5.32+0.11h 5.45+0.11h 5.30+0.11h 4.65+0.09 4.50+0.09
pH 4.44+0.09bcd  4,40+0.09bcde  4,33+(,09cdef 4.25+0.08def 4.21+0.08¢f 4.19+0.08f

fakli olarak Yilmaz Ersan ve Togguoglu (2019), rekonstitiie
TARTISMA VE SONUC stit ile drettikleri probiyotik yogurtta S. thermophilus

Tiirk Gida Kodeksi Fermente Siit Uriinleri Tebligi’ne gére
toplam spesifik mikroorganizmanin en az 107 log kob/g
diizeyinde olmasi gerekmektedir. Calismamizdaki tiriinde
bu degerler L. bulgaricus’ta 2. hafta <7 log kob/g
seviyesinde tespit edilmistir. S. thermophilus ’ta ise 12
hafta sonunda dahi >8 log kob/g diizeyinde oldugu
belirlenmistir. Arastirma icin tretilen probiyotik yogurtta
L. bulgaricus sayisi baslangica gore 12 hafta sonunda 3.9
log kob/g diismiistiir. S. thermophilus 'un 12 haftada
sadece 0.83 log kob/g dismesi dikkat cekici bir sonug
olarak kaydedilmistir. Fermantasyon sirasinda yogurt
bakterileri probiyotiklere gore daha hizli ¢ogalirlar,
bunlarin irettigi organik asitler ve hidrojen peroksit
probiyotiklerin ~ canliligim1  asagi  yo6nli  olarak
etkileyebilmektedir (Celikel ve ark. 2018).

Dirican (2017), yapmis oldugu calismada L. bulgaricus
sayisin1 1. gliinde 7.95, 21. giinde ise 7.60 log kob/g
belirlemistir. Ayni siirelerde S. thermophilus'u 7.87 ile 8.07
log kob/g olarak tespit etmislerdir. Mutlu (2019), yapmis
oldugu arastirmada S. thermophilus sayisini1 depolamanin
1. ve 21. gliniinde sirasiyla 9.48 ile 9.25 ve L. bulgaricus
sayisint sirasiyla 9.15 ile 8.07 log kob/g diizeyinde
belirlemistir. Bayir ve Bilgin (2019) ise yaptiklar
calismada 1. giinde S. thermophilus sayisin1 8.05 log kob/g,
L.bulgaricus sayisini 6.70 log kob/g olarak saptamislardir.
Cakmakge1 ve ark. (2019), yaptiklar1 ¢alisma sonucunda 1.
ve 28. glinlerde olmak tlizere L. bulgaricus sayisini sirasiyla
6.65 ve 6.91 log kob/g, S. thermophilus sayisini ise sirasiyla
8.69 ve 8.68 log kob/g olarak belirlemislerdir. Bu
arastirmalarin sonuglar1 yapmis oldugumuz c¢alisma ile
kiyaslandiginda S. thermophilus sayisimin L. bulgaricus
sayisina gore depolama boyunca daha yiiksek olmasi
bakimindan benzerlik gostermektedir. Bakteri
sayilarindaki farkhliklarin baslangic bakteri yiikd,
probiyotik bakterinin 6zelligi, prebiyotik etkili katkilar ile
liretim ve depolama degiskenlerinden kaynaklanabilecegi
disiiniilmektedir (Lourens-Hatting ve Viljoen 2001).
Oztiirkoglu-Budak ve ark. (2016), findik, antep fistig1 ve
badem ile zenginlestirdikleri yogurtlarda S. thermophilus
sayisinda artisin oldugunu belirlemislerdir. Bu durumdan

4

sayisinin 21 giinliik depolama boyunca 9 log kob/g
civarinda kaldigin1 ancak depolama sonuna dogru
azaldigin tespit etmislerdir. 1. giin ve 21. giin arasinda
p<0.01 diizeyinde istatistiksel acidan fark oldugunu ifade
etmislerdir. Sonuglar arasindaki farkliliklarin rekonstitiite
st ve bakteriler arasindaki rekabet sartlarindan
kaynaklandig1 varsayillmaktadir.

Probiyotik iiriinlerden beklenen terapotik etki icin aktif
probiyotik bakteri sayisimin en az 1.0x106 kob/g,
fonksiyonel etki icin ise 1.0x105 kob/g olmasi
gerekmektedir (Mahmmodi ve ark. 2021).
Arastirmamizdaki probiyotik yogurt fonksiyonel 6zelligini
35 giin silireyle muhafaza etmistir. Bu asamadan sonra
depolama sonuna kadar azalmalarin oldugu belirlenmistir.
Deneysel olarak iiretilen probiyotik yogurdun 6. haftada
fonksiyonel o6zelligini kaybetmesine ragmen {riindeki
rekabet ortaminda L. acidophilus’un nasil bir seyir ortaya
koyacagini belirlemek icin 12. haftaya kadar analizlere
devam edilmistir. Bu siire sonunda diger parametrelerdeki
analiz sonuglarida degerlendirilerek analizlere son
verilmistir.

Yilmaz Ersan ve Togguoglu (2019), badem siiti ilaveli
yogurt arastirmasinda L. acidophilus sayisinin depolama
baslangicina gore artis gosterdigini (p<0.01) ortaya
koymuslardir. Arastirmacilar depolama sonunda (21 giin)
L. acidophilus’un canlilik oranini %103.85 olarak tespit
etmislerdir. Benzer sonuglar arastirmamizda 1. hafta
sonunda belirlenmistir. Mutlu (2019), akasya gami ve
siyah havug ilaveli yogurt arastirmasinda L. acidophilus
diizeyi depolama baslangicinda 8.25 log kob/g iken, 21.
giinde bu say1 7.61 log kob/g olarak saptamustir. Ozbey ve
ark. (2007), L. acidophilus (Lb.Acid 145) kullanarak
trettikleri yogurtta (soya siitii ilaveli) bu bakteriyi 1.
glinde 8.35, 14. giinde 8.97 log kob/g diizeyinde tespit
etmislerdir. Kaur Sidhu ve ark. (2020), probiyotik
yogurttaki canli L. acidophilus LA-5 sayis1 9.0 log kob/g
diizeyinde iken, 5 haftalik depoloma (4 oC) sonunda 7.40
log kob/g civarina distigiinii  belirlemislerdir.
Arastirmacilarin prebiyotik (nohut unu) kullanmalari
probiyotigin canliligini yukari yonlii olarak etkilemistir.
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Faraki ve ark. (2020), Auricularia auricula bitkisinin sulu
ekstraktinin L. acidophilus LA-5'in canhligini 28 giin
sonunda kontrol grubuna gore yaklasik 1 log kob/g
diizeyinde arturdigim1  ifade etmektedirler. Baz
prebiyotiklerin kullanilmasi ile iriinlerde probiyotik
bakterilerin  sayilar1  arttirilabilir.  Arastirmamizda
herhangi bir prebiyotik katk: kullanilmamasina ragmen 1.
hafta sonunda 0.23 log kob/g artisin oldugu belirlenmistir.
Beheshtipour ve ark. (2012), L. acidophilus LA-5 kiltirii ile
irettikleri yogurtlarda bu bakterinin 1. giinde 7.27, 28.
giinde ise 6.30 log kob/g diizeyinde oldugunu tespit
etmislerdir. Cakmake¢1 ve ark. (2019), L. acidophilus
kullanarak irettikleri probiyotik yogurtta (yesil ¢ay tozu
ilaveli) bu bakterinin sayisini 1. glinde 7.55, 21. giinde 5.08,
28. giinde ise <4 log kob/g diizeyinde saptamislardir.
Arastirmacilar L. acidophilus’un 7. glinde en yiiksek sayiya
ulastigini sonraki giinlerde ise sayinin azaldigini, irtiniin
probiyotik 6zelliklerini 14 giin boyunca muhafaza ettigini
ifade  etmislerdir. Arastirmacilarin  degerleri ile
calismamizdaki sonuglar benzemekle beraber deneysel
olarak irettigimiz yogurt herhangi bir prebiyotik ilavesi
olmaksizin probiyotik 6zelliklerini 35 giin muhafaza
etmistir. Bu farklilik kullanilan sustan, bakteriyosinlerden
ve yogurttaki rekabet ortamindan kaynaklanabilir.
Rybka'ya (1994) goére L. bulgaricus yogurtta L.
acidophilus’un canliligini etkilemektedir.

Ciftci ve Onciil (2022), piyasadan topladiklar1 érneklerde
L. acidophilus’u <1.00(£0.000)-7.28(+0.091) log kob/mL
olarak  belirlemislerdir.  Arastiricilar  inceledikleri
trinlerin sadece %30’unun yonetmelige uygun oldugunu
ifade etmislerdir. Yogurttaki probiyotik bakterilerin
canliliginda bu bakterilerin baslangi¢ sayis1 da 6nem arz
etmektedir. Hussien ve ark. (2022), depolamanin ilk
gliniinde 10.49 log kob/g olarak tespit ettikleri L.
acidophilus’u depolamanin 21. giiniinde 7.54 log kob/g
diizeyinde belirlemislerdir. Arastirmacilar bu iriine %?2
inulin + %2 fruktooligosakkarit ilave ederek depolamanin
32. gliniinde L. acidophilus’u 7.32 log kob/g diizeyinde
bulmuslardir. Mani-Lépez ve ark. (2014), probiyotik
bakteriler ile iirettikleri yogurttaki baslangi¢ta 9 log kob/g
dolaylarinda olan L. acidophilus sayisim 35 giinlik
depolama (5 °C) sonunda 2107 kob/mL olarak tespit
etmislerdir. Diger yandan Menezes ve ark. (2022), keci
siiti ve L. acidophilus kullanarak tirettikleri probiyotik
yogurdun ilk giin 7.15 log kob/g olan L. acidophilus
sayisinin depolamanin (+4 °C) son giinii (35. Giin) 6.65 log
kob/g diizeyine diistiigiinii, depolamanin ilk 25 giiniinde L.
acidophilus sayisindaki azalmanin istatistiksel olarak
onemli olmadigini belirtmislerdir. Calismamizda ise, L.
acidophilus LA-5 12 hafta boyunca canhligini korumus
ancak 6. haftadan sonra terap6tik dozun altinda kalmistir.
Bu konu ile ilgili yapilan farkli bir ¢alismada enkapsule
edilmis L. acidophilus'un enkapsule edilmemis olana gore
7 hafta (49 giin) depolanan (4 °C) yogurtta 2 log kob/g
daha fazla canl kaldig ifade edilmektedir (Kailasapathy
2006). Bir diger ¢alismada ise arastiricilar, -20 °C'de 11
hafta boyunca depoladiklar1 probiyotik yogurtta L.
acidophilus sayisinin istatistiksel olarak degismedigini
belirtmektedir (Davidson ve ark. 2000).

Cakmakge1 ve ark. (2019), probiyotik yogurt 6rneklerinin
28 glinlik depolanmasinda maya-kiif degerini <2 log
kob/g olarak tespit etmislerdir. Ciftci ve Onciil (2022),
piyasadan temin ettikleri probiyotik iceceklerde koliform
ve maya kiif saptanmadigini bildirmislerdir. Elde ettigimiz
sonuclara gore koliform degeri acisindan benzerlik
goriilmesine ragmen maya-kiif gelisimi arasinda farklilik
gbzlenmistir.

Rahmani ve ark. (2021), L. acidophilus kullanarak
irettikleri probiyotik yogurdun ilk giin (7.78 log kob/g) ile

28. glin (7.75 log kob/g) arasinda istatistiksel agidan fark
olmadan probiyotik ozelligini korudugunu
belirlemislerdir. Ayni arastirmada depolamanin ilk giinii
4.27 olan pH degeri depolama sonunda 3.95 olarak
Olgiilmiistiir. Fermente siit lriinlerinde kullanilan starter
kiiltiirler inkiibasyon boyunca laktozu pargalayarak laktik
asit olusturmakta ve pH degeri diismektedir. Bu durum
depolama boyunca azda olsa devam etmektedir. Bu
diististe kiiltiir kombinasyonu, cins, tiir ve susun 6zellikleri
etkili olmaktadir. Dirican (2017), 1. ve 21 giinlerde L.
acidophilus sayisin1 sirasiyla 7.70 ile 7.53 log kob/g
diizeyinde tespit etmis, ayni giinlerde pH degerini ise
sirasiyla 4.59 ile 4.34 olarak 6l¢miistiir. Bayir ve Bilgin
(2019), L. acidophilus sayisin1 8.85 log kob/g diizeyinde,
pH degerini ise 3.98 olarak belirlemislerdir. Menezes ve
ark. (2022), depolamanin baslangicinda 4.63 olarak
belirledikleri pH degerini depolamanin son gilinii 4.42
olarak tespit etmislerdir. Cakmake¢1 ve ark. (2019), L.
acidophilus ilavesi ile trettikleri probiyotik yogurtun
baslangicta 4.69 olan pH degerinin depolamanin son giinii
(21. giin) 4.20 degerine diistiiglinii belirtmislerdir. Faraki
ve ark. (2020), probiyotik yogurtta 1. giinde 4.09 olarak
Olctiikleri pH degerini depolama (4 °C) sonunda 3.86
olarak saptamislardir. Arastirmamizda pH degerlerinin
4.73 ile 4.19 arasinda oldugu belirlenmistir. Calismalar
arasindaki farkliliklarin, tiretim-depolama sartlari, ¢ig siit
kalitesi, probiyotik kiiltiiriin 6zellikleri, prebiyotik ilave
edilip edilmedigi, karisik kiiltiirler arasindaki rekabet gibi
nedenlerden kaynaklanabilecegi varsaylmaktadir.
Gidalarda canli probiyotik sayisinmi arttirmak ya da stabil
tutmak icin safra ve asit ortama dayanikli suslar segilmeli,
ambalajlarin oksijen gecirgenligi azaltilmaly,
mikroenkapsiilasyon  teknigi = uygulanmali,  stres
kosullarina adaptasyon saglanmali ve probiyotiklerin
istedikleri besin elementlerinin ortama ilavesinin
yapilmasi gerekmektedir (Celikel ve ark. 2018).

Sonu¢ olarak, tim diinyada oldugu gibi lilkemizde de
fonksiyonel {iriinlere olan ilgi giderek artmaktadir. Bu
ilginin ozellikle probiyotik ihtiva eden gidalara kaydig
gorilmektedir. Tiiketici saghigi, beklenen yararlarin elde
edilmesi ve piyasa normlarini Kkarsilamasi agisindan
probiyotik yogurtlarin raf émrii igerisinde tiiketilmesi
onemlidir. Bu anlamda iriiniin raf 6mrii boyunca
fonksiyonel 6zelliklerinin hangi asamada kayboldugunun
belirlenerek etiketlere islenmesi dolayisi ile tiiketicinin
bilgilendirilmesi gerekmektedir. Bu ¢alismada laboratuvar
sartlarinda probiyotik yogurt iiretilerek 12 hafta boyunca
fonksiyonel o6zellikleri ve bazi bozulma Kkriterleri
incelenmistir. L. acidophilus’'un depolama boyunca
stabilitesi ortaya konulmustur. Elde edilen veriler
dogrultusunda alandaki c¢alismalara ve sektére yon
verecegi degerlendirilmektedir diistintiilmektedir.
Fermente siit triinleri odakli probiyotik {iriinlerin
tiiketimi Gilkemizde ve Avrupa’da artis géstermektedir. i¢
ve dis pazara yonelik desteklerin arttirilmasi, yeni lriin
gelistirmenin tesvik edilmesi, siit iirlinlerinden saglanan
katma degeri arttiracaktir. Probiyotik siit iirtinlerindeki
canli probiyotik sayisinin arttirilmasi ya da depolama
sartlarinda stabil kalmasina yonelik arastirmalarin
stirdiiriilmesi énerilmektedir.

CIKAR CATISMASI

Yazarlar bu calisma i¢in herhangi bir ¢ikar c¢atismasi
olmadigini beyan ederler.
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Antibiyotik direngliligi kiiresel bir saghk problemidir. Ozellikle tavuklar antibiyotik direncinin ve direng
genlerinin kaynagl konumundadir. Bu c¢alismada kloakal svap ile alinan o6rneklerde laktozu fermente
edemeyen Gram negatif bakteri tiirlerinin arastirilmasi ve antibiyotik diren¢ profillerinin belirlenmesi
amaclanmistir. Bakterilerin tanimlanmasi MALDI-TOF-MS ile yapilmis ve sonrasinda coklu ilag direnci disk
diftizyon testleri ile belirlenmistir. Ayrica izolatlarda genisletilmis spektrumlu beta laktamaz, AmpC ve
karbapenemaz varligi CLSI tarama ve dogrulma testleri ile arastirilmistir. Toplamda elde edilen 27 izolatin
20’si Escherichia coli, 4'u E. fergusonii, 1’er izolat Pseudomonas fulva, Aeromonas media, Serratia marcescens
olarak tanimlanmistir. Calismada 7 ayr1 siniftan 19 farkl antibiyotik diski kullanilmis ve buna gore izolatlarin
%63’linde 3 veya daha fazla siniftan antibiyotige karsi direng¢ tespit edilmistir. En yiiksek diren¢ orani
tetrasiklinde (%74.07) goriilirken imipeneme karsi tim izolatlarin duyarli oldugu saptanmistir.
Karbapenemaz higbir izolatta tespit edilememisken P. fulva’da beta laktamaz ve AmpC direnci gézlenmis ve
ayni izolat blaCTX-M, CIT, blaKPC genleri yoniinden PCR ile arastirilmistir. Sadece blaCTX-M geni yoniinden
pozitif bulunmustur. Sonug olarak beta laktamaz varliginin diisiik olmasi sevindirici olsa da bakterilerde
yliksek coklu ilag direncine rastlanmistir. Bu durum yeni terapotik yaklasimlar gerektigini distiindiirmektedir.
Ayrica “Tek Saghk” yaklasimi disiinildiigiinde antibiyotik direncinin hayvan-insan c¢evre etkilesimi
dogrultusunda siirekli izlenmesi ve degerlendirilmesi gerektigi on gorilmiistiir. Ciinkii diren¢ gelisimi
bakteriler arasinda stirekli degisim halindedir.

Anahtar Kelimeler: Antibiyotik, Beta laktamaz, Coklu ilag direnci, E. coli, P. fulva.

ABSTRACT

Investigation of Non-Lactose-Fermenting Gram Negative Bacteria from Cloaca of
Chicken and Determination of Multiple Antibiotic Resistance

Antibiotic resistance is a global health problem. In particular, chickens are the source of antibiotic resistance
and resistance genes. In this study, it was aimed to investigate the Gram-negative bacterial species that
cannot ferment lactose from cloacal swap samples and to determine the antibiotic resistance profiles.
Identification of the bacteria was performed with MALDI-TOF-MS and multidrug resistance was determined
by disk diffusion test. In addition, the presence of ESBL, AmpC and carbapenemase in isolates was
investigated by CLSI directions. Totally, 27 isolates were collected and 20 of them were Escherichia coli, 4 of
them were E. fergusonii and 1 isolate of Pseudomonas fulva, Aeromonas media, Serratia marcescens. 19
different antibiotic discs from 7 different classes were used in the study and 63% of bacteria had resistance to
antibiotics from 3 or more classes. While the highest resistance rate was observed in tetracycline (74.07%),
all isolates were found that sensitive to imipenem. While carbapenemase could not be detected in any isolate,
it was observed that P. fulva had ESBL and AmpC. Also, PCR was conducted for blaCTX-M, CIT, blaKPC genes
in P. fulva. It was found that the bacterium had only blaCTX-M gene. As a result, although it is pleasing to find
low presence of beta lactamase, high multidrug resistance has been determined in bacteria. This situation
suggests newer therapeutic approaches. In addition, considering the “One Health" concept, antibiotic
resistance should be constantly monitored with the interaction of the animal-human-environment. Because
the development of resistance is in a constant state of change between bacteria.

Keywords: Antibiotic, Beta lactamase, E. coli, Multi drug resistance, P. fulva.
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GiRiS

Hayvancilik sektoriiniin en gelismis ve teknolojiye en acik
alan1 olan kiimes hayvanciligl, iilke ekonomilerinde
oldukca onemli bir yere sahiptir. Kiimes hayvancilig
teknolojik tiretim tesisleri yani sira kdy sartlarinda yapilan
geleneksel tip ile de insan gelirine katki saglamaktadir.
Ayni zamanda hayvansal protein a¢iginin kapatilmasinda
diinya genelinde en fazla 6nem tasiyan alanlardan biridir.
Dolayisiyla kiimes hayvanciliginda verim artis1 oldukga
onemli bir durumdur (Bayraktar ve ark. 2019; TEPGE
2022).

Kiimes hayvanciliginda enfeksiy6z hastaliklar, verimi %20
oraninda diisiiren bir faktordiir. Bunu 6nlemek igin siklikla
antibiyotik takviyesi yapilmaktadir. Hatta Diinya genelinde
iretilen antibiyotiklerin %70’inden fazlas1 gida-hayvan-
yem Uretiminde kullanilmaktadir. Avrupa Birligi
antibiyotik kullanimimi yasaklasa da saglikli biliytimeyi
tesvik etmek icin antibiyotiklerin proflaktik olarak
kullaniminin diizenlenmesi ve izlenmesi tiim diinyada
seyrektir. Dolayisiyla kiimes hayvanciliginda antibiyotik
kullanimi1 olduk¢a yaygindir. Bu durum bazi yararlar
saglamaktadir; ancak aym1 zamanda direncli suglarin
baskin hale gelmesine neden olmustur (Hedman ve ark.
2020; Tian ve ark. 2021). Bakteriyel enfeksiyonlar
onlemek icin kullanilan antibiyotikler hem insan saghiginda
hem de veteriner tibbinda 6nemli bir sorundur.
Antibiyotik direnci, Amerika Birlesik Devletleri Hastalik
Kontrol ve Onleme Merkezi (CDC), Avrupa Hastalik
Kontrol ve Onleme Merkezi (ECDC) ile Diinya Saglik
Orgiitii (WHO), tarafindan kiiresel ve oldukca énemli bir
saglik sorunu olarak nitelendirilmektedir. Ozellikle goklu
antibiyotik direnci gelecek i¢in biiylikk endiseler
yaratmaktadir (Prestinaci ve ark. 2015). Antibiyotik
direnci ile iliskili olarak en sik rapor edilen bakteri
Escherichia  coli'dir.  Hayvanlarda ve insanlarda
mikrobiyotanin yaygin bir iiyesi olan E. coli, firsatgl
patojenler grubunda yer almakta ve genellikle lac+ (laktoz
pozitif, laktozu fermente edebilen) ozellik gostermektedir.
Ancak lac- (laktoz negatif, laktozu fermente edemeyen)
atipik varyantlar1 da bulunmaktadir (Gajdacs ve ark.
2020). Laktoz permeaz enzimi (LacY proteini) E. coli'de
laktozun kullanimini saglayan 6énemli bir proteindir ve bu
sekilde bakteriler laktozu hiicre icerisine alarak
kullanabilmektedir (Kirtil ve ark. 2020; Sun 2022). E.
coli'nin lac- varyantlari, Shigella spp. tiirlerinin sebep
oldugu sigelloz benzeri 6nemli diyarelerin nedeni olmakta
ve teshiste zorluklar yaratmaktadir (Gajdacs ve ark. 2020).
Ozellikle Enteroinvazif E. coli (EIEC) patotipleri laktoz
negatif 6zellik géstermektedir. Laktozun fermantasyonu E.
coli'nin biyokimyasal analizinde olduk¢a beklenen bir
durum olmasi sebebiyle lac- suslar identifikasyonda
giicliiklere neden olmaktadir. Lac- ozellik gosteren E.
fergusonni’ de sigelloz benzeri diyareye neden olan
suslardan biridir ve yiiksek derecede E. coli ile genotipik ve
fenotipik benzerlik gostermektedir. Bu da iki tiiriin
ayrimint  zorlastirmaktadir (Maheux ve ark. 2018).
Acinetobacter baounmanii ve Pseudomonas aeruginosa ise
ciddi enfeksiyonlara neden olan yiiksek mortaliteye sahip
laktozu fermente edemeyen diger 6nemli gram negatif
bakterilerdir. Ozellikle de karbapenem direngli A.
baounmanii ve P. aeruginosa 2017 yilinda WHO tarafindan
“kritik patojenler” CDC tarafindan da “ciddi tehdit” olarak
tanimlanmistir (Jung ve ark. 2021). Bunun disinda
antibiyotik direnci bakimindan siklikla rapor edilen ve
kiimes hayvanhiginda olduk¢a o6nemli olan Salmonella
serovarlari, kanath hayvan sagligini ve insan saghigini ciddi
derecede tehdit eden bir bagska mikroorganizma grubudur.
(Simmons ve ark. 2016). Salmonella suslarin1 E. coli'den
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ayiran en dnemli dzellik lac- olmasidir ve maalesef kiimes
hayvancihiginda  Salmonella'nin ~ diizenli ~ taramasi
bulunmamaktadir. Salmonella suslar1 6nemli zoonotik
enfeksiydz ajanlarin basim1 ¢ekmektedir ve kanath
hayvanlar da en 6nemli bulas kaynagini olusturmaktadir.
Ulkemizde 2018 yilinda Ulusal Salmonella Kontrol
Programi uygulanmaya baslanmis olsa da kody tavukculugu
ile ilgili arastirmalar ihmal edilmektedir (Giingérdi ve
Celen 2018). Herhangi bir iiretici tesise baghh olmaksizin
serbest gezen koy tavuklarinda genellikle antibiyotik
tedavisi pek uygulanmasa da bakterilerin diren¢ genlerini
mobil elementlerle aktarabilmesi ve yemlere antibiyotik
ilavesi sebebiyle ¢oklu antibiyotik direnci kozmopolit
dagilim gostermektedir (Simmons ve ark. 2016; Babacan
ve Karadeniz 2019; Singh ve ark. 2019). Koylerde
geleneksel yontemlerle yapilan kiimes hayvancilig
kayitli/kayitsiz  seyreden ve  antibiyotik  direnci
bakimindan saha taramasi isteyen bir alandir. Bu sebeple
bu c¢alisma, koy tavuklarinda laktoz negatif ozellik
gosteren suslarin identifikasyonunu ve antibiyotik direng
profillerinin arastirilmasini amaglamaktadir.

MATERYAL VE METOT

Bu calismada istanbul Universitesi-Cerrahpasa Hayvan
Deneyleri Yerel Etik Kurulu'nun 2022/12 no’lu kararina
gore etik kurul iznine gerek duyulmamustir.

Ornek Toplanmasi

Calismada denek olarak kdy tavuklari (Arnavutkoy-
Istanbul/Tiirkiye bélgesindeki kéylerden) secilmistir.
Herhangi 6zel bir takviye almayan serbest gezen ve saglikli
goriinen tavuklarin kloakasindan svap ile alinan
numuneler transport besiyeri icerisinde laboratuvara
getirilmistir. 7 farkli yumurtacit kiimesten toplamda 96
tavuktan digki 6rnegi alinmistir.

Bakteri izolasyonu ve identifikasyonu

Ornekler direk olarak Mac Conkey Agara (MAC,
CondaLab) inokiile edilmistir. 24 saat 37 °C’'de inkiibe
edilen kiiltiirlerden beyaz koloniler laktoz negatif olarak
secilmis ve laktoz iceren siv1 besiyeri ile fermantasyon
yetenekleri dogrulanmistir. Bakterilerin kiiltiire
edilmesinde Tyriptic Soy Agar (TSA, Merck) ve Tyriptic
Soy Broth (TSB, Merck) besiyerleri kullanilmistir.
[zolatlarin gram boyama, katalaz, oksidaz, OF, sitrat, lireaz
aktivitesi, jelatinaz aktivitesi, triple sugar iron test, HzS
olusumu ve benzeri biyokimyasal testler ile fermantasyon
test bulgular1 sonrasi identifikasyon, matriks aracili lazer
desorpsiyon iyonizasyon ugus siiresi kiitle spektrometrisi
(MALDI TOF MS) yontemi ile yapilmistir. Mikrobiyal
biyokiitle analizi i¢cin MALDI-TOF MS cihaz1 (Bruker
Daltonik MALDI Biotyper, Microflex LT, Almanya) ve Flex
Control 3.0 yazilimi kullanilmistir.

Antibiyotik Direng Profillerinin Belirlenmesi

Tiim izolatlarin antibiyotik diren¢ profilleri Klinik ve
Laboratuvar  Standartlar1  Enstitlisi  (Clinical and
Laboratory Standards Institute, CLSI) tarafindan énerilen
disk diflizyon testi ile belirlenmistir (CLSI 2019; CLSI
2020). Calismada 7 ayr siniftan 19 farkl antibiyotik diski
(Bioanalyse, Tiirkiye) kullanilmistir. Bunlar, streptomisin
(10pg), tetrasiklin (30 pg), kanamisin (30 pg), neomisin
(30 pg), nitrofurantoin (300 pg), eritromisin (15 pg),
imipenem (10 pg), gentamisin (10 pg), amoksisilin-
klavulanik asit (30 pg), ampisilin sulbaktam (20 pg),
kloramfenikol (30 pg), siprofloksasin (5 pg), ofloksasin (10
ug), nalidiksik asit (30 pg), seftazidim (30 pg), sefotaksim
30 pg), aztrenoam (30 pg), seftriakson (30 pg),
sefpodoksim (10 pg). Test sonuglari duyarh (S), orta
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duyarl (I) ve direncli (R) olarak degerlendirilmistir. Testin
yapilisinda kontrol olarak E. coli ATCC 25922 susu
kullanilmistir.

Coklu Antibiyotik Direncinin Belirlenmesi

Beta-laktam, fenikol, aminoglikozid, kinolon, tetrasiklin,
nitrofuran ve makrolid gruplarindan 3 ya da daha fazlasina
karsi diren¢ saptanan suslar, ¢oklu direncgli olarak kabul
edilmistir (de Jong ve ark. 2018).

Beta Laktamaz ve Karbapenemaz Varliginin Fenotipik
Arastirilmasi

Tim izolatlar 1 mg/L sefotaksim iceren veya 1 mg/L
seftazidim iceren Mac Conkey Agar besiyerine pasajlanmis
ve lireme gosterip gostermedikleri kaydedilmistir. (Wilson
ve McCabe 2007). Daha sonra genis spektrumlu beta
laktamaz (GSBL) ve AmpC beta laktamazlarin varhigini
fenotipik olarak belirlemek i¢in CLSI tarafindan 6nerilen
tarama ve dogrulma testleri yapilmistir. Karbapenemaz
icin modifiye Hodge testi uygulanmustir (CLSI 2018).
Modifiye Hodge testi icin meropenem (10 pg), GSBL
tarama testlerinde daha once belirtilen 3. kusak
sefalosporinler ve monobaktam kullanilmistir. Dogrulama
testi icin c¢ift disk yonteminden yararlanilmis ve
sefotaksim-klavulanik asit (40 pg), seftazidim-klavulanik
asit (40 pg), AmpC beta laktamaz taramasi i¢in sefoksitin

Tablo 1. PCR i¢in kullanilan primerler.
Table 1. Primers used for PCR.

(30 pg), sefepim (30 pg), diskleri (Bioanalyse, Tiirkiye)
kullanilmistir.

Beta Laktamaz ve Karbapenemaz Varliginin Genotipik
Arastirilmasi

Siipheli  izolatlarda DNA ekstraksiyonu kaynatma
yontemiyle yapilmistir. TSA’daki kdltlirlerden steril
ekiivyon ile alinan koloniler 1,5 ml'lik tiiplerde 500 pl
distile su icerisine konularak 10 dk kaynatilmis ve
akabinde 12000 rpm’de 5 dk santrfiij edildikten sonra
siipernatant PCR i¢in kullanilmistir. Beta laktamaz igin
blaCTX-M, CIT tip AmpC ve karbapenemaz i¢in blaKPC
genleri PCR yontemiyle arastirilmigtir. PCR
reaksiyonlarinda  kullanilan  primerler Tablo 1’de
verilmistir. Her PCR reaksiyonu toplam hacim 25pl olacak
sekilde 35 dongii olarak ¢alisilmistir. Her ii¢ gen i¢in, PCR
mix (K0171 Thermo Scientific) 10 pmol reverse ve
forward primerler ve RNAse DNAse ari steril distile su
kullanilmistir. Her ii¢ reaksiyonda 95 °C’de 5dk o6n
denatiirasyon, 95 °C 30 sn denatiirasyon 58 °C’de blaCTX-
M, 53 °C'de CIT, 47 °C’de blaKPC i¢cin 30 sn primer
baglanma 1s1s1, 72 °C’de 45 sn sentez ve en son 72 °C’'de
7dk son sentez olacak sekilde ¢alisiimistir. E. coli NCTC
13461, E. coli ATCC 35218, Klebsiella pneumoniae ATCC
700603, K. pneumoniae BAA-1705 suslar1 kontrol olarak
kullanilmistir

Hedef Gen Gen Dizilimi (5’-3") Amplikon Biiyiikliigii Kaynak
F-SCSATGTGCAGYACCAGTAA .
blacrx 550 b Salad k. 2002
demxu R-CCGCRATATGRTTGGTGGTG P dladinvear
F-TGGCCAGAACTGACAGGCAAA Pérez-Pérez ve
CIT 462 bp
R-TTTCTCCTGAACGTGGCTGGC Hanson, 2002
bla F-GCTCCGATAATGAAAGCGT £83b Voets ve ark. 2011
Kre R-ACGACGGCATAGTCATTTGC p
BULGULAR
MALDI TOF MS Sonuglar:
Calismada toplanan oOrneklerin  %30’unda laktozu izolatlar Tablo 2’de verilmistir. Analiz bulgularinda zayif

kullanamayan bakteriler tespit edilmistir. Toplanan 96
svap oOrneginden her bir izolat farkh svap oérnegine ait
olmak lzere toplamda 29 adet laktoz negatif ozellik
gosteren bakteri tespit edilmistir. 1ki izolat Kkiiltir
asamasinda iiretilemediginden kaybedilmistir. Bu sebeple
izolatlarin 27 tanesi identifiye edilmis ve tanimlanan
Tablo 2: MALDI TOF MS Calisma Sonuglart.

Table 2: MALDI TOF MS Assay Results.

spektruma rastlanmamis ve izolatlarin hepsi (%100) tiir
bazinda tanimlanabilmistir. Buna gore izolatlarin 20 tanesi
E. coli, 4 tanesi E. fergusonii, 1 tanesi Pseudomonas fulva, 1
tanesi Aeromonas media, 1 tanesi Serratia marcescens
olarak tanimlanmistir. Svap érneklerinde Salmonella spp.
tlirlerine rastlanmamistir.

izolat Ad1 Belirlenen Bakteri Skor Degeri izolat Ad1 Belirlenen Bakteri Skor Degeri

TB1 Escherichia coli 2.374 TB17 Escherichia coli 2.237
TB2 Escherichia coli 2.038 TB18 Escherichia coli 2.275
TB3 Escherichia coli 2.422 TB19 Escherichia coli 2.257
TB5 Escherichia coli 1.875 TB20 Escherichia coli 2.401
TB6 Escherichia coli 2.472 TB21 Escherichia coli 2.552
TB7 Escherichia coli 2.438 TB22 Pseudomonas fulva 1.956
TB8 Escherichia coli 2.186 TB23 Escherichia coli 2.522
TB9 Escherichia coli 2.271 TB24 Escherichia coli 2.164
TB11 Escherichia coli 2.172 TB25 Aeromonas media 1.700
TB12 Escherichia fergusonii 2.163 TB26 Escherichia coli 2.435
TB13 Escherichia fergusonii 2.078 TB27 Escherichia fergusonii 2.228
TB14 Escherichia fergusonii 2.136 TB28 Escherichia coli 1.966
TB15 Escherichia coli 2.322 TB29 Serratia marcescens 2.136
TB16 Escherichia coli 1.728
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izolatlarin Coklu Antibiyotik Direng Profilleri

izolatlarda en fazla tetrasiklin direncine rastlanmistir.
Toplam 27 izolatin 20’sinde tetrasiklin (%74.07), 16’sinda
eritromisin (%59.25), 14 tanesinde neomisin (%’51.85),
kanamisin (%51.85) ve nalidiksik asit (%51.85) direncine
rastlanmustir. izolatlarin 3 tanesinde ampisilin-sulbaktam
(P. fulva, E. coli ve S. marcescens), 2 tanesinde (P. fulva, S.
marcescens) amoksisilin  klavulanik asit direncine
rastlanmistir. Calismada E. fergusonii olarak tespit edilen 4
izolatin 3’inde en az 1 antibiyotige karsi direng
gorilmiistiir. E. fergusonii izolatlarindan diger 1’inde ise
sadece tetrasiklin ve nitrofurantoine karsi orta derecede
duyarlhilik goriilmiisken diger tiim antibiyotiklere karsi tam
duyarli oldugu tespit edilmistir. Calismada tespit edilen A.
media izolati tim antibiyotik gruplarina karsi duyarl
tespit edilmisken S. marcescens izolat1 3 farkh siniftan 4
antibiyotige kars1 (TE, AMC, SAM ve E) direng¢ gostermistir.
Tiirlere gore izolatlarin antibiyotik diren¢ durumlar: Tablo
3’te verilmistir. Imipenem ve seftazidim antibiyotiklerine
karsi tim izolatlar duyarli olarak tespit edilmisken
izolatlarin yaklasik %’63’iinde (17/27) en az 3 veya daha
fazla smiftan antibiyotige karsi direng tespit edilmistir. Bu
izolatlarin 12’si E. coli, 3’ E. fergusonii, 1'i P. fulva ve 1'i S.
marcescens tlirline aittir. Genel olarak izolatlarin icinde bir
izolat 10 farkl antibiyotige, 2 izolat 9 farkli antibiyotige, 5
izolat ise 8 farkli antibiyotige karsi direngli bulunmustur. 4
izolat test edilen tiim antibiyotiklere karsi duyarli, geriye
kalan 23 izolat ise en az 1 antibiyotige karsi direncli
bulunmustur. Direngli izolatlara iliskin sayisal veriler Sekil
1 ve 2’de gosterilmistir. Bununla birlikte sadece P. fulva
olarak tanimlanan izolatta beta laktam antibiyotiklere
karsi dirence rastlanmis ve beta laktamaz taramasi icin
ilgili testlere tabi tutulmustur. Bunun disinda P. fulva
amino penisilinlere, nitrofurantoin ve eritromisine karsi
direng gostermis diger tiim antibiyotiklere duyarli olarak
belirlenmistir.

Tablo 3. Tiire gore Antibiyotik direngliligi.
Table 3. Antibiotic resistance for each species.

W n: Direngliizolat sayisi

Sekil 1. Her bir antibiyotige karsi diren¢ gosteren izolat
sayisl.

Figure 1. The number of isolates showing resistance to
each antibiotic.

= Tetrasiklin Nitrofuran Beta Laktam

= Aminoglikozid

= Makrolid = Kinolon Fenikol

Sekil 2. Antibiyotik siniflarina gére tiim izolatlarin direng
oranlar.

Figure 2. Resistance rates of all isolates according to
antibiotic classes.

Bakteriler/ Toplam izolat

Antibiyotikler (Direngli izolat Sayisi)

SayIskil TE N K CN S F SAM AMC IMP E CIP OFX NA C
E. fergusonii n= 3 2 2 3 1 0 0 0 2 3 3 3 2
E. coli n=20 16 12 12 1 6 1 1 0 0 12 8 10 11 6
Amedia n=1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
P. fulva n=1 0 0 0 0 0 1 1 1 0 1 0 0 0 0
S. marcescens n=1 1 0 0 0 0 0 1 1 0 1 0 0 0 0

Beta laktam grubu antibiyotiklere sadece P. fulva direng gostermistir. Bu sebeple tabloda yer verilmemistir. TE: Tetrasikslin, N: Neomisin, K: Kanamisin, CN:
Gentamisin, S: Streptomisin, F: Nitrofurantoin, SAM: Ampisilin-sulbaktam, AMC: Amoksisilin-klavulanik asit, IMP: Imipenem, E: Eritromisin, CIP: Siprofloksasin,

OFX: Ofloksasin, NA: Nalidiksik asit, C: Kloramfenikol

Only P. fulva has shown resistance against beta-lactam group antibiotics. For this reason, it is not included in the table. TE: Tetracycline, N: Neomycin, K:
Kanamicin, CN: Gentamicin, S: Streptomycin, F: Nitrofurantoin SAM: ampicillin-sulbactam, AMC: amoxicillin-clavulanic acid, IMP: Imipenem, E: Erythromycin, CIP:

Ciprofloxacin OFX: Ofloxacin, NA: Nalidixic acid, C: Chloramphenicol.

izolatlarda Beta Laktamazlarin Varhg ve PCR
Sonuglar1

Calismada elde edilen tim izolatlar sefotaksim ve
seftazidim iceren MAC besiyerine ekilmis ve sadece P. fulva
ireme gostermistir. Daha sonra tiim izolatlar c¢ift disk
tarama testine ve modifiye Hodge testine tabi tutulmustur.
Tim izolatlar her bir teste duyarhlik gosterirken P.
fulva’da GSBL ve AmpC direncine rastlanmistir. P. fulva igin
beta laktamazlara yonelik fenotipik tarama testi bulgulari
Tablo 4’te verilmistir. Buna gore sefotaksim ve seftazidim
zon c¢aplarinin klavulanik asit ile olan zon caplarinda 5
mm’den daha fazla ilerleme gostermesi pozitif olarak
degerlendirilmistir. Modifiye Hodge testinde ise 27 izolatin
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hi¢birinde E. coli ATCC 25922 susu ile sinerji gézlenmemis
ve test negatif olarak degerlendirilmistir. Sonug olarak tiim
izolatlarda fenotip bulgular1 negatif olarak, P. fulva igin
beta laktamaz ve AmpC pozitif olarak tespit edilmistir
(Sekil 3A). Bu sebeple blaCTX-M ve CIT-tip AmpC genleri
ihtivast agisindan arastirilmistir. P. fulva i¢in modifiye
Hodge testi negatif olmasina ragmen PCR yodntemiyle
blaKPC geni de arastirilmistir. PCR sonuclarina gore P.
fulva’da sadece blaCTX-M genine rastlanmigs CIT ve blaKPC
icin PCR sonuglar1 negatif olarak tespit edilmistir (Sekil
3B).
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Tablo 4: P. fulva i¢in beta laktamaz ve karbapenemaz fenotip test sonuglari.

Table 4. Beta lactamase and carbapenemase phenotype test results for P. fulva.

Beta Laktamaz Tarama Beta Laktamaz Dogrulama AmpC
Modifiye Hodge Testi
Zon ¢ap1 (mm)
CTX  ATM  CPD  CAZ  CRO czc CTC FOX FEP MEM
21 20 R 30 21 32 25 R 30 Negatif

R: Direngli (Resistant, zon ¢ap1 yok), CTX: Sefotaksim, ATM: Aztrenoam, CPD: Sefpodoksim, CAZ: Sefotaksim, CRO: Seftriakson, CZC: Seftazidim-klavulanik asit,
CTC: Sefotaksim-klavulanik asit, FOX: Sefoksitin, FEP: Sefepim, MEM: Meropenem. Esik degerler CSLI 2018’e gore belirlenmistir; CTX: R <27, ATM: R <27, CPD: R

<27,CAZ: R <22, CRO: R <25, FOX: R <14, FEP: R <18 olarak kabul edilmistir.

R:Resistant (No zone diameter), CTX: Cefotaxime, ATM: Aztrenoam, CPD: Cefpodoxime, CAZ: Ceftazidime, CRO: Ceftriaxone, CZC: Ceftazidime-clavulanic acid, CTC:
Cefotaxime-clavulanic acid, FOX: Cefoxitin, FEP: Cefepime, MEM: Meropenem. The threshold values were determined according to CSLI 2018; CTX: R <27, ATM: R

<27,CPD: R <27, CAZ: R <22, CRO: R <25, FOX: R <14, FEP: R <18 were accepted.

Sekil 3. P. fulva igin Beta Laktamaz Taramasi: A: Fenotip
Diren¢ Taramasi: Beta laktamaz ve AmpC i¢in ¢ift disk
taramasi. B: Genotip Diren¢ Taramasi: blaCTX-M bulgulari,
M: Marker 100bpDNA ladder, 1: Pozitif kontrol, 2: Negatif
kontrol, 3 ve 4. P. fulva DNA.

Figure 3. Research of Beta Lactamase for P. fulva: A:
Phenotype Resistance Screening: Double disk assay for
beta lactamase and AmpC. B: Genotype Resistance
Screening: The results of blaCTX-M, M: Marker 100bpDNA
ladder, 1: Positive control, 2: Negative control, 3 and 4. P.
fulva DNA.

TARTISMA VE SONUC

Antibiyotik diren¢ arastirmalarinda g¢ogunlukla enterik
bakteriler tercih edilmektedir. Bunun nedeni ¢evrede ve
canli organizmalarda siklikla rastlanan genis dagilim
gosteren bakteriler olmasidir (Wallace ve ark. 2020). En
onemli yaygin patojen E. coli'dir; ancak tavuklarda
Salmonella serovarlarinin ihtivasi E. coli'nin neden oldugu
enfeksiyonlara gore daha fazla 6nem arz etmektedir.
Salmonella tiirleri laktozu fermente edemez ve oOnemli
kanath hastaliklarinda da basi ¢ekmektedir (Babacan ve
Karadeniz 2019; Sipahi ve ark. 2019). Diski kokenli laktoz
negatif diger mikroorganizmalar arasinda P. aeruginosa ve
A. baumannii de nispeten daha az goriilen bakteriler
olmasina karsin; tespit edilen bakterilerde antibiyotik
direnci insidansi giderek artmaktadir. (Jung ve ark. 2021).
Ote yandan bu ¢alismada Salmonella spp., P. aeruginosa ve
A. baumannii bakterilerine rastlanmamistir. Ozellikle

ihbar1 mecburi bazi Salmonella tiirlerinin olmamasi,
toplum saghg acgisindan olduk¢a olumlu bir sonug¢ olarak
yorumlanmistir. Bu ¢alismada laktozu fermente edemeyen
bakterilerin  %70’inden  fazlasti E.  coli olarak
tanimlanmistir. E. coli'nin lac+ 6zelligi, temel karakteristik
ozelligi olmasina karsin son yillarda bu bir degisim
icindedir. Laktoz permeaz enzim eksikligi E. coli'de artik
¢ok sik goriilen bir durum olmaktadir (Gajdacs ve ark.
2020; Pinto ve ark. 2021). Gajdacs ve ark. (2020) 4 yil
boyunca tiriner sistem enfeksiyonlarindan izole ettikleri E.
coli’ lerde lac- 6zellik gosteren suslarin lac+ 6zellige sahip
suslardan sayica daha fazla oldugunu bildirmislerdir.
Asembe ve ark. (2018) klinik olarak tavuklardan izole
ettikleri bakterilerin %55’ini E. coli ve %44’inii “non
lactose fermenter” laktozu fermente edemeyen bakteriler
olarak tanimlamistir. Baska bir calismada ise tavuk
etinden izole edilen bakterilerde %86 oraninda lac+
bakteri izole edilmis ve bu bakteriler E. coli, Klebsiella spp,
Citrobacter spp. olarak tanimlanmistir. Geriye kalan
%14’lik kisim lac- bakteriler Salmonella spp. ve Shigella
spp. olarak rapor edilmistir (Qader ve ark. 2019). Bu
calismada 96 Ornekten 27 lac- o6zellikli bakteri izole
edilmis ve 20’si E. coli, 40 E. fergusonii ve 1’er izolat ise P.
fulva, A. media ve S. marcescens olarak tanimlanmistir. Bu
arastirmada bakteri tamimlamasi MALDI TOF MS ile
yliksek  spektrumla gergeklestirilmistir.  Geleneksel
yontemlerle bakteri tanimlanmasi nispeten pahali ve
zaman alan islemler igcermesi nedeniyle, son yillarda
MALDI TOF MS ile bakteri tanimlamasi oldukca
yayginlasmaktadir. MALDI TOF MS 10 yili agkin bir siiredir
mikrobiyoloji rutininde kullanilmaktadir ve 6zellikle son 5
yildir dogruluk ile maliyet acgisindan neredeyse
biyokimyasal testlerin yerini almistir. Ayrica klinik
arastirmalarda yiiksek verim, hassasiyet ve spesifik
uygulamalara da olanak tanimaktadir (Burckhardt ve
Zimmermann 2018; Clark ve ark. 2018; Topi¢ Popovi¢ ve
ark. 2021).

Tavuklardan izole edilen bakterilerin tanimlanmasi ve
antibiyotik diren¢ profillerinin belirlenmesi olduk¢a
o6nemli bir arastirma alanidir. Ciinkii tavuk isletmeciligi ya
da kdy tavukculugu insan gelirinin ve beslenmesinin
iyilestirilmesinde dnemli bir rol oynamaktadir. Ancak buna
ragmen koy tavukeulugu ile ilgili arastirmalar ihmal
edilmektedir (Giingérdl ve Celen, 2018). Siirdiiriilebilir
bir yasam ve optimal sagliga ulasmak i¢in yerel, bolgesel,
ulusal ve kiiresel diizeylerde faaliyet gosteren hayvanlarin,
bitkilerin ve onlarin ortak ekosisteminin diizenli olarak
arastirilmasi gerekmektedir. Bu sebeple bu ¢calismada koy
tipi tavuklarda antibiyotik direnci arastirilmigtir. Ciinki
gida-tarim ve hayvancilik sektdériinde verim artis1 ve
enfeksiydz hastaliklarin dnlenmesi i¢in siklikla antibiyotik
kullanimi s6z konusudur (Riiegg ve ark. 2018; Delesalle ve
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ark. 2022). Antibiyotikler bir yandan fayda saglarken bir
yandan da gida giivenligi ve insan sagligi agisindan biiytik
risk olusturmaktadir. Bazi uzmanlar tarafindan 2050
yilinda kadar antibiyotik direnciyle iligkili her yil 10
milyon 6liimiin olacag tahmin edilmektedir (Tian ve ark.
2021). Bu c¢alismada laktozu fermente edemeyen
mikroorganizmalar tanimlanarak diren¢ karakterleri
belirlenmistir. Buna gore izolatlarin 23’iinde (%85.18) test
edilen 19 farkl antibiyotikten en az 1 antibiyotige karsi
direng¢ gorilmiistiir. Ayrica 17 izolatta (%63) ¢oklu ilag
direncine rastlanmistir. Bu oranin oldukga yiiksek oldugu
diisiiniilmektedir.  Ciinkii ornekler ticari ciftliklerden
toplanmamis, test materyal kaynagi olarak geleneksel tip
kéy tavuklar1 se¢ilmistir. Bu tavuklar herhangi 6zel bir
vitamin, antibiyotik ve benzeri bir takviye almamaktadir.
Dolayisiyla ticari tavuk ciftliklerinden alinan 6rneklerde bu
oran daha da yiiksek olabilmektedir. Onceki bir calismada
tavuk diskilarindan (ticari tavuk ciftliklerinden toplanmis)
izole edilen E. coli'lerde %100 oraninda c¢oklu ilag
direncine rastlanmistir (Al-Azad ve ark. 2019). Diger bir
calismada Salmonella serovarlari i¢in bu ¢oklu ila¢ direnci
orani %89.51 olarak bildirilmistir (Sahan ve ark. 2016).
Genel olarak antimikrobiyal ajana maruz kalan
bakterilerde bir silire sonra farkli mekanizmalarla
gerceklesen bir diren¢ gozlenmektedir. Bu direngler
ekzojen genlerle veya kromozomal mutasyonlarla
edinilmektedir. Ancak bakteriler bu genleri horizontal ve
vertikal olarak tiirler arasi yayabilmektedir (Read ve
Woods, 2014; Andersson ve ark., 2020). Dolayisiyla direng
gelisimi icin antibiyotige maruz kalmak zaruri bir durum
degildir. Bu sebeple bu ¢alismada kdy tavuklarindan elde
edilen izolatlarda goriilen yiiksek antibiyotik direnci
“olas1” bir durum olarak degerlendirilmistir. Zaten tavuk
ciftlikleri ve tavuklarin yasam alanlar1 ¢ogunlukla
antimikrobiyal direngli bakteriler ve diren¢ genleri
yoniinden bir rezervuar olarak nitelendirilmektedir (Wang
ve ark, 2021). Musa ve ark. (2020) calismasinda GSBL
tireten Salmonella spp varligini rapor etmis ve ticari tavuk
eti Uriinleri ile antibiyotik kullanilmayan geleneksel tip
tavuklardan elde edilen iirlinler arasinda GSBL genleri
yoniinden bir fark olmadigini vurgulamistir. Yapilan diger
bir ¢alismada Simmons ve ark (2016) farkh ciftliklerdeki
broylerden 245 E. fergusonii izolati elde etmis ve
izolatlarin hepsinin meropenem ve siprofloksasin duyarl
oldugunu bildirmislerdir. Aynm1 ¢alismada E. fergusonii
izolatlarinin sirayla en yiiksek diren¢ oranlarini ampisilin
(75.1%), streptomisin (62.9%) ve tetrasiklin (57.1%)
seklinde bulmuglardir. Gergeklestirilen bu ¢alismada
sadece 4 farkl E. fergusonii izolati elde edilmis ve 3 tanesi
11 farkli antibiyotige karsi bir ya da birden fazla direng
gostermistir. Bu c¢alismadaki E. fergusonii izolatlarinin
tetrasiklin, streptomisin, siprofloksasin, ofloksasin ve
nalidiksik asit direnci tiir icinde %75 olarak tespit
edilmistir. Simmons ve ark (2016)'nin ¢alismasina benzer
sekilde, bu calismadaki E. fergosonii ve diger tiim
izolatlarin hi¢birinde meropenem ve imipenem direncine
rastlanmamistir. Bunun nedeni karbapenemlere direncin
diger antibiyotiklere gore daha az rastlanir olmasi olabilir.
Ciinkii karbapenemaz varligi digerlerine gore daha az
rapor edilmekte; ancak yapilan insan klinik ¢alismalari,
gecen zamanda bir onceki yillara gore artis oldugunu
vurgulamaktadir (Timtiirk ve ark. 2019; Karamanlioglu ve
ark. 2019; Telli 2022). Ayni durumu vurgulayan hayvansal
kaynakli ¢alismalarda bulunmaktadir (Bonardi ve Pitino
2019; llyas ve ark. 2021). Bu durum gelecek icin endise
yaratmakta ve karbapenem direncinin siklikla monitorize
edilmesi gerektigini dislindiirmektedir. Ayrica bu
calismada fenotip ve genotip olarak karbapenem
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direncinin gorilmemesi olumlu bir sonu¢ olarak
degerlendirilmistir.

Gergeklestirilen bu ¢alismada beta laktamaz taramasi tiim
izolatlar icin yapilmis ancak fenotip testi pozitif olarak
degerlendirilen tek izolat P. fulva olmustur. Bu sebeple P.
fulva i¢cin PCR protokolleri uygulanmis ve blacrxm geni
ihtiva ettigi goriilmistiir. Zaten GSBL’lerin ¢ogu Ambler
sinif A'ya aittir ve ana enzimden CTX-M, SHV, TEM ve
tirevleri (SHV-1,SHV-2, TEM-1, CTX-M-1, CTX-M-15 gibi)
genler sorumludur. Ozellikle CTX-M ve CTX-Ms (CTX-M
tiirevleri) Enterobacteriaceae ailesinde olduk¢a yaygin
olarak bulunmaktadir (Peirano ve Pitout 2019). Yapilan
epidemiyolojik c¢alismalar cografi farklliklara ragmen
diinyada 6zellikle hayvansal gida kaynakl izolatlarda CTX-
M varyantlarinin yaygin oldugunu gostermektedir
(Cormier ve ark. 2019; Uyanik 2022). Ayrica beta laktam
antibiyotiklerin yaygin kullanimi nedeni ile bakterilerde
bu direncin belirlenmesi oldukea ilgi cekici olmaktadir
(Maus ve ark. 2020). Bu ¢alismada E. coli’'lerde beta laktam
direncinin goérilmemesi olumlu bir sonug¢ olmakla birlikte,
bu durum sasirtici bir sonug olarak yorumlanmistir. Clinkii
¢iftlik hayvanlarindan izole edilen E. coli suslarinda siklikla
beta laktam direnci rapor edilmektedir (Dahms ve ark.
2015). Feng ve ark. (2018) ¢calismalarinda %22,9 oraninda
GSBL E. coli oldugunu bildirmistir. Yapilan diger
calismalarda bu oran %90’a kadar varabilmektedir
(Cormier ve ark. 2019; Fournier ve ark. 2020). Bunun
disinda bu ¢alismada P. fulva fenotip olarak AmpC pozitif
olmasina ragmen CIT geni yoniinden PCR bulgular1 negatif
cikmistir. Bunun nedeni olarak diren¢ten sorumlu bir
baska gen ihtivasi olabilecegi diistiniilmistiir. Clinkii son
yillarda plazmid aracili AmpC i¢in CMY, DHA, MOX, FOX,
EBC ve ACC gibi bircok gen bildirilmistir. Hatta DHA-1,
CMY-1 ve CMY-2 ve benzeri alt varyantlar da
bildirilmektedir (Pietsch ve ark. 2018; Oikarainen ve ark.
2019; Carvalho ve ark. 2021).

Sonug olarak bu ¢alismadan elde edilen izolatlarda yiiksek
antibiyotik direnci goriilmiistiir. Coklu antibiyotik direng
oram sadece fenotip olarak degerlendirilmistir. ileriki
calismalarda direnglerden sorumlu genlerin arastirilmasi
yararli olabilir. Diger yandan beta laktamaz ihtivasi
fenotipik ve genotipik olarak arastirilmistir. Buna gore
sadece tek bir izolatin pozitif olmasi sevindirici olsa da
hayvan-gevre-insan etkilesimi ele alindiginda, mevcut
durumun diren¢ dagilimi yoniinden stirekli izlenmesi
gerektigi diisiiniilmektedir. Diren¢ gelisiminin bakteriler
arasinda siirekli degisim halinde oldugu unutulmamahdir.

CIKAR CATISMASI

Herhangi bir ¢ikar ¢atismasi bulunmamaktadir.

TESEKKUR VE BiLGILENDIRME

Cahgmada MALDI TOF-MS analizleri T.C. Saglik Bakanlig
Halk Saglig1 Genel Miidiirliigiinde yapilmistir. Analize katki
saglayan Yasemin Numanoglu Cevik’e ve 6rnek toplanmasi
sirasinda katki saglayan Veteriner Hekim Ars. Gor. Ayse
Ilgin Keke¢'e tesekkiir ederim.

YAZAR KATKILARI

Fikir/Kavram: NS
Denetleme/Danigmanlik: NS
Veri Toplama ve/veya Isleme: NS
Analiz ve/veya Yorum: NS
Makalenin Yazimi: NS

Elestirel inceleme: NS



[Tavuk Kloakasindan izole Edilen Bakterilerin GCoklu Antibiyotik Direnc Profilleri]

Van VetJ, 2023, 34 (1) 7-13

KAYNAKLAR

Al Azad MA R, Rahman M M, Amin R et al. (2019). Susceptibility and
multidrug resistance patterns of Escherichia coli isolated from cloacal
swabs of live broiler chickens in Bangladesh. Pathogens, 8 (3), 118.

Andersson D I, Balaban N Q, Baquero F (2020). Antibiotic resistance:
turning evolutionary principles into clinical reality. FEMS Microbiol
Rev, 44 (2),171-188.

Asambe A, Babashani M, Salisu US (2018). In vitro comparative activity
of ciprofloxacin and enrofloxacin against clinical isolates from chickens
in Benue State, Nigeria. Nigerian Vet ], 39 (3), 199-208.

Babacan O, Karadeniz H. (2019). Cig tavuk etlerinden izole edilen
Salmonella spp. suslarinin antibiyotik duyarhliklarinin arastirilmasi.
Vet Hekim Der Derg, 90 (2), 105-114.

Bayraktar E, Sekeroglu A, Duman M (2019). Artvin ilinde farkh
rakimlarda koy tavukeulugu yapan isletmelerin kiimes ve tercih edilen
kanathnin  6zellikleri ile hastaliklara yaklasim durumlarinin
belirlenmesi. In Congress Book, 4th International Anatolian Agriculture,
Food, Environment and Biology Congress-2019 (p. 292).

Bonardi S, Pitino R (2019). Carbapenemase-producing bacteria in food-
producing animals, wildlife and environment: A challenge for human
health. Ital ] Food Saf, 8 (2), 77-92.

Burckhardt I, Zimmermann S (2018). Susceptibility testing of bacteria
using MALDI-TOF mass spectrometry. Front Microbiol, 9, 1744.

Carvalho I, Safia Chenouf N, Cunha R et al. (2021). Antimicrobial
resistance genes and diversity of clones among ESBL-and acquired
AmpC-producing Escherichia coli isolated from fecal samples of healthy
and sick cats in Portugal. Antibiotics, 10 (3), 262.

Clark CM, Costa MS, Sanchez LM, Murphy BT (2018). Coupling MALDI-
TOF mass spectrometry protein and specialized metabolite analyses to
rapidly discriminate bacterial function. Proc Natl Acad Sci USA, 115
(19):4981-4986.

CLSI (2018). M100S 28th Edition. Wayne, PA:Quinn PJ, Carter ME, Markey
B, Carter GR. Clinical Veterinary Microbiology. London: Wolfe
Publishing; 1994. p. 42-126.

CLSI (2019). Performance Standards for Antimicrobial Susceptibility
Testing. 29th ed. CLSI supplement M100. Wayne, PA ABD.

CLSI (2020). Performance Standards for Antimicrobial Disk and Dilution
Susceptibility Test for Bacteria Isolated from Animals; Approved
Standard Document 5th ed. CLSI supplement VETO01S.

Cormier A, Zhang PL, Chalmers G (2019). Diversity of CTX-M-positive
Escherichia coli recovered from animals in Canada. Vet Microbiol, 231,
71-75.

Dahms C, Hiibner N O, Kossow A et al. (2015). Occurrence of ESBL-
producing Escherichia coli in livestock and farm workers in
Mecklenburg-Western Pomerania, Germany. PloS one, 10 (11),
e0143326.

de Jong A, Simjee S, El Garch F et al. (2018). Antimicrobial susceptibility
of enterococci recovered from healthy cattle, pigs and chickens in nine
EU countries (EASSA Study) to critically important antibiotics. Vet
Microbiol, 216, 168-175.

Delesalle L, Sadoine M L, Mediouni S et al. (2022). How are large-scale
One Health initiatives targeting infectious diseases and antimicrobial
resistance evaluated? A scoping review. One Health, 100380.

Fournier C, Aires-de-Sousa M, Nordmann P, Poirel L. (2020).
Occurrence of CTX-M-15-and MCR-1-producing Enterobacterales in
pigs in Portugal: Evidence of direct links with antibiotic selective
pressure. Int ] Antimicrob Agents, 55 (2), 105802.

Gajdacs M, Abrék M, Lazar A, Burian K (2020). Differential epidemiology
and antibiotic resistance of lactose-fermenting and non-fermenting
Escherichia coli: Is it just a matter of taste? Biologia Futura, 71 (1), 175-
182.

Giingordii, S, Celen M F (2018). Batman ili kéy tavuk¢ulugunun durumu.
Batman Univ Yasam Bilim Derg, 8 (2/2), 37-59.

Hedman H D, Vasco KA, Zhang L (2020). A review of antimicrobial
resistance in poultry farming within low-resource settings. Animals, 10
(8), 1264.

Ilyas S, Rasool M H, Arshed M | et al. (2021). The Escherichia coli
sequence type 131 harboring extended-spectrum beta-lactamases and
carbapenemases genes from poultry birds. Infect Drug Resist, 14, 805.

Jung H, Pitout ] D, Mitton B C et al. (2021). Evaluation of the rapid
ResaPolymyxin Acinetobacter/Pseudomonas NP test for rapid colistin
resistance detection in lactose non-fermenting Gram-negative bacteria.
J Med Microbiol, 70 (6),001373.

Karamanhoglu D, Aysert-Yildiz P, Kaya M, Sar1t N (2019). idrar
kiiltiirlerinden izole edilen enterik bakterilerde genislemis spektrumlu
B-laktamaz olusturma sikhgi ve antibiyotik duyarhliklari. Klimik
Derg, 32 (3), 233-9.

Kirtil HE, Metin B, Arict M (2020). Peynir kiifii olarak Penicillium
roqueforti'nin taksonomisi, morfolojik, genetik ve metabolik 6zellikleri.
The ] of Food, 45 (6) :1188-1200.

Maheux AF, Brodeur S, Bérubé E et al. (2018). Method for isolation of
both lactose-fermenting and-non-fermenting Escherichia albertii
strains from stool samples. ] Microbiol Methods, 154, 134-140.

Maus A, Bisha B, Fagerquist C, Basile F. (2020). Detection and
identification of a protein biomarker in antibiotic-resistant Escherichia
coli using intact protein LC offline MALDI-MS and MS/MS. ] Appl
Microbiol, 128 (3), 697-709.

Musa L, Casagrande Proietti P, Branciari R et al. (2020). Antimicrobial
susceptibility of Escherichia coli and ESBL-producing Escherichia coli
diffusion in conventional, organic and antibiotic-free meat chickens at
slaughter. Animals, 10 (7), 1215.

Oikarainen PE, Pohjola LK, Pietola ES, Heikinheimo A (2019). Direct
vertical transmission of ESBL/pAmpC-producing Escherichia coli
limited in poultry production pyramid. Vet Microbiol, 231, 100-106.

Peirano G, Pitout JD (2019). Extended-spectrum B-lactamase-producing
Enterobacteriaceae: update on molecular epidemiology and treatment
options. Drugs, 79 (14), 1529-1541.

Pietsch M, Irrgang A, Roschanski N(2018). Whole genome analyses of
CMY-2-producing Escherichia coli isolates from humans, animals and
food in Germany. BMC Genom, 19, 601.

Pinto C, Melo-Miranda R, Gordo I, Sousa A (2021). The selective
advantage of the lac operon for Escherichia coli is conditional on diet
and microbiota composition. Front Microbiol, 12.

Prestinaci F, Pezzotti P, Pantosti A (2015). “Antimicrobial resistance: a
global multifaceted phenomenon”, Pathog Glob Health, 109 (7), 309-
318.

Qader M B A, AlKhafaji M H (2019). Detection of bacterial contamination
of imported chicken meat in Iragq. Iraqi ] Sci, 60 (9), 1957-1966.

Read AF, Woods R] (2014). Antibiotic resistance management. Evol Med
Public Health, 2014 (1), 147.

Riiegg S R, Nielsen L R, Buttigieg S C (2018). A systems approach to
evaluate One Health initiatives. Front Vet Sci, 5, 23.

Simmons K, Islam M R, Rempel H et al. (2016). Antimicrobial resistance
of Escherichia fergusonii isolated from broiler chickens. J of Food Prot,
79 (6), 929-938.

Singh A, Chhabra D, Sharda R et al. (2019). Antibiotic resistance in E. coli
isolated from poultry. Int ] Curr Microbiol Appl Sci, 8 (10), 89-94.

Sipahi N, Karakaya E, Ikiz S (2019). Phenotypic and genotypic
investigation of the heavy metal resistance in Escherichia coli isolates
recovered from cattle stool samples. Turkish | Vet Anim Sci, 43 (5), 684-
691.

Sun H (2022). Equilibrium properties of E. coli lactose permease
symport—A random-walk model approach. PloS One, 17(2), e0263286.

Sahan O, Aral E M, Aden M A, et al. (2016). Tiirkiye'deki broyler tavuk
isletmelerinden izole edilen Salmonella serovarlarinin antimikrobiyel
direng durumu. Ankara Univ Vet Fak Derg, 63 (1), 1-6.

Tarimsal Ekonomi ve Politika Gelistirme Enstitiisii (TEPGE) (2022).
Durum ve Tahmin Kiimes Hayvanciligy, TEPGE Yayinlari, Haziran 2022,
352.

Telli M (2022). Klebsiella pneumoniae Klinik Suslarinda, 2012-2020 Yillar1
Arasinda Karbapenem Diren¢ Oranlarindaki Degisimin ve Direng
Genlerinin Aragtirilmasi. Tiirk Mikrobiyol Cem Derg, 95.

Tian M, He X, Feng Y et al. (2021). Pollution by antibiotics and
antimicrobial resistance in livestock and poultry manure in China, and
countermeasures. Antibiotics, 10 (5), 539.

Topi¢ Popovi¢ N, Kazazi¢ S P, Bojani¢ K et al. (2021). Sample
preparation and culture condition effects on MALDI-TOF MS
identification of bacteria: A review. Mass Spectrom Rev, 2021, 1-15.

Tiimtiirk A, Tezer Tekce AY, $anal L (2019). Nozokomiyal infeksiyon
etkeni Gram negatif bakterilerde karbapenem direng oranlart: Ugiincii
basamak bir hastaneden retrospektif bir ¢alisma. Ortadogu Tip Derg,
422-426.

Uyanik T (2022). Samsun ilindeki Hastane Kantinlerinde Satisa Sunulan
Tiiketime Hazir Sandviglerde Genislemis Spektrumlu Beta-Laktamaz
Ureten Escherichia coli Varliginin Arastirilmasi. Erciyes Univ Vet Fak
Derg, 19 (1), 37-42.

Wallace M J, Fishbein S R S, Dantas G (2020). Antimicrobial resistance in
enteric bacteria: current state and next-generation solutions. Gut
Microbes, 12 (1), 1799654.

Wang Y, Lyu N, Liu F et al. (2021). More diversified antibiotic resistance
genes in chickens and workers of the live poultry markets. Environ
Int, 153,106534.

Wilson G, McCabe D (2007). The use of antibiotic-containing agars for the
isolation of extended-spectrum (-lactamase-producing organisms in
intensive care units. Clin Microbiol Infect, 13 (4), 451-453.

13



Van Vet ], 2023, 34 (1) 14-17

e VAN VETERINARY
JOURNAL

Van Veterinary Journal

https://dergipark.org.tr/tr/pub/vanvetj

Cite this article as: Saglam K, Diiz E (2023). Measurement of Tear Production in Van Cats with the Phenol Red Thread ——!
Test. Van Vet ], 34 (1), 14-17. DOI: https://doi.org/10.36483 /vanvetj.1191721 g

ISSN: 2149-3359 Original Article e-ISSN: 2149-8644

Measurement of Tear Production in Van Cats with the Phenol Red Thread Test

Kamil SAGLAM®*® Erkan DUZz2

1 Ondokuz Mayis University, Faculty of Veterinary Medicine, Department of Surgery, 55139, Samsun, Tiirkiye
2 Van Yuzuncu Yil University, Gevas Vocational School, Veterinary Department, 65080, Van, Tiirkiye

Received: 20.10.2022 Accepted: 21.12.2022

ABSTRACT The aim of this study is to determine normal tear secretion levels in healthy Van cats by PRT test and to
investigate the relationship between tear level and gender and age. Twenty adult Van cats, who were brought
to the clinic and found to be healthy after examination, were included in the study. These cats were tested
without the use of any medicine. The cats who took part in the experiment ranged in age from two to five
years, with a mean age of 3.25+£1.07. There were 12 female cats and 8 male cats in the group. Commercial kits
were utilized for the testing. The mean PRT value for the Van cat was determined as 12.3+1.895 (9-18)
mm/15 sec. Males had a mean of 11.875+1.246 (10-13) mm/15 sec. and females had a mean of 12.583+2.234
(9-18) mm/15 sec. There was no statistically significant difference in the mean of males and females in the
group and no difference as age increased (p>0.05). In conclusion, the PRT test findings in this study can be
used as reference values in the diagnosis of eye diseases affecting the tear production ability of Van cats.

Keywords: PRT test, Tear production, Van cats.

0z Van Kedilerinde Gozyas1 Uretiminin Fenol Kirmizis1 Emdirilmis iplik Testi ile
Olgiilmesi
Bu c¢alismanin amaci, saglikli Van kedilerinde normal gozyasi salgl diizeylerinin PRT testi ile belirlenmesi ve
gozyasi diizeyi ile cinsiyet ve yas arasindaki iliskinin arastirilmasidir. Calismada klinige getirilen ve muayene
sonrasi saglikli olduguna karar verilen yirmi eriskin Van kedisi yer aldi. Bu kedilerde herhangi bir ilag
kullanilmadan test edilmistir. Deneye katilan kedilerin yaslar1 iki ile bes yil arasinda degismekte olup,
ortalama yas 3.25+1.07’dir. Grupta 12 disi ve 8 erkek kedi vardi. Test icin ticari kitler kullanildi. Van kedisi
icin ortalama PRT degeri 12.3+1.895 (9-18) mm/15 sn olarak belirlendi. Erkeklerde ortalama 11.875+1.246
(10-13) mm/15 sn. disilerde ise ortalama 12.583+2.234 (9-18) mm/15 sn. olarak olgtldi. Grupta disi ve
erkek ortalamalari arasinda istatistiksel olarak anlamli bir fark bulunmadi ve yas arttikca fark yoktu (p>0.05).
Sonug olarak, bu ¢alismadaki PRT testi bulgulari Van kedilerinin gbzyas: liretme kabiliyetini etkileyen goz
hastaliklarinin tanisinda referans deger olarak kullanilabilir.

Anahtar Kelimeler: Gézyas tiretimi, PRT test, Van kedileri.

important diagnostic tool (Piccione et al. 2008). It has been
reported that the breed variable influences tear secretion
of animals, and that even when the same tests are used, the
results obtained differ depending on the breed (Saito and
Kotani 2001; Alkan 2004b; Kulualp 2019). KCS is typically

INTRODUCTION

The PRT test has been used to define and publish normal
PRT reference values in various animals (Biricik et al
2003; Alkan et al. 2004a; Kili¢ and Kulualp 2012; Gilgers

2017; Kulualp et al. 2019) and humans (Ghislandi and
Lima 2016). In Turkey, the Van cat breed is legally
protected, and it is one of the well-known breeds. It is a
native breed of eastern Turkey's Van Lake region. It has
white coat and golden or blue eyes. Van cats sometimes
have different colored eyes (Ates 2000).

Adequate tear secretion is required for the maintenance of
eye health. A decrease in the amount of tear is defined as
dry eye or keratoconjunctivitis sicca (KCS) and is corneal
and conjunctival inflammation (Martin 2010). When dry
eye is suspected, measuring the quantity of tears is an

diagnosed due to clinical changes, and Schirmer tear test
(STT) levels. When clinically misdiagnosed as KCS, it can
lead to more severe eye damage (Alkan et al. 2004a). As a
result, full ocular and clinical findings are sometimes used
for determining primary reason for KCS, while
hematological work or different manipulations may be
required to provide a definitive diagnosis (Maggs et al.
2017).

Dry eye is formed by several conditions, and it is a
condition with multiple causes and occurs in species

*Corresponding author: kamil.saglam@omu.edu.tr
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where appropriate test intervals are unknown, diagnosing
dry eye is often challenging and complex (Moor et al. 2009;
Selk Ghaffari et al. 2017).

Several methods are useful to measure the decrease in tear
production that causes dry eye. The Schirmer tear test
(STT) is the most commonly used of these (Collins et al.
1994; Kaswan et al. 1995). The Schirmer test has
drawbacks as varying healthy levels between species,
taking a long time to administer, and causing negative eye
influence due to the big test strip (Ghishlandi and Lima
2016). For these reasons, the phenol red impregnated
cotton yarn test (PRT) was created as different method to
STT (Biricik et al. 2003). The PRT test has the advantage
of stimulating low-grade reflex tears in a short period of
time as 15 seconds. A 75 mm long thread with a 3 mm
twist at one end is impregnated with phenol red, a pH
indicator, for the PRT test. For 15 seconds, the thread is
inserted into the conjunctival fornix (Hamano et al. 1983;
Saito and Kotani 2001).

There was no study that examined the amount of tear
production specific to Van cats in the literature review.
The aim of this study is to determine normal tear secretion
levels in healthy Van cats by PRT test and to investigate
the relationship between tear level and gender and age.

MATERIAL AND METHODS

Ethical approval for this study was obtained from Van
Yuzuncu Yil University Animal Experiments Ethical Board
on 11.01.2022 with the number 2755.2122-604.01.02-
2630. This study included 20 healthy Van cats, 8 male and
12 females, aged 2 to 5 years, coming to the veterinary
clinic. Clinical examination of the cats revealed no systemic
or eye disorders. A helper manually restrained the cats.
Aggressive cats were excluded from the study. The study
did not use of any sedatives or anesthetics. The same
researcher and an assistant carried out all tests in August
and September, between 12-15 pm, at 25-30 °C air
temperature and 20-30% humidity. The test eye was
chosen at random (Oria et al. 2015). The test used sterile
cotton threads of 75 mm length that had been treated with
phenol red and had folded ends of 3 mm (Zone-Quick;
AYUMI Pharmaceutical Corp. Tokyo, Japan).

Each cat's eyelids were opened with the fingers for the
measurement, and the PRT test thread was inserted into
the lateral fornix of the lower eyelid at a distance of
around one third (Figure 1). After waiting for 15 seconds
for the thread to become wet with tears, it was removed.
With the aid of the millimetric ruler on the yarns'
packaging, the yellow of the phenol red-impregnated yarn
and the wet region, which turns orange red due to the
effects of slightly alkaline tears, were measured
immediately (Sebbag et al. 2015).

Table 1. PRT and age comparisons by gender.

——
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Figure 1. Measurement of tear secretion in a Van cat using
a PRT test thread.

Statistical Analysis

IBM SPSS for Windows, ver. 23 was used to analyze the
study's data. The Shapiro Wilk test was used to determine
whether the data followed the normal distribution. Power
analysis of the data was performed. To compare PRT
values that did not exhibit a normal distribution by gender,
the Mann Whitney U test was performed. The association
between advancing age and PRT levels was investigated
using the Spearman correlation coefficient, one of the non-
parametric techniques. The threshold for significance was
set at p<0.05. The descriptive statistics of the mean
amount of tear production in the study group and the
standard deviation of the mean were calculated. The group
means were calculated, and the correlation between PRT
values and gender and age was assessed.

RESULTS

The PRT values in the study are given Table 1. Group mean
tear PRT value for healthy Van cats was determined as
12.3+1.895 (9-18) mm/15 sec. According to gender, the
mean value was 12.583+2.234 (9-18) mm/15 sec. in
females and 11.875+1.246 (10-13) mm/15 sec. in males.
The group's average age was found to be 3.25 +1.07. Males
had a mean age of 3.125+1.246 while females had a mean
age of 3.333+0.985.

Median

Median Median

Meant SD. . Mean*SD. . Meanz SD. . p*
(min-max) (min-max) (min-max)
PRT
(mm/15seq) 12.583+£2.234  12(9-18) 11.875:+1.246 12(10-13) 123+1895 12(9-18) 0577
Age 3.333 £ 0.985 3(2-5) 3.125+1246  3(2-5) 3.25+1.07 3(2-5) 0.512

Female (n=12)

Male (n=8)

Total (n=20)

15
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There was no statistically significant difference in PRT
median values based on gender (p=0.577). Males had a
median value of 12 while females also had a median value
of 12 (p=0.577). Similarly, no statistical difference in
median age values was found (p=0.512). Males had a
median age of three, while females also had a median age
of three.

When the relationship between age and PRT was tested
using Spearman rank correlation, it was found that there
was no statistically significant relationship (r=0.045;
p=0.852). In females, the relationship between age and
PRT was r=-0.123, while in males, the relationship was
r=0.069. Both of these values were not statistically
significant (p values of 0.702 and 0.871, respectively).

As a result of the PRT test, the normal amount of tear
production and reference range in healthy Van cats were
determined. In conclusion, the PRT test findings in this
study can be used as reference values in the diagnosis of
eye diseases affecting the tear production ability of Van
cats.
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DISCUSSION AND CONCLUSION

Many researchers have reported average PRT values in
healthy cats (Brown et al. 1997; Oria et al. 2015; Sebbag et
al. 2015). Age, gender, race, lacrimal system diseases,
topical and systemic drugs, stress, environmental
temperature, and humidity can all have an impact on tear
secretion (Beech et al. 2003; Margadant et al. 2003;
Piccione et al. 2008; Ghaffari et al. 2010, Ghaffari et al.
2012; Maggs et al. 2017; Dedousi et al. 2019). It has been
reported that the stress of ophthalmic evaluation
manipulation in cats can result in disorders that reduce
tear production (Ghaffari et al 2012). The short duration of
the PRT test and the minimal discomfort it causes are
regarded as significant advantages (Hamano et al. 1983;
Ghislandi and Lima 2016). Some authors reported the
mean amount of tear production in cats by PRT as follows:
Maggs et al. 2017 reported it as 23 mm/15 sec, Oria et al.
2015 as 27.95%4.79 (26.49 - 29.41) mm/15 sec, Sebbag et
al. 2015 as 29 mm/15 (15-37) mm/15 sec, and Brown M.
etal. 1997 as 23.04+2.23 mm/15 sec. In the present study,
the mean amount of tear produced in healthy Van cats was
determined as 12.3+1.895 (9-18) mm/15 sec by PRT test.
The normal amount of tears produced in healthy Van cats
is quite low compared to previous studies. Because the
study was conducted on hot summer days, it could have
been influenced by seasonal environmental conditions.

Dry eye has been reported to occur in advanced ages in
humans and dogs (Barnett 1988; Vashisht and Singh 2011;
Ghishlandi and Lima 2016; Rajaei et al. 2019). In their
Schirmer tear test (STT) study, Sendhas et al. reported
similar results in elderly cats (Sandhas et al. 2018). In this
study, the relationship between increasing age and PRT
was not statistically significant in either males or females
(p values 0.702 and 0.871, respectively). Because of the
young age of the Van cats in the study, it was thought that
age-related dry eye had not yet occurred.

Rajaei et al. 2019, found no relationship between gender
and tear production in their study with STT in cats. Gender
did not affect PRT values in cats, according to Sebbag et al.
2015). In this study, there was no statistically significant
difference in mean PRT values by gender between males
and females (p=0.577). Gender-related findings are
consistent with the data provided by the researchers
(Sebbag et al. 2015).

Although PRT has traditionally been based on the principle
that yellow cotton thread turns orange or light red when
wetted with alkaline tears (Hamano et al. 1983), thread
color change in this study was not always very pronounced
and the color change was very slight as reported by Sebbag
et al. 2015. However, wetness could still be detected
(Figure 1).
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ABSTRACT With this study, the determination of three spectra of medium molecular peptides (SMP) in liver tissue can
provide a basis for ideas about the relationship between exogenous and endogenous proteins, the degree of
damage to nucleotides and proteins, and enable certain judgments to be made. The work was carried out on
45 outbred white rats against the background of full-fledged protein-vitamin nutrition and under conditions
of 60% protein deficiency in the diet. The experimental animals were divided into 3 groups, 15 rats in each
group. The first group (Group I) of rats in all subgroups served as controls, kept in a vivarium; rats of the 2nd
group (Group II) received a complete protein-vitamin diet; Group Il received the same diet, but with a 60%
protein (casein) deficiency in the diet. Experimental animals of groups II and III received food for 20, 30 and
40 days. The results of studies on the background of a monthly feeding of animals with a protein-vitamin
complex with a deficiency of 60% protein in the recipe showed that the content of medium molecular
peptides (MMP) fractions at a wavelength of 230 nm significantly increases compared with the control group
and is 124%. The results of these studies indicate that 40-day feeding of animals with a full-fledged protein-
vitamin diet and 60% protein deficiency causes significant changes in the MMP content at 254 and 280 nm
wavelengths, and in the MMP subfractions at 230 nm wavelength, there is a moderate increase in the MMP
subfractions, which is possibly due to the peculiarities of the substitution of the genetic apparatus of
hepatocytes.

Keywords: Liver, Peptides, Protein, Spectrum.

0z Protein Eksikligi Olan Karacigerde Medium Molekiiler Peptitlerin Spektrumlarinin
Ozellikleri

Bu calisma ile karaciger dokusunda medium molekiiler peptitlerin (SMP) ti¢ spektrumunun belirlenmesi,
eksojen ve endojen proteinler arasindaki iliski, niikleotidler ve proteinlere verilen hasarin derecesi hakkinda
fikirler i¢in bir temel olusturabilir ve belirli yargilarda bulunmay1 miimkiin kilabilir. Calisma, protein-vitamin
beslenmesinde diyette %60 kazein eksikliinde 45 beyaz sican iizerinde gergeklestirilmistir. Deney
hayvanlar: her grupta 15 rat olacak sekilde 3 gruba ayrilmistir. Tiim alt gruplardaki ilk sigan grubu (Grup I),
bir vivaryumda tutulan kontrol grubu olarak belirlenmistir. ikinci grubun (Grup II) sicanlarina tam bir
protein-vitamin diyeti verilmistir. Grup III'e ise ayn1 diyet %60 protein (kazein) eksikligi ile uygulanmistir.
Grup II ve IlI'teki deney hayvanlar1 20, 30 ve 40 giin boyunca beslenmistir. %60 protein eksikligi olan bir
protein-vitamin kompleksi ile beslenen hayvanlarin aylik beslenmesi {izerine yapilan ¢alismalarin sonuglari,
230 nm dalga boyundaki medium molekiiler peptitlerin (MMP) fraksiyonlarinin igerigi ile karsilastirildiginda
kontrol grubuna gore bu grupta énemli 6l¢iide %124 oraninda artis gosterdigi belirlenmistir. Bu ¢alismalarin
sonuglari, protein-vitamin diyeti ve %60 protein eksikligi olan hayvanlarin 40 giinliik beslenmesinin, 254 ve
280 nm dalga boylarinda MMP iceriginde ve 230 nm dalga boyunda MMP alt fraksiyonlarinda 6nemli
degisikliklere neden oldugunu goéstermektedir. Muhtemelen hepatositlerin genetik 6zelliklerinden dolay1
MMP alt fraksiyonlarinda orta derecede bir artis s6z konusudur.
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INTRODUCTION

It is no accident that the liver, which affects the metabolic
state of the body, performs a complex digestive function in
the body, physiologists call the liver the laboratory of the
body. In the liver, the main amount of blood plasma
proteins is synthesized - albumin, globulins, blood
coagulation factors (prothrombin, afibrinogen, etc.). In
hepatocytes, glycogen is synthesized and deposited, from
which, with an increase in energy costs (for example,
muscle activity), glucose is formed to maintain a constant
level of its concentration in the blood. This occurs under
the influence of activation of the sympatho-adrenal system
(adrenaline, glucagon). In hepatocytes, fats are also broken
down into fatty acids. The liver has an indirect effect on
metabolism, deactivates intermediate toxic metabolites,
hormones. Protein-peptide hormones are deactivated by
proteinases, steroid-hydroxylases, catecholamines and
monoxidases (Ibragimova et al. 2011)

The liver protects the body from poisonous digestive
products coming from the intestines - indole, phenol,
skatole and from foreign substances. Neutralization of
toxic substances by hepatocytes is carried out due to their
oxidation. The restoration of the connection with
glucuronic and sulfuric acids, glycine and glutamine, leads
to the formation of non-toxic products. When deamination
of intermediate products of protein metabolism in
hepatocytes, toxic ammonia is formed, which is inactivated
due to the synthesis of urea from it, etc. (Tkachenko 2005).

Currently, it is believed that 80% of SMP are products of
protein metabolism disorders, and an increase in the
content during restorative-destructive processes is
associated with enhanced proteolysis (Bergstom and Turst
1983; Drukker et al. 2012). It is possible that individual
fractions of polypeptides of this group are the products of
the vital activity of bacteria and viruses, and the spectra of
SMP obtained during the biodegradation of fibrinogen,
albumin, a2 -macroglobulin, and other proteins have a
structure similar to known bioregulators: angiotensin,
bradicanin, enkephalin, etc. (Jornvalin et al. 1981). In
recent years, neurobiology has developed an
understanding of the important role of relatively low and
medium molecular weight peptides in processes specific to
the central nervous system (CNS), such as learning,
memory, emotional behavior, attitude to pain and in sleep
processes (Koroleva and Ashmarin 2005).

Our  previous biochemical, morphological and
morphometric studies in various tissues (liver, heart,
kidneys, brain and blood) have shown that protein-free
nutrition causes a significant increase in the content of
lipid peroxidation products (LPO) and SMP, a decrease in
live weight and organ weight, an increase in the organ
index and is accompanied by morphological changes of a
dystrophic nature, i.e. protein-free food has a prooxidant
effect. Protein nutrition, on the other hand, lowers LPO and
SMP, increases live weight and organ weight, lowers the
organ index and leads to morphological changes of a
reparative nature, accompanied by functional hypertrophy
of the cellular elements of internal organs, i.e. has an
antioxidant effect (Kafarova and Askerov 2009).

To date, the biological effect of SMP has been studied in
sufficient detail. Many of them have neurotoxic activity,
inhibit the processes of protein synthesis, are able to
suppress the activity of a number of enzymes, uncouple
the processes of oxidation and phosphorylation, disrupt
the mechanisms of regulation of the synthesis of adenyl
nucleotides, act on phagocytosis, are able to block
receptors of any cell and can interact with components of
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homeostasis systems (Nikonorow et al. 1973). Due to the
presence of peptide bonds and cyclic amino acids in the
structure of the SMP, the content of the SMP can be
established by registering the effect of absorption of
monochromatic ultraviolet light flux caused by it. In this
case, it is possible to isolate three fractions of SMP
molecules: a) bound to nucleic acids (at 230 nm), b) not
containing amino acids - products of incomplete
degradation of proteins, having a toxic effect (at 254 nm),
containing non-toxic aromatic amino acids (mediators,
hormones) (Kafarova and Askerov 2009).

Thus, various fractions of SMP can serve as a basis for
judging the degree of damage to nucleoproteins and
proteins of various tissues of the body, and also allow one
to make certain judgments about the degree of oxidative
modification of protein metabolites in various
compartments of the cells of the body (Nikonorov et al.
1973).

The aim of this work was to study the effect of high-grade
protein-vitamin nutrition and under conditions of 60%
protein deficiency in the composition of the diet specially
prepared for experimental animals according to
Nikonorov's recipe in our modification on the MMP
content in the liver tissue of white rats in within 20, 30 and
40 days (Nikonorov et al. 1973; Oyarzabal et al. 2019; Li et
al. 2022).

MATERIAL AND METHODS

The study protocol was approved by the Azerbaijan
Republic National Committee on Bioethics, Ethics of
Sciences and Technology on the date 28 December 2021
with the decision number 03/21. The work was carried
out on 45 outbred white rats against the background of
full-fledged protein-vitamin nutrition and under
conditions of 60% protein deficiency in the diet. The
experimental animals were divided into 3 groups, 15 rats
in each group. Each group was also subdivided into 3
groups of 5 rats each. The first group of rats in all
subgroups served as controls, kept in a vivarium; rats of
the 2nd group received a complete protein-vitamin diet;
Group 3 received the same diet, but with a 60% casein
deficiency in the diet. Experimental animals of groups II
and III received food for 20, 30 and 40 days.

The content of medium-molecular peptides in the
homogenate of the liver tissue of white rats was
determined by the method of Ermakov at various
wavelengths (230 nm, 254 nm and 280 nm) on a
spectrophotometer (Cary WIN UV NON 21 CFR11,
America) (Ermakova 2006).

The results were expressed in conventional units of optical
density. Statistical processing of the results was carried
out by the method according to the Student's t-test.

RESULTS

As can be seen from Table 1, against the background of 20
daily feeding of experimental animals with a full-fledged
protein-vitamin complex, the content of fractions of MMP
at a wavelength of 230 nm in comparison with control
animals does not change and is 106%. And at 254-280 nm,
the content of MMP tends to increase and is, respectively,
114-116% (p<0.05) compared to the control level. In rats
fed food with 60% protein deficiency in the diet, the
content of MMP fractions at 230nm significantly decreases
to 74% (p<0.5), and at 254nm, the content MMP fractions
is within the normal range, i.e. 100% (p<0.05), at 280 nm
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the content of MMP fractions decreases to 85% (p<0.01)
compared to control animals.

These data indicate that the observed changes in all MMP
subfractions at 20-day feeding of animals with full-value
protein-vitamin and 60% protein deficiency in the diet are
within physiological limits. A significant decrease in the
SMP of subfractions at a wavelength of 230 nm against the
background of 60% protein deficiency in the diet is of a
compensatory nature and is possibly associated with the
detoxic properties of nucleoproteins in the nuclear
apparatus of hepatocytes, and changes at a wavelength of
254 nm in subfractions, changes at the level of the norm of
the MMP indicate that microsomal the level of protein
renewal is not disturbed, and as for a certain significant
decrease (p<0.001) at 280 nm in subfractions of the MMP
to 85% is evidence of the normal course of intracellular
mediator-hormonal regulatory processes in hepatocytes
during these feeding periods of experimental animals.

Thus, with a 20-day high-grade protein-vitamin diet and
under conditions of 60% protein deficiency in the diet,
intracellular protein plasticity is not significantly impaired.
At the same time, first of all, intracellular regulatory
mechanisms of plasticity of protein synthesis are
connected, in particular the content of peripheral and
integral proteins in the membranes of hepatocytes of the
liver of vertebrates (Medvedeva 1993), and there is also
evidence of the important role of exogenously introduced
low molecular weight and medium-molecular peptides in
processes specific to the central nervous system, such as
learning, memory, emotional behavior, attitude to pain and
in sleep processes (Koroleva and Ashmarin 2005). A slight
decrease in the content of SMP in subfractions 230 and
280nm is possibly associated with some disturbance of the
transmembrane transport of proteins and protein
biosynthesis against the background of 60% protein
deficiency in the diet (Tanadenko and Guly 1973).

Based on the analysis of the data obtained, it can be
concluded that 20 days of complete protein-vitamin
nutrition and 60% of protein deficiency in the diet do not
cause significant changes in protein biosynthesis at the
microsomal level of hepatocytes and do not disrupt the
exchange of aromatic amino acids, the synthesis of peptide
hormones and mediators in hepatocytes, but lead to a
moderate activation of nucleoproteins in the nuclei of
hepatocytes, which is in good agreement with the
literature data (Sushkova and Guly 1981).

As can be seen from Table 2, against the background of 30-
day feeding of experimental animals of the 2nd subgroup
with a high-grade protein-vitamin feed, the content of all 3
fractions of medium-molecular peptides at a wavelength of
230nm does not undergo significant changes in
comparison with control animals, which, respectively, is
101%, and the content of 254 nm fractions is reduced to
70% in comparison with the control animals. The MMP
content at 280 nm increases moderately.

The results of these studies indicate that against the
background monthly full-fledged protein-vitamin feeding
of animals the genetic apparatus functions within a
genetically determined program. Therefore, there are no
significant changes in the content of nucleotides. The
observed decrease in the MMP at a wavelength of 254 nm
indicates that no changes are observed in the products of
defective protein breakdown with a toxic effect (amino
acids) for this period of feeding. These data give reason to
conclude that against the background of 30-day feeding of
animals with a protein-vitamin complex, the mechanism of
protein renewal at the microsomal level occurs within

physiological limits, ie. within the physiological
deterministic program.

Moderate increase in aromatic amino acid content, i.e. non-
toxic substances MMP (mediators, hormones) MMP in the
spectrum of 280nm indicates that for this period of
feeding, the inducing effect of exogenously introduced
casein-vitamin nutrition is triggered in the liver tissues.
We observed this natural mechanism in our early
experiments with general starvation (Askerov 1991),
where a phased mobilization of the hypothalamic-insular-
adrenal and thyroid endocrine regulatory systems was
found to mobilize metabolites from various tissues of the
body. It should be noted that we observed this pattern
during protein starvation in the structures of the central
nervous system (Askerov and Akimova 2008). With
prolonged protein starvation, a noticeable increase in the
content of toxic fractions of MMPs was observed, and
against the background of protein nutrition, a noticeable
decrease in toxic fractions of MMPs was observed in
comparison with control animals.

It should be noted one important point in our experiments
against the background of 30 days of feeding, the content
of 254 nm and 280 nm of MMP subfractions in both groups
of experimental animals are within the normal range and
lower in comparison with control animals. This state of
subfractions 254 nm and 280 nm MMP in both groups
indicates that for this period of nutrition, intracellular
protein plasticity and the detoxification mechanism
function within physiological limits. This state of the MMP
can also be explained by the fact that the experimental
animals simultaneously receive the entire set of fat-soluble
and water-soluble vitamins in the feed. Therefore, for this
period of nutrition, almost all intracellular processes
associated with protein and energy plasticity and
detoxification =~ mechanisms  function  within the
physiological limits of the norm, which is in good
agreement with the literature data (Boldyrev et al. 2011;
Fletcher et al. 2018) on the role of carnosine in restorative
and protective processes. In the tissues of the body,
especially in the neurodegenerative processes of the brain.

The results of studies on the background of a monthly
feeding of animals with a protein-vitamin complex with a
deficiency of 60% protein in the recipe showed that the
content of MMP fractions at a wavelength of 230 nm
significantly increases compared with the control group
and is 124%. These data indicate that the genetic
apparatus of hepatocytes senses a protein deficiency in the
diet. Apparently, due to the lack of protein in the body,
hepatocytes by modifying the genetic apparatus of protein
synthesis switches to another level of protein plasticity. If,
with a full-fledged protein diet, the microsomal level of
protein synthesis from the MMP is directed towards
detoxification, then at the level of protein deficiency in the
diet it is directed towards the modification of intermediate
products of protein metabolism and the normalization of
the MMP content. The observed changes in subfractions at
a length of 254 nm showed that the content of MMP is
within the normal range compared to the control animals.
The results obtained indicate that, against the background
of a 60% protein deficiency in the diet, intracellular
protein plasticity is not significantly impaired. These data
show that the products of incomplete breakdown of
proteins, which have a toxic effect, do not exceed the norm.
However, at a wavelength of 280 nm, the content of MMP
fractions significantly decreases, which may be a
consequence of a significant weakening of the inducing
effect on the mediator-hormonal status against the
background of protein deficiency, and intracellular
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adaptive-compensatory mechanisms are compensated by
intracellular protein plasticity of hepatocytes.

As can be seen from Table 3, against the background of 40
daily protein-vitamin feeding of animals of the 3rd
subgroup, the content of MMP subfractions increases to
114.9% in the liver compared to control animals at a
wavelength of 230 nm. In the content of subfractions of
MMP at a wavelength of 254 nm, almost the same
regularity remains. At 280 nm, the content of subfractions
increased significantly and amounted to 180.9% compared
to the control animals. It should be noted that almost the
same pattern persists against the background of protein
deficiency in the recipe, because at 230 nm, the content of
MMP increases (118%), and the content at 254 nm and
280 nm increases to 146.5 and 149.2%, respectively,
compared with control animals.

The results of these studies indicate that 40-day feeding of
animals with a full-fledged protein-vitamin diet and 60%
protein deficiency causes significant changes in the MMP
content at 254 and 280 nm wavelengths, and in the MMP
subfractions at 230nm wavelength, there is a moderate
increase in the MMP subfractions, which is possibly due to
the peculiarities of the substitution of the genetic
apparatus of hepatocytes. This indicates that 40-day
feeding in both groups of experimental animals does not
cause significant changes in the content of MMP, i.e.,
nucleoproteins of the nuclear apparatus of hepatocytes do
not undergo oxidative modification in comparison with

control animals. Thus, the obtained data indicate that that
both types of nutrition contribute to an increase in the
functions of the genetic apparatus within the physiological
norm, i.e., the genetically determined function of
hepatocytes is not disturbed after feeding the animals with
a full-fledged protein-vitamin diet. And as for a more
noticeable increase in the content of subfractions at 254
nm in both types of feeding, an increase in the products of
incomplete breakdown of proteins, which have a toxic
effect within certain limits, ie. 146.5-147% in comparison
with control animals indicate that in the microsomal
apparatus of hepatocytes there are apparently certain
limits of enzymatic activity of proteolytic enzymes that
contribute to the renewal of the pool of microsomal
proteins. We encountered such cases in our previous
experiments, carried out at different periods of protein
starvation in the central nervous system (Ibragimova et al.
2011). A more noticeable increase in the content of MMP
subfractions at 280 nm (up to 180%) in comparison with
control animals indicates that against the background of a
longer period of feeding with a protein-vitamin diet, in
addition to participation in the normal course of metabolic
processes, exogenous casein behaves as an inducing factor
for mobilization endocrine glands and metabolites from
other body tissues. A number of authors have proven that
selective induction of enzymatic activity closely depends
on hormonal activity and dietary factors (Kritsman and
Konkova 1968).

Table 1. The content of MMP in the liver of white rats against the background of a 20-day full protein-vitamin complex and

20-day deficiency of 60% protein in the diet (conventional unit).

No LIVER
Experience condition Wavelength -y
230 nm 254 nm 280 nm
I group 0.427 £0.07 0.818 £ 0.035 0.196 £ 0.004
II group 0.453 £ 0.065 0.940 + 0.009 0.227 +0.007
% 106 114 116
p <0.5 <0.05 <0.01
III group 0.316 +0.02 0.821 +0.045 0.167 +0.004
3. % 74 100 85
4. p >0.05 <0.05 <0.01

1, 3 is the percentage of comparison of Il and III groups with I group; 2, 4 - reliability of comparison of II and III groups with I

group.

Table 2. The content of MMP in the liver of white rats against the background of a 30-day full protein-vitamin complex and

30-day deficiency of 60% protein in the diet, (conventional unit).

No LIVER
Experience condition Wavelength -y
230 nm 254 nm 280 nm
I group 0.416 £ 0.09 1.114 £ 0.02 0.133 +£0.0002
II group 0.421 £ 0.003 0.783 £ 0.20 0.147 £ 0.03
% 101 70 111
2. p >0.05 <0.01 <0.05
III group 0.517 +0.05 1.156+0.0 0.07+0.003
3. % 124 103 52
4. P <0.01 >0.0 <0.001

1, 3 is the percentage of comparison of II and III groups with I group; 2, 4 - reliability of comparison of II and III groups with I

group.
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Table 3. The content of MMP in the liver of white rats against the background of a 40-day full protein-vitamin complex and

40-day deficiency of 60% protein in the diet (conventional unit).

No LIVER

Experience condition Wavelength -y

230 nm 254 nm 280 nm

I group 0.408+0.005 0.760+0.02 0.142+0.004

II group 0.469+0.03 1.1178+0.18 0.257+0.06

% 114.9 147 180.9

p >0.05 >0.05 >0.05

III group 0.482+0.02 1.1134+£0.119 0.212+0.029
3. % 118 146.5 149.2

p >0.05 <0.05 <0.01

1, 3 is the percentage of comparison of II and III groups with I group; 2, 4 - reliability of comparison of II and III groups with I

group.

DISCUSSION AND CONCLUSION

The inductive effect of dietary factors on various enzymes
of amino acid metabolism has been discovered by a
number of authors. Thus, feeding rats for 7 days with
protein food containing 90% casein leads to a significant
increase in the activity of tyrosine dehydrogenase. The
authors, continuing experiments in this direction, showed
that even a single administration of growth hormone or
testosterone to thyroidectomized, hypophysectomized,
and castrated rats causes a significant increase in the
activity of Mg+2 activated by RNA polymerase of the liver
nuclei. In this case, there is a proportionality between the
degree of changes in liver growth and the activity of
enzymes. A large number of works are devoted to the
study of induced enzymes in the animal body, the inducible
enzymatic activity of tryptophan hydroxylase in the liver
and tyrosine aminotransferase, which play a key role in the
synthesis of aromatic amino acids; as well as urea and
other non-toxic amino acids. As these authors show,
hydrocortisone is an almost universal inducer. It has
superconjugated bond systems, which make it possible to
be an active carrier of electrons (Kritsman and Konkova
1968).

Thus, aromatic amino acids play a special role in the
protein molecule. They are separate islands of conjugated
structures in the saturated chain of a protein molecule.
These include phenylalanine, tyrosine, histidine, and
tryptophan. All of these amino acids have either a benzene
or indole ring as a component (Kritsman and Konkova
1968).

When studying the electron-donor properties, the ability
of this amino acid to interact with substances such as the
redox coenzymes flavin mononucleotide (FMN),
nicotinamide adenine dinucleotide (NAD), nicotinamide
adenine dinucleotide phosphate (NADP), which has a low
free molecular orbit (Kritsman and Konkova 1968).

It is interesting to note that the product of the conversion
of tryptophan arising from the cleavage of its side chain,
indoleacetic acid, is a strong stimulator of cell growth. It is
highly likely that this function is due to its special
electronic structure. Also necessary is the electronic
properties of the imidosal ring of histidine, which is
characterized by a special behavior of the tertiary and
secondary nitrogen atoms. The tertiary nitrogen atom of
this ring, giving off a p-electron (p-electron) to a
conjugated orbit, has a total negative charge and is

therefore an electrophilic attack bridge, while another
nitrogen atom, which has an indivisible pair of n-electrons
in a conjugated orbit, has a positive charge and tends to
replace the proton with other groups. The subsequent
rearrangement of electrons inside this molecule leads to
the fact that the initial pyridine nitrogen atom becomes
parallel and vice versa. These properties of the nitrogen
atoms of the imidazole ring play an important role in the
formation of high-energy phosphate bonds and mainly in
the catalytic function of that amino acid residue, since the
histidine residue is the main part of the hydrolytic amino
acids. Therefore, when assessing the value of the electronic
structure of aromatic amino acids, it is necessary to take
into account this feature of the electrical processes
occurring in complex molecules, combined with a
cooperative effect, conformational shifts, and a number of
other structural transformations of the protein that
enhance the effect of the electron donor function of these
conjugated chemical compounds. An essential feature of
such groups is that the atoms that are part of them, i.e.
carbon and nitrogen have a positive charge and,
consequently, are ruptured by the action of hydrolyzing
enzymes. A striking example of double-positive bonds is
the peptide bond (Kritsman and Konkova 1968). It should
be noted that the double-positive relationship is an
insignificant factor in determining enzymatic hydrolysis.
This process is influenced by the geometry of the
molecules, the degree of polarization, electrical
interactions within the molecule, and electrical forces
acting at a distance. All these factors, in the case when they
contribute to an increase in the positive charge,
complement each other's actions in the direction of
increasing the activity of the enzyme. It is likely that the
interaction of the substrate with the enzyme involves not
only the active center of the enzyme, but also other parts
of its molecule, which in turn can change the rate of
enzymatic catalysis. At the same time, the leading moment
that determines the enzymatic hydrolysis reaction as such
is the deficiency of electrons conjugated with the two-
positivity of atoms that are involved in the formation of
bonds. It is possible that during transreactions this
moment is also essential, determining the initial stage of
this reaction, which may end not with the breaking of the
bond, but with the formation of a new connection between
the parts of the reacting molecules (transamination
reaction).

Induction is always associated with qualitative and
quantitative changes in the induced enzyme, therefore the
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mechanism of this phenomenon is closely related to the
laws that determine the dynamism of the action of enzyme
systems (Kritsman and Konkova 1968). In this regard,
induction may depend on an increase in the reactivity of
the enzyme protein molecules, since the catalysis carried
out occurs with their direct participation in the formation
of an intermediate complex with a substrate.

The reactivity of complex protein molecules is largely
determined not only by the dynamics of submolecular
processes, in particular, by the features of the electronic
structure, but also largely by the spatial arrangement of
their constituent parts.

Thus, in protein molecules in which double bonding to
carbon-oxygen atoms occurs, a change in the rotation at
the level of peptide bonds can occur; this is apparently
very important for the manifestation of the variability of
biological, including catalytic, properties of protein
molecules.

The observed increase in the number of MMP fractions at
280 nm can be associated with limited proteolysis at the
level of protein molecules in hepatocytes in animals that
received complete protein nutrition in the form of a
protein (casein) - vitamin complex and 60% protein
deficiency.

The scientific positions put forward by us are supported by
literary and our research (Kritsman and Konkova 1968;
Bernhard 1971; Askerov et al. 1990; Askerov et al. 1991)
which note that almost all proteolytic enzymes have some
of the same type of polypeptide chains. It has been shown
that trypsin, chemotrypsin, trypsin, and elastase contain
the same peptide chain, which is directly related to the
active center of these enzymes. In addition, they all contain
a histidine residue, which is located in a different part of
the polypeptide chain, but which approaches the above
fragments due to the geometry of the molecules, due to the
secondary and tertiary structure of the protein. Due to this,
the imidazole ring of histidine contributes to the high
reactivity of the serine residue, which is an integral part of
the active center, probably by increasing its
nucleophilicity. It is quite possible that factors that change
the secondary and tertiary structures of proteolytic
enzymes, for example, changes in the ratio of
conformational forms of peptide fragments that make up
the active center of enzymes, as well as hydrophobic bonds
and a number of other phenomena associated with a
change in the balance of processes within the molecule can
affect the manifestation of the activity of these enzymes,
i.e., on the rate of reactions catalyzed by them. From this
point of view, all influences leading to an increase in the
nucleophilicity of active centers participating in the attack
can be considered as prerequisites for the induction of
these biocatalysts (Kritsman and Konkova 1968). We also
believe that a partial deciphering of the mechanism of
action of proteolytic enzymes in terms of the concepts of
quantum mechanics is one of the significant advances in
this area. Much more developed thanks to a series of
studies by Pullmann (Pullmann and Pullmann 1965), the
quantum-biochemical basis of the mechanism of action of
coenzymes. Almost all enzymes work in conjunction with
coenzymes, although there are significantly fewer
coenzymes than enzymes (Bezerra et al. 2022; de Paula
Junior et al. 2022). Considering the fact that in our
experiments the recipe we compiled included the entire
set of fat-soluble and water-soluble vitamins, it becomes
necessary to give some clarification about the role of
vitamins in the oxidative modification of peptides in
various tissues of the body. In this aspect, let us dwell on
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the role of folic acid in the catalysis of many reactions. This
compound is a condensation product of three components:
a substituted pterizin ring, a para-aminobenzoic acid
residue, and a glutamic acid residue. The author believes
that when catalyzing the transformation of a number of
substrates with the participation of folic acid into various
hydroforms, this, in turn, can change the degree of
manifestation of the catalytic activity of both proteids and
other folic acid derivatives. Under conditions when the less
active form of this coenzyme is converted back into a more
active one, which can take place under the action of
various environmental factors, the activity of the enzyme
system increases, i.e. the reaction rate increases, and this
phenomenon can be characterized as induction (Puhlmann
and Puhlmann 1965). The observed effect in the
subfractions of the MMP at 280 nm of changes in
substrate-enzyme relationships is associated with the
content of non-toxic aromatic amino acids (mediators,
hormones), which play an important role in synchronizing
and desynchronizing factors in the intercellular
environment of hepatocytes - as monoamines and other
factors (Nechaeva et al. 2005). Brodsky et al. (2013)
believe that dopamine disorganizes the rhythm of protein
synthesis and disrupts the self-organization of hepatocytes
(in vitro). The authors believe that dopamine disorganizes
the conditioning of the extracellular environment by
gangliosides. The lack of this endogenously synchronizing
effect in the intercellular environment blocks the self-
organization of the protein synthesis rhythm (Brodsky et
al. 2005).

Thus, unlike (previously studied) norepinephrine and
serotonin, gangliosides, these regulate the population
rhythm of protein synthesis, while dopamine disrupts the
rhythm and causes direct intercellular interactions. And
also in the literature there is evidence that there is a
relationship  between the level) of circulating
corticosterone and the level of carbolation of proteins in
the liver during short-term hypokinesia. An increase in the
duration of hypokinesia led to an aggravation of violations
of the negative feedback mechanism in the hypothalamus-
pituitary-adrenal axis and an increase in protein
carbolation in the liver (Tseilikman et al. 2013).

All these data indicate that a longer use (40 days) of a full-
fledged protein-vitamin complex contributes to a
noticeable  violation = of  genetically = determined
programming of protein metabolism in the body. Longer
use of a full-fledged protein-vitamin complex leads to a
significant increase in the number of subfractions at 280
nm, changes in substrate-enzyme relationships
(apparently, the intracellular fund of proteolytic enzymes
begins to deplete). Therefore, the exogenously introduced
protein (casein) is not fully hydrolyzed to amino acids, and
against this background, the amount of under-oxidized
proteins in the liver increases, which contributes to an
increase in the number of subfractions at a wavelength of
280 nm. This state of non-toxic amino acids
(phenylalanine, tyrosine, tryptophan, and histidine) of
mediators and hormones is apparently necessary to
connect the inducing effect of the protein-vitamin complex
on the secondary and tertiary structures of enzymes that
change the ratio of conformational forms of peptide
fragments at the level of microsomal and cytosolic
peptides in hepatocytes. Due to the presence of peptide
bonds and cyclic amino acids in the structure, the content
of average weight molecules can be established by
registering the effect of absorption of monochromatic
ultraviolet light flux caused by it. Isolation of three SMP
fractions at different wavelengths 230 nm, 254 nm, and
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280 nm, i.e. spectra of SMP can serve as a basis for judging
the degree of damage to nucleoproteins and proteins of
various tissues of the body, as well as (allow us to make
certain judgments) oxidative modification of protein
metabolites in various compartments of hepatocytes.

These scientific provisions set out in this article are in
good agreement with our earlier studies (Askerov et al.
2018a; Askerov et al. 2018b; Bakshaliyeva 2020;
Ibrahimova 2020; Askerov et al. 2021).
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0z

Doppler ultrasonografi ile bobrek hastaligindan siiphelenilen kedi ve kopeklerde olas1 bobrek hastaliklarinin
teshisine yonelik cesitli calismalar yapilmaktadir. Bu ¢alismada, kedilerde bobrek hastaliklarinin erken
tanisinda Doppler ultrasonografinin kullanilabilirliginin belirlenmesi amag¢lanmistir. Doppler ultrasonografi
erken tani i¢in bobrek hastaligl olan hayvanlarin ayirt edilebilirligini veya farkliliklarin1 belirlemek i¢in
kullanildi. Uriner sistem rahatsizign oldugu belirlenen 10 adet kedi ve herhangi bir rahatsizig olmayan
saglikll oldugu tespit edilen 11 adet kedi olmak iizere toplam 21 adet farkli irklarda kedi ¢alismaya dahil
edildi. Tiim kedilerin her iki bobregi ultrasonografik olarak incelenerek Doppler yardimiyla Renal Pulsative
index (RPI) ve Renal Resistive index (RRI) degerleri belirlenmeye calisilmistir. Calismaya dahil edilen
hayvanlar sakin mizagl olduklari i¢cin sedasyona gerek kalmadan muayeneler yapildi. Klinik muayenelerinin
ardindan alinan kan drnekleri hemogram ve biyokimyasal testlere tabi tutuldu. Daha sonra ultrasonografik
olarak bobrekler degerlendirilmistir. Calismada Doppler sonrasi elde edilen veriler kayit altina alinarak
hastalik iliskisi kurulmaya calisilmistir. Saglikli kedilerde, sag bébrek ve sol bobrek arasinda RRI agisindan
istatistiksel olarak anlamli bir fark yoktu. Sol bébrek icin, RI, kronik bobrek ve akut bobrek hasari olan
hayvanlarda dnemli 6l¢lide daha yiiksekti (p<0.001). Kan biyokimya degerleri karsilastirildiginda ise 6zellikle
Kreatinin, BUN, ve BUN/CRE degerlerinin gruplar arasinda anlaml sekilde degisiklik gosterdigi
belirlenmistir. Her iki grupta da bobrekteki RI degeri tizerinde yas veya cinsiyetin anlamli bir etkisinin
olmadig1 gozlendi. Sonug olarak bobrek hastaligl veya hasari olan pet hayvanlarda RI degerleri degiskenlik
gosterdiginden taramalarda saptanan hem RI hem de PI degerlerinin erken dénemde degisikliklerin klinik
olarak belirlenmesi ve akut bobrek yetmezliklerinde erken teshis i¢cin faydal olabilecegi diistintilmiistir.

Anahtar Kelimeler: Bébrek yetmezIigi, Doppler ultrasonografi, Evcil kediler, Renal kan akimi.

ABSTRACT

Using Doppler Ultrasonography in the Evaluation of Upper Urinary System Diseases
in Cats

Doppler ultrasonography is carried out for the diagnosis of possible kidney diseases in cats and dogs
suspected of kidney disease. This study, it is aimed to determine the usability of doppler ultrasonography in
the early diagnosis of kidney diseases in cats. A total of 21 different breed cats, including 10 cats determined
to be urinary system disease and 11 cats found to be healthy without any discomfort, were included in the
study. Both kidneys of all cats were examined ultrasonographically and the values of renal pulsative index
(RPI) and renal resistive index (RRI) values were tried to be determined with the help of doppler. Since the
animals included in the study were calm temperaments, examinations were performed without sedation.
Blood samples taken after clinical examinations were subjected to hemograms and biochemical tests. Later,
the kidneys were evaluated ultrasonographically. In the study, the data obtained after Doppler was recorded
and the disease relationship was tried to be established. In healthy cats, there was no statistically significant
difference in RRI between the right kidney and the left kidney. For the left kidney, the RI was significantly
higher in cats with chronic kidney disease and acute kidney injury (p<0.001). When blood biochemistry
values were compared, it was determined that especially creatinine (CRE), Blood Urea Nitrogen (BUN), and
BUN/CRE values differed significantly between the groups. It was observed that there was no significant
effect of age or gender on the RI value in the kidney in both groups. As a result, since RI values vary in pet
animals with kidney disease or damage, it is thought that it would be useful for the clinical determination of
early changes of RRI and RPI detected in scans and for early diagnosis of acute kidney failure.

Keywords: Domestic cats, Doppler ultrasonography, Renal blood flow, Renal failure.
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GiRiS

Son yillarda renal hastaliklarinin kedi ve kopeklerdeki
insidensinin artmasiyla birlikte renal kan akimindaki
degisiklikler ~ doppler = metoduyla detaylli  olarak
incelenmeye baslanmigtir. Bu amagla (Nyland ve ark.
1993) saglikl kopeklerde ilk kez Doppler ultrasonografiile
bobrek arterlerinden renal rezistive indeks (RI) ve pulsatil
indeks (PI) degerlerini o6lgcerek yaymlamistir. Renal
hastalikli kopeklerde yapilan c¢alismalar bildirilmistir

(Karen ve ark. 1996; Rivers ve ark 1997; Novellas ve ark.
2008).

Duplex doppler ultrasonografi, gercek zamanli olarak
bobregin anatomisine ve dinamigine iliskin bilgilerin
alinmasina olanak saglamaktadir (Novellas ve ark. 2007).
Bobrek  hastaliklar1  sekillendigi zaman, normal
vazokonstriktif ve vazodilatator faktorler arasindaki denge
de zamanla bozularak intrarenal vazokonstriksiyon
olusmaktadir. Burada olusan doku perfiizyonuna Kkarsi
olan direncin hesaplanmasinda (RI) ve (PI) ol¢timleri
yapilmaktadir (Mitchell ve ark. 1998; Novellas ve ark.
2007; Polzin 2011). Bununla birlikte RI ve PI degerleri
tiriner tikanikhiga, ditiretik etkilere, akut ve kronik bobrek
yetmezligine ve konjenital displaziye bagh kan akimi
degisimlerinin  incelenmesinde de kullanilmaktadir
(Nyland ve ark. 2002; Novellas ve ark. 2007).

Yapilan incelemelerde hayvanlarda PI ve RI degerlerinin
st triner sistem hastaliklarinda belirleyici rol oynayip
oynamadiklarin1 gosteren literatiir verilerin sinirli oldugu
goriildi. Kediler Degisik irk yas ve cinsiyette kedilerde

s
' 1 Rt UPole Interlobar APS 24,10 cm's

Rt UPole Interlobar AED 1043 cm's
Rt UPole Interfobar A RI 0.7

1 L1 UPole Wteriobar A PS 2214 cmis
AED 1001 ows

SOL BOBREK

bobrek hastasi hayvanlarin ayirt edilebilirliginin veya
erken teshis icin farkliliklarinin belirlenmesinde Doppler
ultrasonografi ve renkli Doppler kullanilabilirliginin
arastirlmast  amaciyla bu g¢alisma  planlanmistir.
Incelemeler sonrasi elde edilecek veriler ile erken dénem
bobrek hastaliklarini ortaya koymaya yonelik ¢alismalara
katki saglayacag diistintiilmektedir.

MATERYAL VE METOT

Bu Calisma Kirikkale Universitesi Hayvan Deneyleri Yerel
Etik Kurulu'ndan 21.01.2021 tarihinde 2021-01 sayih
toplantinin 02 nolu kararina istinaden izin alinarak
yapilmistir.

Cerrahi klinigine getirilen 6nceden iriner sistem hastaligi
teshisi konulmus takibi yapilan veya idrar yapamama
sikayeti olan ilk defa getirilmis kediler hasta grubu olarak,
saglikli oldugu diisiiniilen kediler ise kontrol grubu olarak
degerlendirildiler. Olgularin tamaminda hasta sahiplerinin
rizas1 aliarak calismaya dahil edildi. Bu amagla Cerrahi
Kliniklere getirilen 21 adet kediden elde edilen veriler
degerlendirildi. Bu kedilerin 11 tanesi saghkli rutin
kontrole getirilen hayvanlardan olusurken 10 tanesi ise
triner sistem rahatsizligi bulunan kedilerdi. Calismada
Renkli Doppler cihazi (Vetus® 8, Mindray) ve Renkli
Doppler cihaz1 (Z60 Vet® Mindray) kullanilarak 6l¢iimler
yapildi. Kan biyokimyasal analizleri i¢in biyokimya
analizori (Dri-Chem Nx600V® Fuji), ve kan sayim cihazi
(BC5000 Vet® Mindray) kullanildi.
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Sekil 1. Saglikli ve bobrek hastaligl olan kedilerde bobrek doppler ultrasonografisi. Renkli doppler ile KBY olan hastada RI
degerlerinin saptanmasi, A: Sol bobrek, B: Sag bobrek, C: Saghkh bir kedide PI ve RI degerlerinin bir arada goriilmesi sol
bébrek, D: Saglikli bir kedide PI ve RI degerlerinin bir arada goriilmesi sag bobrek.

Figure 1. Renal Doppler ultrasonography in cats with healthy and renal diseases. Detection of RI values in a patient with
chronic renal failure by color Doppler, A: Left kidney, B: Right kidney, C: Coexistence of PI and RI values in a healthy cat's left
kidney, D: Coexistence of PI and Rl values in a healthy cat's right kidney.
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Calismaya dahil edilen hayvanlarin tamaminda B-mod
ultrason goriintilleme yapildl. Ultrasonografik inceleme
sonras1 yeterli veri toplandiginda bdbreklerin Doppler
gorintiilerinin literatiir veriler 15181nda saglikl kedilerden
elde edilen normal goriintiilerle kiyaslanma ve oOlgiim
degerlerinin karsilastirilmasi yoluyla degerlendirmeler
yapild. Intrarenal nabiz-doppler dlgiimleri, anestezi veya
sedasyona alinmamis kedilerde hep aym kisi tarafindan
yapildi. Bu 6lciimlerde renal arterlerden, interlober veya
arcuate arterlerden herhangi biri kullanildi. B-mod
ultrasonda bobrekler bulunduktan ve morfolojik yapi
hakkinda  bilgi edinildikten =~ sonra  intra-renal
damarlagmay1 goriintiilemek icin renkli doppler moduna
gecildi. interlober ve arcuat arterlerden herhangi biri
belirlendikten sonra nabiz doppler moduna gecildi. Bu
esnada 6rnek alinacak olan damarin iistiinde baska damar
bulunmamasina dikkat edildi. Doppler agisi ise 0 derece ile
60 derece aralifinda segilerek 6l¢lim hatalari minimuma
indirildi. RI ve PI degeri degerleri cihaz tarafindan
otomatik olarak hesaplandi (Sekil 1).

istatistiksel Analiz

Elde edilen sayisal verilerin istatistiksel
degerlendirilmesinde tek degiskenli General Linear Model
(GLM) analizi yapildi. Bu analizde ¢alismaya dahil edilen

kedilere ait hastalik durumu (hastalikli, saglikh), cinsiyet
ve kisirlik durumu gibi degiskenlerin hastalik olusumu
tizerinde etkisinin olup olmadigi tahmin edilmeye
calisiimistir. Orneklem biiyiikligi kiiciik oldugundan ve
veriler normal dagilmadigindan, istatistiksel analiz igin
ANOVA yapildi. Gruplar arasi anlamhlik diizeyi Mann-
Whitney U testi ile karsilastirildi. Istatistiksel anlamlilik,
esit varyans ve iki tarafli giiven araligi varsayimiyla
degerlendirilerek minimum o6nemlilik seviyesi p<0.05
kabul edilmistir. Istatistiksel analizler SPSS Versiyon 25
paket programi kullanilarak yapildi (SPSS Inc. IBM
Company, 233 S.Wacker Drive, Chicago, Illinois 60606).

BULGULAR

Saglikh olan gruptaki hayvanlarin 4 tanesi disi 7 tanesi
erkek kediden olustu. Disilerden bir tanesi kisirlastirilmis
iken erkeklerden 3 tanesi kisir idi. Hasta hayvanlardan 6
tanesi erkek 4 tanesi disi kediden olustu. Disilerin 2 tanesi
erkeklerinde 3 tanesi kisir idi. Galismada kullanilan Uriner
sistem hastalifl teshisi konulmus 10 kediye ait 1rk,
cinsiyet, yas, kisir/ kastre durumu, teshis ve semptomlar,
PI ve RI degerleri Tablo 1'de saglikli hayvanlara ait veriler
ise Tablo 2’de gosterilmistir.

Tablo 1. Uriner sistem hastalig1 teshisi konulmus kedilere ait veriler.

Table 1. Data on cats diagnosed with urinary system disease.

Hayvan RI RI PI Pl
No Yas L. . Degeri Degeri Degeri Degeri
(n=10) Irk ) Cinsiyet Semptomlar Teshis Sag Sol Sag Sol
Bobrek  Bobrek Bobrek  Bobrek
1 iran Kedisi 15 a Giigstizlik, halsizlik, istahsizlik,  Kronik Bol.)vr.ek 0.79 0.79 1.47 1.45
ara ara kusma Yetmezligi
6-8 aydir aralikli devam eden
kusma, halsizlik, yorgunluk,
istahsizlik, tiiylerde karisiklik, I
2 Melez 9 3 deri elastikiyetinde azalma Kronik Bol.)vr.ek 0.78 0.75 2.07 1.43
. Yetmezligi
(sonrasinda kusma giinde 3-4
kez goriilmiistiir ve
o6nlenememistir.)
Yapilan diizenli Check- up lar
sonucu s
3 Melez 10 a Bobrek degerlerininyavas ~ romik Bobrek -, 39 0.47 0.48 0.74
. oo : Yetmezligi
yavas artis gosterdigi tespit
edildi.
Idrar yapamama. Idrar Idrar yolu tam
4 Melez 8 ? kesesinde dolgunluk. tikanikhig1. 0.51 0.62 0-80 108
British [drar yapamama sikayetiyle Urethral
5 Shorthair d gelmistir. obstruksiyon 049 0.77 0.77 143
Idrar miktarinda azalma. .
6 Melez 2 a Palpasyonda fark edilen Akut BOb.rf".k 0.85 0.67 1,35 1.05
. . . Yetmezligi
bobrek biiyiimesi.
Giigstizlik, halsizlik, istahsizlik,  Kronik Bobrek
7 iranKedisi 15 Q araara kusma, agiz kokusu. Yetmezligi 0.69 0.75 122 1.16
Agizda iilserlesmeye varan (teshis 5 y1l
lezyonlar. once konuldu).
8 Bl‘ltlShI 0 Pollakiiri, strangurl, kusma, Hidronefroz 0.65 045 1.05 1.42
Shorthair karin agrisi
Idrar miktarinda azalma.
Norveg Palpasyonda fark edilen Akut Bobrek
9 Orman 5 Q " o A o 0.73 0.65 1.25 112
. bobrek biiyiimesi ve Yetmezligi
Kedisi . -
abdominal agri.
. . Polikistik
10 Scottish 35 a Artan sus'uzluk, sik sik idrara Bébrek 055 0.63 085 110
Fold ¢1kma, mide bulantisi, kusma. Hastalign

J': Erkek cinsiyet, Q: Disi cinsiyet Tablo alt1 agiklama, RI: renal rezistive indeks, PI: pulsatil indeks.
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Tablo 2. Saglikli kedilerde belirlenen RI ve PI degerleri.
Table 2. Determined RI and PI values in healthy cats.

Hayvan No Irk Cinsiyet  Yas Kisir/Kastre Sag Bobrek Sol Bébrek Sag Bobrek Sol Bébrek
Durumu RI RI PI PI
1 Melez Q 3 Kisirlagtirilmamig 0.61 0.64 1.06 1.11
2 Sarmal 1) 3 Kisirlastirilmamig 0.73 0.51 1.26 0.94
3 Tekir 3 3 Kisirlastirilmig 0.53 0.58 0.85 1.02
4 Scottish I} 2 Kisirlastirilmamig 0.74 0.59 1.32 0.99
5 Melez Q 4 Kisirlastirilmig 0.39 0.48 0.55 0.63
6 Melez Q 3 Kisirlagtirilmamig 0.58 0.59 0.84 1.05
7 Melez 3 2 Kisirlastirilmig 0.56 0.55 1.03 0.87
8 Melez 1) 2 Kisirlastirilmig 0.41 0.61 0.51 0.94
9 Melez Q 6 ay Kisirlastirilmamig 0.58 0.44 1.01 0.62
10 Melez 3 6 ay Kisirlastirilmamig 0.51 0.51 0.83 0.84
11 Melez 3 6 ay Kisirlastirilmamig 0.42 0.63 0.61 1.31

J': Erkek cinsiyet, Q: Disi cinsiyet, RI: renal rezistive indeks, PI: pulsatil indeks.

Calismaya dahil edilen tiim hayvanlardan elde edilen PI ve
RI degerleri incelendiginde disiler ile erkekler arasinda az
da olsa farkliliklar olmasina karsin cinsiyet (RI icin
p=0.638, PI icin p=0.637) ve fertilite (RI icin p=0.610, PI
icin p=0.494) bakimindan kiyaslandiginda istatistiksel
olarak anlamli farklilik tespit edilememistir (Tablo 3).

Tablo 3. Korelasyon testi sonuglart.
Table 3. Correlation test results.

istatistik

Pearson korelasyonu ile hasta ve saghkli hayvanlar
kiyaslandiginda hem PI (p=0.032) ve hem de RI (p=0.035)
degerleri bakimindan gruplar arasinda pozitif bir
korelasyon tespit edilmistir. Calismaya dahil edilen
kedilere ait PI ve RI degerlerinin cinsiyet ve kisirlik
durumu gibi fertilite verileri bakimindan kiyaslanmasinda
ise negatif bir korelasyon tespit edilmistir (Tablo 3).

Tablo 4. Sagliklh ve hasta kedi gruplarinda PI ve RI
degerlerinin istatistiksel karsilastirilmasi.

Table 4. Statistical comparison of PI and RI values in
healthy and urinary system disease cat groups.

Grup RI (OrtalamazSS) PI (OrtalamazSS)
Saghkh 0.55+0.09 0.92+0.23
Hasta 0.65+0.13 1.16+0.35
P Degeri 0.035 0.032

N Standart Korelasyon
verilerin Hata
ortalamalar1 Katsayis1
Hastahk 1.04 0.11 0.47 0.032
durumu
PI Cinsiyet 1.01 0.10 -0.11 0.637
Fertilite
(Kisirhk 1.43 0.11 -0.16 0.494
Durumu)
Hastahik 0.60 0.11 0.46 0.035
durumu
Cinsiyet 1.01 0.10 -0.11 0.638
RI -
Fertilite
(Kisirhk 1.43 0.11 -0.12 0.610
Durumu)

RI: renal rezistive indeks, PI: pulsatil indeks, P: olasilik degeri.
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Degerler ortalama ve standart sapma (SS) olarak verilmistir.

Istatistiki degerlendirmelere gore anlamh sonuglar elde
edilmis olsa da hastaligin Kklinik seyri ve elde edilen
degerlerin birbirlerine ortalama deger olarak yakin olmasi
kesin teshis konusunda bu degerlerin belirleyici rol
oynamalarini sinirlandiric bir faktor olarak
degerlendirilmistir. Istatistiksel olarak disi ile erkekler
arasinda ayni zamanda sag ve sol bobrekler bakimindan da
anlamli fark tespit edilememistir (p>0.05). Hasta ile
saglkl gruplar kendi aralarinda karsilastirildiginda
anlamh bir farklhilik oldugu tespit edilmistir p<0.05
(Tablo 4).



[Kedilerde Doppler Ultrasonografinin Kullanilmasi]

Van Vet ], 2023, 34 (1) 25-31

Kan biyokimya degerleri karsilastirildiginda ise 6zellikle
Kreatinin, BUN, ve BUN/CRE degerlerinin gruplar arasinda
anlamh sekilde degisiklik gosterdigi belirlenmistir.
Ozellikle bobrek yetmezligi  bulgular1  saptanan
hayvanlarda doppler ultrasonografi bulgularini destekler
nitelikte degisiklikler tespit edilmistir (Tablo 5). Bunlarin
disinda kalan serum ALP, ALT, TP, Glukoz degerlerinde
kiicik c¢aph degisiklikler fark edilmesine karsin
istatistiksel olarak anlamli bir iliski bulunamamistir. Tam
kan ve enfeksiyon bulgularinda gruplar arasinda
istatistiksel olarak anlaml fark tespit edilememistir
p>0.05.

Tablo 5. Uriner sistem hastalig teshisi konulmus
hayvanlara ait kan biyokimya bulgulari.

Table 5. Blood biochemistry findings of animals with
urinary system disease.

Hasta grubun Referans
Ortalama#SS Degerler P
(min-max)

CRE (mg/dl) 4.49 (+4.8) 0.8-1.8 0.034
ALP (IU/ml) 23.2 (x6.4) 9-53 0.063
BUN/CRE(mg/dl) 20.74 (£9.9) 4-33 0.036
ALT (U/L) 64.4 (¥42.2) 22-84 0.456
BUN (mg/dl) 74.88 (£44.7) 17,6-32,8 0.001
GLU (mg/dl) 108.5 (+28.5) 71-148 0.119
TP (mg/dl) 7.12(+2.1) 5.7-7.8 0.236

CRE: Kreatinin, ALP: Alkalen Fosfataz, BUN/CRE: Ure Kreatinin,
ALT: Alanin Aminotransferaz, BUN: Kan Ure Azotu, GLU: Glukoz,
TP: Total Protein.

TARTISMA VE SONUG

Uriner sistem hastaliklarinda 6zellikle bébreklerin
degerlendirilmesi icin USG vazgecilmez bir goriintiileme
yontemi olarak bildirilmektedir. Bébrek hastaliklarinda
lezyonlar klinik bulgulardan ¢ok daha dnce baslamaktadir.
Bu durum hastaliklarin teshisini zorlastirmakta erken
midahale sansinmi azaltmaktadir. Dolayisiyla 6zellikle iist
triner sistem hastaliklarinda erken teshis ¢ok 6nemlidir.
Erken teshis icin en iyi yontemlerden bir tanesi de doppler
USG'dir. Bobrek hastaliklarinin  doppler USG ile
incelenmesinde kullanilan parametreler PI ve RI degerleri
olarak siralanabilir. Bobrek nakillerinin takibi ve
incelenmesinde obstruktif ve nonobstruktif hastaliklarin
ayrilmasinda, akut renal yetmezligin tanisina yardimci
olarak hastaligin ilerleyisinin ve tedaviye alinan cevabin
takibinde bu degerler 6nem arz etmektedir (Novellas ve
ark.2007).

RI ve PI degerleri tiriner obstriiksiyon durumlarinda, akut
veya kronik bobrek yetmezliklerinin degerlendirilmesinde,
kongenital displazi durumlarinda, akut tubuler nekroz
nedenli vaskiiler rezistanstaki degisikliklerin
incelenmesinde kullanildig1 bildirilmektedir (Novellas ve
ark. 2007; Novellas ve ark. 2008). RI ve PI degerleri ile yas,
kronik bobrek hastaliginin siddeti ve seyri, sistemik
hipertansiyonu olan hastalarda sistolik basing ve
boébreklerde olabilecek organ hasar ile pozitif bir iligki
oldugu bildirilmektedir (Petersen ve ark. 1997; Sigirc1 ve
ark. 2006; Novellas ve ark. 2007). Sedasyon veya anestezi
uygulanan hayvanlarda da bu indikatorlerin degerlerinin
degisebilecegi bildirilmektedir (Novellas ve ark. 2007).
Calismamizda hastalik iliskili olarak PI ve RI degerlerinin
degisiminde pozitif bir korelasyon oldugu tespit edilmistir.
Calismaya dahil edilen hayvanlarin hi¢birisi anestezi veya
sedasyona alinmadigindan literatiirde belirtilen degistirici
faktorlerden etkilenmedigi diistiniilmektedir.

Kronik bobrek yetmezligi oldugu disiiniilen kedilerde
klinik olarak gozlenen zayiflik, halsizlik, istahsizlik, sik sik
idrar yapma gibi semptomlarin yaninda bir¢ogunda
goriilen kusma ve géz mukozalarinda anemik belirtilerin
teshis edilen kronik bébrek yetmezliginin tipik bulgular:
oldugu bildirilmektedir (Borkii ve ark. 2000; Altintas ve
ark. 2006; Bonazzi ve ark. 2007). Yapilan mevcut
calismada, literatiirle uyumlu olarak klinik bulgular hasta
grupta 7 yas ve Uzeri hayvanlarda daha fazla bulunmustur.
Elde edilen bu veri kronik bobrek yetmezliginin pek ¢ok
faktore bagh olarak her yasta kedide goriilmesi miimkiin
olsa da daha c¢ok yash kedilerde goriildiigii bulgusunu
(Bartges 2012) destekler niteliktedir. Yapilan calismada
literatiir verilere benzer sekilde daha ¢ok yas olarak ileri
olan grupta kronik bobrek yetmezligi bulgularina
rastlanmis ve Doppler verileriyle de desteklenerek RI ve PI
degerlerinin yliksek bulunmasi hipotezimizi dogrulayarak
ist driner sistem hastaliklarinda bu degerlerin bir
indikator olabilecegini gostermistir.

Kronik bobrek yetmezligi teshisi konulmus kediler
tizerinde yiiratiilen bagka bir calismada (Martignoni 2000)
hematokrit degerlerinin degisiminin bébreklerde goriilen
bozuklugun derecesi ile iliskilendirilmistir. Yapilan bu
calismada ise enfeksiyon belirtecleri bakimindan referans
verilere gore farklilik olsa da istatiksel olarak anlaml fark
tespit edilememistir. Kronik bobrek yetmezligi ile
enfeksiyon bulgusu bakimindan pozitif bir korelasyon
tespit edilememistir.

Bazi ¢alismalarda anemi ile yiiksek RI arasinda dogrudan
bir iliski bulundugu bildirilmistir. Orta ila siddetli kronik
bobrek  yetmezligi  genellikle bobrek tarafindan
eritropoietin {iretiminin olmamasi nedeniyle komplike
hale gelir (Pozniak ve ark. 1988). Anemi bobrekte hipoksik
bir duruma neden olabilir ve bu durum 6ncelikle endotel
hiicrelerinden salgilanan endotelin salinimi ile damarlarin
daralmasina neden olur (Graurer ve Lane 1985). Bu sonug
artmis vaskiiler diren¢ ve renal RI yiikselmesine neden
olabilir. Calismaya dahil edilen hayvanlarda anemik durum
sekonder olarak bobrek yetmezligine neden olsa da, bu
bulgu daha siddetli bobrek hastaliginin renal RI'deki bir
artisla iliskili oldugunu diistindiirdiigii bildirilmistir. Ancak
ayni ¢alismada RI ile BUN veya siddetli bdbrek
yetmezliginde de yiikselen kreatinin arasinda istatistiksel
bir iliski bulunamamistir. Mevcut ¢alismada elde edilen
veriler literatiir bilgiyle uyumlu olarak BUN ve CRE
degerlerinin KBY tespit edilen hayvanlarda RI ve PI
degerlerinde de yiikselmesiyle dogrudan iligkili
bulunmustur. Bu durum PI degerlerinin yiiksek oldugu
hayvanlarda organ ve doku hasarinin daha ileri seviyede
oldugunu gosterir niteliktedir.

Kedilerde iiriner sistem hastaliklarinin klinik muayene
bulgular: ile laboratuvar bulgulari arasinda farkliliklarin
olmasi, bazi hayvanlarda klinik belirtiler minimal
diizeydeyken laboratuvar bulgular1 olarak iiriner sistem
hastalign teshisi konulabilecek diizeyde belirtilerin
saptanmas! karsilastirmalar1 zorlastirdigi belirlenmistir.
ALP kemik olusumu ve iyilesmelerde yapim asamasinda
fazla miktarda dretildigi icin genel kemik etkinligi
hakkinda iyi fikir verir. Serum ALP seviyelerindeki
degisiklikler ve aktiviteler kemik, karaciger, bdbrek,
plasenta ve bagirsakta iiretilen izoenzimlerin etkilerine
baghdir. Ancak, en biiyiik kismi kemik ve karaciger
izoenzimleri tarafindan olusturulur (Kaneko ve ark. 1997).
Yapilan calismada serum ALP, ALT ve GLU degerlerindeki
degisimlerin istatistiksel olarak hastalikla anlamli bir
iliskisinin olmadig1 belirlenmistir (p>0.05).
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Renal fonksiyon renal kan akimina, glomeriiler ve tiibiiler
fonksiyona ve idrar akimina baghdir (Becker 1991). Klinik
ortamda bobrek kan akisini degerlendirme yetenegi,
bobrek hastaliginin tani, tedavi ve prognozuna katkida
bulunabilir. Akis, bir kaptaki basmn¢ farkinin dirence
bolinmesi olarak tanimlanir. Vaskiiler direngteki artis,
kalp fonksiyonu ve hidrasyon durumu normal oldugunda
kan akisinin azalmasinin en olast nedeni oldugu
bildirilmektedir (Nelson ve Pretorius 1988). Bobrege
giden kan akimi 6zel tekniklerle dlgiilebilse de bobrekteki
damar direncini 6lgmenin kesin bir yolu yoktur. RI'nin
bobrekteki vaskiiler direngle korelasyonunun iyi oldugu
one siiriilmekle birlikte ve ayr1 raporlarda RI'nin vaskiiler
direnci yansittig1 genel olarak kabul edilmektedir (Norris
ve ark. 1984; Trudinger ve ark. 1987). Yapilan ¢alismadan
elde edilen verilere gore KBY teshisi koyulan hayvanlarda
RI degerlerinin artis gdstermesi literatiir verilerle benzer
sekilde bobrek fonksiyonlarinin etkilendigini gosteren
ancak degiskenlik gosterebilen bir gosterge oldugu
diisiiniilmektedir.

PI ve RI'nin kiyaslandig1 bazi ¢alismalarda anormal dalga
sekillerinin ayirt edilmesinde PI degerinin RI degerinden
daha duyarli oldugu belirtilmis (Sigirct ve ark. 2006;
Novellas ve ark. 2007; Novellas ve ark. 2008), benzer
sekilde bagka bir calismada hasta hayvanlarda sadece PI
degerinin arttigr ve RI degerinin normal smirlar icinde
kaldig1 bildirilmektedir (Novellas ve ark. 2008). Yapilan
bagska bir g¢alismada ise karsilastirilan hiperekoik
korteksler, heterojen korteksler ve renal mineralizasyon
veya tas varlig1 gibi ultrasonografik muayene bulgularinin
hicbirinin renal RI'deki degisikliklerle iliskili bulunmadig1
bildirilmektedir. Bu durum yalnizca B-modu ile
degerlendirmenin ardindan herhangi bir anormallik
kaydedilmedigi zaman rutin ultrasonografik muayeneye
alternatif bilgi sunmada RI'in 6énemli oldugunu
vurgulamaktadir (Karen ve ark. 1996). Yapilan bu
calismada ise B-mod ultrasonografik degerlendirmede
problem goriilmeyen hayvanlarda RI degerlerinin
literatiirde belirtilen deger araliklarindan farkl ¢ikmasi RI
degerinin degisken oldugunu ve degerlendirmede tek
basina yeterli olmadigini gdstermektedir.

insanlarda yapilan bir caliymada her bir anormal grup
siniflandirmasindan elde edilen ortalama renal RI, normal
boébrekler icin ortalama renal Rl'ye gore 6nemli 6lgiide
ylikselmistir. Saghkli bobrekleri oldugu belirlenen
hastalarin (0.63) ve cesitli bobrek parankimal hastaliklari
olan hastalarin (0.82) ortalama renal Rl'lar1 arasinda da
anlaml bir fark bulundugu bildirilmistir (Kim ve ark.
1992). Kedilerde yapilan bu ¢alismada hasta hayvanlar ile
saglikll hayvanlar arasindaki RI ve PI degerlerinde artisin
olmasi, Doppler USG ile degerlendirmede, PI ve RI
degerlerinin birlikte referans alinmasi gerektigi kanaatini
dogurmustur.

RI degerleri nabiz dalgalanmasina bagl olarak olusan
kanin akisi, dalga dagiliminin niteligi ve kan akis hizi
devaml olarak degisiklik gostermektedir. Ayn1 zamanda
dalga sekilleri, kardiyak output, egzersiz, stres ve sindirim
sisteminin  aktiflifinden etkilendigi bildirilmektedir
(Novellas ve ark. 2007). insanlarda yapilan bir calismada
sistemik hipotansiyon, belirgin olarak diisen kalp ritmi ve
perinefrik sivi toplanmasinin renal RI degerinin artmasina
yol actigt bildirilmektedir (Norris ve ark. 1984).
Hayvanlarda yapilan baz1 c¢alismalarda RI ve PI nin
kopeklerde ise insanlardakinin aksine, arter basinci, kalp
ritmi ve yasla iliskisinin olmadig ileri siiriilmektedir
(Karen ve ark. 1996; Novellas ve ark. 2008). Mevcut
calismada RI ve PI degerlerinin yas, cinsiyet ve hayvanlarin
kisir olup olmamasiyla iliskili olmadig1 distiniilmektedir.
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Olgiilen RI degerinin saglikli kediler icin bildirilmis
(Novellas ve ark. 2007) st sinir1 (0.70) gecmedigi (0.64),
PI degerinin ise bildirilen tist sinirdan (1.29) daha yiiksek
oldugu (1.75) gorilmistiir. Calismadan elde edilen veriler
degerlendirildiginde  saghkli oldugu tespit edilen
kedilerden 2 adet erkek kedinin RI degerlerinin sirasiyla
0.73 ve 0.74 oldugu belirlenmis olup literatiir veriden
farkli oldugu gézlemlenmistir. Yine de saglikli kedilerde PI
ve RI degerlerinin ortalamalarinin literatiir veride
belirtilen sinirlar igerisinde oldugu tespit edilmistir.

Sonug olarak; ¢alismadan elde edilen verilere dayanarak
Doppler ultrasonografi kullanilarak yapilacak
incelemelerde, daha o6nce insanlarda ve kopeklerde
yapilmis ¢alismalara benzer sekilde kedilerde de bobrek
hastaliklarinin ~ teshisinde ve hastaliklarin  tedavi
siireglerinin takibinde RI ve PI degerlerinin degiskenligin
takibinin kolaylikla yapilabilecegi kanaatine varilmistir. Bu
degerlerdeki  degisikliklerin  bobrek  hastaliklariyla
iliskisinin olabilecegi ve klinik semptomlar gdstermeyen
hastalarda da ayrintilh muayenelerin yapilmasinda uyarici
rol oynayabilecegi ve erken teshise katki saglayabilecegi
distinilmistir. RI degerlerinin hayvanlarda farklilik
gosterebilecegi bazen yaniltict sonuglar olusabilecegi
literatiir verilerde daha 6nce belirtilmisti (Novellas ve ark.
2007). Bu c¢alismada da RI degerlerinin Kkedilerde
degiskenlik gosterebilecegi yine de PI degerleriyle birlikte
degerlendirildiginde = hastalik  belirteci  olabilecegi
kanaatine varilmistir. Zira 6zellikle PI degerleri bobrege ait
fonksiyon degisikliklerinden etkilendigi, ancak diger
damarsal degisiklerden fazla etkilenmedigi gorisiini
destekleyici veriler elde edilmistir. Dolayisiyla doppler
ultrasonografinin hem kolay uygulanabilen bir muayene
yontemi olmasi hem de ucuz bir yéntem olmasi dolayisiyla
rutinde kullanilmasinin veteriner hekimler i¢in bdbrek
hastaliklarinda erken teshis koymada faydali olacag:
kanaatine varilmistir.

CIKAR CATISMASI

Yazarlar bu calisma i¢in herhangi bir ¢ikar catismasi
olmadigini beyan ederler.
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ABSTRACT

In this research; it was aimed to determine the shelf life of whole (Cold Whole Fish/CWF) and gutted (Cold
Gutted Fish/CGF) carp samples (Cyprinus carpio L., 1758) stored at 4 °C for 14 days by analyzing microbial
load, chemical parameters, and sensory analysis scores and concentrations of biogenic amines. 0, 2nd, 4th, 6th,
8th, 10th, 12th, and 14th on days of storage microbiological analyzes, chemical, sensory analysis evaluation, and
biogenic amines levels were detected by using High Performance Liquid Chromatography (HPLC). According
to the research results; it was determined that Total Aerobic Psychrophilic Microorganism (TAP) and
Pseudomonas spp. formed the dominant microflora during storage in CWF and CGF samples the acceptable
limits were not exceeded until the 10th day in terms of TVB-N values, and according to the sensory analysis
evaluations, carp samples were not consumable after the 6t day. In both application forms of the carp
samples stored in the cold, putrescine and cadaverine were dominant biogenic amines. It has been
determined that keeping the carp whole is safer than keeping it after gutted, based on the microbiological
values of the 8th day when the samples were rejected sensory. In addition, it is thought that putrescine and
cadaverine can be evaluated as indicator biogenic amines in determining the freshness of carp fish.

Keywords: Biogenic amines, Carp, Chromatography, Microbiology, Storage.
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Sogukta (4 °C) Muhafaza Edilen Sazan Baliklarinda (Cyprinus carpio L., 1758)
Biyojenik Amin Olusumu, Mikrobiyolojik ve Duyusal Degisikliklerin Belirlenmesi

Bu arastirmada; 4 °C'de 14 giin slireyle muhafaza edilen biitiin (Sogukta Biitiin Balik/SBB) ve temizlenmis
(Sogukta Temiz Balik/STB) sazan baligi 6rneklerinin (Cyprinus carpio L., 1758) mikrobiyal yiikii, kimyasal
parametreleri, duyusal analiz puanlar1 ve biyojen amin konsantrasyonlari saptanarak raf omiirlerinin
belirlenmesi hedeflenmistir. Depolamanin 0., 2., 4, 6., 8, 10.,, 12, ve 14. giinlerinde sazan 6rneklerinin
mikrobiyolojik, kimyasal ve duyusal analiz degerlendirmeleri ile o6rneklerin yiiksek basingh siv1
kromatografisiyle (HPLC) biyojen amin diizeyleri saptanmistir. Arastirmanin sonuglarina gére; SBB ve STB
orneklerinde muhafaza siiresince Toplam Aerobik Psikrofilik Mikroorganizma (TAP) ve Pseudomonas
spp.lerin hakim mikrofloray1 olusturduklary, TVB-N yoéniinden 10. giine kadar kabul edilebilir degerlerin
asilmadig1 ve duyusal analiz degerlendirmelerine gore ise 6. giinden sonra tiiketilebilir nitelikte olmadiklari
tespit edilmistir. Sogukta muhafaza edilen 6rneklerin her iki uygulama seklinde de putresin ve kadaverinin
dominant biyojen aminler oldugu belirlenmistir. Orneklerin duyusal olarak reddedildigi 8. giindeki
mikrobiyolojik degerler baz alindiginda sazan baliklarinin biitiin halde muhafaza edilmesinin temizlenerek
muhafaza edilmesinden daha gilivenli oldugu saptanmistir. Ayrica, sazan baliklarinda tazeligin
belirlenmesinde putresin ve kadaverinin indikatér biyojen aminler olarak degerlendirilebilecegi
diisiiniilmektedir.

Anahtar Kelimeler: Biyojenik aminler, Kromatografi, Mikrobiyoloji, Muhafaza, Sazan.

INTRODUCTION

Decarboxylation of amino acids in foods is carried out by
naturally occurring enzymes (endogenous decarboxylase
enzymes) or enzymes produced by microorganisms
(exogenous decarboxylase enzymes) (Miiller et al. 2022).
Formation of biogenic amines (BAs) with decarboxylation

of amino acids is achieved by the removal of the a-carboxyl
group in the structure of the related amino acid. When this
process is carried out by microbial decarboxylases, they
are called as biogenic amines (Ozogul and Ozogul 2019). In
addition, BAs can also be formed as a result of reductive
amination and transamination of aldehydes and ketones,
or as a result of body tissue activity (Ozogul and Ozogul
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2019; Martuscelli et al. 2021). In addition to the presence
and amount of free amino acids and the presence of
microorganisms with decarboxylase activity factors such
as presence of fermentable carbohydrates and co-
enzymes, presence of vitamins, water activity (aw),
presence of carbon sources, oxygen density, pH and
temperature play a role in the production of BAs in foods
(Bunka et al. 2012; Sivamaruthi et al. 2021; Vasconcelos et
al. 2021; Wojcik et al. 2021). BAs most commonly found in
foods and beverages include histamine (HIS), fB-
phenylethylamine (PAE), tyramine (TYM), cadaverine
(CAD), putrescine (PUT), tryptamine (TRM), spermidine
(SPD), spermine (SPM) and agmatine (AGM) (Vasconcelos
et al. 2021). In addition to these, it has been reported that
octopamine and dopamine can be found in fish in addition
to meat and some meat products (Abuhlega and Ali 2022).
Since BAs are thermostable, they are difficult to be
removed once formed (Miiller et al. 2022). BAs, which are
enzymatic degradation products, have special importance
in terms of public health due to their toxic effects as well as
being a quality indicator and having microbial
deterioration index, especially in fish and fish products
(Ruiz-Capillas ve Herrero 2019; Ucar et al. 2021; Wéjcik et
al. 2021). In fish, spoilage begins in a short time due to
reasons such as loose connective tissue, intense enzymatic
activity, high pH, water content and storage conditions
(Ruiz-Capillas and Herrero 2019; Abuhlega and Ali 2022).
The most important factors in degradation are
postmortem enzymatic autolysis, natural microflora,
microbial contaminations and oxidation of lipids
(Speranza et al. 2021; Miiller et al. 2022). The microflora of
the skin, gills, and intestinal contents, as well as the water
itself, are responsible for primary contamination. Physical
contaminants such as hunting/harvesting, processing,
transport and sales/marketing can cause secondary
contamination. Both situations can cause deterioration and
food poisoning occurs as a result of consuming these
products (Sheng and Wang 2021; Speranza et al. 2021).
Basically, four criteria are used to evaluate and monitor
the quality of fish and these are physical, sensory, chemical
and microbial qualities. Sensory features mainly include
the fish's appearance (eyes, skin and gills), texture, smell
and color (Wu et al. 2021). It is quite common to use
parameters such as pH,
Trimethylamine/Trimethylaminoxide (TMA/TMAO), Total
Volatile Basic Nitrogen (TVB-N), Thiobarbituric acid
(TBA), BAs, sensory analyzes and microbiological analyzes
(Enterobacteriaceae, Pseudomonas spp. lactic acid
bacteria, yeast etc.) (Ozogul 2009; Tavares et al. 2021).
Also  adenosine triphosphate  (ATP), adenosine
diphosphate (ADP), adenosine monophosphate (AMP) and
inosine monophosphate (IMP), inosine, hypoxanthine
formation and K value, free fatty acids, peroxide value and
total proteolytic activity, BAs are used in the evaluation of
spoilage in fish and fish products (Ocano-Higuera et al.
2011; Tavares et al. 2021; Wu et al. 2021). Toxic
substances such as BAs are formed with deterioration
which can be harmful to human health. Determination of
the presence and concentration of BAs provides important
benefits in determining the toxicological risks for public
health as well as demonstrating the hygiene quality of fish
and processed fish products (Wdjcik et al. 2021). For
maintaining the freshness of the fish and extending the
shelf life, many methods such as smoking, marinating, cold
and freezing are applied to inhibit autolytic enzyme
activity and microorganism growth (Ochrem et al. 2014).

In this study, it was aimed to determine the shelf life of
carp fish storaged in the cold as whole and cleaned. For
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this purpose, changes in microbiological, chemical, sensory
parameters and BAs levels were determined in carp stored
in the cold.

MATERIAL AND METHODS

Van Yuzuncu Yil University Animal Researches Local Ethic
Committee decided that the study “does not need Animal
Researches Local Ethic Committee approval” in the
approval certificate dated 28/09/2017 and numbered
2017/09.

Supply of Samples and Preparation for Analysis

The samples (N:165) used in the study were selected
according to their lengths (32.77+2.49 cm) and weights
(416.77+37.70 g) from a total of 300 fish (Sarimehmet
Dam Lake/VAN) caught at one time by Van Lake Fisheries
Enterprise in February/2011.

The samples were brought to the laboratory in a short
time (~1 h) in frosted polyethylene styrofoam boxes and
the preparation stage was started without waiting. While
fish in the first lot are packaged as a whole (Cold Whole
Fish/CWF); fish in the second lot were washed with cold
water in previously sterilized buckets, which are used as
drinking water, after removing the heads, internal organs
and gills under aseptic conditions using sterile gloves,
scalpel and scissors (Cold Gutted Fish/CGF). Then they
were manually packed in sterile styrofoam plates with at
least 3 fish (~1.250 kg) on each plate and wrapped with
cling film after being filtered for 15 minutes in sterile
strainers. Except for the initial analysis (day 0), samples
were kept in a refrigerator (Arcelik, 8825 SBS NY, TR) at
4+1 °C until the day of analysis. On the 0, 2nd, 4th, 6th, 8th,
10th, 12th, and 14th days of storage, muscle tissues (dorsal
and lateral) were taken from the samples under aseptic
conditions, and microbiological and chemical analyzes
were performed with two replications from the prepared
homogenates.

Microbiological Analyses

Decimal dilutions (1018 cfu/ml) of the samples
homogenized (5 min) in the stomacher (Interscience Bag
Mixer 400 P, Germany) as 10 g homogenate + 90 ml sterile
PTS (physiological saline with peptones) in sterile
stomacher bags were prepared and microbiological
analyzes were carried out after inoculation of relevant
medium (Table 1).

Chemical Analyses

For pH analysis, homogenate (10 g) of each sample was
first diluted with distilled water (1:1) and then measured
with the help of a pH-meter (Hanna® PH890, USA)
(Manthey et al. 1988). In order to determine the amount of
Total Volatile Basic Nitrogen (TVB-N), 10 g were taken
from the homogenized samples, transferred to Kjeldahl
tubes, and silicon defoamer (2-3 drops) +1 g magnesium
oxide (MgO, Merck, Germany) +100 ml distilled water was
added. Distillation was carried out by placing the tubes in
the Kjeldahl distillation apparatus (Elektromag-MX 425,
Turkey). A flask containing 100 ml of distilled water and
10 ml of 3% boric acid (H3BOs, Merck, Germany) and a
Tashiro’s indicator (7-8 drops, 0.5 g Methyl Red (Merck
1.06076, Germany) +250 ml ethanol (95%, Merck,
Germany)) is placed at the distillation outlet.
Approximately 200 ml of distillate was collected. The
collected distillate was titrated with 0.1 N hydrochloric
acid (37% HCI, Merck, Germany) until an opaque color was
obtained. TVB-N level in the samples (TVB-N (mg 100 g
1)=0.1 N HCI used in the titration (ml)x1.4x100/Sample
amount (g)) was calculated (Varlik et al. 1993).



[Biogenic Amine Formation, Microbiological and Sensory Changes in Carp]

Van Vet ], 2023, 34 (1) 32-42

Biogenic Amines Analyses

BAs analysis was performed according to the method of
Eerola et al. (1993), and consists of the stages of sample
extraction, derivatization and injection into High
Performance Liquid Chromatography (HPLC) device.

a- Derivatization of amine standards:

The amine standards (tryptamine hydrochloride-93650, (3-
phenylethylamine-77905, putrescine dihydrochloride-

P7505, cadaverine dihydrochloride-33220, histamine
dihydrochloride-53300, tyramine hydrochloride-93820,
spermidine  trihydrochloride-85580 and  spermine
tetrahydrochloride-85607, Sigma, UK), which are going to
be used in this study, were weighed in a volumetric flask
with a precision balance (ANDGR 200, Japan) and master
stock solutions (1000 ppm) were prepared by making up
to 25 ml with ultrapure water.

Table 1. Media and incubation conditions for microbiological analysis.

Incubation
Microorganism Medium Supplement References
Temperature Time (h/day) Condition
Total Aorobic il;ff &Ocligt
Mesophilic (Oxoid® - 24-48h Aerobic  Pichhardt, 1993
Microorganisms
(TAM) CM463)
(Pour plate)
Total Aerobic il::: é,oc%t
Psychrophilic (Oxoid® - 7-10 day Aerobic  Pichhardt, 1993
Microorganisms
(TAP) CM463)
(Pour plate)
Pseudomonas Aerobic
Agar Glycerol (5 .
Pseudomonas (PSA) mL) Oxidase (+)
spp. (Oxoid® + 48-72h ” (O’f‘f‘.jas'.s Pichhardt, 1993
(PS) CM559) (Oxoid® entification
®
Sticks, Oxoid
(Spread SR103) BR64)
plate)
Potato
Dextrose Tartaric Acid
Yeast and Molds Agar.(PDA) (10%) 20-25 °C 5-7 day Aerobic Koburger ve Marth,
(Y/M) (Ox0id® (pH=3.5+0.1) 1984
CM139B) PH=3-920.
(Pour plate)
Violet Red
. Bile Agar .
Coliform Group (VRBA) Harrigan ve Mc
Microorganisms (Oxoid® - 37+1°C 24-48 h Aerobic Cance, 1976;
(CQ) CM107) Pichhardt, 1993
(Pour plate)
Slanetz &
Fecal Bartley Agar
Streprococci g)ilfi)d@ - 35+44-45 °C 4h+44 h Aerobic Pichhardt, 1993
(FS) CM377)
(Pour plate)
Violet Red
Bile Glucose
. Agar
fggr"b"“"”ce"e (VRBGA) - 30£1°C 24h Aerobic  Pichhardt, 1993
(Oxo0id®
CM485)
(Pour plate)
Lactobacillus-
Rogosa Agar
Leuconostoc- (RA) Glacial
Pfglllococcus (Ox0id® Acetic Acid 35+1°C 72 h Anaerobic Pichhardt, 1993
group . CM0627) (pH=5.7)
Microorganisms (Pour plate)
(LB) P

Dilutions of 100 and 10 ppm were prepared from the main
stock solution. Amine stock solution mixtures in the form
of 12.5 pl, 25 pl, 50 pl and 100 pl amine stock solutionx8
(mix, 100 ppm), 20 plx8 (mix, 1000 ppm) and 50 plx8

(mix, 10 ppm) were prepared in different 5 ml volumetric
flasks, 50 ul of internal standard (1.7 Diamino heptane,
Merck, Germany) was added to the stock solution and then
made up to 1 ml with 0.4 M perchloric acid (70% HCIO4,
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Merck, Germany) in order to determine the curves for
amine standards. 200 pl of 2 N sodium hydroxide (NaOH,
Merck, Germany), 300 pl of saturated bicarbonate
(NaHCO3, Merck, Germany) and 2 ml of dansyl chloride (5-
dimethylaminonaphtalene-1-sulfonyl chloride, D2625-5G,
Sigma-Aldrich, UK) were added to this mixture,
respectively and vortexed for 20 seconds (Heidolph Reax
Top D-91126, USA). The mixture was left incubation in an
incubator (45 min at 40 °C). Afterwards, the incubation
temperature was reduced to room temperature by keeping
it in the dark for 15 min. 100 pl of 25% ammonia (25%
NH3, Merck, Germany) was added and mixed in a vortex
for 20 seconds and kept in a dark environment at room
temperature for 30 min. It was completed up to 5 ml with a
mixture of ammonium acetate (CH3COONH4, Merck,
Germany): Acetonitrile (CH3CN, Merck, Germany) (1:1,
v:v), was vortexed and was centrifuged at 2500 rpm for 5
minutes at 4 °C (Sigma® 3-30K, Germany). Centrifugates
were filtered through an injector-tipped filter (Millex®-
LCR Syringe type filter, 0.45um, Ireland) and taken into 2
ml amber vials (LC/MS Certified Amber Glass 12 x 32mm
Screw Neck Vial, 2 ml, Waters, USA) and calibration was
completed by making analyzes with HPLC (Table 2).

b- Extraction and derivatization of the samples:

During the extraction process of the samples, 125 ul of
internal standard and 10 ml of 0.4 M perchloric acid (70%
HCIO4, Merck, Germany) were added onto the homogenate
(2 g) in the centrifuge tube and passed through a
homogenizer (IKA® Yellowline DI Basic, USA) for 3
minutes in a cooled alcohol-ice bath. Then it was
centrifuged at 3000 rpm/10 min at 4 °C and the upper
clear part was collected by filtration through filter paper
(Filter lab® 1240 90 mm, Spain). 10 ml of perchloric acid
was added to the centrifuge tube again and mixed in the
vortex, and filtered after centrifugation and taken on the
first filtrate. The collected filtrate was collected up to 25 ml
with perchloric acid. Extraction of the samples was
performed in triplicate. For derivatization of the samples,
1 ml was taken from the collected filtration into 5 ml
amber volumetric flasks. After this stage, the procedures
applied for derivatization of BA standards were followed
and three repetitive analyzes were performed for each
sample in HPLC.

c- Configuration of the HPLC Device:

C 18 (Inertsil® ODS-2, 5 pm, 4.6 x 150 mm, Japan) column
was used for BAs analysis. HPLC (Prominence LC-20A
Modular HPLC System, Japan) configuration was
determined as follows: injection amount: 20 pl, flow rate:
0.8 ml/min, Diode-Array Detection (DAD), column oven
temperature 40 °C, mobile phase A (Ammonium acetate),
mobile phase B (Acetonitrile 50%-90% 16t min, 16-22nd
min 90%, 22-30t min 50%, post-run), 254 nm wavelength
(Eerola et al. 1993).

Sensory Analyses

Sensory analyzes were carried out by a group of 6
panelists. Panelists are between the ages of 33 and 40
working at Van YYU Faculty of Veterinary Medicine, it was
made by 6 panelists 3 women and 3 men who are
associates. During the study, attention was paid to the
presence of the same panelists. The samples were scored
and evaluated according to the hedonic scale (0-9 points)
in terms of color, odor, taste and general acceptability
criteria as “very good” (9.00-7.00), “good” (6.90-4.10), “can
be consumed” (4.00) and “spoiled” (3.90-1.00) (Ekici et al.
2011).

Statistical Analysis

Descriptive statistics for the continuous variables were
presented as Mean and Standard deviation, while count
and percentages for categorical variables. Kruskal-Wallis
test was performed to compare groups. Following the
Kruskal-Wallis test, Dunn multiple comparison test was
used to determine different storage days. Pearson
correlation coefficients were calculated separately in
groups to determine the relationship between traits.
Statistical significance level was considered as 5% and
SPSS (ver: 23) statistical program was used for all
statistical computations (Ozdamar 2010).

RESULTS

The results of the microbiological counts (logio cfu/g),
chemical parameters, sensory analyses, and BAs levels (mg
kg-1-ppm/wet weight) of the CWF and CGF samples taken
in the stated days were given in Table 3. The correlation
data between the examined parameters of the fish samples
stored at 4 °C as whole (CWF) and gutted (CGF) are given
in Table 4-5.

Table 2. HPLC values of biogenic amines standard solutions RSD%, CV%, LOD and LOQ.

Amin Standards RSD% CV% LOD LOQ
Tryptamine 6.52 1.24 0.025 0.311
B-phenylethylamine 9.02 2.40 0.038 0.014
Putrescine 1.35 1.97 0.028 0.086
Cadaverine 2.73 0.96 0.039 0.117
Histamine 2.72 1.56 0.033 0.101
Tyramine 6.41 1.27 0.309 0.937
Spermidine 5.13 0.79 0.114 0.436
Spermine 3.24 1.80 0.109 0.331

RSD%: Relative Standard Deviation, CV%: Coefficient of Variation, LOD: Limit of Detection, LOQ: Limit of Quantification.
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Table 3. Changes in the parameters analyzed during storage in fish stored at 4 °C as whole and gutted.

Pararpeters Storage Time (day) Statistical Values
examined
Number of A
microorganisms fo?"& 0 day 2nd day 4th day 6th day 8th day 10th day 12th day 14th day Min. Max. Mean
(log1o cfu/g)

WF 3.10+0.08P #4.42+.0.04¢ #4.23+0.35¢ 4.99+0.148 5.07+0.128 5.28+0.338 5.47+0.088 6.10+0.204 3.04 6.24 4.83+0.90
TAM

GF 3.14+0.10P 3.08+.0.17P 3.14+0.08P 4.56+0.06¢ 5.15+0.168 5.55+0.054 5.20+0.138 5.53+0.224 2.96 5.69 4.42+1.09

WF 5.85+0.25E #6.90+0.13P 7.35+0.25¢P 7.39+0.13¢P 7.75+0.218¢ #7.95+0.054B 8.28+0.164 8.24+(.334B 5.68 8.47 7.46+0.79
TAP

GF 5.63+0.04E 5.32+0.09E 6.34+0.22P 7.36+0.17¢ 7.77+0.028 8.31+0.104 8.25+0.274 8.58+0.104 5.26 8.65 7.20+1.23

WF 3.09+0.13E #3.72+0.10¢P 3.63+0.06P #3.98+0.08¢ 3.79£0.13¢p 4.57+0.128B 4.44+0.198 6.15+0.114 3.00 6.22 4.16+0.90
Pseudomonas spp.

GF 2.98+0.09E 2.80+0.08E 3.31£0.11P 3.07+0.23DE 4.17+0.12¢ 4.25+0.07¢ 4.78+0.068 6.46+0.064 2.75 6.50 3.98+1.19
Yeast/Mold WF 1.85+0.21P #3.05+0.138 3.07+0.108 3.55+0.094 #2.44+0.04¢ #2.27+0.05¢ 3.57+0.114 3.28+0.324 1.70 3.65 2.88+0.62
(Y/M) GF 1.47+0.10P 2.24+0.05¢ 3.26+0.1248 3.14+0.158 3.47+0.1848 3.51+0.038 3.17+0.218 3.57+0.134 1.40 3.66 2.98+0.72
Coliform group WF 1.82+0.16P #3.48+0.098 #3.78+0.114 #3.90+0.094 3.20+0.138¢ 3.31+0.108 2.95+0.18¢ 4.01+0.114 1.70 4.09 3.30+0.69
(€6 GF 1.64+0.14E 2.60+0.08¢ 2.56+0.06P 2.44+0.03P 2.99+0.12P 3.48+0.04¢ 3.33+0.078 3.81+0.114 1.54 3.86 2.86x0.67
Fecal streptococci ~ WF <1 1.17+0.13¢ #2.58+0.074 #2.38+0.1048 #2.33+0.1448  #2.30+0.0448 2.15+0.218 2.52+0.104 <1 2.63 2.05+0.60
(FS) GF <1 <1 1.15+0.21P 1.45+0.21¢ 1.61+0.19¢ 2.61+0.0548 2.50+0.028 2.82+0.014 <1 2.82 1.77+0.74
Enterobacteriaceae  WF 2.10+0.11F #4.04+0.11P #4.77+0.04¢ 4.78+0.23¢ 4.82+0.16¢ #4.97+0.028¢C #5.27+0.098 #5.79+0.244A 2.02 5.96 4.56+1.08
(EB) GF 2.34+0.066 3.28+0.06F 4.15+0.07¢ 4.43+0.14P 5.31+0.14¢ 5.51+0.02¢ 6.05+0.138 6.63+0.064 2.30 6.67 4.71+1.39
Lactobacilli WF 1.59+0.16E #3.20+0.09P #3.13+0.05P #4.43+0.11¢ #5.61+0.044 #5.54+0.054 #4.92+0.018 4.86+0.068 1.48 5.64 4.16+1.36
(LB) GF 2.13+0.10F 2.28+0.04F 2.57+0.09E 3.56+0.06P 4.07+0.10¢ 5.26+0.074 5.30+0.104 4.68+0.168 2.06 5.37 3.72+1.26

WF 6.54+0.23¢ 6.64+0.048¢ 6.49+0.12¢ #6.58+0.048¢ #6.62+0.068C #6.81+0.0148 #6.60+0.01BC 6.89+0.014 6.38 6.90 6.64+0.15
pH

GF 6.52+0.06P 6.65+0.00¢ 6.78+0.018 6.75+0.048 6.89+0.044 6.67+0.02¢ 6.78+0.048 6.95+0.024 6.48 6.96 6.75+0.13
TVB-N WF 11.34+0.20F #11.41+0.10E  #12.67+0.10PE  14.35+0.50¢P #16.45+0.50¢ 26.95+0.508 28.00+1.988 30.80+1.984 11.20 32.20 18.99+7.93
(mg100g7) GF 11.76+0.20¢P 12.32+0.20¢ 10.50+0.20P 11.97+0.89¢P 13.51+0.30¢ 25.69+0.698 30.45+0.494 26.61+1.578 10.36  30.80  17.85%7.95

WF 9.00+0.004 7.92+0.658 6.62+0.16¢ 4.04+0.35P 1.87+0.42F 1.00+0.00F 1.00+0.00F 1.00+0.00F 1.00 9.00 4.08+3.20
Sensory analysis

GF 9.00+0.004 8.50+0.31B 6.54+0.32¢ 4.08+0.29P 2.08+0.29¢ 1.00+0.00F 1.00+0.00F 1.00+0.00F 1.00 9.00 4.15+3.26

#: | For a variable, the difference between whole and gutted applications within the same storage days is statistically significant (p<0.05). A, B, ....H: = Shows the difference between storage
days within the same application method (p<0.05). App.: Application, TAM: Total Aerobic Mesophilic Microorganisms, TAP: Total Aerobic Psycrophilic Microorganisms; TVB-N: Total Volatile
Basic Nitrogen, BAs: Biogenic Amines, ND: Not Detected (<LOD), WF: Whole Fish, GF: Gutted Fish.
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Table 3. Following.

]grﬁ; gflg-fi)pm) 0 day 2nd day 4th day 6th day 8th day 10th day 12th day 14th day Min. Max. Mean
(wet weight)

Tryptamine WF #1.25+0.06F 1.10+0.08¢ #1.54+0.15¢P #1.61£0.07¢ 1.47+0.09PE #2.72+0.048 #2.90£0.054 #1.36+0.17EF 0.98 2.94 1.75%0.65
(TRM) GF 0.92+0.07F 1.04+0.14F 1.26+0.15E 1.51+0.04P 1.53+0.04P 3.41+0.20¢ 4.92+0.078 5.67+0.204 0.83 5.99 2.53%1.79
B- WF #1.36+0.09¢ #0.43+0.02F #1.02+0.09P #1.80+0.118 #0.71£0.08E #2.4020.304 #0.76x0.05E #0.12£0.046 0.08 2.90 1.07+0.71
phenylethylamine

(PEA) GF 1.05+0.118 1.05+0.128 2.06x0.104 1.12+0.068 1.06+0.108 0.59+0.06¢ 0.62+0.08¢ 0.45+0.04P 0.41 2.26 1.00+0.48
Putrescine WF 1.65+0.04H #3.44+0.26F #2.20£0.326 #5.66+0.26F #7.34+0.29P #14.29+0.348  #16.24+0.114  #10.85%0.41¢ 1.58 16.37 7.71£5.25
(PUT) GF 1.68+0.10F 0.94+0.07F 1.60+0.18E 1.15+0.16FF 2.57+0.16P 15.59+0.11¢ 21.07+0.328 24.61+0.094 0.85 25.46 8.65%9.52
Cadaverine WF #1.64+0.04H #3.45+0.086 #4.51£0.42F #17.29+0.61¢  #41.81+1.224  #37.87%0.75¢  #36.05£0.450  #38.67+0.33B 1.57 4296  22.66x16.8
(CAD) GF 0.40+0.01F 0.52+0.20F 0.30+0.02F 1.51+0.08F 5.39+0.10P 17.85+0.51¢ 32.55x0.478 38.99x0.764 0.27 39.86  12.19+14.9
Histamine WF #1.30+0.04P #0.32+0.04F #ND #0.74+0.03E #2.49+0.21¢ #4.89+0.084 #3.14+0.088 #1.25+0.03P ND 5.03 1.77+1.56
(HIS) GF ND ND 0.15+0.03P 0.16+0.01P 0.23+0.01P 0.75+0.04¢ 2.43x0.074 2.25+0.288 ND 2.57 0.75+0.96
Tyramine WF #1.25+0.01F #1.41+0.04E #1.37+0.03E #2.00£0.03P #2.41£0.07¢ 3.32+0.194 #2.52+0.068 #2.43+0.058¢ 1.23 3.56 2.09+0.68
(TYM) GF 1.07+0.03F 0.96+0.03¢ 1.53+0.04P 1.29+0.05F 1.36%0.05F 3.37+0.068 3.52+0.024 2.84+0.06¢ 0.93 3.76 1.99+1.01
Spermidine WF #1.24+0.00F #1.13+0.01F 1.27+0.02E #1.45+0.02P #1.42+0.03P #1.76+0.02P #1.57+0.01¢ #1.66+0.028 111 1.79 1.44+0.21
(SPD) GF 1.18+0.01F 1.05+0.04F 1.23+0.03P 1.35%0.01¢ 1.22+0.03P 1.33+0.01P 1.96x0.014 1.85+0.038 1.00 1.98 1.40+0.31
Spermine WF #1.28+0.02F #1.2520.06F #1.15+£0.016 #1.54+0.028 #1.11£0.01H #1.67£0.014 #1.31+0.01P #1.48+0.01¢ 1.10 1.69 1.35+0.19
(SPM) GF 1.19+0.02P 1.05+0.02F 1.34+0.01¢ 1.33+0.04¢ 1.52+0.028 1.14+0.00E 1.55+0.048 1.77+0.024 1.02 1.79 1.36x0.23

#: | For a variable, the difference between whole and gutted applications within the same storage days is statistically significant (p<0.05). A, B, ....H: = Shows the difference between storage
days within the same application method (p<0.05). App.: Application, TAM: Total Aerobic Mesophilic Microorganisms, TAP: Total Aerobic Psycrophilic Microorganisms; TVB-N: Total Volatile
Basic Nitrogen, BAs: Biogenic Amines, ND: Not Detected (<LOD), WF: Whole Fish, GF: Gutted Fish.
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Table 4. Correlations between parameters examined in fish stored at 4 °C as a whole (*: p<0.05, **: p<0.01).

Parameters examined pH TVB-N SA TAM TAP PS Y/M CG FS EB LB TRM PEA PUT CAD HIS TYM SPD SPM
pH 1

TVB-N ,667° 1

Sensory analysis -558* -871* 1

TAM ,645™ ,808™ -,896™ 1

TAP ,514*  ,783"  -901™ 934" 1

Pseudomonas spp. ,738™ ,855™ -730™ ,848™ ,740™ 1

Yeast/Mold (Y/M) 041 264 -300 ,529° 506" 411 1

Coliform group (CG) ,335 ,244 -381 ,650™ ,595” ,529*  ,668™ 1

Fecal streptococci (FS) ,251 488  -,694" ,692™ ,783" 535" ,428 681" 1

Enterobacteriaceae (EB) ,423 ,679*  -815" ,917* ,949* 750" ,646™ ,785"™ ,832™ 1

Lactobacilli (LB) 475 676" -932" 863" ,876™ 582" ,285 486 703" 823" 1

Tryptamine (TRM) ,187 ,675™  -,649" 431 ,592* ,277 ,167 -,038 ,378 427 ,513* 1

B-phenylethylamine (PEA)  -019 -054 -030 -183 -139 -265 -330 -153 ,071 -197 ,071 433" 1

Putrescine (PUT) ,523* 920" -881™ 772" ,808" ,657"  ,269 ,146 ,447 ,656™ ,763* 838"  ,100 1

Cadaverine (CAD) 561,822  -967™ ,833" 827" ,672" ,137 ,250 ,606" 711" 919 541~ -029 ,838" 1

Histamine (HIS) 404 642" -673" ,383 452 ,251 -298  -233 ,194 ,239 ,616* 799" 470" ,801" ,718" 1

Tyramine (TYM) ,587* ,775* -895* 715" /733" 558 -023 ,208 541" ,606" ,873* 715 ,319* ,882" ,893" 867" 1
Spermidine (SPD) ,607°  ,891™ -896™ ,756™ 742~ 711" 110 ,235 ,624™ 633" [773% 671" ,292" 862" ,847" 748" 917" 1
Spermine (SPM) ,560°  ,516°  -421" 437 ,314 ,507* ,117 ,278 ,241 ,298 ,371 ,420" 575,497 322" 464" 605" ,696™ 1
TVB-N: Total Volatile Basic Nitrogen, SA: Sensory analysis, TAM: Total Aerobic Mesophilic Microorganisms, TAP: Total Aerobic Psycrophilic Microorganisms.

Table 5. Correlations between parameters examined in fish stored at 4 °C as a gutted (*: p<0.05, **: p<0.01).

Parameters examined pH TVB-N SA TAM TAP PS Y/M CG FS EB LB TRM PEA PUT CAD HIS TYM SPD SPM
pH 1

TVB-N ,334 1

Sensory analysis -,659" -790™ 1

TAM ,596° 756  -967" 1

TAP ,669™ 773" -984" 966 1

Pseudomonas spp. ,714™ 791" -,786™ ,767" ,808™ 1

Yeast/Mold (Y/M) ;776" 460  -825 740" 801" 597 1

Coliform group (CG) ,683" 804" -869" ,815" 826" ,842" ,806™ 1

Fecal streptococci (FS) ,498*  ,929* -910* ,883* ,905* ,869" ,653" ,890™ 1

Enterobacteriaceae (EB) , 794" 788"  -954™ 894" 940" 874" 863" ,937" ,895" 1

Lactobacilli (LB) ,5100  ,880™ -971™ 948" 951" ,745" 719" 849" 933" ,906™ 1

Tryptamine (TRM) ,538° 936" -780" ,752* ,800"™ 923" ,549* 853" 939" 859" 820" 1

B-phenylethylamine (PEA) -177 -722* 587 -704" -568" -599* -179 -583" -703" -525" -659" -696™ 1

Putrescine (PUT) 447 965 -754™ 730" 769" 895"  ,474 817" 934" 813" 819" 985" - 717" 1

Cadaverine (CAD) ,529* 941 758" 740" ,779" 928" 495 828" 921" 839" 805" ,993" -714" 987" 1

Histamine (HIS) ,540© 903~ -703" ,661™ 722" ,885" 450 757 ,850™ ,803™ ,745" 965" -623" ,940" 970 1

Tyramine (TYM) ,329 961" -805" 765" ,809* 750" ,575* 817" ,937* ,803" 901" ,882" -609" 911" 862" ,829" 1
Spermidine (SPD) ,520°  ,847" -704™ 648" 723" 813" 424 655" ,795" ,766™ ,724” 920" -555" ,883" ,920" 968" 781" 1
Spermine (SPM) ,843"  ,483  -656" 618" ,701* 815" 564" ,567° 581" ,758"™ 544" 682" -287" 604" 697" 718" 404" 769" 1

TVB-N: Total Volatile Basic Nitrogen, SA: Sensory analysis, TAM: Total Aerobic Mesophilic Microorganisms, TAP

: Total Aerobic Psycrophilic Microorganisms.
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DISCUSSION AND CONCLUSION

The determination of the total microbial load is one of the
important parameters for the determination of spoilage
due to the lack or insufficiency of thermal measures in all
transport, processing and preservation stages of the food,
starting from the raw material supply, with the full
compliance of the hygiene and sanitation rules of the food
enterprises. Besides, it also provides valuable data in
terms of determining the onset of spoilage and the
possible shelf life according to the food product, and
providing information about the contamination level
during the production processes (Temiz 2003). TAM
counts at the beginning of storage in CWF and CGF samples
were 3.10+0.08 and 3.14+0.10 logio cfu/g, respectively.
According to our results and low initial TAM counts
indicate the good quality of samples (Table 3). According
to International Commission on Microbiological
Specifications for Foods (ICMSF) (1986), it has been
reported that the microbial load during harvest or fishing
for most aquatic products can vary between 2-5 logio cfu/g
(<5.69 logio cfu/g good quality). Although there are studies
which have similar results to our research for TAM count
at the beginning of storage (Fan et al. 2009; Zhang et al.
2011) reports with different results are also available
(Krizek et al. 2004; Hasani and Hasani 2014). It is thought
that microbial flora and load in the waters from which the
samples were obtained, hunting/harvest period,
preparation processes, transport conditions and durations,
and possible contaminations might be effective on the
differences between the research results. Microflora of the
water and temperature are effective on the initial
microbial load in freshwater fish (Ehsani and Jasour 2012).
It was evaluated that TAM counts were 5.07+0.12 and
5.15£0.16 logio cfu/g, respectively, on the 8t day when
spoilage was observed at both application forms (CWF and
CGF) in terms of sensory analysis, however it was
determined that the limit (7 logio cfu/g) determined for
TAM count in marine and freshwater fish according to
ICMSF (1986) and Erdem et al. (2022) were not exceeded
during the 14-day storage period. Correlation was found
between TAM counts and TAP, Pseudomonas spp. (PS),
Coliform group (CG), Fecal Streptococci (FS),
Enterobacteriaceae (EB), Lactobacilli (LB), pH, TVB-N,
sensory analysis, putrescine, cadaverine, tyramine and
spermidine (p<0.01) and Yeast/Mold (Y/M) (p<0.05)
(Table 4). On the other hand, in CGF samples, a correlation
at p<0.01 was determined between TAM count and TAP,
PS, Y/M, CG, FS, EB, LB, TVB-N, sensory analysis,
tryptamine, B-phenylethylamine, putrescine, cadaverine,
histamine, tyramine and spermidine; and a correlation at
p<0.05 was determined between TAM count, and pH and
spermine (Table 5). It is expected that the values of other
microorganism groups will be high if TAM count is high.
There is a positive correlation between the TAM counts of
the samples in both groups and the other microorganism
groups at different levels in terms of statistical analysis. At
the same time, other microorganism groups can grow in
the medium and incubation conditions at which the TAM
count is determined. At the end of the storage period, the
TAP count of the samples was found to be 2 logio cfu/g
more than the TAM count on average (Table 3). This can be
related to the microflora differences of the samples at the
beginning of storage, and the fact that the samples were
composed of fish caught in the winter season and
psychrophilic microorganisms formed the dominant
microflora. It was determined that a correlation of TAP
count was present with sensory analysis results and
chemical parameters at different levels (p<0.01, p<0.05)
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(Table 4-5). In this study, it was thought that psychrophilic
microorganisms are more effective on the formation of
BAs in both applications. The level of increase in the
number of PS is similar to the increase in TAM count and
PSs were found to constitute the majority of the microbial
load in the samples. Microflora, which was initially
heterogeneous in fresh fish kept in cold aerobic conditions,
became dominant in the later stages due to competition
with psychrotrophic Pseudomonas and Shewanella species,
and as a result, spoilage has occurred (Sternisa et al.
2020). Increases and decreases in the PS count during the
storage process can be due to inhibition as a result of
competition between microorganisms. It was determined
that PS counts were statistically significantly increased
(p<0.05) in CWF and CGF samples, and reached 6.15+0.11
and 6.46+0.06 logio cfu/g on the 14t day, respectively
(Table 3). It was determined that the PS count in all fish
was generally higher than the cleaned ones, but the PS
count increased more in the cleaned fish starting from the
8th day of storage (Table 3). In this study, it was seen that
Pseudomonas spp. are dominant microorganisms in CWF
and CGF samples. Significant (p<0.05) increases and
decreases were observed in CG and Y/M counts during
storage and these values were found to be 4.01+0.11 and
3.81+0.11 log1o cfu/g, and 3.28+0.32 and 3.57+0.13 log1o
cfu/g, respectively, in CWF and CGF samples on the 14th
day (Table 3). It has been determined that the Y/M counts
were generally similar in both applications. At the
beginning of storage (0 day), the number of CGs in the
CWF and CGF samples were determined 1.82+0.16 logio
cfu/g and 1.64£0.14 logio cfu/g, respectively. It may be
related to possible cross-contaminations of the water in
which the samples are caught, the tools-equipment used in
the fishing and the boat and/or transport process or
during the preparation of the samples. Coliform
microorganism contamination can occur both from the
waters where fish are caught/harvested, and from
transportation and all other processes following the
fishing/harvest process. For this reason, two processes
should be evaluated together in the detection of these
microorganisms, which are considered as indicators (Patir
and Inanli 2005).

While fecal streptococcus (Enterococcus spp.) counts in
CWF and CGF samples was found to be <1 logio cfu/g at the
beginning of storage; it was found to be 2.52+0.10 log1o
cfu/g in CWF samples and 2.82+0.01 logio cfu/g in CGF
samples at the end of storage (Table 3). In both
applications, it was determined that the
Enterobacteriaceae count has increased during storage,
and the highest values of 5.96 and 6.67 logio cfu/g were
determined in CWF and CGF samples, respectively (Table
3). While some of the species in the Enterobacteriaceae
family have fecal origin and pathogenic characteristics,
some of them are saprophytic. This family is accepted as a
hygiene and sanitation indicator rather than an indicator
of fecal contamination (Temiz 2003). Enterobacteriaceae
count is evaluated as a quality index from a different
aspect in the processes of cleaning, washing and cooling
the internal organs of fish with the help of ice. It is
recommended to monitor these microorganisms in the
evaluation of fish quality, and Enterobacteriaceae in the
entire food chain from production to consumption is taken
into account. Pseudomonas microorganism count is
evaluated in the establishment of new practices and
regulations for food safety, food tracking and traceability
systems. For the risk management process determined in
fish, it is very important to obtain clear information by
means of such microorganisms in order to better
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understand and determine the danger at all stages,
including technological product processing, transportation
and storage, sales and supply (Popovic et al. 2010). It was
determined that there were increases and partial
decreases in lactobacilli count (Lactobacillus-Leuconostoc-
Pediococcus) during storage (Table 3). Reproduction of
microorganisms can be affected by different
environmental factors. Lactobacilli can produce lactic acid
and bacteriocins, and this may contribute to the selective
growth of these microorganisms in the environment
during the spoilage processes (Li et al. 2011). It is
considered that the initial high lactobacillus load may be
due to differences in fish species and/or sample
preparation. In this study, it was determined that some
microorganism counts in CGF samples were partially
higher than that in CWF samples on different days of
storage. Although repeated washing was performed during
the preparation of CGF samples, blood clots and other
residues formed during the cleaning of internal organs are
thought to be effective. Microbial quality in fish meat may
vary depending on the characteristics of the water in
which catch/harvest is performed and the sanitation
conditions between the fish markets and sales points.
When the fish is cleaned, the edible muscle parts can be
contaminated because of microorganisms originating from
gills and the internal organs during the cleaning processes
(Krizek et al. 2004; Abuhlega and Ali 2022).

The pH value of fish and fish products is accepted as one of
the important parameters for determining the freshness. It
is stated that the pH of fish can vary between 5.5 and 7.1
depending on the season and species, but a value between
6.8-7.0 is generally recommended (Varlik et al. 1993;
Ozogul 2009). It was determined that there were
fluctuations in pH values in both applications during the
storage period, the pH values increased in the following
periods, and reached the level of 6.89+0.01 and 6.95+0.02
in CWF and CGF samples, respectively, at the end of
storage (Table 3). It has been reported that the decrease in
the pH level at the beginning of storage is due to the
inorganic phosphates released as a result of the
accumulation of lactic acid, the increase in the amount of
dissolved CO2 or the destruction of ATP during the energy
production by anaerobic glycolysis. On the other hand, it
has also been reported that the increase in the subsequent
periods is caused by volatile bases such as NH3, TMA and
alkaline products such as BAs due to endogenous enzymes
and microbial activities (Fan et al. 2009; Ochrem et al.
2014; Yu et al. 2016). TVB-N, which is another indicator of
spoilage in fish, is mainly formed by the degradation of
primary, secondary and tertiary amines, proteins and non-
protein nitrogen (NPN) components (such as ammonia),
and is more related to microbial activities (Shi et al. 2012).
According to our study results, the increases in TVB-N and
BAs are compatible with each other. It is seen that the
samples have a shelf life of 10 days in terms of TVB-N
values according to Regulation on Seafood (2008) (<20 mg
100 g'1) in both applications (Table 3). According to the
sensory analysis results of CWF and CGF samples, it was
determined that the samples were spoiled on the 8th day of
storage. Hasani and Hasani (2014) and Ocherm et al.
(2014), results on sensory analyzes in carp fillets are
similar to our research results.

The general condition of the fish during catching, the
operations applied during the hunting/harvest processes
and the hygienic conditions throughout the storage, the
hygienic condition of vehicles such as boats, the level of
their cooling systems, the capacity and hygienic
characteristics of the cooling units may cause different

levels of BAs to occur in various fish species (Ehsani and
Jasour 2012). BAs, an enzymatic degradation product used
as an indicator of spoilage; have a special importance
especially in fish and fish products in terms of public
health due to both quality indicator and microbial
deterioration index and their toxic effects (Krizek et al.
2002; Ruiz-Capillas and Herrero 2019; Ucar et al. 2021;
Wobjcik et al. 2021). In our study, fluctuations in the
amount of tryptamine and (-phenylethylamine were
determined during the storage period (Table 3). It was
determined that the amount of B-phenylethylamine varied
between 0.08 and 2.90 ppm as the lowest and highest
values, respectively. On the other hand, the amount of
tryptamine was found to be 1.47+0.09 and 1.53+0.04 ppm
in whole and cleaned samples, respectively on the 8th day
when the samples were evaluated as "spoiled" in terms of
sensory. Bakar et al. (2010) and Yu et al. (2016) stated in
their research that there were fluctuations in tryptamine
and B-phenylethylamine concentrations during storage,
but these fluctuations were insignificant and could not be
taken into account. Tryptamine and B-phenylethylamine
can cause migraine and various cardiovascular disorders
such as narrowing of the vessels, increase in blood
pressure and hypertension. While no toxic dose is
reported for tryptamine in foods, the toxic dose for -
phenylethylamine is reported to be 30 ppm (Mah et al.
2019; Wéjcik et al. 2021). It is observed that the
concentration of -phenylethylamine in the samples
during the entire storage period is less than 3 ppm and
remains within the safe limits for human consumption.
Especially the Enterobacteriaceae family and Pseudomonas
species are accepted as sources of cadaverine and
putrescine (Builka et al. 2012). Zhang et al. (2015)
reported that putrescine and cadaverine were dominant
BAs during storage in common carp fillets stored for 18
days and reported that these BAs increased during storage
and would be appropriate for measuring quality changes
in common carp fillets. Kordiovska et al. (2006), stated
that the amines which have best correlation with
microorganism counts in the samples are putrescine and
cadaverine, and reported that these two amines can be
considered as the most objective indicator in the
evaluation of quality in carp fish. In general, putrescine
and cadaverine suppress histamine oxidation and increase
histamine toxicity in humans (Buiika et al. 2012; Abuhlega
and Ali 2022). It has been reported that two amines,
histamine and tyramine, cannot be used as quality
indicators of carp fish since the increase in the
concentration of these two amines is revealed during the
matrix decomposition phase. On the other hand, it is
reported that the amount of putrescine or
putrescine+cadaverine can be evaluated together in the
evaluation of quality (<20 mg kgt good quality, 20-45 mg
kgl acceptable and >45 mg kg! bad quality for
putrescine+cadaverine) since putrescine and cadaverine
have similarly flat kinetics and cause slow pre-sensory
manifestations (Krizek et al. 2002; Krizek et al. 2004).

According to our research results within the framework of
this evaluation, the amount of putrescine and cadaverine
in CWF and CGF samples was 7.34 and 2.57 ppm and 41.81
and 5.39 ppm, respectively on the 8t day of sensory
rejection of samples. On the 6th day of storage, the amount
of putrescine+cadaverine in CWF and CGF samples was
found to be 22.95 and 2.66 ppm, respectively (Table 3). It
was observed that the amount of cadaverine detected in
the CGF samples in the first 12 days of the storage was
lower than in the CWF samples. Low cadaverine level may
be associated with lower proteolytic enzyme activity in
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CGF samples compared to CWF samples. BAs are formed
by decarboxylation of free amino acids as a result of the
activity of bacteria containing decarboxylase enzymes (Shi
et al. 2012). It was determined that the amount of
putrescine in CWF samples decreased on the 14th day of
the storage. Microbial deamination and decarboxylation
activities of many kinds of amino acids decreased in the
late period of storage, which might be due to the inhibition
effects of microbial metabolites like ammonia and amines
(Zhuang et al. 2023). In both applications, the amount of
putrescine+cadaverine was found to be of poor quality
with 49.15 ppm in CWF samples and good quality with
796 ppm in CGF samples on the 8th day of sensory
rejection of the samples (Table 3). A correlation of
(p<0.05-p<0.01) was determined between the amount of
putrescine and the amount of cadaverine, tryptamine, 3-
phenylethylamine, histamine, tyramine, spermidine and
spermine in CWF and CGF samples (Table 4-5). According
to the results of that study; an increase in the amount of
putrescine and cadaverine was determined in accordance
with the increase of microorganisms in both applications
during the whole storage period, similar to the literature
and it was observed that the changes in the amount of
TVB-N showed parallelism. It is considered that these two
BAs can be considered as suitable quality indicators
(index) in determining the quality of mirror carp stored in
the cold.

According to our research results, it was determined that
the increase in histamine and tyramine concentrations in
the samples was limited during the storage period and the
amount of histamine and tyramine in CWF and CGF
samples was 2.49-0.23 ppm and 241-1.36 ppm,
respectively, on the 8th day when sensory spoilage was
observed (Table 3). While histamine is considered to be
one of the important problems in marine fish, it is ignored
in freshwater fish, where the amount is low compared to
marine fish (Abuhlega and Ali 2022). For tyramine, less
than 800 ppm is defined as a safe dose, while even 6 ppm
can cause poisoning reactions in people taking MAO
inhibitors. The first signs of poisoning appear 1 to 2 hours
after consumption and may cause migraine,
gastrointestinal complaints, tachycardia, increase in blood
sugar, noradrenaline release and hypertension. It is
reported that the daily intake of tyramine should not
exceed 800 ppm, and the level of 1080 ppm is accepted as
a toxic dose according to the recommendations of the
European Food Safety Authority (EFSA). Tyramine can
react with nitrite in the presence of acidic environments
and turn into mutagenic components such as 3-
diazotyramine (Mah et al. 2019; Wojcik et al. 2021). In
both applications, it was determined that the amount of
tyramine during the entire storage period was well below
the limit values specified in the literature. Histamine
poisoning causes allergic reactions such as tingling in the
tongue, rash, vomiting, diarrhea, burning sensation,
headache and dizziness, nausea, drop in blood pressure,
vasodilation, intracranial bleeding, palpitations or
difficulty breathing, itching and redness of the skin, fever
and hypertension (Mah et al. 2019; Wdjcik et al. 2021).
According to Turkish Food Codex (2011) and Regulation
on Seafood (2008), legal limits for histamine are regulated
as minimum 100 ppm and maximum 200 ppm (100-200
ppm) (n:9/c:2). It is seen that the histamine level in both
applications during storage is below the limits allowed by
Turkish Food Codex (2011), Regulation on Seafood (2008),
FDA (Food and Drug Administration) and EC (European
Community). While the amount of spermidine and
spermine in CWF samples were between 1.11 and 1.79
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ppm and 1.10 and 1.69 ppm, respectively; a fluctuation
was observed for the amount of spermidine and spermine
between 1.00 and 1.98 ppm and 1.02 and 1.79 ppm in CGF
samples (Table 3). It is stated that the amount of
spermidine and sperm is clearly in low concentration and
fluctuates, there can be a tendency for the amount of
spermidine to decrease slowly over time, the low and
fluctuating concentrations of spermidine and sperm make
it difficult to establish a relationship with these amines in
defining the decomposition process, these two amines are
toxicologically insignificant in carp fillets stored in the cold
which have a low correlation with other parameters and
are not important as a quality indicator (Krizek et al. 2002;
Krizek et al. 2004; Zhang et al. 2015).

In the light of the results of the samples stored in the cold;
it was determined that TAM, TAP and Pseudomonas spp.
increased during the whole storage period and constituted
the dominant flora. It was also determined that there were
high correlations between BAs and other parameters and
these microorganisms. It was determined that putrescine
and cadaverine were the highest increasing BAs during
storage, and they were positively correlated with other
parameters and negatively correlated with sensory
analysis scores. According to the results, it was concluded
that the evaluation of putrescine and cadaverine as
indicator BAs in determining the freshness of carp fish can
be appropriate. Although there is not much difference
microbiologically between keeping fish samples as a whole
or cleaned, it is considered that the whole preservation is
safer than the preservation after cleaning based on the
average microbiological values on the 8th day when the
samples were rejected in a sensory manner.
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Calismada tavsanlarda sodyum hidroksitle (NaOH) deneysel olarak olusturulan kornea alkali yaniklarin
sagaltiminda medikal ozonun farkl uygulama sekillerinin korneal iyilesme iizerine olan etkinliginin klinik ve
histopatolojik olarak incelenmesi amaglandi. Bu amagla 32 adet Yeni Zelanda 1irki tavsanlarin sadece sag
gozlerinin sentral korneasina 1 normal (N) NaOH emdirilmis 6 mm capli filtre kagidi1 1 dk stire ile uygulandi.
Tavsanlar rastgele dort gruba ayrildi. Sagaltim tger (3) giin araliklarla 21 giin boyunca devam etti. Birinci
grup (K) kontrol grubu olarak birakildi. Yanik sonrasi bu gruba herhangi tedavi uygulanmadu. ikinci gruba
(M) subkonjuktival ozonlanmis kan uygulandi. Ugiincii gruba (S) subkonjunktival medikal ozon uygulamasi
yapildi. Dordiincii gruba (O) major otohemoterapi uygulandi. Klinik ve histopatolojik degerlendirmeler
neticesinde, kornea dokularinda en yiiksek derecede rejenerasyon ve iyilesme bulgularinin M grubunda
oldugunu bunu sirasiyla O grubu ve S grubu takip etti. En ytliksek korneal doku hasar1 K grubuna ait olgularda
gozlendi. Normal stromal kalinliga en yakin olgular M grubunda olup, K grubunun en ytiiksek stromal kalinliga
ve normalden en uzak degere sahip oldugu dikkati cekti. Elde edilen Klinik, istatistiksel ve histopatolojik
bulgular 15181nda; korneal alkali yaniginda medikal ozon sagaltiminin farklh uygulama tekniklerinin, kontrol
grubuna kiyasla olusan komplikasyonlar1 biytik oranda giderdigi ve korneal reepitelizasyonu hizlandirdig:
gorildi.

Anahtar Kelimeler: Kornea, Ozon, Tavsan, Yanik.

ABSTRACT

Different Application Techniques of Medical Ozone in the Treatment of Corneal
Alkali Burns: Experimental Rabbit Model

The aim of this study is to clinically and histopathologically evaluate the efficiency of different applications of
medical ozone on corneal healing in the treatment of experimentally induced corneal alkali burns with
sodium hydroxide (NaOH) in rabbits. For this purpose, 6 mm diameter filter paper impregnated with 1 N
NaOH was applied to the central cornea of only the right eyes of 32 New Zealand rabbits for 1 min. The
rabbits were randomly divided into four groups. The treatment continued for 21 days at three-day intervals.
The first group was left as the control group (K) and was not applied medical ozone. The control group
received no treatment. Subconjunctival ozonated blood was applied to the second group (M). Subconjunctival
medical ozone was applied to the third group (S). Major autohemotherapy was applied to the fourth group
(0). As a result of clinical and histopathological evaluations, highest degree of regeneration and healing
findings in corneal tissues were in the M group. This was followed by O and S groups, respectively. The
highest corneal tissue damage was observed in the cases belonging to group K. The cases closest to normal
stromal thickness belonged to group M. It was noted that the K group had the highest stromal thickness and
the farthest value from normal. In the light of the clinical, statistical and histopathological findings, different
application techniques of medical ozone treatment in corneal alkali burn were found to significantly reduce
complications compared to the control group and accelerate corneal reepithelization.

Keywords: Burn, Cornea, Ozone, Rabbit.
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GiRiS

Saglikh bir okiiler ytizey iyi ve tam bir goriisiin saglanmasi
icin gereklidir (Saroglu ve Arikan 2002). Kornea, bulbus
oculi'nin en 6zellikli dokusu olup saydamlhig1 devam ettigi
siirece 15181 gecirerek goriintlinlin retina lizerinde
olusumunu saglar (Wilkie ve Whittaker 1997; Akin ve
Samsar 2001). Kimyasal bir hasar1 takiben korneanin
biitiinligilinii tehdit eden epifora, blefarospazm, fotofobi,
vaskularizasyon ve opasite artisi gibi klinik belirtileri
onlemeye yonelik bircok sagaltim teknigi kullanilmis ve
farkli sonuclar elde edilmistir. Sagaltimda ilk amag,
etkilenen bolgeden alkali maddeyi hizlica uzaklastirmak ve
yiizey pH’sin1 dengelemektir. ilk miidahalenin ardindan
inflamasyonu baskilayici ve re-epitelizasyonu destekleyici
sagaltima baslanilmalidir (Christmas 1991; Meller ve ark.
2000).

Kimyasal maddeler; temizlik malzemeleri, kozmetikler,
tarim ilaglar1 ve insaat gibi farkli endiistriyel alanlarda
mevcut olup gilinlik hayatta kullanimlar1 artmaktadir. Bu
durum insan ve hayvanlarin kimyasal maddelere
ulasabilirligini ve temasini da artirmaktadir (Singh ve ark.
2013; Eslani ve ark. 2014). G6z hassas yapisi nedeniyle
kimyasal kazalardan en ¢ok etkilenen organlardan biridir.
Kimyasal maddeler arasinda 6nemli bir yer tutan alkali
maddelerin olusturdugu yaniklar, gézde hizl ve ilerleyici
tahribata yol acarak keskin goriisiin azalmasi veya kaybi
gibi kalic1 okiiler hasara neden olabilirler (Burns ve ark.
1989; Saroglu ve Arikan 2002). Kimyasal kazalarda alkali
maddelerin asit maddelere kiyasla dokuya hizli penetre
olmasindan dolayr prognozunun daha kéti oldugu
bildirilmektedir ~ (Eslani ve ark. 2014). Olusan
komplikasyonlarin siddeti, kimyasal maddenin
konsantrasyonuna, temas siliresine, miktarina ve
ozelliklerine gore degisiklik gosterir. Alkali yanig1 takiben
korneal iilserle sonuglanabilen ¢ok sayida yikimlanma
islemleri olur (Tuft ve Shortt 2009; Fish ve Davidson
2010).

Ozon, birgok hastaliin sagaltiminda yaygin olarak
kullanilmaktadir. Yapilan ¢alismalar ozon sagaltiminin
antienflamatuar ve yara iyilestirici etkiye sahip oldugunu
gostermistir  (Kaya ve ark. 2016). Dokularda
oksijenizasyonu artirarak ve lokal yanglyr azaltarak
metabolizmay1 stimule eder (Bocci 1999). Ozonun,
keratokonjunktivitis, kornea {ilserleri, glokom, retinal
dejenerasyonlar, retinitis pigmentosa gibi bir¢ok goz
hastaliginin sagaltiminda kullanildigina dair ¢alismalar
mevcuttur (Ogata ve Nagahata 2000; Vigna ve Menendez-
Cepero 2007). Ancak farkll uygulama tekniklerinin,
korneal alkali yaniklarinda tedavi edici etkisi iizerine
arastirmalar mevcut degildir.

Calismamizda korneal alkali yanik sonrasi olusan epitel
defekt ve korneal opasite’de medikal ozonun farkl
uygulama  tekniklerinin  sagalim  sonrasi  Klinik,
histopatolojik ve gbzyasi miktarinda olusturdugu
degisimlerin gézlenmesi planlandu.

MATERYAL VE METOT

Calismanin  baglamas1 ve yiritilebilmesi i¢in; Van
Yiiziincii Y1 Universitesi Hayvan Deneyleri Yerel Etik
Kurulu tarafindan verilen 02.03.2017 tarih ve 2017/02
saylll karar ile onay alindi. Calismada, klinik muayeneler
sonucu saghkll viicut ve goz yapisina sahip oldugu
saptanan, yaslar1 5 ay ile 7 ay arasinda degisen 32 adet
erkek Yeni Zelanda 1rki (2000-2500 gr) tavsani kullanildi.
Tavsanlar bireysel kafeslerinde sicakligl (21+2 °C) ve nem
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orani (%40-60) kontrollii odalarda standart tavsan pelet
yemi ve su ile ad libitum beslendi.

Gruptaki tavsanlarin tamaminin ¢alisma yapilacak olan sag
gozlerine anestezi ve goze alkali ajan uygulamadan dnce
schirmer gozyasi testleri uygulandi. Takiben c¢alismada
tavsanlarin genel anestezisi; %2’lik xylazine hydrochlorure
(5mg/kg, Rompun®, BAYER) ve %10’luk ketamin
hydrochloride (50 mg/kg, Ketasol®, INTERHAS) ile
gerceklestirildi. Sirurjikal anestezi sonrasi alkali yanik
olusturulacak gozde korneal analjezi saglamak amaciyla
topikal %0.5’lik proparacaine hydrochloride (Alcaine®
oftalmik soliisyon, ALCON) uygulandi.

Sag gozleri tste gelecek sekilde yan yatirildiktan sonra
kornea yiizeyinde saptanan fazla goézyasi ince pamuk
tampon ile giderildi. Topikal anestezi uygulandiktan 60
saniye  sonra  standart kornea  alkali = yamg
olusturulmasinda 25 pl 1 N NaOH soliisyonu emdirilmis 6
mm c¢apli Whatman #3 filtre kagidi diskleri, pupilla
ortalanarak kornea merkezine yerlestirildi ve 1 dakika
stireyle tutuldu. Sonrasinda filtre kagidi yerinden
uzaklastirildi ve kornea yiizeyi 60 saniye siiresince 20 ml
%0.9’luk NaCl soliisyonu ile yikandi. Uygulama sonrasi
korneada ortalama 6.05 mm c¢apinda lezyon olusturuldu.
Tavsanlarin sag gozlerinde korneada sinirl;, alkali ajanla
lezyon olusturulan giin 0. giin olarak kabul edildi. Korneal
yluzeyi yilkama isleminden hemen sonra sag gozlerde
floresein boyama yapild1 (Sekil 1).

mﬂ‘mm:;wﬂ

,.
Sekil 1. Kornea’da alkali yanigin olusturulmasi. A.
Whatman filtre kagidinin yerlestirilmesi B. Filtre kagidi
uzaklastirildiktan sonra korneada sekillenen yanigin
goriiniimii. C. Floresein boyama gerceklestirildikten sonra
lezyonun goriinimdi.

Figure 1. Creation of alkaline burn in the cornea. A.
Insertion of Whatman filter paper. B. The appearance of
the burn formed on the cornea after the filter paper was
removed. C. The appearance of the lesion after fluorescein
staining.

Gruplarin Olusturulmasi ve Sagaltim Protokolii

Deneme gruplari, her bir grupta 8 tavsan olacak sekilde
rastgele 4 gruba ayrild1. Biitiin gruplarda yapilan islemler
sadece sag gozde gerceklestirildi. Sagaltima alkali yanik
olusturulduktan hemen sonra baslandi ve 3’er giin
araliklarla toplam 7 uygulamay1 iceren 21 giinliik bir
sagaltim siireci gercgeklestirildi. Tedavide kullanilan
medikal ozon ozon jeneratdriinden elde edildi. Birinci grup
(K): herhangi bir sagaltim girisimi yapilmadi, kontrol
grubu olarak birakildi (Saroglu ve Arikan 2002). ikinci
grup (M): Tavsanlarin kulak venasindan alinan 0,4 ml kan
esit hacimdeki medikal ozon ile karistirildi. Karisim ilgili
géze subkonjuktival uygulandi. Uciincii grup (S): 0.4 ml
medikal ozon, ilgili goze subkonjuktival uygulandi.
Dordiincii grup (0): Major otohemoterapi uygulandi.
Tavsanlarin kulak venasindan alinan 5 ml kan, ozona
dayanikli antikoagiilanli steril tiiplere (Vacusera®)
aktarildi. Kan esit hacimde (5 ml) medikal ozon ile
karistirildi ve ayni hayvanin kulak venasindan enjekte
edildi.
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Klinik Degerlendirme

Schirmer gozyasi testi (ERC®) (Tip I) tiim gruplarda 0, 3, 7,
14 ve 21. giinlerde giiniin sabah saatlerinde uygulanarak
gozyast miktarlart (mm/dk) o6lgiildii. Korneal opasite
(bulaniklik) degerlendirmesi ve korneal lezyonun
derinligine iliskin degisimlerin degerlendirilmesi amaciyla
ilgili goziin fotograflari ¢ekildi. Sagaltim sirasinda saptanan
okiiler Kklinik bulgular el tipi slit-lamp biomikroskop ile
muayene edilerek sonuglar degerlendirildi. Fluoroscein ile
boyanan hasarli kornea bdlgesi, erozyonun sekillendigi
alan olarak kabul edildi. Epitelyal iyilesme floressein
boyanma sonrasi klinik muayene goriintiilerinin Imagej
programi ile boyali alanin (mm?2) hesaplanmasiyla
gerceklestirildi (Griffith ve ark. 2018). Korneal opasite,
opasite alanmin direkt inspeksiyondaki goriiniimiiniin
olctilerek mm?2 olarak hesaplanmasiyla gergeklestirildi.

Histopatolojik Degerlendirme

Tim gruptaki hayvanlar 21. giin sonunda sakrifiye
edilerek ilgili goziin bulbus oculi ekstirpasyonu
gerceklestiridi. Gruplar arasinda kornea dokusunda
sekillenen degisiklikler epitel hasar, dejenerasyon ve
nekroz, yangisal hiicre infiltrasyonu, stromal o6dem,
neovaskiilarizasyon ve fibroblastik aktivite yo6niinden
degerlendirildi. Her bir olgunun incelenen kornea
dokusuna ait stromal kalinligi mikroskop altinda 20x
biiytitmede 5 farkl alanda olgiilerek kaydedildi. Bunun
icin, Leica Qwin histomorfometrik analiz yazilimi
kullanildi.

istatistiki Degerlendirme

Arastirmada elde  edilen verilerin  istatistiksel
degerlendirilmesi SPSS 21.0 (IBM Electronics, ABD)
istatistik paket programi kullanilarak yapildi. Veriler
ortalama+SH olarak ifade edildi. Schirmer goézyas: test
sonuglarinin ve korneal lezyon derinligi derecelerinin grup
ici ve gruplar arasinda istatistiksel anlam derecelerini
belirtmek amaciyla tek yonlii varyans analizi ANOVA
testinden faydalanildi ve ¢oklu karsilastirmalarda Duncan
Testi kullanildi. Sonuglar p<0.05'te istatistiksel olarak
anlamly, p>0.05'te istatistiksel olarak anlamsiz kabul edildi.

BULGULAR

Kinik Bulgular

Her bir grupta 0. giinde olusan epitel defektin biiytikligi
benzer olup ortalama ¢ap1 6.05 mm olarak tespit edildi.
Biitlin gruplara ait olgularin santral Kkorneasinda
olusturulan defekt sirkiiler sekilde olup, biiyiikligi ve
goriiniimii uniform bir yapiya sahipti. Deneklerin hepsinde
sadece yanigin olusturuldugu alanda epitelyal kayip ve
bulaniklik gozlendi. Diger okiiler yapilar alkali ajandan
etkilenmedi. Korneal lezyonun biiyiikliigii ve korneal
bulaniklik alkali yanik olusturulduktan hemen sonra en
yiiksek seviyede belirlendi. Korneal erozyon fluoroscein
boyama sonucuna goére 0. giinde gruplar arasinda
istatistiksel olarak anlaml fark yoktu. Biitiin gruplarin 0.
giinde ortalama gozyasi miktar1 6.22+0.40 mm/dk olarak
hesaplandu.

Tim gruptaki deneklerin, 21 giin igerisinde Schirmer
gbzyast testi sonuglar1 degerlendirildiginde; gruplari
olusturan tiim deneklerde 3. giinde istatiksel olarak anlam
tasiyan yiikselme tespit edildi (p<0.05). Bu yiikselmenin
tlim gruptaki deneklerin 7. ve 21. giinlerde de devam ettigi
goriildi. Ancak deneklerin gdzyas: testi sonuglarinin 14.
giinde istatistiksel olarak anlam tasimayan degerlere
ciktig1 gozlemlendi (p>0.05).

Tedavinin igilincii ve yedinci giiniinde M grubunda diger
gruplara kiyasla istatistiksel olarak anlamli derecede daha
az korneal erozyon alanina sahip oldugu belirlenirken
diger gruplar arasinda anlamli bir farklilik olmadig:
gozlendi. Yanik sonrasi 1. haftada en hizli epitelyal
iyilesme M grubunda gozlendi. Tedavinin 14. ve 21.
gilinlerinde yapilan 6l¢iimlerde M grubuna ait olgularin
diger gruplardaki olgulara kiyasla istatistiksel olarak
anlaml derecede daha az korneal erozyon alanina sahip
oldugu belirlenirken, bu azalmay1 sirasiyla O grubu, S
grubu ve K grubunun takip ettigi belirlendi. Gruplar
arasinda 21. gin degerlendirildiginde en iyi epitelyal
iyilesmeyi gosteren grup M grubu olarak kaydedildi.
Gruplara ait tedavinin 3, 7, 14 ve 21. giin makroskobik
gorintiileri sekil 2, 3, 4 ve 5'de gosterilmistir.

Opasite degerlendirilmesinde, 0. giin ve diger giinlerde
gruplar arasinda yapilan biitiin klinik kontrollerde ve
olctimlerde istatistiksel agidan anlamli fark goézlenmedi.
Korneal opasite, biitiin gruplarda en son yapilan klinik
muayenede baslangica gore azaldi, ancak M grubunda bu
azalma daha ¢ok belirgindi. Deney gruplarina ait 0, 3, 7, 14
ve 21. giinlerdeki Schirmer gozyasi miktarlari, korneal
erozyon alani ve korneal opasite Olgiimiine ait istatistik
verileri Tablo 1'de gosterilmistir.
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Sekil 2. Tedavinin 3. giin makroskopik goriintiileri. A. K
grubu B. M grubu C. S grubu D. O grubu.

Figure 2. Macroscopic images of the 3rd day of treatment.
A. Group K B. Group M C. Group S D. Group O.

Sekil 3. Tedavinin 7. giin makroskopik goriintiileri. A. K
grubu B. M grubu C. S grubu D. O grubu.

Figure 3. Macroscopic images of the 7th day of treatment.
A. Group K B. Group M C. Group S D. Group O.
N Dy 59
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Sekil 4. Tedavinin 14. giin makroskopik goriintiileri. A. K
grubu B. M grubu C. S grubu D. O grubu.

Figure4. Macroscopic images of the 14th day of treatment.
A. Group K B. Group M C. Group S D. Group O.

Y

Sekil 5. Tedavinin 21. giin makroskopik goriintiileri. A. K
grubu B. M grubu C. S grubu D. O grubu.

Figure 5. Macroscopic images of the 21st day of treatment.
A. Group K B. Group M C. Group S D. Group O.
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Tablo 1. Deney gruplarindaki klinik sonuglar (ortalama # SH).

Table 1. Clinical results of the experimental groups (mean + SEM).

Klinik bulgular Giinler Gruplar
K M S 0
Schirmer goz yasi miktarlar1 0 5.5+0.42¢ 5.88+0.79* 6.63+1.22* 6.88+0.64b
(mm/dk) 3 8+0.93ab 8.13+0.64* 6.25+0.80* 11.25+0.902
7 8.63+£0.91 6.88+0.83* 5.13+0.44* 10+1.062
14 7.38+0.93ab 6.88+0.55* 5.88+0.48* 8.75+1.162b
21 5.63£0.84¢ 6.88+1.16* 5.88+0.48* 9.5+0.94ab
Korneal erozyon (mm?2 0 28+0.0* 28+0.0* 28+0.0* 28+0.0*
3 26.25+0.252 24.25+0.25P 26.25+0.252 25.75+0.162
7 25.13+0.352 19.88+0.64b 24.25+x0.41a 23.88+0.482
14 23.75+£0.492 16.88+0.794 22+0.46b 20.38+0.42¢
21 22+0.572 10.75+0.964 19.63+0.68P 16.88+0.85¢
Korneal opasite (mm?2) 0 28+0.0* 28+0.0* 28+0.0* 28+0.0*
3 28+0.0* 26+0.0* 27+0.0* 26+0.0*
7 27+0.19* 23+0.0* 26+0.0* 25+0.0*
14 25+0.0* 19+0.0* 24+0.0* 22+0.0*
21 23+0.0* 16+0.0* 21+0.0* 20+£0.0*

Farkli iist simgelerle (a,b,c,d) belirtilen degerler gruplar arast istatistiksel olarak anlamlidir (p<0.05).
(*) Gruplar arasindaki fark istatistiksel olarak anlamli degildir (p>0.05). K: Kontrol, M: Ozon+kan, S: Ozon, O: Otohemoterapi.

Histopatolojik Bulgular

Saglikli hayvanlara ait kornea dokusunun histopatolojik
incelemesinde, 3-4 sirali epitel yap1 altinda longitudinal
dizilim gosteren kollagen demetlerinden olusan normal
kornea histolojisi izlendi. Degerlendirilen 4 grup arasinda
kornea dokularindaki en siddetli bulgular, K grubuna ait
olgularda gozlendi. Siddetli lezyon tespit edilen K
grubunda, kornea dis ylizeyinde yer alan epitel katinin
tamamen yok oldugu ve tlizerinde fibrin, yangi hiicreleri ve
nekrotik hiicre kalintilarindan olusan bir katmanin yer
aldig1 gozlendi. Bunun yani sira tam olmayan yiizey epitel
rejenarasyonu ile smirli da olsa iyilesme faaliyetlerinin
devam ettigini gosteren neovaskiilarizasyon, stromal 6dem
ve kanama yaygin olarak goézlenen bulgular arasindaydi
(Sekil 7).

S grubu kornea dokularinin histopatolojik
degerlendirilmesinde; 2 olguda kornea epitel yiizeyinin
nekrozu ve stromaya kadar ilerleyen nekrotik doku,
hiperemik yeni sekillenmis kapillalar ve i¢i bos
neovaskiilarizasyon alanlar1 bulunmaktaydi. Genel olarak
bu gruba ait olgularin kornea dokularinin epitel yilizeyinde
tam rejenerasyon saglanamadigl ve yiizeyi kapamak iizere
prolifere olan epitel hiicrelerinin ylizeyinde nekrotik
hiicrelere ait kalintilara rastlandi. Kornea stromasi, yaygin
olarak i¢ci bos ve regrese olduklar1 yo6niinde
degerlendirilen Kkapillalar icermekteydi. Benzer sekilde
stromada hiperselliilarite ve kollagen 6demi dikkati ¢ekti
(Sekil 8). O grubu kornea dokularinin histopatolojik
degerlendirilmesinde; bir olguda kornea epitelinin
nekrotik oldugu ve stromanin epitel katmana yakin
bolgelerinde ¢ogunlugu makrofaj hiicrelerinden olusan
yangisal  hiicre infiltrasyonu  gozlendi. = Kornea
neovaskiilarizasyonun ortadan kalkmak tizere oldugu ve
kollagen doku igerisinde ince yariklanmalar olusturacak
sekilde dizilim  gosterdikleri, fibroblastik  hiicre
niikleuslarinin kollagen doku boyunca uyum saglayacak
sekilde ig seklinde ondiile goriiniimii kazandiklar1 tespit
edildi. Kornealarda orta derecede selliilarite ve stromal
6dem gozlendi (Sekil 9).

M grubunun epitel katinda rejenere alanlarin ¢ogunlukta
oldugu, yer yer hiperplastik epitel proliferasyonlarinin
bulundugu tespit edildi. Bununla birlikte, yalniz bir olguda
ici bos ince yariklanmalar seklinde kapillar benzeri alanlar
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dikkati cekti. Genel olarak kornea stromasinin birbirine
paralel dizilimli kollagen demetlerinden olustugu, stromal
6dem ve fibroblastik hiicrelere ait yapilarin olduk¢a hafif
seviyede oldugu gozlendi (Sekil 9).

Her bir grubun stromal kalinlik verileri istatiksel olarak
degerlendirildiginde, gruplarin ortalama  degerleri
arasindaki fark anlamhi bulundu. Calismada normal
stromal kalinlik 285.74 pum olarak 6lciildii. Stromal kornea
kalinligr yoniinden gerceklestirilen ortalama o6l¢ciimlere
bakildiginda, K grubunun 550.68 * 18.24 um, M grubunun
259.47 # 19.43 pm, S grubunun 438.06 * 33.74 pm ve O
grubunun 331.50 + 21.41 pm oldugu gozlendi. Calismada
gruplar arasinda stromal kornea kalinligr yoéniinden
gerceklestirilen analiz sonuglar1 Tablo 2’de gosterilmistir.

Sekil 6. K grubuna ait kornea dokusunun mikrograflari.
H&E. A. Kornea yiizeyinde yaygin ve siddetli koagiilasyon
nekrozu (oklar). 240x. B. Kornea dis yiizeyinde, i¢ detay
gostermeyen nekrotik doku sinir1 (oklar arasi).120x. C.
Nekroz ve yangisal hiicre infiltrasyonu yani sira, yeni
sekillenen kapillar damarlar (ok). 120x. D. iridokorneal ag1
hizasinda, epitel ylizde nekroz ve genis kapillar damarlar
ile etraflarinda yangi hiicreleri izlenmekte. 120x.

Figure 6. Micrographs of corneal tissue belonging to group
K. H&E. A. Common and severe coagulation necrosis
(arrows) on the corneal surface. 240x. B. Necrotic tissue
border (between the arrows) on the outer surface of the
cornea. 120x. C. Newly formed capillaries (arrow) as well
as necrosis and inflammatory cell infiltration. 120x. D. At
the iridocorneal angle line, necrosis and large capillaries
and surrounding inflammatory cells are observed in the
epithelial face. 120x.
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Tablo 2. Deney gruplarindaki histopatolojik bulgular (ortalama + SH).

Table 2. Histopathological findings of the experimental groups (mean + SEM).

Histopatolojik bulgular

Gruplar

K

S 0

Stromal kalinlik (um) 550.68+18.242

259.47+19.434

438.06+33.74b 331.50£21.41¢

Farkli iist simgelerle (a,b,c,d) belirtilen degerler istatistiksel olarak anlamhdir ( p<0.05). K: Kontrol, M: Ozon+Kkan, S: Ozon, O: Otohemoterapi.

Sekil 7. S grubuna ait kornea dokusunun mikrograflari.
H&E. A. Neovaskiilarizasyon ve yangl hiicreleri ile
kalinlasmis kornea dokusu. 120x. B. Korneanin derin
katlarina kadar ilerleyen siddetli nekroz. 120x. C. Kornea
ylizeyinden ayrilmis halde nekrotik doku. 240x. D. Epitel
kat iizerinde sekillenen nekroz ile epitel katin saglam
dokudan demarkasyonu dikkati cekmekte. 120x. E. Kornea
dis yiizeyinde dejeneratif ve nekrotik hiicre kalintilari ile
neovaskiilarizasyon. 240x.

Figure 7. Micrographs of corneal tissue belonging to group
S. H&E. A Thickened corneal tissue with
neovascularization and inflammatory cells 120x. B. Severe
necrosis extending into the deep layers of the cornea.
120x. C. Necrotic tissue detached from the corneal surface.
240x. D. Necrosis formed on the epithelial layer and
demarcation of the epithelial layer from the intact tissue
draws attention. 120x. E. Neovascularization with
degenerative and necrotic cell remnants on the outer
surface of the cornea. 240x.

Sekil 8. O grubuna ait kornea dokusunun mikrograflari.
H&E. A. Epitel ve endotel katlarinin saglam olarak yer
aldigr kornea dokusunda, bag doku fibrillerinde ondiila
tarsi dizilim (biiyiik oklar) ve bir adet kapillar (kii¢iik ok).
120x. B. Doku hasar1 sonrasi sekillenen tamir faaliyetlerini
gosteren genis neovaskiilarizasyon odaklari. 240x. C. Epitel
katmaninda orta derecede dejeneratif degisikliklerin yani
sira yaygin yangisal hiicre infiltrasyonu ve hiperemik
kapillalar. 120x. D. Kornea epitel yiizeyinde multifokal
nekrotik degisiklikler ile bir alanda siddetli yangisal
reaksiyon. 120x.

Figure 8. Micrographs of corneal tissue belonging to group
0. H&E. A. In the cornea tissue where the epithelial and
endothelial layers are intact, ondula tarsi arrangement (big

arrows) and one capillary (small arrow) in connective
tissue fibrils. 120x. B. Large neovascularization foci
showing repair activities after tissue damage. 240x. C.
Moderate degenerative changes in the epithelial layer as
well as diffuse inflammatory cell infiltration and
hyperemic capillaries. 120x. D. Severe inflammatory
reaction in one area with multifocal necrotic changes on
the corneal epithelial surface. 120x.

Sekil 9. M grubuna ait kornea dokusunun mikrograflari.
H&E. A. Histolojik olarak normal goériiniimde kornea
yapisina ragmen, belirgin fibroblastik aktivite (oklar).
240x. B. Normal kornea histolojisi yan1 sira, ¢ok kath
rejeneratif epitel goriilmekte (ok). 120x. C. Epitel
katmaninda yer yer nekroz ve bagdoku fibrillerini
birbirinden ayiran o6dem. 120x. D. Hiperplastik ve
rejeneratif epitel dokusu (oklar), kornea dokusunda tamir
faaliyetleri dikkati ¢ekmekte. 120x. E. Kornea epitel
ylizeyinde multifokal ve hafif siddette dejeneratif
degisiklikler. 120x.

Figure 9. Micrographs of corneal tissue belonging to group
M. H&E. A. Significant fibroblastic activity (arrows)
despite the histologically normal appearance of the cornea.
240x. B. In addition to normal corneal histology, stratified
regenerative epithelium is seen (arrow). 120x. C. Partly
necrosis in the epithelial layer and edema separating
connective tissue fibers from each other. 120x. D.
Hyperplastic and regenerative epithelial tissue (arrows),
repair activities in corneal tissue draw attention. 120x. E.
Multifocal and mild degenerative changes on the corneal
epithelial surface. 120x.

TARTISMA VE SONUC

Korneal alkali yaniklar okiiler travmalarin énemli bir
boliimiinii olusturur. Alkali ajanlar lipofilik 6zellikte olup
asidik maddelere kiyasla intraokiiler yapilara daha hizl bir
sekilde penetre olurlar (Singh ve ark. 2013; Eslani ve ark.
2014). Kimyasal orijinli maddeler, sadizm/kaza sonucu
gorme kaybi ya da goriis keskinliginde azalmaya neden
olan yikic1 ve kalici okiiler hasara sebep olabilirler (Burns
ve ark. 1989). Kimyasal maddenin konsantrasyonu,
miktar1 ve temas sliresi korneada meydana gelen hasarin
biiytikliigiini ve siddetini etkilemektedir (Burns ve ark.
1990; Schrage ve ark. 2000; Gerard ve ark. 2002).

47



[Yagmur KUSCU ve Ismail ALKAN]

Van Vet ], 2023, 34 (1) 43-50

Medikal ozonun uygulama yontemlerinin olduk¢a basit
olmasi, diisiik maliyeti, hastalarca iyi tolere edilmesi, yan
etkisinin olmamasi ve canll organizmasinda kalinti
birakmamasi ozon sagaltimini uygun, pratik, giivenli ve
etkili kilmaktadir (Vigna ve Menendez-Cepero 2007).
Biyolojik sivilarda hizlica reaksiyona giren medikal ozonun
viicutta meydana getirdigi etkiler birden ¢ok
mekanizmayla gerceklesir. ik etkilerinden  birisi
eritrositlerdeki 2,3 difosfagliserat diizeyini arttirarak
hemoglobin-oksijen ayrisma egrisini saga kaydirmak ve
oksijenin hemoglobinden ayrilmasini saglamaktir. Bu
sayede dokularin oksijenizasyonu artmaktadir (Valacchi ve
Boccci 1999; Ozler ve ark. 2009).

Konjunktivitis, keratokonjunktivitis sikka ve Kkorneal
iilserler gibi antienflamatuvar sagaltim gerektiren yangisal
on segment hastaliklar1 hayvanlarda en sik goriilen goz
rahatsizliklaridir (Hendrix 2007). Biyolojik dokularca ¢ok
iyi tolere edilen medikal ozon sahip oldugu 6zelliklerinden
dolay1 yangisal o6n segment gbéz hastaliklarinin
sagaltiminda kullanilmaktadir. Medikal ozon, hidrojen
peroksit ve lipoperoksit tarafindan aracihik edilen
dogrudan oksidasyon ile patojenleri yok eder (Sechi ve
ark. 2001). Oksijeni, platelet kaynakli biiytime faktoriini
(PDGF) ve transforming growth faktor $ (TGF-f3)’y1 serbest
birakir. Boylece fibroblastlarin proliferasyonunu aktive
ederek yara iyilesmesini hizlandirir (Marchegiani ve
Spaterna 2017). Marchegiani ve Spaterna (2017), yapmis
oldugu bir ¢alismada, korneal erozyon/iilserasyon, keratit,
korneal pigmentasyon ve korneal neovaskiilerizasyon
durumlarinda ozonlu g6z damlalar1 kullanmis ve korneal
iyilesmeyi hizlandirdigini  bildirmistir. Calismamizda
sagaltim gruplarina ait olgularin kornealarindaki defektli
alanin, kontrol grubuna kiyasla daha kiiciik olmasi,
medikal ozonun reepitelizasyonu hizlandirdigin1 géstermis
olup, literatiir bilgilerle uyum saglamistir. Bazi oftalmoglar
ozonun Uveitis sagaltiminda etkili olabilecegini ifade
etmislerdir. Onischenko ve arkadaslari, ozonlanmis kan ve
plazmaferez uyguladiklar1 179 adet iveitisli hastalarla
yaptiklar1 calismada olumlu sonuglara ulagsmislardir. Kaya
ve ark. (2016), deneysel olusturduklari {iveitis modelinde
ozonun antienflamatuar etkisini degerlendirmisler, ozon
sagaltiminin klinik ve histopatolojik olarak yangiy1 6nemli
Olciide azalttigini  sdylemislerdir. Ozon sagaltiminin
endoftalmitiste etkili oldugunu gosteren calismalar da
vardir. Iuzhakov ve ark. (2000), endoftalmitisli hastalarda
vitreusu ozonla islenmis saline soliisyonu ile yikamuis,
takiben vitrektomi yaparak basarili sonuglar almistir.
Gundarov ve ark’min (1996), deneysel olarak
olusturduklari endoftalmitiste, ozonlu saline
soliisyonunun intravitral enjeksiyonunda total veya kismi
bir iyilesme gézlemlemislerdir. Vigna ve Menendez (2007),
yaptiklar1 bir calismada, keratokonjunktivitis ve kornea
tilseri bulunan toplam 59 kediye sagaltim amaciyla lokal
olarak ozon ve susam yagl karisimini uygulamislar ve
basarili sonuclar elde etmislerdir. Ancak literatiirlerde
korneal alkali yaniklarin sagaltiminda ozonun farkl
uygulama tekniklerini iceren bir calisma
bulunmamaktadir.

Calismalar kimyasal ajanin gbézde olusturacagi hasarin
ilerlemesini 6nlemek amaciyla yapilan yikama isleminin
onemli bir girisim oldugunu gostermektedir (Altan ve
Ogurtan 2017). Hatipoglu ve ark’min (2008) yapmis
oldugu bir ¢alismada, goéz yaniklarini takiben 14 giin
boyunca gilinde iki kez 500 ml izotonik salin soliisyonu ile
yikamanin 14. glniin sonunda kornea da progresif bir
iyilesmenin oldugunu bildirmislerdir. Calismada etik
kurallar cergevesinde 25 pl 1 N sodyum hidroksit (NaOH)
soliisyonu emdirilmis 6 mm ¢apli Whatman filtre kagidi
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diski, deneklerin (n=32) yalnizca sag kornealarinin
sentraline yerlestirildi ve 1 dakika siireyle burada tutuldu.
Calismamizda, alkali yamik olusan goéziin sagaltiminda,
kimyasal ajanin bolgeden miimkiin oldugunca hizla
uzaklastirilmasi amaci geregi (Singh ve ark. 2013) yanik
olusturulduktan hemen sonra korneal yiizey 1 dakika
siireyle %0.9 NaCl soliisyonu ile yikandu.

Yikama isleminden hemen sonra kornea merkezinde
inspeksiyonla gozlenebilen ortalama 6.05 mm c¢apinda,
floresein boyama (+) olan, simirlh ve her bir denekte
uniform olarak sekillenen korneal bulaniklik elde edildi.
Yanik sonrasi tim gruplarda korneal bulaniklik ve
epiteliyal kaybinin hemen gelismesi arastiricilarin
verileriyle benzerlik gostermektedir (Sancak 2009; Subasi
ve ark. 2017). Arastirmacilar korneada sekillenen ani
bulanikligin  nedenini, alkali maddelerin hidroksil
grubunun, hiicre membranlarinin yag asidi bdliimiinde
sabunlagma yaparak hiicre 6liimiine yol agmasi ve katyon
grubunun stromal kollajen ve glikozaminoglikanlarin
karboksil molekiilleriyle tepkimeye girerek bu yapilarda
hidrasyon sekillenmesine baglamislardir (Arffa 1997;
Wagoner 1997; Kaufman ve ark. 1998).

Kimyasal orjinli maddelerle ortaya ¢ikan yaralanmalarda;
okiiler yiizeyde, korneal opasite, epitelyal defekt, siddetli
agry, epifora ve blefarospazm gibi klinik bulgular
gozlenmektedir (Singh ve ark. 2013; Eslani ve ark. 2014).
Calismamizda birinci giinden sonra klinik muayenede ilk
dikkat ceken bulgular; korneal opasite, epitelyal defekt,
fotofobi, blefarospazm ve epifora olup literatiir bilgilerle
uyum saglamistir.

Literatiir bilgilerde korneal vaskiilarizasyonu ve kayiplarin
belirlenmesi amaciyla floresein boyasinin kullanimini
onermektedir (Wagoner 1997; Arican ve ark. 1998).
Calismamizda alkali yanik sonrasi gorme kaybinin dnemli
sebeplerinden biri olan korneal vaskiilarizasyon gruplar
arasinda Kklinik olarak gozlenmemistir.
Neovaskiilerizasyonun klinik olarak gdzlenmemesine
sebep kimyasal ajanin konsantrasyon ve miktarinin
diisiikliigiic ve korneal yiizeyde tutulan siiresinin az
olmasindan kaynakl oldugu diistinilmiistiir.

Ozon/oksijen karisiminin viicuda verilis yontemi gesitlilik
gostermektedir. Medikal ozonun uygulanis yontemleri
sistemik ve topikal olarak iki kisimda incelenebilir.
Sistemik uygulama yontemleri arasinda bulunan majoér
otohemoterapi, medikal ozonun en yaygin kullanilan
uygulama teknigidir (Diragoglu 2016). Ozonun verilis
siiresi haftada 2 kez olacak sekilde 8-12 kez yapilabilir
(Bocci 2006; Bocci 2007). Calismamizda medikal ozon,
sistemik uygulama yontemleri arasinda yer alan major
otohemoterapi ve lokal uygulama yontemleri arasinda
degerlendirilebilen subkonjunktival olarak uygulanmistir.
Sagaltim stiresi 3’er giin araliklarla toplamda 7 uygulama
seklinde gerceklestirilmistir. Kanda ¢6zdiiriilmiis ozon
oksijen  karisiminin  subkonjunktival uygulamasinin
korneal iyilesmede daha etkin oldugu belirlenmistir.

Lakrimal salgi, okiiler yiizeyin kurumasini engeller ve
gozdeki yabanci maddelerin disar1 atilmasini saglar.
Schirmer gozyasi testi kornea ve konjunktival
bozukluklarin tanisinda kritik 6neme sahiptir. Goézyasi
salgis1 6zel kagit seritler kullanarak dl¢iilmektedir (isler ve
ark. 2013). Calismamizda birinci giin saghkl géz yapisina
sahip 32 adet Yeni Zelanda tavsaninin sadece sag
gozlerinde yapilan Schirmer gozyas1 testi sonuglari
degerlendirildiginde, elde ettigimiz ortalama gozyasi
miktar1 (STT-1) 6.224+0.40 mm/dk olarak 6l¢iildii. Kog ve
ark. (2005), yapmis oldugu bir ¢alismada Yeni Zelanda
beyaz tavsanlarinda ortalama STT-1 degerleri 7.91+£3.56
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mm/dk, Abrams ve ark. (1990), yapmis oldugu baska bir
calismada normal goézyast miktar1 4.97+2.40 mm/dk
olarak bildirilmistir. Tim gruptaki deneklerin, 21 giin
icerisinde Schirmer gozyasl testi sonuglari
degerlendirildiginde; gruplari olusturan tiim deneklerde 3.
giinde istatiksel olarak anlam tasiyan yiikselme tespit
edildi (p<0.05). Bu ytikselmenin tiim gruptaki deneklerin
7. ve 21. gilinlerde de devam ettigi gorildi. Ancak
deneklerin gozyasi testi sonuglarimin  14. giinde
istatistiksel olarak anlam tasimayan degerlere c¢iktig1
gozlemlendi (p>0.05). Prekorneal gozyasi filminin en icteki
misin tabakasi konjunktival goblet hiicreleri ve korneal
epitelyal hiicreler tarafindan tretilir (Alkan ve ark. 2004).
Korneal epitelyal hiicrelerinin hasar gérmesine ragmen,
Schirmer gozyasi testi sonuglarinin 21 giin icerisinde belli
bir kurala bagl olmaksizin normal sinirlarin iizerine ¢ikip,
o siirin altina diisebilecegi goriildii. Baz1 yayinlar alkali
hasarin goblet hiicre sayisinda artis oldugunu
gostermektedir (Wagoner 1997). Korneal alkali yaniklarda
gbzyas1 miktarinda, uygulanan sagaltim ya da giinlere gore
bir genellemenin yapilamayacag1 diisiiniildii. Saroglu ve
Arikan (2002), yaptig1 deneysel bir calismada da korneada
olusturulan alkali hasar sonrasi okiiler yilizeyde goézyasi
tiretimindeki diizensizliklerin azalma ya da artma seklinde
olabilecegi belirtilmistir.

Epitel defektlerine bakildiginda 0. giin gruplar arasinda
istatistiksel agcidan anlaml farklilik yoktu. Ancak 3, 7, 14 ve
21. giinlerde ise istatistiksel a¢idan anlamh farklilik
gozlendi (p<0.05). Calismanin 21 giinliik stiresi boyunca
tlim gruplardaki hayvanlarda korneal erozyon alaninda
azalma oldugu gozlendi. Herhangi bir sagaltim
uygulanmayan kontrol grubunda korneal erozyon alani
sagaltim gruplarina kiyasla énemli oranda daha biiytik bir
ylzey alanina sahipti. Sagaltim gruplar1 kendi aralarinda
kiyaslandiginda ise istatistiksel ag¢idan anlamh farklhlik
gozlendi (p<0.05). Sagaltimin 3. ve 7. glinlerinde defekt
alaninda azalmanin en fazla M grubunda oldugu ve bu
durumun istatistiksel a¢idan anlamli oldugu belirlendi.
Diger gruplarin birbirleri arasindaki farklihgin istatistiksel
olarak anlam tasimadif1 gozlendi (p>0.05). Sagaltimin 14.
ve 21. giinlerinde kontrol ve sagaltim gruplar arasindaki
farklilik istatistiksel olarak anlamliydi. Sagaltim sonucunda
en hizli epitelyal iyilesme gozlenen grup M grubu idi.
fyilesmeyi sirasiyla O, S ve K grubunun takip ettigi
belirlendi.

Calismamizda sagaltim gruplar ile kontrol grubu arasinda
opasite acgisindan istatistiksel olarak anlaml fark yoktu.
21. giiniin sonunda M grubunun korneal opasite diger
gruplara gore bir miktar daha kiigiiktii. Subasi ve ark.
(2017), yaptiklar1 bir ¢alismada, korneada alkali yanik
olusturmus ve 18 giinliikk sagaltim sonrasinda Kkollejen
capraz baglama (CXL) ve kontrol grubu arasinda korneal
opasite acisindan anlaml bir fark saptamamigslardir.
Colombo-Barboza ve ark. (2014), yaptiklar1 ¢alismada,
alkali yanigin 15. giiniinde CXL ve kontrol grubu arasinda
korneal opasite yoniinden anlamli bir fark olmadigini
belirlemislerdir. Ancak ayni ¢alismanin 30. gliniinde CXL
grubunda, kontrol grubuna kiyasla korneal opasite anlaml
bir sekilde azaldigin1 géstermislerdir. Alkali yanik sonrasi
sekillenen korneal opasitenin sagaltiminda, ¢alismamiz ve
yapilan diger calismalar gostermektedir ki uzun dénem
sagaltim sonuglarina ihtiyag¢ vardir.

Kollajen lamellerin diizenli bir sekilde birbirine paralel
seyretmesi kornea saydamliginin devami i¢in gereklidir.
Stromal kalinlik artisi kollajen lamellerin yapisinin
bozulmasina ve korneal saydamligin kaybina neden olur
(He ve Bazan 2006; Maggs 2008; Altan ve Ogurtan 2017).
Calismada 21 giinliik sagaltim sonrasi, normal stromal

kalinliga en yakin olgular M grubunda olup, bu durumu
sirastyla O grubu ve S grubu takip etti. Diger gruplarla
kiyaslandiginda K grubunun en yiiksek stromal kalinliga ve
normalden en uzak degere sahip oldugu dikkati cekti.
Korneal opasitenin klinik ve istatistiksel sonugclari, korneal
stromal kalinhigin sonuglariyla paralellik gosterdi.

Histopatolojik incelemeler, alkali yanik olusturulduktan
sonra medikal ozonun farkli uygulama ydntemleriyle
sagaltimi uygulanan kornea dokularinda en yiiksek
derecede rejenerasyon ve iyilesme bulgularinin, M
grubuna ait olgularda gozlendigini gosterdi. Bu durumu O
grubuna ait olgularin kornea dokulari izledi. S grubuna ait
olgularin kornea dokularinda rejenerasyon ve reparasyon
faaliyetleri daha zayifti. Ancak en yiiksek derecede korneal
doku hasari K grubuna ait olgularda gézlendi.

Sonug olarak, calismamizda korneada sinirhi alkali yanik
olusturulduktan sonra yapilan klinik muayeneler ve
bunlarin istatistiksel sonuglari, histopatolojik bulgularla
uyum  gostermistir. Ozonun kanda ¢oziindirilip
subkonjunktival uygulamasi sonucu reepitelizasyonun en
yiksek ve opasifikasyonun alaninin diger tedavi
gruplarina gore daha kii¢iik ¢ikmasi, ozonun biyolojik
swvilarda kolayca ¢6ziiniir olmasi ve lokal uygulamalarinin
daha hizli bir iyilesme sagladigin1 gostermistir. Medikal
ozonun farkli yontemlerle uygulanan sagaltim teknikleri,
kornea alkali yamiga bagl olarak sekillenen Kklinik
bulgularin giderilmesinde etkili bir sagaltim yontemi olup
medikal ozonun elde edilmesi ve kullanimimin kolay
olmasi, mevcut noninvaziv sagalim secenekleri arasinda
yer almasi gerektigi kanisina varilmistir.
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ABSTRACT Infrared thermographic imaging of horses is becoming more popular in equine practice, and it is regarded to
be a valuable method for detecting lesions with the potential to cause lameness. The current study aimed to
investigate the effectiveness of thermal camera in determine the location of lesions in horses with lameness.
Twenty four Arabian horses aged 6.3+1.8 (mean+standard deviation) years old were included in this study.
Temperature measurements were obtained with a thermal camera on the fore and hindlimb of all horses with
lameness and the area where the temperature increased (suspected area) was detected. Following the
suspected area was determined, temperature measurements were performed in the symmetric area of the
same animal. All thermal camera temperatures were taken from four different points (lateral, medial, dorsal,
palmar/plantar) and the average of measurements was recorded. The mean temperature measurement in the
suspected area (34.7+1.7 °C) was significantly higher than the symmetric area (31.8+2.1 °C) in horses
(p<0.001). In conclusion, thermography can be used to determine rapidly and effectively the localization of
the orthopedic lesion in horses.

Keywords: Horse, Lameness, Lesion, Temperature.

0z Atlarda Ortopedik Hastaliklarin Lokalizasyonunu Belirlemede Termografinin
Etkinligi
Atlarin kizilotesi termografik goriintiilemesi, at hekimliginde olduke¢a popiiler hale gelen ve atlarda topalliga
neden olma potansiyeline sahip lezyonlari tespit etmek icin kullanilan yararli bir yontem olarak kabul
edilmektedir. Bu ¢alismanin amaci, topallig1 olan atlarda lezyonlarin yerini belirlemede termal kameranin
etkinligini arastirmakti. Bu calismaya 6.3+1.8 (ortalama+standart sapma) yasindaki toplam yirmi dért Arap
at1 dahil edildi. Topallig1 olan tiim atlarin 6n ve arka bacaklarinda termal kamera ile sicaklik 6lgiimleri
yapilarak sicakligin arttig1 bolge (siipheli bolge) belirlendi. Stipheli bélge belirlendikten sonra ayni hayvanin
simetrik bolgesinde sicaklik dl¢iimleri yapildi. Tiim termal kamera sicakliklar1 4 farkli noktadan (lateral,
medial, dorsal, palmar/plantar) alindi ve Olglimlerin ortalamasi kaydedildi. Atlarda silipheli alandaki
(34.7+1.7 °C) ortalama sicaklik 6l¢iimii simetrik alandan (31.8+2.1 °C) istatistiksel olarak 6nemli dl¢iide
yliksek olarak belirlendi (p<0.001). Sonug olarak, termografi atlarin ortopedik lezyonlarinin lokalizasyonunu
belirlemede hizli ve etkin bir yontem olarak kullanilabilir.

Anahtar Kelimeler: At, Lezyon, Sicaklik, Topallik.

INTRODUCTION However, in most of the cases distinct gait abnormalities
do not exist, making diagnosis difficult (Dyson et al. 2005;
Davidson 2018). Detection of lesions that can cause
lameness is crucial for employing the proper treatment.
Thus, the assessment of lameness should be carried out

Lameness is a major medical problem in equine veterinary
medicine that is defined as an abnormal stance or gait
caused by mechanical dysfunction or neuromuscular

deficit and can lead to economic loss to horse owners systematically and methodically. Unfortunately, this

(McCracken et al.  2012; Feuser et al 2022). procedure can take a long time, especially if the underlying
Pathognomonic motion impairments in some cases allow problem is not identifiable (Davidson 2018).

effortless detection and localization of the problem.
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Despite considerable technological developments in
equine medicine over the last three decades, diagnostic
analgesia is still likely the most helpful technique in
veterinary clinicians to detect pain that induces lameness
(Lance et al. 2010). However, false-negative responses and
misdiagnosis to local analgesic administration may occur
due to a variety of causes, including the following:
incorrect injection, insufficient time for the local anesthetic
solution to be effective, severe pain in the injection side,
failure to employ the suitable nerve blocks, neuropathic
pain (Dyson 2010).

Thermography is a non-contact, non-invasive screening
technique that converts the surface temperature of the
object identified as thermal images and has been regarded
as an effective method for detecting lesions with the
potential to induce lameness (Holmes et al. 2003;
Cetinkaya and Demirutku 2012). Unlike the radiography
and ultrasonography, it is a physiological diagnostic
imaging method (Turner 1991; Cetinkaya and Demirutku
2012). Moreover, this technique enables the diagnosis of
anatomical abnormality caused by the inflammation
(Soroko et al. 2013). It has been stated that thermography
diagnoses subclinical inflammation until two weeks before
the onset of clinical lameness and swelling in horses with
lameness (Turner et al. 2001).

This study aimed to investigate the effectiveness of
thermography in determining the localization of the lesion
that causes lameness in Arabian horses.

MATERIAL AND METHODS

All procedures described in the current study were
performed at the Ataturk University Animal Hospital after
the permission of Ataturk University Local Board of Ethics
Committee (decision no: 272 2022/13) and with the
informed consent of owners. This study was conducted by
the guidelines of the National Institutes of Health Guide for
the care and Use of Laboratory Animals (National Research
Council 2010). Twenty four client-owned Arabian horses
(7 females and 17 males) were included in the study based
on the following inclusion criteria: no evidence of
aggressive behavior, the existence of any orthopedic
problem from hoof to the carpal/tarsal region,and
displaying lameness in only one fore-hindlimb without a
previous treatment.

Thermographic examination

Before the examination, each horse was acclimatized for
20 minutes into the closed room without direct sunshine,
and a mean temperature of 25.5+1 °C. The same person
took all measurements. The thermal camera (IR Flexcam S;
Infrared Solutions Incorporated, Plymouth, MN, USA) was
placed 1.0 m from the suspected region, and no anesthetic
drugs were administered during examinations (Figure 1
and 2). Both limbs were firstly scanned for possible
detection of increased or decreased temperature region
(suspected area) in four different views (dorsal,
palmar/plantar, medial, lateral) from the carpal/tarsal
joint to the hoof. Then, the maximum value temperature of
the suspected area was recorded from four different views
(medial, lateral, dorsal, and palmar/plantar), which was
also considered temperature of the associated region. The
central temperatures of the contralateral limb were
recorded for comparison.

Radiological examination

The radiographic (Mex-100, Medical ECONET, Oberhausen,
Germany) and ultrasonographic (Vivid 5SN, General
Electric, Horten, Norway) examinations of the related
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regions were performed to determine the cause of
lameness (Figure 1).

)

Figure 1. Case 2; radiographic (A) and thermographic (B)
image of the localization of the lesion.

Figure 2. Case 19; to compare suspected (A) and
symmetric (B) area temperatures, both limbs were
measured by the thermal camera in a horse.

Statistical Analysis

Power analysis was calculated to detect sample size. The
study power of 90% (f3) with an error of 0.05 (a) was
required to identify a 3°C difference in average
temperature between suspected and symmetric areas. The
analysis demonstrated that twenty horses would be
necessary. This calculation was based on a study by
Yanmaz (Yanmaz 2018), in a study comparing the
temperature of the limb with/without lesions in horses.
Statistical analysis was employed using Medcalc version
20.011 (Medcalc Software, Ostend, Belgium). The
distribution data of quantitative variables was tested
before research by the Shapiro-Wilk test. The independent
sample t-test was performed to evaluate the difference
between suspected and symmetric area temperatures. All
data were expressed in mean*standard deviation and the
p-value of <0.05 was considered statistically significant.

RESULTS

All thermographic examination wascompleted without
complication. Because of inaccurate focusing, the first
measurement attempt failed, and a second measurement
attempt was performed to collect readings from four
horses during the thermographic examination. All horses
had different levels of unilateral lameness and/or
reluctance to exercise or utilize their extremities.
Radiography and ultrasonography were used to confirm
the exact diagnosis in 19 and 5 cases, respectively.
Temperature changes could not be detected in only 1 point
out of 19 cases of bone tissue related diseases. In contrast
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3 out of 5 cases of soft tissue related diseases could not be
seen by thermographic examination.

The mean age of horses was 6.3+1.8, ranging from 4 to 11
years old. The causes of horse lameness were determined
as a proximal sesamoid fracture (n=4), overgrowth bone
exostosis (n=4), osteochondrosis dissecans (n=4),
superficial digital flexor tendon enthesopathy (n=3),
proximal phalanx fracture (n=3), sesamoiditis (n=2),
degenerative joint lesion of the fetlock (n=2), bucked shin
complex (n=1), and carpal osteoarthritis (n=1). In all cases,
the increased temperature was identified in the suspected
area by thermographic examination, and radiographic and

ultrasonographic evaluation confirmed the diagnosis.
Additionally, no temperature difference was observed
between suspected and symmetric areas in four cases
(superficial digital flexor tendon enthesopathy, carpal
osteoarthritis, osteochondrosis dissecans, and
degenerative joint lesion of the fetlock, Table 1).

A significant difference was found between suspected
(34.7£1.7 °C) and symmetric (31.8+2.1 °C) areas at the
mean temperature measurement (p<0.001). In the
thermographic temperature measurement, the suspected
area temperature tended to measure ranged from 0.6 to
5.3 °C higher compared to the symmetric area.

Table 1. The mean temperature (lateral, medial, dorsal, and palmar/plantar) of suspected and symmetric area, and diagnosis

causing temperature increase.

Mean Temperature of

Mean Temperature of

Case No Age Gender Diagnosis
Suspected Area (°C) Symmetric Area (°C)

1 7 M 34.1 29.9 SDFTE
2 4 M 36.2 329 PPBF
3 9 F 35.6 33.5 BSC
4 5 M 35.5 30.2 OCD
5 9 M 35.8 30.6 PSBF
6 4 F 334 30.8 OBE
7 11 M 37.3 339 SS

8 4 M - - SDFTE
9 5 F - - co
10 6 M 359 33.8 OBE
11 7 M 33.1 29.1 PPBF
12 8 M 33.7 31.7 OCD
13 5 F - - OCD
14 6 M 36.0 34.3 PPBF
15 4 M 36.5 359 PSBF
16 5 M 349 32.8 OBE
17 7 M - - DJLF
18 5 M 324 29.3 PSBF
19 6 F 321 234 DJLF
20 6 F 36.3 32.6 OCD
21 8 M 36.4 34.6 PSBF
22 6 M 334 321 SDFTE
23 6 F 32.2 29.3 SS
24 8 M 33.7 29.3 OBE

M; male, F; female, SDFTE; Superficial digital flexor tendon enthesopathy, PPBF; Proximal phalanx bone fracture, BSC; Bucked
Shin Complex, OCD; Osteochondrosis dissecans, PSBF; Proximal sesamoid bone fracture, OBE; Over growth bone exostosis,
SS; Sesamoiditis, CO; Carpal osteoarthritis, DJLF; Degenerative joint lesion of the fetlock, -; undetectable temperature

difference.

DISCUSSION AND CONCLUSION

The current study demonstrated that the thermal camera
is a rapid and effective method for determining the
localization of lesions in horses with fore and hindlimb
lameness with no clinical symptoms. Additionally, the
thermographic examination determined that temperature
measurement was significantly increased in the suspected
area compared to the symmetric area in bone and tendon
disease.

One of the most important physical characteristics of the
inflammatory process is the change in tissue temperature.
The thermal camera is a non-invasive diagnostic imaging
device that defines inflammation and has many advantages
such as easily monitoring temperature in uncooperative or
aggressive animals. In addition, thermography can provide
us with basic information about the localization of the
lesion (Fabbri et al. 2022; Okur and Okumus 2022).
Previous studies have reported that thermographic
examination has served in the diagnosis of a variety of
limb trauma involving inflammation of the stifle (Purohit
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et al. 2006), carpal and tarsal joint (Bowman et al. 1983),
tendinopathy (Turner 2001), and bucked shin complex
(Yanmaz 2018). Similarly, in our study, in 20 of 24 cases,
the thermal camera was achieved to determine the
location of the lesion and support diagnosing bone and
tendon diseases.

The healthy horse's usually high degree of symmetry
between contralateral areas of the body is a valuable asset
in the diagnosis of unilateral pathological conditions
associated with various inflammatory diseases (Soroko
and Howell 2018). Therefore, the temperatures of the
symmetrical areas were measured to compare the
suspected areas in the current study. Although
temperature asymmetry may demonstrate deformity,
temperature differences of up to 1 °C between comparing
areas of the body are considered normal (Verschooten et
al. 1997). According to the study by Turner (Turner 1991),
a difference of more than 1 °C over 25% of the compared
distal parts of the limbs was considered abnormal.
Similarly, another study conducted by Soroko et al.
(Soroko et al. 2013) reported that temperature changes of
1.25 °C between the distal regions of the right and left
limbs in racehorses could suggest subclinical inflammation
of the superficial digital flexor tendon and metacarpus.
Consistent with these results, in our study, a difference of
more than 1 °C was found between the suspected and the
symmetric area in 95% of our cases.

In our study, temperature measurements of suspected
areas were increased compared with symmetrical areas
due to inflammatory processes caused by various diseases.
Diseases causing this temperature increase were
diagnosed by radiography and ultrasonography following
thermographic examination. In agreement with our
results, previous studies demonstrated that thermography
has a significant success rate for diagnosis when combined
with radiography and ultrasonography (Eddy et al. 2001;
Turner 2001; Cetinkaya and Demirutku 2012). In our
study, despite the radiographic or ultrasonographic
diagnosis of the diseases, no temperature increase was
detected by the thermal camera in 4 cases. This could be
explained by the chronicity of the cases, which may lead to
lower temperature differences between normal and
healthy tissues.

In conclusion, although the thermal camera is not a direct
diagnostic tool, it quickly and easily determines the
location of the lesion by detecting the temperature
changes over the related region. Using thermography with
other standard lameness radiology modalities, such as
radiography and ultrasonography, would increase the
diagnostic capability of equine orthopedic diseases
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0z

Bu calismada, dogumu indiiklenerek dogan kuzular ile dogumu spontan gergeklesen kuzularin neonatal
hayatlarimin karsilagtirilmasi amaglandi. Iki grubun arasindaki karsilastirilmalarda kuzulara ait bazi viicut
gelisim ozellikleri ile kan parametrelerinin dogum sonrasi takibi dikkate alindi. Yine neonatal kuzularda
intraperitonal glikoz takviyesinin profilaktik kullanilabilirligi ve ¢evre sicakliginin etkisi ¢alismanin bir diger
hedefini olusturdu. Calisma hayvan popiilasyonunu, 30 adet koyun (Morkaraman ve melezi) ve bu
koyunlardan dogan 50 adet kuzu olusturdu. Her grupta 10 adet kuzu olacak sekilde 4 deney, 1 kontrol grubu
olmak tlizere 5 grup olusturuldu. Deney gruplarinda dogumlar kortikosteroid enjeksiyonlariyla uyarildi.
Deney grubunun 2 grubu ayrica sicakligi sabit tutulan (20 - 24 °C) ayr1 bir béliimde tutuldu ve intraperitoneal
glikoz uygulamasi yapildi. Kontrol grubunda ise dogumlar spontan olarak gergeklesti. Tiim kuzularin viicut
sicakligl ve agirliklari, kan gaz, glikoz degerleri, diizenli araliklarla takip edilerek kayit edildi. Gruplar arasinda
karsilastirmaya tabi tutulan degiskenler icerisinde sadece viicut sicaklig1 ve kan pO2 basinci 6nemli bulundu
(p<0.05). Ancak bu oénemli farklhilik, diger gruplardaki kuzulara gére yasam Kkalitesi agisindan avantaj
saglamadi. Diger tiim degiskenler, gruplar arasinda 6énemsizdi. Sonug¢ olarak; gebeligin 141-145. giinleri
arasinda, dogumun Kkortikosteroid enjeksiyonlari ile uyarilmasinin, Morkaraman ve melezi 1rki i¢in neonatal
risk olusturmadig kanisina varildi.

Anahtar Kelimeler: Dogum, Kortikosteroid, Koyun, Kuzu, Neonatal.

ABSTRACT

Investigation of Neonatal Viabilities of Lambs in Early Induction of Parturition

In this study, it was aimed to compare the neonatal lives of lambs born with induced parturition and lambs
born spontaneously. In the comparisons between the two groups, some body development characteristics of
the lambs and neonatal follow-up of blood parameters were taken into account. In addition, the prophylactic
availability of intraperitoneal glucose supplementation in neonatal lambs and the effect of environmental
temperature were another target of the study. The study animal population consisted of 30 ewe
(Morkaraman and its cross) and 50 lambs born from these ewes. Five groups were formed as 4 experimentals
and 1 control group with 10 lambs in each. Parturitions were induced with corticosteroid injections in
experimental groups. Two groups of the experimental groups were also housed in a separate section in which
temperature was kept stable between 20 - 24 °C and intraperitoneal glucose administration was performed to
those lambs. In the control group, the parturitions were spontaneous. Body temperatures and weight, blood
gas and glucose values of all lambs were monitored and recorded on a regular basis. Among the variables that
were compared between the groups, only body temperature and blood pO: pressure were found to be
significant (p<0.05). However, this significant difference did not provide an advantage in terms of quality of
life compared to lambs in the other groups. All other variables were insignificant between the groups. As a
result; it was concluded that induction of parturition with corticosteroid injections on 141 and 145. days did
not create a risk for Morkaraman and its cross.

Keywords: Corticosteroid, Ewe, Lamb, Neonatal, Parturition.

GiRiS

oldukga geri siralarda yer almaktadir (Tirkyilmaz ve ark.
2021). Koyun yetistiriciliinde en onemli verim, anag

Tiirkiye sahip oldugu koyun varhgl ile diinyada ilk 10 tilke koyunlardan elde edilen yavru sayis1 ve yavru oramdir.

arasinda yer almaktadir (Seving ve ark. 2022). Buna

Karli bir koyunculuk i¢in dél veriminin artirilmasi ve

ragmen birim basina elde edilen iirlinler bakimindan
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neonatal kuzu Kkayiplarinin  en aza indirilmesi
gerekmektedir (Atasoy 2016). Koyun yetistiriciliginde
neonatal kuzu kayiplar1 ciddi verim kayiplar
olusturmaktadir. Dogum sonrast kuzu o6liimlerinin
nedenlerinin bilinmesi ve bu konuda koruyucu tedbirlerin
alinmasi 6nem arz etmektedir (Aydogdu 2016).

Neonatal mortalite, diinya genelinde koyunculuk
isletmelerinin en 6nemli verim kayiplarindandir (Aydogdu
2016, Gaur ve ark. 2022a). Neonatal dénemdeki kuzu
kayiplar1 dogumdan sonraki ilk 15 giin igerisinde yiiksek
oranda meydana gelmektedir. Siitten kesim o6ncesinde
meydana gelen kuzu o6liimlerinin neredeyse yarisi dogum
sonrasl yasamin ilk haftasinda meydana gelmekte ve daha
sonra giderek azalmaktadir (Dwyer 2008). Ozellikle
premature dogan Kkuzularin yasama sanslar1 oldukga
diisiiktiir. Neonatal doénemin ilk saatlerinde sekillenen
olimlerin nedenleri arasinda ilk siray1r non-enfeksiyoz
nedenler olusturmaktadir. Daha sonraki ddénemlerde
meydana gelen oOlimlerin ise enfeksiydz nedenlerden
kaynaklandig1 belirtilmektedir (Mellor ve Stafford 2004).
Dogum sonrasi neonatal donem, bir kuzu igin en
savunmasiz oldugu dénemdir. Fetiisten yeni dogana gecis
siireci, uterus dis1 ortama uyum saglamak igin asiri
degisikliklerin oldugu bir adaptasyon stirecidir. Yenidogan
kayiplarinin azaltilmasinda, yenidogan kuzularin Kklinik
takibi, uterus dis1 ortama adaptasyon ile ilgili
yetersizliklerin erken teshisi ve oOlimcil bir sonucu
onlemek icin Veteriner neonatoloji alaninda yeni bilgilerin
gelistirilmesi gerekmektedir. Bu sayede neonatal mortalite
oranlarinda azalmalar saglanabilir (Vannucchi 2012).

Dogumun uyarilmasi dogum zamani yaklasmis
hayvanlarda fizyolojik ya da patolojik sebeplerle
uygulanabilmektedir (Purohit ve ark. 2012). Koyunlarda
doguma yakin zamanlarda anne ve yavru hayatinin
tehlikeye girdigi bazi durumlar olusabilmektedir. Bu
durumda dogumun uyarilmasi hayat kurtarici
olabilmektedir (Zoller 2015). Gebeligin devamini saglayan
progesteron hormonu, kecilerde gebelik siiresi boyunca
korpus luteum tarafindan iretilmektedir Koyunlarda ise
gebeligin ilk yarisindan sonra plasentadan {retilen
progesteron, gebeligin devamini sagladig i¢in, kecilerde
gebeligin her doéneminde prostaglandin ve analoglar
dogum uyarilabilirken, koyunlarda ise tek basina
prostaglandinler kullanilarak dogumu uyarmak miimkiin
olmamaktadir (Purohit ve ark. 2012, Zoller 2015, Salc1 ve
intas 2018). Koyunlarda deksametazon, flumetazon,
betametazon veya kortizol asetat gibi kortikosteroidler
kullanilarak dogum indiiklenebilmektedir (Zoller 2015).
Eksojen glukokortikoidler, dogum indiiksiyonunda fotal
kortizole benzer bir etki gostererek dogumun baslamasini
saglamaktadir (Zoller 2015, Sala ve Intag 2018). Fotal
kortizol, plasental progesteronun &strojene doéniislimiinii
indlikleyerek plasental progesteronun azalmasina ve
Ostrojen diizeylerinde artisa neden olur (Zoller 2015).

Normal dogum sonrasinda bile yeni dogan kuzular az
derecede bir metabolik ve respiratorik asidozisle diinyaya
gelmektedirler. Yeni dogan yavrudaki asidozisin derecesi
ve siiresine gore yavru ya dogmadan 6lmekte ya da asfeksi
belirtileriyle dogmaktadir. Dogum sonrasi akut adaptasyon
siireciyle bu durum kompanze edilebildiginde hayatta
kalmaktadirlar (Sahal ve ark. 1994). Kortikosteroidlerin,
koyunlarda dogumu indiikklemenin yaninda f6tal
olgunlasma, ozellikle akciger olgunlagmasi lizerine etkisi
oldugu ve dogum sonrasi sag kalim {izerine olumlu
etkisinin bulundugu belirtilmektedir (Zoller 2015).

Sunulan bu ¢alismada dogumu kortikosteroid enjeksiyonu
ile uyarilan koyunlardan dogan kuzular ile spontan olarak
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dogan kuzular karsilastirilarak dogum sonrasi dénemde
olusabilecek farkliliklar hakkinda bilgi edinilmesi
amaglanmistir. Ayrica yenidogan doéneminde kuzularin
yasamlarini tehdit eden hipotermi ve hipoglisemi
problemlerinin proflaktik olarak o©nlenmesinde uygun
cevre sicakligi ve intraperitoneal glikoz enjeksiyonunun
kuzularin yasam kalitelerine etkisi degerlendirilmistir.

MATERYAL VE METOT

Bu calisma Van Yiiziincii Y1l Universitesi Hayvan Deneyleri
Yerel Etik Kurulu'ndan 27/09/2012 tarihinde 2012/06
say1li karar ile izin alinarak yapilmistir.

Calisma 2012 ve 2013 yillarinda, iki lireme sezonunda
yuriitiildi. Calismadaki koyunlara Eylil aymin ilk
gliniinden itibaren ko¢ katimi yapildi. Buna gére dogumlar
subat ve mart aylari icerisinde gerceklesti. Calismada, en
az bir kez normal dogum yapmis, 30 adet Morkaraman ve
melezi koyunlar ile bu koyunlardan dogan 50 adet tekiz
olarak diinyaya gelen kuzu olusturdu. Ureme mevsiminde
Ostriisleri arama kogu ile Dbelirlenen koyunlar
ciftlestirilerek asim tarihi kaydedildi. Gebelik muayeneleri
asimi takip eden 45. giinden sonra real-time linear
ultrasonografi (7.5 MHz) ile transrektal olarak
uygulanmistir. Dogumlar, gebeligin 141. ve 145.
gilinlerindeki hayvanlara tek doz 20 mg deksametazon
sodyum fosfat (5 ml Devamed, Topkim®, Tiirkiye) i.m.
uygulanarak uyarildi. Dogumlar enjeksiyon sonrasi 40 ile
66. saatler arasinda meydana gelmistir. Kontrol
grubundaki (Grup I) hayvanlarin dogumlari, herhangi bir
uygulama yapilmadan spontan olarak gergeklesti.

Her grupta 10 adet kuzu olacak sekilde 5 grup olusturuldu;

Grup I: Bu gruptaki kuzular herhangi bir uyarim
yapilmadan spontan olarak diinyaya geldiler. Herhangi bir
ilave uygulamaya tabi tutulmadilar.

Grup II: Bu gruptaki kuzular gebeligin 141. giiniinde
uyarilarak, 20-24 °C cevre sicakligina sahip ortamda
diinyaya geldiler ve ilk 24 saat bu ortamda barindirildilar.
Ayrica bu kuzulara giinde 1 defa, 3 giin, 20 ml
intraperitoneal %30 dekstroz (Polifarma®, Tirkiye)
enjeksiyonu uygulandi.

Grup III: Bu gruptaki kuzular gebeligin 141. giiniinde
uyarilarak diinyaya geldiler. Herhangi bir ilave
uygulamaya tabi tutulmadilar.

Grup IV: Bu gruptaki kuzular gebeligin 145. giinlinde
uyarilarak, 20-24 °C c¢evre sicakligina sahip ortamda
diinyaya geldiler ve ilk 24 saat bu ortamda barindirildilar.
Ayrica bu kuzulara giinde 1 defa, 3 giin, 20 ml
intraperitoneal %30 dekstroz (Polifarma®, Tiirkiye)
enjeksiyonu uygulandi.

Grup V: Bu gruptaki kuzular gebeligin 145. gilinlinde
uyarilarak diinyaya geldiler. Herhangi bir ilave
uygulamaya tabi tutulmadilar.

Bu sekilde olusturulan tiim gruplar Sekil 1'de
6zetlenmisgtir.

Dogum sonrast tiim kuzularin; viicut sicakliklari
rektumdan dijital termometre (Oncomed KFT-04, China)
ile dogum sonrasi ilk saatte, 6. ve 24. saatte ayrica 3. ve 7.
glinlerde alinarak kaydedildi. Agirlik o6l¢iimleri dogum
sonrasi ilk ve 24. saatlerde ve ayrica 3. ve 7. giinlerde
yapild1. Yedinci giinden sonra ise, kuzular 52 giinlik olana
kadar agirhk ol¢timleri 15 giinde bir tekrarlandi. Bu
dénemden sonra, agirhk olglimleri kuzularin dogum
sonrast 82. giinlerinde ve 7 aylhk olduklarinda
gerceklestirildi.
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Sekil 1. Olusturulan gruplar.
Figure 1. Formed groups.

Dogum sonrasi tiim kuzulardan venéz kan gazi, kan pH ve
glikoz analizi icin dogumdan sonraki ilk saat ile 6. ve 24.
saatlerde ayrica 3. ve 7. giinlerde vena jugularisten kan
ornekleri toplandi. Kan gazlarinin analizi i¢in veteriner kan
gazlar1 cihaz1 (VetStat® Electrolyte and Blood Gas
Analyzer-Idexx, USA) ve kan glikoz analizleri i¢in de accu-
chek active kan sekeri oOl¢iim cihazi (Roche, USA)
kullanilmistir.

istatistiksel Analiz

Calismamizda elde edilen  verilerin  istatistiksel
degerlendirilmesi SPSS (IBM Corp. Released 2013. IBM
SPSS Statistics for Windows, Version 22.0. Armonk, NY:
IBM Corp.) istatistik paket programi kullanilarak yapildi.
Siirekli degiskenler i¢in tanimlayici istatistikler; ortalama
ve standart sapma olarak ifade edildi. Siirekli degiskenler
bakimindan grup ortalamalarini karsilastirmada tekrarl
Ol¢limlii varyans analizi yapildl. Varyans analizini takiben
farkl gruplar1 belirlemede Duncan testi kullanildi. Agirlik,
kan glikoz ve viicut sicakliklar1 degiskenleri arasindaki
iliskiyi  belirlemede pearson korelasyon katsayilari
hesaplandi. Hesaplamalarda istatistiksel Onem diizeyi
p<0.05'te istatistiksel olarak anlamli, p>0.05’te istatistiksel
olarak anlamsiz kabul edilmistir.

BULGULAR

Koyunlarda dogumlar miidahalesiz olarak normal dogum
seklinde gerceklesti. Dogum mevsiminde kuzularin vital
parametrelerini etkileyecek olumsuz hava sartlari
sekillenmemistir. Dogum sonras1 herhangi bir patolojik

duruma rastlanilmamistir. Kuzularin solunumu, kolostrum
almalar1 takip edildi ve herhangi bir problem ile
karsilasiimamistir. Gobek kordonu bakimi yapildi. Calisma
sonuna kadar herhangi bir kuzu 6liimii gergeklesmemistir.

Kuzu Agirliklar:

Dogan kuzularin ¢alisma siiresince 6lgiilen ortalama yavru
agirliklar1 Tablo 1'de sunulmustur. Agirhk artislar
bakimindan gruplar arasinda istatistiksel olarak énemli bir
fark bulunmamistir (p>0.05) (Tablo 1).

Kan Glikoz Degerleri

Dogum sonrasi c¢alisma siiresince olglilen kan glikoz
degerleri Tablo 2’de sunulmustur. Gruplar arasinda kan
glikoz degerleri agisindan istatistiksel olarak 6nemli bir
fark bulunmamistir (p>0.05) (Tablo 2).

Viicut Sicakliklari

Dogum sonrasi c¢alisma sliresince olciilen rektal viicut
sicakliklar1 Tablo 3’de sunulmustur. Gruplar arasinda ve
grup icerisinde zamana gore bazi farkliliklar gozlendi.

Dogum sonrasi ilk saatte; grup I'deki kuzularda viicut
sicakligy, grup II ve grup IlI'deki kuzulardan daha ytiksekti
(p<0.05). Ancak grup IV ve V deki kuzularin viicut sicakligy,
diger tiim gruplardaki kuzularla benzerlik gostermekteydi
(p>0.05).

Dogum sonrasi 6. saatte; viicut sicakligi I. grupta, diger
gruplara gore yiiksekti (p<0.05). Diger gruplarda ise

kuzularin  viicut sicakliklar1  benzerlik goéstermistir
(p>0.05).
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Dogum sonrasi 24. saatte, 3. ve 7. giinlerde; tiim
gruplardaki kuzularin = viicut sicakliklar1  benzerlik
gostermistir (p>0.05).
Grup I ve Grup V'de dogum sonrasi ilk saatten 7. giline
kadar o6lgiilen viicut sicakliklari istatistiki olarak benzer
bulunmustur (p>0.05).

Grup II'de dogum sonrasi ilk saatte Olgiilen viicut
sicakliginin 6. saate gore diisiik oldugu(p<0.05), 6. saatten
sonra yapilan ol¢climlerde giderek arttigi ve 7. giinde
olciilen viicut sicakliginin 6. ve 24. saatten yliksek ve
aradaki farkin 6nemli oldugu belirlenmistir (p<0.05).

Grup III'de ilk saatte 6lgiilen viicut sicakligi 3. ve 7. giinde
6lciilen viicut sicakligindan diisiik bulunurken (p<0.05),
diger zamanlardaki viicut sicakliklar1 ise benzer
bulunmustur (p>0.05).

Grup IV’'de ilk saatte ve 6. saatte dl¢iilen viicut sicakligi 7.
Glinde o6lgiilen viicut sicakligindan disiik iken (p<0.05),
diger zamanlardaki vicut sicakliklar1 ise benzerdi
(p>0.05).

Ayrica grup alt kategorileri ile zaman alt kategorileri
arasindaki etkilesim istatistiksel olarak 6nemli bulunmadi
(Pinteraksiyon>0.05). Diger bir ifadeyle, zaman faktori
degistikce gruplar zamana gore farkli sonuglar géstermis
ve tiim gruplarda ayni durum séz konusu olmamugtir.

Tablo 1. Gruplardaki tiim kuzulara ait ortalama (X+Ss) viicut agirliklar (Kg).

Table 1. Mean (X+Sd) bodyweights (Kg) of all lambs in groups.

Agirhk zaman Gruplar p degeri
Grup I Grup II Grup III Grup IV Grup V
Ak 4.00+0.77 3.88+0.75 3.68+0.48 4.51+0.78 4.30+£0.49
A 24.52at 4.32+0.76 3.89+0.73 3.92+0.62 4.63+0.71 4.50+0.64
A 3.Gin 4.59+0.77 3.96x0.73 4.16+0.59 4.90+0.77 4.67%£0.71
A 7.Gin 5.64%0.76 4.87+0.75 4.89+0.72 5.92+1.00 5.40+0.89
A 22, Giin 8.40+1.07 7.30+1.37 7.22+1.47 8.92+2.25 8.37+1.38 p=0.091
A 37.Giin 10.90+1.43 9.60+1.77 9.13+1.71 11.62+2.89 11.06+1.94
A 52.Giin 14.87+1.78 11.54+2.83 10.84+2.46 14.22+3.63 12.77+2.43
A 82.Giin 22.33£3.09 16.88+5.08 13.66+3.42 19.54+6.59 17.50+4.69
A7.ay 28.27+5.53 32.00+4.12 31.58+7.05 36.60+10.37 33.29+6.48
A=Agirhk.
Tablo 2. Gruplardaki tiim kuzulara ait ortalama (X+Ss) glikoz diizeyleri (mg/dL).
Table 2. Mean (X+Sd) glucose levels (mg/dL) of all lambs in the groups.
. Gruplar -
Glik0Z zaman p degeri
Grup I Grup II Grup III Grup IV Grup V
G ik 84.30+43.57 67.56+22.69 88.60+51.55 93.70+£28.60 103.00+47.03
G 6. saat 93.40+24.05 98.56+31.07 107.60+36.08 114.10+23.18 110.73+32.22
G 24.saat 103.80+19.49 92.56+25.35 105.80+21.13 115.20+14.42 89.45+16.81 p=0.396
G 3.Giin 112.90+11.33 96.67+21.17 99.00+24.03 103.00+16.74 98.91+18.09
G 7.Giin 122.40+15.72 117.78+15.95 120.20+22.99 120.80+11.56 119.00+16.32
G=Glikoz.
Tablo 3. Gruplardaki tiim kuzulara ait ortalama (X+Ss) viicut sicakliklar1 (°C).
Table 3. Mean (X+Sd) body temperatures (°C) of all lambs in groups.
VS zaman Gruplar p degeri
Grupl Grup II Grup III Grup IV Grup V
VS ik 39.86+0.5924 38.94£1.06¢8 39.03+0.45bB 39.31+0.30b.48 39.50+0.352. 4B
VS 6. saat 39.82+0.4024  39.44+0.44b.B 39.11+0.40ab.8 39.29+0.38b.B 39.38+£0.43a8 Praman=0.001
VS 24. Saat 39.76+0.43a 39.46+0.51b 39.23+0.47ab 39.53+0.25ab 39.51£0.502 PGrup=0.001
VS 3.Gin 39.94+0.162  39.5240.59 39.48+0.482 39.71+0.39ab 39.39+0.75a  Pinteraksiyon=0.198
VS 7.Giin 39.10+0.252 39.92+0.31a 39.62+0.302 39.83+0.252 39.78+0.39a

VS= Rektal viicut sicakligl. A,B— istatistiksel olarak 6nemlidir (p<0.05), a,b,c! istatistiksel olarak 6nemlidir (p<0.05).

Kan pH degerleri

Tim gruplardaki kuzulara ait ortalama kan pH degerleri
Tablo 4’de o6zetlenmistir. Bu sonuglara gore gruplar
arasinda kan pH't bakimindan istatistiksel olarak 6nemli
bir fark bulunmamstir (p>0.05).

Kandaki karbondioksit
degerleri

basinci

parsiyel (pCO2)

Tiim gruplardaki kuzulara ait ortalama kan pCO2 degerleri
Tablo 5’te 6zetlenmistir. Gruplar arasinda kan pCO2 basinci
istatistiksel olarak 6nemli bulunmamistir (p>0.05).
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Kan bikarbonat iyonunun serum

konsantrasyonu degerleri

(HCO3)

Tiim gruplardaki kuzulara ait ortalama kan HCO3 degerleri
Tablo 6'da 0Ozetlenmistir. Gruplar arasinda kan HCO3
degerleri istatistiksel olarak 6nemsiz bulundu (p>0.05).

Kandaki parsiyel oksijen basinci (p02z) degerleri

Tiim gruplardaki kuzulara ait ortalama kan pOz degerleri
Tablo 7’de Ozetlenmistir. Gruplar arasinda ve grup
icerisinde zamana goére bazi zamanlarda farklhiliklar
gozlenmistir.
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Dogum sonrasi ilk saatte; Grup I'deki kan pO: degerleri
Grup II ve Grup IlI'den yiiksek oldugu ve aradaki farkin
istatistiki olarak énemli oldugu(p<0.05), Grup IV ve Grup
V’te dlgiilen degerler ile benzer oldugu (p>0.05) belirlendi.
En diisiik kan pO:z degerinin Grup II'de o6l¢ildigi, bu
grupta oOlciilen degerin Grup I ve Grup IV'den istatistiki
olarak 6nemli oldugu (p<0.05), Grup IIl ve Grup V ile
benzer oldugu tespit edilmistir (p>0.05).

Dogum sonrasli 6. ve 24. saatte; Grup I ve Grup IV'iin kan
pO2z degerleri benzer olup, Grup II, Grup III ve Grup V’ten
yliksek oldugu aradaki farkin istatistiki olarak onemli
oldugu belirlendi(p<0.05). Bu saatlerdeki Grup II, Grup III
ve Grup V'teki kan pO: degerlerinin benzer oldugu tespit
edilmistir (p>0.05).

Dogum sonrasi 3. gin ve 7. giinde o6lgiilen kan pO2
degerleri tim gruplarda benzer oldugu gézlemlenmistir
(p>0.05).

Her bir grubun kendi icinde dogum sonrasi ilk saatten 3.
giine kadar ol¢iilen kan pO2z degerleri benzer bulunurken
(p>0.05), dogum sonrasi 7. giinde Olgiilen degerlerin
dogum sonrasi 3. giine kadar 6lciilen degerlerden yiliksek
oldugu ve aradaki farkin istatistiki olarak énemli oldugu
belirlenmistir (p<0.05).

Ayrica grup ile zamanlar arasindaki etkilesim istatistiksel
olarak 6nemli bulunmadi (Pinteraksiyon>0.05). Zamanin alt
faktorlerinin, grubun alt faktorlerine gore degisimi de
o6nemsizdi.

Tablo 4. Gruplardaki tiim kuzulara ait ortalama (X+Ss) kan pH degerleri.

Table 4. Mean (X+Sd) blood pH values of all lambs in the groups.

PH zaman Gruplar p degeri
Grup I Grup II Grup III Grup IV Grup V
pH ik 7.42+0.02 7.40+0.03 7.43+0.03 7.44+0.03 7.42+0.04
PH 6. saat 7.45£0.03 7.45+0.07 7.45+0.03 7.47+0.04 7.45+0.03
PH 24. saat 7.44+0.02 7.44+0.03 7.45+0.04 7.46£0.04 7.42+0.03 p=0.052
PH 3.6in 7.43+0.01 7.41+0.04 7.42+0.02 7.43%0.05 7.394£0.05
PpH 7. Giin 7.40£0.03 7.38+0.05 7.39+0.04 7.39+0.03 7.38+0.04
Tablo 5. Gruplardaki tiim kuzulara ait ortalama (X+Ss) kan pCO2 degerleri (mmHg).
Table 5. Mean (X+Sd) blood pCO2 values of all lambs in the groups.
Gruplar ..
pCO2 zaman p degeri
Grup I Grup II Grup III Grup IV Grup V
pCO2 ik 43.57+5.78 45.44+6.88 42.47+4.95 43.10+4.51 39.89+3.16
pCO2 6. saat 39.11+3.74 38.94+4.24 39.05+£3.98 37.70%6.11 37.79+2.14
pCO2 24.saat 41.93+£3.96 40.13+£3.28 40.30%2.11 39.504£4.35 39.53+291 p=0.314
pCO2 3. Gin 41.99+2.52 43.50+4.68 45.00£3.09 41.30+4.85 39.48+5.85
pCO2 7. Gin 40.80+3.08 40.68+4.93 39.91+3.36 42.29+4.44 40.82+3.18
Tablo 6. Gruplardaki tiim kuzulara ait ortalama (X+Ss) kan HCO3 degerleri (mmol/L).
Table 6. Mean (X+Sd) blood HCO3 values of all lambs in the groups.
HCO3 zaman Gruplar p degeri
Grup I Grup II Grup III Grup IV Grup V
HCO3 ik 26.13+2.56 24.01£2.95 26.71+£2.54 27.44+2.72 24.79+1.48
HCO3 6. saat 25.15+1.39 25.74+3.14 27.33+2.60 25.64+3.24 25.69+2.63
HCO3 24. saat 26.08+3.09 25.78+1.83 26.75+2.14 26.25+4.79 24.58+2.38 p=0.242
HCO3 3. Giin 25.64+1.40 26.10+3.83 27.56+2.35 24.63+3.07 24.24+2.96
HCO3 7. Giin 23.36%2.75 22.18+3.04 20.86x1.26 23.65%£2.60 22.24+3.07
Tablo 7. Gruplardaki tiim kuzulara ait ortalama (X+Ss) kan pO: degerleri (mmHg).
Table 7. Mean (X+Sd) blood pOz values of all lambs in the groups.
Gruplar -
pO2 zaman p degeri
Grup I Grup II Grup III Grup IV GrupV
pOzi 29.79%4.22b.A 22.39+5.44b.C 23.3744.85b.BC  27.81+4.18b.AB  26.20%7.36b ABC
pO2 6.saat 30.4145.37bA 23.8244.68b.B 23.65%4.79b.B 29.0044.85b.A 23.73%3.99b.B PZaman=0.001
P02 24. saat 30.07%4.76b.A 24.20%4.27b8 25.70£3.33b.B 30.90+4.77b.A 24.55%5.28b.B P6rup=0.001
pO2 3.Giin 29.30£4.55b 26.26+4.54b 27.90+2.96b 28.7045.74b 26.25+5.99>  Pinteraksiyon=0.850
pO2 7.6in 41.60%4.62a 37.1143.512 35.01%3.352 40.44%6.352 37.31%£1.43a

A,B,C— istatistiksel olarak 6nemlidir (p<0.05). a,b!l istatistiksel olarak 6nemlidir (p<0.05).
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TARTISMA VE SONUC

Sunulan bu ¢alismada gebeliginin 141. ve 145. giinlerinde
dogumu kortikosteroid enjeksiyonu ile indiiklenen
koyunlardan dogan kuzular ile dogumu spontan
gerceklesen Kkuzularin neonatal siirecte bazi vital
parametreleri karsilastirildi. Ayrica neonatal kuzularda
intraperitonal glikoz takviyesinin ve uygun cevre
sicakliginin ~ profilaktik  etkinligi degerlendirilmistir.
Kortikosteroid enjeksiyonu ile dogumlar1 indiiklenen
koyunlardan dogan kuzular ile spontan dogan kuzular
arasinda; vicut agirhik artislari, kan glikoz diizeyleri, kan
pH diizeyleri, kan pCO2z basinci ve kan HCOs degerlerinin
benzer fakat rektal viicut sicakliklari ile kan pO: basinci
degerlerinin dogum sonrasi ilk asamalarda farkli oldugu
belirlenmistir. Rektal viicut sicakliklari ile kan pO2 basinci
degerleri arasindaki farkin zamanla kompanze edilerek
ortadan kalktigi tespit edildi. Profilaktik amacla
uyguladigimiz intraperitonal glikoz takviyesinin ve uygun
cevre  sicaklifinin  tespit  edilebilir  bir  etkisi
gbzlenmemistir. Veriler degerlendirildiginde, Morkaraman
ve melezi irklarda gebeligin 141-145. giinleri arasinda
dogumun kortikosteroidler ile uyarilmasinin neonatal
kuzulara olumsuz etkisinin olmadig gorildii.

Calismamizda dogumu kortikosteroid enjeksiyonu ile
uyarilan koyunlardan dogan kuzular ile spontan dogan
kuzular karsilastirilarak dogum sonrast dénemde
olusabilecek farkliliklar arastirildi. Ayrica neonatal
donemde kuzularin yasamlarini tehdit eden hipotermi ve
hipoglisemi problemlerin proflaktik olarak énlenmesinde
uygun c¢evre sicaklign ve intraperitoneal glikoz
enjeksiyonunun kuzularin yasam Kkalitelerine etkisi
degerlendirilmistir.

Sunulan bu ¢alismada, dogumun uyarilmasinda yavrunun
neonatal yasam sansiin yiliksek olmasina dikkat edildi.
Hayvan materyali olarak kullanilan Morkaraman ve melezi
koyunlarin gebelik siiresi, Odabasioglu ve arkadaslari
(1996)’'na gore 150 giin olarak degerlendirildi. Gebeligin
130 ile 140. glnleri arasindaki dogumlarin prematiire
dogum olarak ifade edilmesi (Ding¢ 2007) ve bu sekilde
dogan kuzularin ancak 6zel bakim sartlariyla hayatlarini
devam ettirebilecekleri g6z Onilinde bulundurularak
gebeligin 141. giinli dogumun uyarimi i¢cin uygun zaman
olarak tercih edildi. Boéylece, doguma yaklasik 10 giin kala
dogumu uyarmaya yonelik eksojen medikal uyarimlarin
anne ve yavru Uzerindeki olumsuz yasam sartlarinin
etkilerini gézlemek amaglandi. Diger bir uyarim dénemi
olarak da gebeligin 145. giinii tercih edildi ve gebeligin son
10 giinii icerisinde yaklasik 5 giinliik bir zaman araliginin
maternal ve neonatal risk degerlendirildi. Meydana
gelebilecek bu risklerin varligy, olusturulan spontan dogan
kuzu grubuyla karsilastirilmistir.

Cesitli calismalarda kuzularin dogum agirlig: ile neonatal
O0lim riskleri arasinda Onemli bir iliskinin oldugu
degerlendirilmistir (Nash ve ark. 1996, Dwyer ve ark.
2016). Yine dogum agirlig1 ve serum immunglobulin titresi
arasindaki iligkilerden de bahs edilmektedir (Christley ve
ark. 2003). Zayif dogan kuzularda, daha diisiik IgG
miktarina rastlandig belirtilmistir (Ahmad ve ark. 2000).

Gaur ve ark. (2022b), diisiik dogum agirliklhi kuzularin,
yliksek dogum agirliklhh kuzulara goére daha yiiksek
mortalite oranina sahip olduklarin1 ifade etmislerdir.
Diistik glikojen ve yag rezervleri ile dogan kuzular soguk
stresi ve agliga karsi daha hassastirlar. Siddetli soguklarin
hakim oldugu hava kosullarinin dogum sonrasi kuzularin
enerji gereksinimlerini artirarak 6 ile 16 saat icerisinde
kendi viicut rezervlerini tiiketmelerine neden oldugu ifede
edilmektedir (Rook ve ark. 1990). Kegeci (2003), diisiik
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dogum agirhigina sahip (<2.5 kg) olan kuzularin, yliksek
dogum agirligina sahip (22.5 kg) kuzulara gore daha diisiik
plazma glikoz seviyelerine sahip olduklarini belirlemistir.

Sunulan bu ¢alismada, gerek spontan gerekse de uyarimla
dogan kuzularin canli agirliklar: arasinda, 7 aylik takipler
sonucunda, anlamli bir fark bulunmadi. Dogan tiim
kuzularin agirliklary, bu 1rk igin spesifik olan dogum
agirliklarini (Arslan ve ark. 2003) yansitmaktaydi. Kuzu
agirlhik sonuglar1 2 6nemli sonucu dolayli olarak ifade
etmekteydi: Bunlardan ilki; gebeligin 141. gilinlinden
itibaren fotal gelisimin ideal biiyiikliikte oldugu, bir digeri
ise calismamizdaki kuzularda hipotermi-hipoglisemi
sendromunun olusmadigidir. Bazi c¢alismalarda 6nemli
farkhliklarin oldugu ifade edilmektedir. Ornegin Matteo ve
ark. (2008), gebeligin 133. giiniinde dogumlar1 uyarilan
koyunlarin kuzlarinin dogum agirliklarini normal dogan
kuzularin dogum agirliklar ile kasilastirmislar (147. giin)
ve 133. giinde dogan kuzularin dogum agirhiklar (3.3+0.2
kg) ile normal dogan kuzularin dogum agirhiklar (4.1+0.1
kg) arasinda oOnemli derecede fark oldugunu ifade
etmislerdir. Ancak ayni arastiricilar gruplar arasindaki bu
farkin dogum sonrasi 12 giinde ortadan kalktigini
gozlemlemislerdir. Ayn1 zamanda 4. ve 8. haftalarda da
kuzulara ait arterial basing, kalp atim hizi ve pek ¢ok kan
parametresinde de anlamli bir farkin olmadigini
saptamislardir.

Dogumdan sonra kuzularin viicut sicakliginin kontroli
temel olarak endokrin faktorler ve uncoupling protein
(UCP) aracihgr ile kahverengi yag dokusunun
oksidasyonuyla 1s1 tretimine baghdir (Clarke ve ark.
1997). Dogumdan sonra rektal viicut sicakligli cevre
sicakligina, dogum agirligina ve yeni doganin viicut ytizey
oranina bagh olarak degismektedir (Dwyer ve Morgan
2006).

Sunulan bu ¢alismada, grup I deki ilk 6 saat hari¢ diger tiim
neonatal doénem dikkate alindiginda, gerek spontan
gerekse de uyarimla dogan kuzularda 6nemli bir rektal
viicut sicakhigr farkliligina rastlanilmadi. Spontan dogan
kuzularda (grup I), dogum sonrasi 6. saate kadar, diger
gruplara gore énemli olan ytiksek bir rektal viicut sicakligi
tespit edildi. Bu farklihga, cevre ve bireysel o6zellikler
disinda, fizyolojik dogum endokrinolojisinin etkili olup
olmadig1 detayl olarak arastirilmasi gerekmektedir. Ancak
6. saatten sonra viicut sicakliginin tiim kuzularda biiyiik
Olciide dengelendigi belirlendi. Dogan kuzularda, bazi
calismalarda belirtildigi gibi (Vannucchi ve ark. 2012;
Chniter ve ark. 2013), gecen zamana bagh olarak viicut
sicakliginin, ¢evreye karsi adapte olacak sekilde ytikselise
gectigi gozlendi. Kuzularin viicut sicakliklarindaki bu
istikrarll degisim ¢alismada kullanilan koyunlarin uygun
metabolizmaya sahip olduklarini, ayrica dogum
zamanindaki ¢evre Kkosullarinin da neonatal risk
olusturmadig: seklinde agiklanabilir.

Dogum sonrasi viicut sicakligi dengesi iklim kosullar
yaninda, dogum agirligl ya da viicut yiizey alani, plazma
tiroit hormonlari, kortizol ve alinan kolostrumla iligkili
oldugu belirtilmektedir (Wassmuth ve ark. 2001). Bu
nedenle kuzularda neonatal yasam giiclinlin arttirilmasi
icin dogum sonrasi kuzulara termoregiilasyon yeteneginin
iyilestirilmesine yonelik uygulamalar yapilabilir
(Greenwood ve ark. 2002; Dwyer ve Morgan 2006). Bu
uygulamalardan birinin yeni dogan kuzulara glikoz
takviyesi oldugu, yapilan ¢alismalarla (Martin 1999; Rings
2003) kanmitlanmistir. Adaptasyon donemi olarak
adlandirilan neonatal periyotta kan glikoz homeostazisinin
olusmas1 gerekmektedir. Fotlisun enerji ihtiyacinin
karsilanmasi tamamiyla maternal glikoza baghdir.
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Neonatal periyotta ise artik glikozun kontroli biiytik
o6lctide instlin hormonu tarfindan yapilmakla beraber yeni
doganlarin glikoz kontrol mekanizmalar1 tam olarak
anlasilamamistir (Cowett ve Farrag 1998). Neonatal
donemde hiperglisemi veya hipoglisemi olusabilmektedir.
Ozellikle olumsuz hava kosullarinda hipoglisemi neonatal
mortalitelerin baglica sebebidir. Clinkii dogum sonrasi
kuzunun enerji  rezervlerinde hizli bir disis
sekilenebilmekte, akut hipotermi ve olim meydana
gelebilmektedir. Bu yiizden yeterli enerji rezervi, yeni
doganin olumsuz hava kogsullarina direnci ve neonatal
yasama gilcii icin son derece oOnemlidir (Nowak ve
Poindron, 2006). Dogumdan sonra plazma glikoz seviyesi
hizl bir sekilde artar (Greenwood ve ark. 2002) ve bu artis
viicut sicakliginin korunabilmesi i¢in ¢cok 6nemlidir. Yeterli
glikoz rezervi, dogumdan sonra Kkuzularin viicut
sicakliklarini normal sinirlar iginde korumasina yardim
eden onemli bir faktordiir (Stafford ve ark. 2007). Baz1
kuzularda gozlenen neonatal diisiik glikoz diizeyleri
zamanla tiiketilerek azaldikca bu durum siddetli
hipoglisemiye yol agmakta ve mortalitenin baslica nedeni
olabilmektedir (Mellor ve Stafford 2004).

Sunulan c¢alisma, profilaktik olarak glikoz enjeksiyonlari
yapilan gruplardaki kuzular ile, glikoz enjeksiyonu
yapilmayan diger gruplardaki kuzular karsilastirildiginda,
proflaktik amacla yapilan glikoz enjeksiyonlarinin avantaj
saglamadigl gorilmistir. Ciinkii dogum sonrasi tim
gruplarda kan glikoz seviyesi normal degerlerde seyrettigi
ve hi¢ bir kuzuda hipoglisemi olugsmadig1 belirlenmistir.
Benzer sonuglar, dogumu uyarilan kuzularda diger iki
calismada da rapor edilmistir. Bu ¢alismalardan birinde,
Alsweiler ve ark. (2013), 135 giindeki uyarimla dogan
kuzularda kan glikoz seviyesini 88.28 mg/dl, normal dogan
kuzularda ise 109.9 mg/dl olarak belirlemisler ve gruplar
arasinda fark olmadigini tespit etmislerdir. Diger bir
¢alismada Cock ve ark. (2005), 133. giinde uyarimla dogan
kuzular ile normal dogan kuzular arasinda kan glikoz
seviyeleri arasinda istatistiksel olarak bir fark olmadigini
saptamislardir. Yukarida detaylar1 verilen literatiir
degerlendirmeleri (Wassmuth ve ark. 2001; Nowak ve
Poindron, 2006 Martin 1999; Rings 2003) g6z oniine
alindiginda, o6zellikle kotii cevre sartlarinda dogan ya da
kolostrum almayan kuzulardaki glikoz uygulamalarinin
olumlu etkileri, ¢alisma sonuglarimizi daha da anlamh
kilmaktadir.

Normal dogum sonrasinda bile yeni dogan kuzular
derecesi diisiikte olsa metabolik ve respiratorik asidozisle
diinyaya gelmektedirler (Sahal ve ark. 1994). Arastirmalar
solunum ve kalp atim hizindaki artislarin, neonatal asit-
baz dengesinin diizenlenmesi i¢in énemli oldugunu ifade
etmektedir (Bessho ve ark. 1997; Alonso-Spilsbury ve ark.
2005). Sunulan bu c¢alismada kan gazlarindan, kan pO:
basinci degeri disinda, diger tiim kan gazlar1 degerleri (pH,
pCO2 ve HCO3) gruplar arasinda benzerlik gosterdigi tespit
edilmistir. En yiiksek pOz basinci spontan dogan kuzularda
gozlenmistir. Ancak spontan dogan kuzularda, ilk
saatlerdeki yiiksek pO2 degerleri, yasam kalitesi agisindan,
diger gruplardaki kuzulara avantaj saglamadigl
belirlenmistir. Bu bulgularin birgok literatiirdeki (Siimes
ve ark, 1990; Matteo ve ark. 2008; Vannuchi ve ark. 2012)
sonuglar ile benzerlikler gosterdigi gozlemlendi.

Sonug olarak sunulan bu ¢alismanin tiim bulgulari birlikte
degerlendirildiginde; Morkaraman ve melezi koyunlarda
gebeligin  141-145.  giinleri  arasinda  dogumun
uyarilmasinin neonatal risk olusturmadig belirlendi. Bu
donemde olast  endikasyonlar  geregi = dogumun
kortikosteroitlerle ~ basarii  ve  sorunsuz  olarak
uyarilabilecegi degerlendirildi. Dogumun uyarilmasi

sonucu dogan kuzularda yetersiz dogum agirhk riski de
tespit edilmedi. Bu c¢alismada yeni dogan kuzulara,
hipoglisemi-hipotermi sendromuna bagh o6liimlerden
korunmak amaciyla, enerji kaynag: olarak eksojen glikoz
takviyesi zorunlu olmadigi kanisina varildi Ekonomik
olarak ve ilave iscilik gerektiren glikoz uygulamasinin,
oldukca soguk ortamlarda dogan kuzularda, viicut sicaklig
takibine gore tercih edilebilecegi buna karsilik anne
siitiiniin az oldugu ya da annenin yavruya kargsi ilgisiz
kaldig1 olgularda, viicut sicakhigi takibi olmadan da
kuzulara glikoz takviyesinin diisiintilebilecegi
degerlendirildi.

Sunulan ¢alismanin, koyunlarda dogumun uyarilmasini
zorunlu kilan durumlarda yeni dogan kuzular hakkinda
mevcut bilgi alt yapisinin gelistirilmesine destek
olabilecegive boylece veteriner neonatoloji alanina katki
saglayabilecegi kanisina varildi. Dogum sonrasi dénemi
iceren mevcut bilimsel verilerin ve yapilacak daha ileri
diizeydeki ¢alismalarin, neonatal mortalite oranlarini
azaltacak ¢oziimlerin gelistirilmesine yardimci olabilecegi
degerlendirildi.

CIKAR CATISMASI

Yazarlar bu calisma icin herhangi bir ¢ikar catismasi
olmadigini beyan ederler.
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ABSTRACT

Feline infectious peritonitis (FIP) is a fatal disease caused by a mutated feline enteric coronavirus (FECV) that
causes a wide diversity of clinical findings. Antemortem diagnosis may be challenging as the non-effusive
form causes pyogranulomatous inflammation in various organs including the eye, brain, omentum, liver and
kidney compared to the effusive form. Since it has been discussed that the kidney is the organ most
susceptible to FIP-related lesion development, this study aimed to evaluate the renal ultrasonography
findings in cats with naturally developed non-effusive FIP. Clinical and renal ultrasonographic examinations
of 17 cats with compatible clinical findings that would suggest the presence of non-effusive FIP were
performed with the appropriate protocol. Both cats’ kidneys were evaluated for echogenicity, size
(longitudinal length), shape, presence of free fluid, if any, and echogenicity of this fluid. As a result of renal
ultrasonography, it was observed that the most prominent abnormal ultrasonographic findings were cortical
hyperechogenicity (11 out of 17 cats), medullary rim sign (11 out of 17 cats), renomegaly (10 out of 17 cats),
pyelectasis (5 out of 17 cats), loss of corticomedullary differentiation (4 out of 17 cats) and distortion of
internal architecture (4 out of 17 cats). In conclusion, it was observed that morphological and parenchymal
alterations occur in the renal ultrasonographic evaluation in cats with non-effusive FIP, and renal
ultrasonography could provide useful clinical information in evaluating the clinical reflection of vasculitis due
to FIP. Although these abnormal renal ultrasonography findings were not specific for FIP, it was concluded
that the combination of the observed ultrasonographic findings and other compatible clinical findings and
their evaluation together can be used to increase the index of suspicion for antemortem FIP infection.

Keywords: Cat, Diagnosis, FIPV, Renal cortex, Vasculitis.
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Felin Enfeksiyo6z Peritonitisli Kedilerde Renal Ultrasonografi Bulgular

Felin enfeksiydz peritonitis (FIP), mutasyona ugramis felin enterik koronaviriis (FECV) tarafindan
olusturulan, ¢cok cesitli klinik bulgulara sebep olan 6liimciil, viral bir hastaliktir. Effiiziv forma kiyasla non-
effiiziv form goz, beyin, omentum, karaciger ve bobrek gibi c¢esitli organlarda piyograntilamatéz yangiya
sebep oldugundan antemortem tani zorlasabilir. FIP ile iliskili lezyon gelisimine en duyarl organin bébrek
oldugu tartisilmis oldugundan, bu calismada dogal gelismis non-effiiziv FIP’li kedilerde renal ultrasonografi
bulgularin1 degerlendirmek amaglandi. Non-effiiziv FIP varligindan stiphelendirecek uyumlu klinik bulgulara
sahip 17 adet kedinin klinik muayeneleri ve uygun protokol ile renal ultrasonografik muayeneleri
gerceklestirildi. Tiim kedilerin her iki bébregi ekojenite, boyut (longitidunal uzunluk), sekil, varsa serbest sivi
varligl ve bu sivinin ekojenitesi yoniinden degerlendirildi. Yapilan renal ultrasonografi sonucu en belirgin
anormal ultrasonografik bulgularin kortikal hiperekojenite (17 kedinin 11’i), medullar rim sign (17 kedinin
11'i), renomegali (17 kedinin 10’u), piyelektazi (17 kedinin 5’i), kortikomedullar ayrimin azalmasi (17
kedinin 4’ii) ve internal yapida bozulma (17 kedinin 4’ii) oldugu belirlendi. Sonug olarak, ¢calismamizda non-
effiiziv FIP’li kedilerde renal ultrasonografik degerlendirmede morfolojik ve parankimal degisimler olustugu
ve renal ultrasonografinin FIP’e bagh olusan vaskiilitisin klinik yansimasini degerlendirmede faydal klinik
bilgiler sagladigi gozlendi. Her ne kadar tespit edilen bu anormal renal ultrasonografi bulgular1 FIP i¢in
spesifik olmasa da tespit edilen ultrasonografik bulgular ile diger uyumlu klinik bulgularin kombinasyonu ve
hepsinin birlikte degerlendirilmesi, antemortem FIP enfeksiyonu siiphesi indeksini arttirmada
kullanilabilecegi kanisina varildi.

Anahtar Kelimeler: FIPV, Kedi, Renal korteks, Tani, Vaskiilit.
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INTRODUCTION

Feline infectious peritonitis (FIP) is a progressive and fatal
disease caused by virulent feline coronavirus (FCoV),
especially in cats younger than 2 years of age with an
immature immune system (Pedersen 2009). There are 2
pathotypes of FCoVs: feline enteric coronavirus (FECV),
which is the enteric biotype and feline infectious
peritonitis virus (FIPV), which is the virulent one (Kipar
and Meli 2014; Giilersoy and Maden 2021). FIPV is a
mutated form of FECV, and causes a wide variety of clinical
manifestations. Although FECV is highly contagious, FIPV
is less common than FECV. There are two clinical forms of
FIP. The effusive form, is characterized by immune-
mediated vasculitis, proteinaceous fluid accumulation in
the peritoneal, pleural, pericardial space and subcapsular
region of the kidneys. On the other hand, the non-effusive
form affects many organs including the eye, brain, kidney,
omentum and liver with pyogranulomatous or
granulomatous inflammation (Lappin 2003).

It is thought that 0.3-1.4% of cat deaths observed in
veterinary clinics and hospitals all over the world are due
to FIP. FIP is challenging to diagnose, especially in the
absence of effusion, due to the lack of pathognomonic
clinical and laboratory findings. Therefore, the sensitivity,
specificity, and predictive value of each diagnostic test
should be evaluated separately in order to suspect and
diagnose FIP (Lappin 2003; Giilersoy and Maden 2021).
The disease is fatal when not treated with novel protocols
or when treatment is delayed (Giilersoy and Maden 2021).
Thus, accurate diagnosis is very critical. Anamnesis,
signalment, comprehensive physical examination should
be performed for each case, and accordingly, the
appropriate diagnostic method should be selected and the
FIP index of suspicion should be established (Riemer et al.
2016). It was reported that the most common organ in
which FIP-related lesions develop, especially in cats less
than 1 year old, is the kidney (Kipar et al. 2005). In this
context, ultrasonography (USG) is a valuable diagnostic
tool utilized for the investigation of kidney disorders. It
has higher accuracy than radiography and provides
excellent imaging for evaluation of renal shape, size and
internal structures. Also, it is much superior to
radiography in cases of effusive FIP. Moreover, despite
more advanced imaging devices such as computed
tomography and magnetic resonance imaging,
ultrasonography is more accessible and inexpensive, often
does not necessitate anesthesia, and allows real-time
imaging (Seyrek-Intas and Kramer 2008; Kipar and Meli
2014).

Therefore, the aim of this study is to identify renal
abnormalities in naturally developing non-effusive FIP
cases and to contribute to the antemortem diagnosis of FIP
by detecting renal abnormalities that can be used to
increase the index of suspicion for antemortem FIP
infection.

MATERIAL AND METHODS

The study protocol was approved by the Faculty of
Veterinary Medicine, Selguk University Local Ethics
Committee (Approval number: 2020/43). Informed
consent was given to the owners of all the cats enrolled in
the study and permissions were obtained.

Animal Material

The animal material of this study consisted of 17 cats with
compatible clinical findings to suspect the presence of non-
effusive FIP, all were admitted to the Animal Hospital for
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diagnosis and treatment purposes. All cats were client-
owned indoor cats and were fed on commercial dry cat
food. All cats were evaluated in terms of anamnestic data
including breed, sex, age, symptom duration, physical
examinations, rapid diagnostic test kit results and the form
of FIP infection.

Physical Examinations

Physical examinations of all cats including heart and lung
auscultations, body temperature, pulse and respiratory
rate measurements, palpable lymph node and gingival
capillary refill time evaluations were performed.

Inclusion and Exclusion Criterias

Presence of clinical findings in all the cats such as anorexia,
lethargy, weight loss, jaundice, ocular lesions, upper
respiratory signs and incoordination which is generally
most intense in posterior non-effusive FIP were accepted
as compatible findings (Pedersen et al. 2019). Feline
Calicivirus (FCV), Feline Herpesvirus (FHP), Feline
Immunodeficiency (FIV), Feline Leukemia Virus (FeLV)
and Feline Parvovirus (FPV) together with the presence of
Toxoplasma were considered for both differential
diagnosis and detection of any co-morbid disease in cats
eligible for inclusion in the study. In this context, FCV
antigen (Ag) (Asan Pharm® Korea; sensitivity and
specificity, 96% and 98% vs IFA, respectively), FHV Ag
(Asan Pharm®, Korea; sensitivity and specificity, 96.5%
and 98% vs IFA, respectively), FIV antikor (Ab) / FeLV Ag
(Asan Pharm®, Korea; sensitivity and specificity, 98% and
98.7% vs IFA, respectively), FPV (Ag) Asan Pharm®, Korea;
sensitivity and specificity, 97.8% and 98.8% vs IFA,
respectively) and Toxoplasma Ab (Anigen, China;
sensitivity and specificity, 100% and 99% vs IFA,
respectively) assays were performed using appropriate
biological fluid/material in accordance with the
manufacturers' instructions. After all the tests were
observed to be negative, for the diagnosis of FIP, Biopanda
Feline Coronavirus Antigen Rapid Test (Relative
sensitivity: 92.54%, Relative specificity: 97.09%) Kkit,
which detects the presence of FCoV Ag, was used. All tests
were performed by experienced research assistants at the
central laboratory according to the manufacturers'
instructions. Positive results were recorded as weakly
positive or positive according to color intensity. As a
result, the cats (n=17) with positive FCoV Ag test, with no
co-morbid viral or protozoal disease, and with clinical
findings compatible with non-effusive FIP (Pedersen 2009;
Pedersen et al. 2019) were included in the study.

Ultrasonographic Examinations

Both of the kidneys were evaluated for echogenicity, size
(longitudinal length), shape, presence of free fluid, if any,
and echogenicity of this fluid. All images were acquired
using an ultrasound machine (Mindray z60, China) with a
7.2 to 11 MHz microconvex probe. An 11 MHz microconvex
probe was used to image the kidneys at the optimum
resolution. To eliminate the air gap between the probe and
the skin, acoustic coupling gel was applied to the shaved
area and waited for 5 minutes. Pressure was applied
slowly with the probe to prevent renal displacement
during the ultrasonographic examination. Each kidney was
completely scanned in the longitudinal, dorsal and
transverse planes. The renal pelvis is discernible at the
medial part of the kidney in the long axis in the true dorsal
view. The central renal sinus is not apparent in the
longitudinal plane, but two hyperechoic lines made up of
cross-sectioned renal pelvic diverticula are discernible. In
the longitudinal and dorsal planes, the kidney's cranial and
caudal poles should be of comparable size. At the level of
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the renal hilus, the transverse plane is at a 90° angle to the
longitudinal and dorsal planes, and it contains the V- or U-
shaped renal crest at the top of the renal medulla. At least
2 planes of still renal images of both kidneys were
evaluated for all included non-effusive FIP cases.

RESULTS

Anamnestic Data

The cats included in the present study were those who did
not have any previous disease history and did not use any
medication/vitamin. The mean age of the cats included in
the study was 1.85+0.6 years. The mean body weight was
1.72+0.42 kg. The breeds of the cats were mostly mix
breed (n=6), Scottish fold (n=4), Persian (n=3), British
longhair (n=2), and Bombay (n=2). Of the cats included in
the study, 12 were male and 5 were female, and all were
non-neutered. In addition, in the anamnesis, it was learned
that the mean duration of symptoms before admission to
the hospital was 11.64+6.24 days.

Physical Examination Findings

The mean body temperature of the cats with non-effusive
FIP was 39.04+0.41 °C. Respiratory rate was 71.76+14.26
breaths/minute, heart rate was 124+10 beats/minute, and
gingival capillary refill time was 3+0.93 seconds. No
marked abnormal finding was detected as a result of lung
auscultation. Lymphadenopathy was evident in 4 cats. 6
cats had keratic precipitate. There was significant
incoordination in 3 cats and it was observed that they
could not stand without support.

Renal Ultrasonography Findings

It was observed that the most prominent abnormal
ultrasonographic findings were cortical hyperechogenicity
(11 out of 17 cats), medullary rim sign (11 out of 17 cats),
renomegaly (10 out of 17 cats), pyelectasis (5 out of 17
cats), loss of corticomedullary differentiation (4 out of 17

Table 1. Abnormal renal ultrasound findings of the cats.

cats) and distortion of internal architecture (4 out of 17
cats). While renomegaly was bilateral in 6 of the cats, it
was unilateral in 4 of them. The mean longitudinal kidney
length of the cats was 4.56+1.01 cm for the right kidney
and 4.62+091 cm for the left kidney. Abnormal renal
ultrasound findings of the cats are presented in Table 1,
the percent distribution chart is presented in Figure 1, and
the ultrasonographic images are presented in figures 2, 3,
4,5, 6 and 7 respectively.

Percentage

m Cortical hyperechogenicity

® Medullary rim sign

u Loss of corticomedullary differentiation
m Distortion of internal architecture

® Renomegaly

u Pyelectasis

Figure 1. Percentage distribution of the abnormal
ultrasonographic findings in cats.

Cats
Abnormal Findings Total
2 3 45 6 7 8 9 10 11 12 13 14 15 16
Cortical hyperechogenicity X X X X X X X X X x X 11
Medullary rim sign X X X X X X X x x x X 11
Loss of corticomedullary
. - X X X X 4
differentiation
Distortion of internal
4
architecture X X X X
Renomegaly X X X X X X % % % X 10
Pyelectasis % x X % X 5
x: Present.
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AP 95.8% MI1.0TIS 0.0 AP 95.8% MI 1.0TIS 0.0

Figure 2. Prominent cortical hyperechogenicity (blue
arrows).

AP 95.8% MI1.0TIS 0.0 AP 95.8% MI 1.0TIS 0.0

1 Dist 5.61cm
2 Dist 3.95cm

Figure 3. Cortical hyperechogenicity (blue arrow) with
irregular and thick medullary rim sign (yellow arrow).

AP 95.8% MI1.0TIS 0.0

AP 95.8% MI 1.0TIS 0.0

L

Figure 4. Loss of corticomedullary differentiation (red Figure 7. Severe pyelectasis (green arrow).
arrow).
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DISCUSSION AND CONCLUSION

It is still difficult to diagnose feline infectious peritonitis
(FIP) in cats in clinical settings. The cornerstone of
antemortem diagnosis continues to be a comprehensive
history, physical examination, and appropriate choice and
interpretation of diagnostic testing (Diaz and Poma 2009).
Considering the fact that ultrasound is inexpensive, non-
invasive, adequate and effective in demonstrating renal
anatomical and parenchymal details, the abnormal
ultrasonographic renal findings such as cortical
hyperechogenicity, medullary rim sign, and renomegaly,
although not specific for FIP, could be used to increase the
index of suspicion for antemortem FIP infection in
combination with other clinical findings.

Diagnosis of FIP can be easy in the presence of effusion
with characteristic signalment. However, in the absence of
effusion, diagnosis is challenging due to the diversity and
non-specific nature of clinical findings (Hartmann et al.
2003). The clinical presentation of FIP differs according to
the systemic findings or the affected organs, even fever
may or may not be present. For this reason, many studies
have discussed the diagnostic methods required for the
antemortem diagnosis of FIP or its use in increasing the
index of suspicion (Kipar et al. 2006; Pedersen et al. 2019).
Ultrasonography, one of these diagnostic methods, plays
an important role in the diagnostic process of many cat
diseases. In particular, examination of the kidneys with B-
mode ultrasonography provides detailed information
about size, shape, contour and internal structures.
Investigation of the kidneys and perinephric space also
provides useful information about various conditions such
as corticomedullary disorders, chronic renal failure,
hydronephrosis (Walter et al. 1988). The non-effusive
form of FIP is known to cause pyogranulomatous lesions in
various tissues and organs including the kidneys (Giilersoy
and Maden 2021). Thus, both clinical and ultrasonographic
examination are utilized to observe alterations due to FIP
infection (Kipar et al. 2006). It was reported that cats
younger than 1 year of age are more predisposed to the
development of FIP-related lesions, and these lesions are
mostly observed in the kidney, and the kidney is the most
susceptible organ (Kipar et al. 2005). Although the reasons
for the predominance of FIP-related kidney lesions are not
fully elucidated, several factors may contribute to the
development of these alterations. The kidney has a single
circulatory system and receives 20% of the cardiac output,
and the kidneys have two different capillary beds, the
glomerular and the peritubular capillary network. Also,
due to complex afferent arterioles, blood flow is 40 times
higher than in other organs (Blantz et al. 2005). Moreover,
FIP vasculitis mostly affects the small-to-medium veins,
and this type of veins are common in the leptomeninges of
the renal cortex. For this reason, in line with these
aforementioned factors, abnormal vascular changes are
more common in the kidneys and the most frequently
affected organ in FIP infection is the kidney (Kipar et al.
2006). In the present study, renal ultrasonographic
examination revealed both parenchymal and anatomical
significant abnormalities of the cats with naturally
developed non-effusive FIP. These findings may be related
to the dense vascular structure of the kidney, the
characteristics of FIP-related vasculitis and severe
infiltration of lymphocytes, plasma cells, and some dead
neutrophils, as well as dilation and congestion of the
interstitial blood vessels, result in severe degenerative and
progressive necrotic alterations within the lining endothel
of the convoluted tubules (Sharif et al. 2010).

In healthy cats, the left kidney is just caudal to the fundus
of the stomach, lateral to the aorta and caudomedial to the
top of the spleen (Larson 2009). The cranial pole of the
right kidney can be detected in the renal fossa of the
caudal lobe of the liver, which is ventral and occasionally
medial to the duedonum, lateral to the caudal vena cava.
Ultrasonographic examination of both kidneys can be
easily performed caudal to the ribs (Seyrek-Intas and
Kramer 2008). A normal shape of the kidney is bean-
shaped, oval, and its outline is soft and clearly
circumscribed. The renal capsule is hyperechoic, linear and
invisible due to the parallel projection of the ultrasound
beam at the ends of the kidney. In some cases, shading at
the ends has also been reported (Mannion 2006). In the
present study, the kidneys of the cats with non-effusive FIP
were ultrasonographically imaged in the specified
anatomical regions (Larson 2009) and no presence of
nephroptosis was detected.

Three different regions have been defined in the healthy
kidney. These are the renal cortex, medulla and sinus. The
healthy renal cortex is granular and uniformly echoic
(d'Anjou and Penninck 2015). The right kidney is usually
mildly hypo- or isoechoic compared to the liver
parenchyma, and the left kidney is hypoechoic-to-
isoechoic compared to the spleen parenchyma. However,
in healthy cats, fat deposition in the cytoplasm of the
proximal tubular epithelium can result in increased
cortical echogenicity (Nyland et al. 1995). Renal
echogenicity can be normal, hyperechoic or hypoechoic. A
diffuse hyperechoic  appearance  with precise
corticomedullary differentiation was reported in kidney
lymphosarcoma, glomerulo-interstitial nephritis and
metastatic squamous cell carcinoma and
pyogranulomatous nephritis due to FIP (Kipar et al. 2005).
Also, increased cortical echogenicity may occur due to
acute tubular necrosis resulting from conditions such as
glomerular or interstitial nephritis, ethylene glycol
toxicity, diffuse renal lymphosarcoma, metastatic
squamous cell carcinoma, and FIP. Moreover, increased
renal echogenicity, pyelectasis and renomegaly were
reported as the most common manifestations in cats with
acute kidney injury due to various etiologies (Cole et al.
2019). Previously, it was reported that FIP may cause
interstitial nephritis, which is characterized by swelling of
the spaces between the kidney tubules (Kipar et al. 2006).
Cortical hyperechogenicity, which is one of the most
important abnormal renal findings of the present study,
can be explained by the fact that vasculitis due to FIPV
mostly affects the small-to-medium veins and this type of
veins are common in the leptomeninges of the renal cortex
(Blantz et al. 2005).

The renal pelvis is encircled by the medulla, which is the
kidney's deepest region. When compared to the cortex, the
medulla can be practically anechoic in healthy cats,
especially in young Kittens. It is sectioned by linear
echogenicities and interlobar veins can be observed. Short
parallel echogenic lines at the corticomedullary junction
indicate the walls of curved veins (Nyland and Mattoon
2015). These veins reach out the medulla from the sinus to
the cortex and may cause acoustic shadowing (Mannion
2006). There must be a precise differentiation between the
cortex and the medulla. In some cats, a parallel
hyperechoic band may be observed in the outer area of the
medulla at the corticomedullary junction. This appearance
is called rim sign and it has been reported that it can be
observed both in healthy cats (especially in old cats) and in
pathological cases such as acute tubular necrosis,
lymphoma, pyegranulomatous vasculitis due to FIP,
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portosystemic shunt and chronic interstitial nephritis
(Biller et al. 1992). It was reported that the incidence of
medullary rim sign was similar between azotemic cats and
non azotemic cats. In most cases, this ultrasonographic
finding was reported to result from mineral deposition
within the lumina of the renal tubules (Mannion 2006;
Lamb et al 2017). The outer area of the renal medulla is a
metabolically very active and is therefore highly
susceptible to ischemia/ischemia-related conditions. It
was hypothesized that, following any stimulus/injury, the
distorted renal tissue may undergo dystrophic
mineralization leading to medullary rim sign formation. It
was reported that the medullary rim sign, which is
observed in FIP, is associated with increased number and
size of the acoustic interface due to perivascular infiltrate
(Biller et al. 1992). According to the previous reports,
medullary rim sign is a relatively widespread, non-specific
finding which can be observed in both normal and
diseased kidneys. Although it cannot be considered as an
indicator of a kidney disease alone, it may be an indicator
of subclinical renal disease or previous renal damage
(Mantis and Lamb  2000). Besides  cortical
hyperechogenicity, one of the most prominent findings of
the present study is the medullary rim sign. It has been
reported that focal hyperechoic nodules or diffuse cortical
echogenicity can be observed in the non-effusive form of
FIP (Biller et al. 1992). In addition, the hypoechoic
subcapsular rim encircling both kidneys can also be
detected. Therefore, the medullary rim sign of the present
study may be associated with cellular infiltration due to
FIP-related vasculitis (Dennis and McConnell 2007).

The conditions of polycystic kidney disease, renal
lymphosarcoma, and FIP are frequently the causes of
diffuse or multifocal renomegaly in cats. The characteristic
appearance of polycystic kidney disease makes it simple to
distinguish from other diseases in the differential
diagnosis of renomegaly (Sherding 2006; Larson 2009).
Therefore, renomegaly, which is one of the most
prominent findings of the present study, may be associated
with immune-mediated vasculitis, disseminated
perivascular  pyogranulomatous inflammation, and
exudative fibrinous polyserositis resulting from the
introduction of FIPV-infected macrophages to the kidney
(Sherding 2006). The pyelectasis detected in the present
study may be due to transient polyuria and
pyogranulomatous inflammation (Walter et al. 1988).

Detection of diffuse parenchymal abnormalities of the
kidney could be challenging to diagnose. In this context,
increased or decreased cortical echogenicity, loss of
corticomedullary differentiation and distortion of internal
architecture can be considered. Although aforementioned
findings are non-specific, combination with other existing
clinical findings may increase the index of suspicion of the
related disease (Larson 2009). Considering the symptom
duration of the present study in the cats with naturally
developed non-effusive FIP before admission to the
hospital (11.64%+6.24 days), these findings may be
associated with the progression of the disease (Kipar et al.
2006; Larson 2009; Lamb et al. 2017; Giilersoy and Maden
2021).

This study has some limitations. Although certain viral and
protozoal diseases were considered in the differential
diagnosis of non-effusive FIP, the lack of renal clearance
and Kkidney-related serum biochemistry analyte
measurements, and the low number of animals could be
counted as limitations.
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Ultrasonography is superior to radiography, especially in
the presence of effusion (Seyrek-Intas and Kramer 2008).
In the present study, it was observed that ultrasonographic
evaluation of kidneys provides useful clinical information
in cats with non-effusive FIP. Although these observed
abnormal renal ultrasonography findings are not specific
for FIP, the combination of aforementioned
ultrasonographic findings and other compatible clinical
findings can be used to increase the index of suspicion for
antemortem FIP infection.

CONFLICTS OF INTEREST

The authors report no conflicts of interest.

ACKNOWLEDGMENT

For this study, we would like to thank Harran University
Faculty of Veterinary Medicine Department of Internal
Medicine, Petantep Veterinary Clinic and Selcuk University
Faculty of Veterinary Medicine Department of Internal
Medicine.

AUTHOR CONTRIBUTIONS

Idea / Concept: EG, CB

Supervision / Consultancy: MO

Data Collection and / or Processing: EK, MAG, iG, AS
Analysis and / or Interpretation: EG, CB, MO
Writing the Article: EG, MO

Critical Review: EG, CB, EK, MAG, IG, AS, MO

REFERENCES

Biller DS, Bradley GA, Partington BP (1992). Renal medullary rim sign:
ultrasonographic evidence of renal disease. Vet Radiol Ultrasound, 33,
286-290.

Blantz RC, Gabbai FB (2005). Physiology of the renal circulation. Gines P,
Arroyo V, Rodés ], Schrie R (Ed). Ascites and renal dysfunction in liver
disease: pathogenesis, diagnosis, and treatment (pp. 15-28). Blackwell
Publishing Ltd, Malden.

Cole LP, Mantis P, Humm K (2019). Ultrasonographic findings in cats with
acute kidney injury: a retrospective study. J Feline Med Surg, 21 (6),
475-480.

d’Anjou MA, Penninck D (2015). Kidneys and ureters. d’Anjou MA and
Penninck D (Ed). Atlas of small animal ultrasonography (pp. 331-362).
John Wiley & Sons, lowa.

Dennis R, McConnell F (2007). Diagnostic imaging of the urinary tract.
Elliott ] and Grauer GF (Ed). BSAVA manual of canine and feline
nephrology and urology (pp. 126-141). British Small Animal
Veterinary Association, Gloucester.

Diaz JV, Poma R (2009). Diagnosis and clinical signs of feline infectious
peritonitis in the central nervous system. Can Vet ], 50 (10), 1091-
1093.

Gillersoy E, Maden M (2021). Effects Of GS-441524 On Clinical And
Hematochemical Parameters Of Cats With Effusive FIP Over 60 Days
Follow-Up. Assiut Vet Med J, 67 (171), 40-51.

Hartmann K, Binder C, Hirschberger ], et al. (2003). Comparison of
different tests to diagnose feline infectious peritonitis. J Vet Intern Med,
17 (6), 781-790.

Kipar A, Baptiste K, Barth A, et al. (2006). Natural FCoV infection: cats
with FIP exhibit significantly higher viral loads than healthy infected
cats. ] Fel Med Surg, 8 (1), 69-72.

Kipar A, May H, Menger S, et al. (2005). Morphologic features and
development of granulomatous vasculitis in feline infectious
peritonitis. Vet Pathol, 42 (3), 321-330.

Kipar A, Meli ML (2014). Feline infectious peritonitis: still an enigma? Vet
Pathol, 51 (2), 505-526.

Lamb CR, Dirrig H, Cortellini S (2017). Comparison of ultrasonographic
findings in cats with and without azotaemia. J Feline Med Surg, 20 (10),
948-954.

Lappin MR (2003). Polysystemic viral diseases. Nelson R, Couto C (Ed).
Small Animal Internal Medicine (pp. 1275-1278). Mosby, St. Louis.



[Renal Ultrasonography Findings in Cats]

Van Vet ], 2023, 34 (1) 63-69

Larson MM (2009). The kidneys and ureters. O'Brien R, Barr F (Ed).
BSAVA manual of canine and feline abdominal imaging (pp.185-204).
British Small Animal Veterinary Association, Gloucester.

Mannion P (2006). Diagnostic ultrasound in small animal practice. L.
Edition. Blackwell Science, Oxford.

Mantis P, Lamb CR (2000). Most dogs with medullary rim sign on
ultrasonography have no demonstrable renal dysfunction. Vet Radiol
Ultrasound, 41 (2), 164-166.

Nyland TG, Mattoon JS (2015). Urinary tract. Nyland TG, Mattoon ]S (Ed).
Small animal diagnostic ultrasound (pp. 557-607). Saunders, St Louis.

Nyland TG, Mattoon JS, Herrgesell EJ, et al. (1995). Urinary tract. Nyland
TG, Mattoon JS (Ed). Veterinary diagnostic ultrasound (pp. 158-195).
W.B. Saunders, Philadelphia.

Pedersen NC, Perron M, Bannasch M, et al. (2019). Efficacy and safety of
the nucleoside analog GS-441524 for treatment of cats with naturally
occurring feline infectious peritonitis. J Feline Med Surg, 21 (4), 271-
281.

Pedersen NC (2009). A review of feline infectious peritonitis virus
infection: 1963-2008. ] Feline Med Surg, 11 (4), 225-258.

Riemer F, Kuehner KA, Ritz S, et al. (2016). Clinical and laboratory
features of cats with feline infectious peritonitis - a retrospective study
of 231 confirmed cases (2000-2010). J Feline Med Surg, 18 (4), 348-
356.

Seyrek-Intas D, Kramer M (2008). Renal imaging in cats. Vet Focus, 18
(2), 23-30.

Sharif S, Arshad SS, Hair-Bejo M, et al. (2010). Diagnostic methods for
feline coronavirus: a review. Vet Med Int, 809480.

Sherding RG (2006). Feline Infectious Peritonitis (Feline Coronavirus). J
Small Anim Pract, 6, 132-143.

Walter PA, Johnston GR, Feeney DA, et al. (1988). Applications of
ultrasonography in the diagnosis of parenchymal kidney disease in
cats: 24 cases (1981-1986). ] Am Vet Med Assoc, 192 (1), 92-98.

69



Van Vet ], 2023, 34 (1) 70-74

. VAN VETERINARY
Van Veterinary Journal Qi
https://dergipark.org.tr/tr/pub/vanvetj -
Cite this article as: Dursun S, Yilmaz O (2023). Anatomy of the Normal Stifle Joint Using Magnetic Resonance Imaging in !
Van Cats. Van Vet J, 34 (1), 70-74. DOI: https://doi.org/10.36483 /vanvetj.1238142
ISSN: 2149-3359 Arastirma Makalesi e-ISSN: 2149-8644

Van Kedilerinde Manyetik Rezonans Goriintilleme Kullanilarak Normal Diz Ekleminin
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0z

Bu ¢alisma, kendine has essiz fiziksel 6zellikleriyle dikkat ¢eken ve Van ydresinde yasayan Van kedilerinde,
manyetik rezonans goriintiileme (MRI) kullanilarak diz eklemindeki kemiksel ve yumusak anatomik yapilarin
morfolojik 6zelliklerini analiz etmek amaciyla yapildi. Calismada 16 adet (8 erkek, 8 disi) eriskin saglikli Van
kedisi kullanildi. Kediler, xylazine-ketamine kombinasyonunun intramiiskiiler olarak uygulanmasiyla
anesteziye alindi. Anestezi alindaki Van kedileri, dorsal rekiimbent pozisyonunda yatirilarak diz eklemi
bolgesi MRI cihazi (Siemens Symphony 1,5 Tesla Magnetom) ile tarandi. MRI cihazindan elde edilen Proton
dansite (PD) agirlikh yag baskili (Fs: Fat-suppressed) sagittal, T1 agirlikli sagittal ve T2 agirlikli coronal data
sekanslar1 goriintii analizi i¢in kullanildi. Genel olarak, MRI incelendiginde Van kedilerinde diz eklemine ait
anatomik yapilarin evcil kedilerle uyumlu oldugu goriildii. MRI'da collateral ligamentler sadece T2 agirlikli
coronal goriintiilerde goézlemlenirken, capraz baglar ise, T1 agirhikh sagittal ve T2 agirlikli coronal
goriintiilerde rahatlikla gorildi. Bununla birlikte, T-1 agirhikl sagittal goriintiilerde infrapatellar yag yastigi
ile birlikte yag iceren diger dokularin parlak beyaz goriindiigii tespit edildi. Proton dansite agirlikl yag baskili
sagittal goriintiilerde ise yag iceren dokularin izointens seklinde goriiniim verdigi gozlendi. Sonug olarak, Van
kedilerinde MRI kullanilarak diz eklemindeki anatomik yapilar morfolojik 6zellikleri bakimindan analiz
edildi. Calismanin Van kedilerinde diz eklemi ile ilgili manyetik rezonans goriintiilerinin degerlendirilmesinde
klinik uygulama alanlarinda veteriner hekimlere faydali olacag: diisiiniilmektedir.

Anahtar Kelimeler: Anatomi, Diz eklemi, Kedi, Manyetik rezonans gériintiileme.

ABSTRACT

Anatomy of the Normal Stifle Joint Using Magnetic Resonance Imaging in Van Cats

Van cats attract attention with their unique physical features and live in the Van region. This study was
performed to analyze the morphological features of the bony and soft anatomical structures in the stifle joint
by using magnetic resonance imaging (MRI) in Van cats. In the study, 16 (8 male, 8 female) adult healthy Van
cats were used. Cats were anesthetized by intramuscular administration of xylazine-ketamine combination.
Anesthetized Van cats were placed in the dorsal recumbent position and the stifle joint region was scanned
with an MRI device (Siemens Symphony 1.5 Tesla Magnetom). Proton density (PD) weighted fat-suppressed
(Fs: Fat-suppressed) sagittal, T1-weighted sagittal, and T2-weighted coronal data sequences obtained from
the MRI device were used for image analysis. In general, when MRI was examined, the anatomical structures
of the stifle joint in Van cats were detected to be compatible with domestic cats. In MRI, the collateral
ligaments were observed only on T2-weighted coronal images, while the cruciate ligaments were easily seen
on T1-weighted sagittal and T2-weighted coronal images. However, infrapatellar fat pad and other fat-
containing tissues appeared bright white on T1-weighted sagittal images. Proton density weighted fat-
suppressed sagittal images showed isointense appearance of fat-containing tissues. As a result, anatomical
structures in the stifle joint were analyzed in terms of morphological features in Van cats using MRL It is
thought that the study will be beneficial to veterinarians in clinical practice areas in the evaluation of
magnetic resonance images of the stifle joint in Van cats.

Keywords: Anatomy, Cat, Magnetic resonance imaging, Stifle joint.

GIRIS

Evcil kediler, hayatimizin her alaninda goriilmekte ve
diinyada genis ¢apli bir yasam alani1 bulmaktadir (Yilmaz

fiziksel ~oOzellikleriyle dikkat ¢eken ve Tiirkiye'nin
dogusundaki Van yoresinde yasayan Van kedisidir. Van
kedileri bir g6zii mavi bir gozii sari, her iki gozii de mavi ve
her iki g6zii de sar1 olmak iizere ii¢ farkli g6z rengine sahip

2018). Glintimtizde evcil kediler arasinda kendine has essiz
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olmasi, diger kedilere oranla daha zeki ve 6grenme
kabiliyetlerinin yiiksek olmasi, suda oynamayi ve yiizmeyi
sevmesi, uzun viicut ve bol tiiylii kuyruk yapisi ile tarih
boyunca insanlarin ilgisini ¢cekmistir (Yilmaz 2018; Yilmaz
ve ark. 2020).

Diz ekleminin morfolojisinin bilinmesi yapilacak olan
klinik uygulamalar agisindan biiyiik 6nem arz etmektedir
(Akkoyun Sert 2009). Bu bilgiler olasi klinik girisimlerde,
eklem de olusan patolojik olgular1 ortaya ¢cikarmada, en
glivenilir cerrahi miidahale ve tedaviyi belirleme sirasinda
kullanilabilmektedir. Diz eklemi kompleks bir¢ok yapidan
olustugundan dolay1 yapilan radyoloji uygulamalar1 ve
calismalar1 bolgede tam olarak arastirma yapilmasina izin
vermemektedir ya da oldukg¢a sinirli bilgiler sunmaktadir.
Oysaki, diz eklemi gibi olduk¢a karmasik olan anatomik
yapilarin goriintiilenmesinde ve canli bedenine herhangi
bir zarar vermeden bu karmasik yapilardan alman iki
boyutlu gorintiilerden ¢esitli bilgisayar programi
yardimiyla ti¢ boyutlu rekonstriiksiyonlar elde etmede,
bilgisayarli tomografi (BT) ve manyetik rezonans
goriintiileme (MRI) gibi medikal goriintiileme modaliteleri
daha kullanigh gorilmektedir (Abumandour ve ark. 2020;
Demircioglu ve ark. 2020; Waselau ve ark. 2020; Dursun
2021; Al Mohamad 2022).

Son yillarda o6zellikle kedi koépek gibi kiiciik pet
hayvanlarinda manyetik rezonans goriintiileme, diz eklemi
gibi kompleks anatomik yapilarin goriintiilenmesinde,
morfolojik o6zelliklerinin belirlenmesinde ve boélgedeki
patolojik yapilarin prognozunun degerlendirilmesinde
standart olarak siklikla kullanilan bir goriintileme
yontemidir (Akkoyun Sert 2009; Araci ve Arican 2019; Van
der Vekens ve ark. 2019; Dursun 2021).

Bu c¢alisma, Van kedilerinde manyetik rezonans
gorintilleme kullanilarak diz eklemindeki kemiksel ve
yumusak yapilar1t morfolojik 6zellikleri bakimindan analiz
etmek, bu kedilerde diz eklemi ile ilgili cesitli patolojik
bozukluklara ait manyetik rezonans goriintiilerinin
degerlendirilmesinde cerrahi ve klinik uygulama
alanlarinda veteriner hekimlere anatomik bilgiler sunmak
amaciyla yapild.

Manyetik Rezonans (MR) Goériintiilerinin Alinmasi

Calisma icin hazirlanan anestezi altindaki Van kedileri,
dorsal rekiimbent pozisyonunda yatirilarak diz eklemi
bolgesi MR cihazi (Siemens Medical Systems, Siemens
Symphony 1.5 Tesla Magnetom, Germany) ile tarandi. MR
cihazindan elde edilen proton dansite agirhikli yag baskil
sagittal, T1 agirhkh sagittal ve T2 agirlikli coronal data
sekanslar1 goriintii analizi i¢cin kullanildi. Goriintiilerin elde
edilmesi i¢in kullanilan manyetik rezonans goriintiileme
cihaz1 parametreleri Tablo 1'de verildi. Elde edilen MR
gorlntiileri Digital Imaging and Communication in
Medicine (DICOM) formatinda stoklandiktan sonra CD’ye
aktarild.

Tablo 1. Manyetik rezonans goriintileme cihaz
parametreleri.

Table 1. Magnetic resonance imaging device parameters.

Parametre Deger
Kesit kalinlhig1 1 mm
Flip agis1 30°
Goriis alani 16 cm

0.31 x 0.31mm?2
32 x 0.63 mm
512 x 512 pixel

Calismada terminoloji olarak Nomina Anatomica
Veterinaria (2017) referans alindi. Calismada kullanilan
kedilerin agirhk o6lgtimleri dijital terazi kullanilarak
gerceklestirildi.

Echo zamani
Rezoliisyon aralig
Rezoliisyon

MATERYAL VE METOT

Sunulan bu ¢alismada, kediler iizerinde arastirma yapmak
amaciyla Van Yiiziinci Y1l Universitesi Hayvan Deneyleri
Yerel Etik Kurulu'ndan 03.12.2020 tarih ve 2020/11-10
sayili karart ile gerekli izinler alind1.

Deney Hayvanlari

Sunulan cahismada, Van Yiiziincii Yil Universitesi Van
Kedisi Arastirma Merkezi Miidiirliigii'nden temin edilen 4
ile 6 yaslar1 arasinda, 3500-6000 gr agirhiginda
(erkeklerde ortalama agirlik 5065 gr; disilerde ortalama
agirlik 4285 gr), toplam 16 adet (8 erkek, 8 disi) eriskin
saghkli Van Kkedisi kullanildi. Herhangi bir anatomik
bozuklugu bulunmayan, neoplastik, enfeksiydz, konjenital
veya travmatik iskelet sistemi anomalisi olmayan saghkl
kediler ¢alismaya dahil edildi.

Anestezi

Kedilere ¢alismadan 24 saat dncesine kadar standart kedi
yemi ve ad libitium olarak i¢cme suyu verildi. Manyetik
Rezonans Goriintileme uygulamasina alinan Kkediler
dissosiyatif ajanlar kullanilarak genel anesteziye alindi. Bu
amagla, Xylazine (1-2mg/kg, Alfazyne® %2 enjektabl, Ege-
Vet Veteriner laglari, izmir) ve Ketamine (15mg/kg, IM,
Ketasol® %10 enjektabl, Interhas Veteriner ilaglari,
Ankara) ile kombinasyonu intramiskiiler olarak
uygulandi.
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BULGULAR

Manyetik rezonans goriintiileme ile elde edilen Proton
dansite agirlikl yag baskil sagittal, T1 agirhikh sagittal ve
T2 agirlikll coronal goriintiler anatomik o6zellikleri
bakimindan analiz edildi. Bu sekanslardaki goriintiiler
tizerindeki anatomik yapilar sekil 1, 2 ve 3’te belirtildi.

MR goriintiisinden alinan sinyalli ya da yiiksek sinyal
veren alanlarin (hiperintes) beyaz goriinim verdigi,
sinyalsiz ya da diisiik sinyal veren alanlarin (hipointens)
siyah goriiniim verdigi, orta dereceli sinyal veren alanlarin
(izointens) ise gri goriiniim verdigi gézlemlendi.

T1 agirlikh sagittal ve proton dansite agirlikli yag baskili
sagittal goriintiilerinde 6zellikle yumusak dokular basta
olmak lizere diz eklemine ait lateromedial ydnde tiim
anatomik yapilarin detaylarinin verildigi tespit edildi.
Femur'un distal ve tibia'min proximal kisimlarindaki
kemiksel yapilarindaki epifizin diafiz ve metafiz
bolgelerinden ince bir ¢izgi ile ayrildig1 belirlendi. Epifiz
cizgisinin ilgili bolgedeki kemigin anatomik yapisina uygun
olarak femur’'un distal kisminda daha dalgali oldugu
gozlenirken, tibia’nin proximal kisminda ise daha diiz bir
sekilde oldugu gozlendi. Meniskiisler, subkondral kemik,
ligamentdz yapilar, synovial sivi ve eklem Kkapsiiliiniin
siyah gorildiigii kaydedildi. Sagittal goriintiilerde
patella’nin femur’'un cranial kismina yerlestigi gorildi.
Bununla birlikte, lig. patella’'nin ince tek bir kordon
seklinde patella’dan baslayarak tuberositas tibiae’da
sonlandig1 belirlendi. Lig. patella’nin medial tarafa dogru
hemen altinda, diz ekleminin cranial’indeki synovial sivi
icerisinde, genellikle tiggen sekilli olan infrapatellar yag
yastiglt gozlendi. T1 agirlikll sagittal goriintiilerde bu
infrapatellar yag yastif1 ile birlikte yag iceren diger
dokularin parlak beyaz goriindiigli tespit edildi. Proton
dansite agirlikll yag baskili sagittal goriintiilerde ise yag
iceren dokularin izointens seklinde goriniim verdigi
gozlemlendi. Ayrica, T1 agirhkli sagittal Kkesitlerde,
femur’'un condylus’lari, os sesamoideum m. gastrocnemius
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laterale, os sesamoideum m. gastrocnemius mediale, os
sesamoideum poplitei parcalarinin; proton dansite agirhkl
yag baskili sagittal goriintiilerde bu yapilarla birlikte lig.
cruciatum craniale, lig. cruciatum caudale, lig.
meniscofemorale parcalarinin da gozlemlendigi

kaydedildi. Femur ve tibianin diz eklemine katilan
kisimlarindaki eklem kikirdaginin (art. cartilaginea) orta
dereceli sinyal (izointens) verdigi belirlendi. Bu eklem
kikirdaginin siyah bir ¢izgi seklinde goriilen subkondral
kemik araciligiyla femur ve tibia’dan belirgin olarak
ayrildig gorildi (Sekil 1, 2).

Sekil 1. Van kedilerinde sag diz ekleminin T1 agirhkh
sagittal MR goriintisi.

Figure 1. T1-weighted sagittal MR image of the right stifle
joint in Van cats.

(1. Patella; 2. Femur'un Condylus medialis’i; 3. Tibia'min Condylus
medialis’i; 4. Ligamentum patella; 5. Infrapatellar yag yastig; 6. Femur'un
epifiz ¢izgisi; 7. Tibia'nin epifiz ¢izgisi; 8. Femur'un subkondral kemik
dokusu; 9. Femur’'un eklem kikirdagi (art. cartilaginea); 10. Tibia'nin
subkondral kemik dokusu; 11. Tibia'nin eklem kikirdag: (Art. cartilaginea;
12. Os sesamoideum m. gastrocnemius medialis; 13. Meniscus medialis; 14.
Eklem kapsiilii (Capsula articularis); 15. Femur'un Condylus lateralis’i; 16.
Tibia’'nin Condylus lateralis’i; 17. Os sesamoideum m. gastrocnemius
lateralis; 18. Os sesamoidea popliteale; 19. Meniscus lateralis.)

Sekil 2. Van kedilerinde sag diz ekleminin T2 agirlikh
Proton dansite agirlikli yag baskil sagittal MR goriintiisii.

Figure 2. T2-weighted Proton-density weighted fat-
suppressed sagittal MR image of the right stifle joint in Van
cats.

(1. Femurin distal'i; 2. Tibia'min proximal'i; 3. Os sesamoideum m.
gastrocnemius medialis; 4. Meniscus medialis; 5. Femur'un eklem kikirdag:
(art. cartilaginea); 6. Eklem sivis1 (Synovia); 7. Ligamentum cruciatum
craniale; 8. Ligamentum cruciatum caudale; 9- Ligamentum
meniscofemorale; 10. Patella; 11. Ligamentum patella; 12. Infrapatellar yag
yastigl.)

T2 agirhkll coronal goriintiilerde ise, diz eklemine ait
craniocaudal yonde tiim anatomik yapilarin detaylari
kaydedildi. Craniocaudal yonde elde edilen bu
gorilintiilerde lig. collaterale laterale ve lig. collaterale
mediale yapilar1 rahatlikla goriildi. Cranial’den caudale
dogru incelenen goriintiilerde cranial’e yakin olanlarinda
femur’un condylus lateralis, condylus medialis yapilar1 ve
bu conylus’lar arasindaki alanda (fossa intercondylaris) lig.
cruciatum craniale ve lig. cruciatum caudale yapilari

saptandi. Bununla birlikte, tibia'nin condylus lateralis,
condylus medialis, eminentia intercondylaris ve caput
fibula ile eklemlestigi yapilar1 gozlemlendi. Ayrica
patella'nin da rahatlikla goriildiigii tespit edildi. Orta ve
caudal’e yakin goriintilerde ise meniscus lateralis,
meniscus medialis, lig. collaterale mediale ve lig.
collaterale laterale yapilari da goriildii (Sekil 3).

Sekil 3. Van kedilerinde sol diz ekleminin T2 agirhkh
coronal MR goériintiisii.

Figure 3. T2-weighted coronal MR image of the left stifle
jointin Van cats.

(1. Patella; 2. Femur’un distal'i; 3. Femur'un Condylus lateralis’i; 4.
Femur’un Condylus medialis’i; 5. Tibia'nin proximal’i; 6. Tibia'nin Condylus
lateralis’i; 7. Tibia'nin Condylus medialis’i; 8. Ligamentum collaterale
mediale; 9. Ligamentum collaterale laterale; 10. Meniscus medialis; 11.
Meniscus lateralis; 12. Ligamentum cruciatum craniale; 13. Ligamentum
cruciatum caudale; 14. Fibula.)

TARTISMA VE SONUC

Diz ekleminin kemikli ve yumusak doku yapilarinm
degerlendirmek i¢in radyografi, ultrasonografi, bilgisayarl
tomografi ve manyetik rezonans goriintiileme gibi cesitli
tanisal medikal goriintiileme teknikleri kullanilmistir
(Soler ve ark. 2007; Samii ve ark. 2009; Van der Vekens ve
ark. 2019; Abumandour ve ark. 2020; Waselau ve ark.
2020; Al Mohamad 2022). Bazi durumlarda, klinik
belirtiler dikkate alinarak diz eklemindeki sadece fiziksel
bozukluklarin tanisi icin radyografi yeterli olabilir (Freire
ve ark. 2010); ancak, radyografik degerlendirmeden
herhangi bir sonu¢ alinamazsa ya da daha detayl bir bilgi
gerekiyorsa daha gelismis goriintiileme teknikleri
gereklidir (Marino ve Loughin 2010). Diz eklemindeki
ozellikle meniskiis, tendonlar ve ligamentlerin anhk
goriintiilenmesinde ultrasonografi kullanilabilmektedir,
ancak ultrasonografi hayvanin boyutu ya da diz ekleminde
sadece sinirll bir alani goriintiileyebilmektedir. Bu durum
diz ekleminin tamaminin degerlendirilmesi i¢in daha
detayll goriintiileme tekniklerinin gerekli oldugunu
gostermektedir (Soler ve ark. 2007). Bilgisayarli tomografi
de diz eklemindeki 6zellikle kemiksel yapilarin daha net
bir sekilde ve degisik boyutlardan goriintiisii elde
edilebilmektedir (Walker ve ark. 2002; Rahal ve ark.
2013). Ozellikle BT artrografisi diz eklemindeki
ligamentlerin degerlendirilmesinde faydali olabilmektedir,
ancak BT’nin meniskiislerin degerlendirilmesinde yeterli
olmadig1 bildirilmistir (Samii ve ark. 2009). Manyetik
rezonans goriintileme ve MR artrografisinde ise, diz
eklemindeki eklem kikirdagl, meniskiisler, sinoviyal
yapilar, ligamentler, kemiksel yapilar ve buradaki
hastaliklar kolaylikla belirlenebilmektedir. Bu nedenlerle
normal diz ekleminin degerlendirilmesinde MR siddetle
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tavsiye edilmektedir (Soler ve ark. 2007; Blond ve ark.
2008; Pujol ve ark. 2011; Podadera ve ark. 2014; Arencibia
ve ark. 2015; Daglish ve ark. 2018; Pownder ve ark. 2018;
Dursun 2021).

Yapilan ¢alismalarda, kopeklerde (Soler ve ark. 2007; Pujol
ve ark. 2011; Podadera ve ark. 2014), atlarda (Holcombe
ve ark. 1995), Bengal kaplaninda (Arencibia ve ark. 2015)
ve kizil tilkilerde (El-bably ve Noor 2017) diz eklemi
yapilar1 sagittal, dorsal ve transversal MR goriintiileme
diizlemlerinde incelendigi bildirilmistir. Bununla birlikte
normal koépek diz eklemi {izerine yapilan baska bir
calismada ise, sagittal ve dorsal MR goriintiileme planlarini
kullanilmistir (Baird ve ark. 1998). Yapilan ¢alismada ise,
Van kedisi diz eklemine ait sagittal ve coronal planda
gorintiler alinmistir.  Sadece iki planda alinan
goriintiilerde femoropatellar yapilar ¢ok goriilmemekte ya
da diz eklemine ait daha detayh bilgi sunamamaktadir.
Yaptigimiz calismada kedilerin anestezide olmasi diz
eklemine ait daha detayli goriintiilerin elde edilmesine
engel olmustur. Bunun igin coronal ve sagittal
diizlemlerden elde edilen goriintiiler degerlendirilmistir.

Arastirmalarda képeklerde (Soler ve ark. 2007; Pujol ve
ark. 2011) ve Bengal kaplaninda (Arencibia ve ark. 2015)
diz eklemi SE (Spin- Echo) T1 agirlikh ve GE (gradient-
Echo) STIR T2 agirhikli sekanslar ile degerlendirildi.
Bununla birlikte, Baird ve ark. (1998) ve Holcombe ve ark.
(1995) tarafindan yapilan c¢alismalarda sirasiyla
koépeklerde ve atlarda normal diz  ekleminin
goriintiilenmesinde sadece SE T1 agirlikli MR gériintiileme
sekansin kullanildigr bildirilmistir. Akkoyun Sert (2009)
tarafindan Yeni Zelanda tavsanlarinda yaptiklar: ¢alismada
ise, diz ekleminin goriintiilenmesinde T1 agirlikli sagittal,
T2 agirlikhh coronal gorinti sekanlar1 kullanilmistir.
Yapilan ¢alismada ise, proton dansite agirlikli yag baskil
sagittal, T1 agirlikli sagittal ve T2 agirlikli coronal goriinti
sekanslar1 kullanilmigtir.

Manyetik Rezonans goriintiileme kullanilarak diz eklemine
ait  kemiksel yapilar, ligamentler, = menisKkiisler,
infrapetaller yag doku, sinoviyal yapilar kopeklerde (Soler
ve ark. 2007; Pujol ve ark. 2011; Podadera ve ark. 2014 ),
atlarda (Holcombe ve ark. 1995), koyunlarda (Vandeweerd
ve ark. 2013), bufaloda (Hefiny ve ark. 2012), kecilerde
(Fathi ve ark. 2016), evcil memelilerde (Dyce ve ark.
2010), kizil tilkilerde (El-bably ve Noor 2017) ve Bengal
kaplaninda (Arencibia ve ark. 2015) goriintiilenip,
degerlendirilmistir. ~ Yapilan ¢alismada ise, Van
kedilerindeki diz eklemine ait yapilarin saggital ve coronal
MR  gorintiileri  kullanilarak  degerlendirildi.  Van
kedilerinde diz eklemiyle ilgili olarak MR goériintiilerinde
collateral ligamentler sadece T2 agirliklh coronal
gorlntillerde gozlemlenirken, c¢apraz baglar ise, T1
agirhkl sagittal ve T2 agirhikli coronal goriintilerde
rahatlikla goriildi. Bunlara ek olarak, Sunulan ¢alismada
diz eklemindeki T-1 agirhkh sagittal goriintilerde
infrapatellar yag yastign ile birlikte yag iceren diger
dokularin parlak beyaz goriindiigii tespit edildi. Proton
dansite agirlikll yag baskili sagittal goriintiilerde ise yag
iceren dokularin izointens seklinde goriinim verdigi
gozlemlendi. Bu infrapatellar yag yastifinin ziplama,
kosma, yiiriime vs. hareket esnasinda adeta bir yastik
islevi gorerek, diz eklemindeki capraz baglar basta olmak
izere diger diz eklemi ligametlerine ve meniskiise gelen
basinci azaltarak, bu yapilari1 korudugu disiiniilmektedir.
Literatiir arastirmalarinda koépekte (Carpenter ve Cooper
2000), kecide (Fathi ve ark. 2016), koyunda (Vandeweerd
ve ark. 2013), Bengal kaplaninda (Arencibia ve ark. 2015),
tavsanda (Akkoyun Sert 2009), tilkilerde (El-bably ve Noor
2017) kaydedildigi gibi, patella'nin apex’i ile tuberositas
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tibia arasinda tek bir ligamentum patellae bulunurken;
equidea ve ruminatlarda (Dyce ve ark. 2010), geyiklerde
(Shigue ve ark. 2015), bufalolarda (Shreif ve ark. 2014)
ligamentum patellae mediale, ligamentum patellae
intermedium ve ligamentum patellae laterale olmak tizere
li¢ tane oldugu bildirilmistir. Sunulan calismada ise, lig.
patellae’nin ince tek bir kordon seklinde patella’dan
baslayarak tuberositas tibiae’da sonlandig belirlendi.

Kopeklerde diz ekleminin daha iyi goriintiilenmesi i¢in
bazi yazarlar dorsal rekiimbent pozisyonunda goériintiiler
almistir (Baird ve ark. 1998; Banfield ve Morrison 2000;
Soler ve ark. 2007). Bununla birlikte bazi yazarlar ise,
lateral rekiimbent pozisyonunda goriintiiler almislardir
(Blond ve ark. 2008; Pujol ve ark. 2011; Arencibia ve ark.
2015). Sununla calismada ise, diz eklemine ait manyetik
rezonans gorintiileri dorsal rekiimbent pozisyonunda
alinmistir.

Sonu¢ olarak; Van kedilerinde manyetik rezonans
gorintilleme kullanilarak diz eklemindeki kemiksel ve
yumusak yapilar morfolojik dzellikleri bakimindan analiz
edildi. Ayrica bu ¢alismanin, Van kedilerinde diz eklemi ile
ilgili anatomi, patoloji, ortopedi, cerrahi gibi bir¢ok klinik
uygulama alanlarinda manyetik rezonans goriintiilerinin
degerlendirilmesinde veteriner hekimlere faydali olacag:
diistiniilmektedir.

CIKAR CATISMASI

Yazarlar bu calisma i¢in herhangi bir ¢ikar catismasi
olmadigini beyan ederler.
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Bu arastirma Van Yiiziincii Yil Universitesi Bilimsel
Arastirma Projeleri Koordinatorligi tarafindan “TYL-
2021-9381” nolu proje olarak desteklenmistir.

Bu ¢alisma “Van Kedilerinde Articulatio Genus'un
Bilgisayarli Tomografi ve Manyetik Rezonans Goriintiileme
ile Morfolojik Olarak incelenmesi” birinci yazarin yiiksek
lisans tezinden 6zetlenmistir.

Bu c¢alismaya maddi destek veren Van Yiiziinci Yil
Universitesi Bilimsel Arastirma Projeleri
Koordinatorliigii'ne ve Van kedilerinin temini konusunda
destegini esirgemeyen Van Yiiziincii Y1l Universitesi Van
Kedisi Arastirma ve Uygulama Merkezi Midirligii'ne
tesekkiir ederiz.

YAZAR KATKILARI

Fikir/Kavram: 0Y, SD
Denetleme/Danismanlik: OY

Veri Toplama ve/veya Isleme: SD, OY
Analiz ve/veya Yorum: OY, SD
Makalenin Yazimi: OY

Elestirel Inceleme: 0Y

KAYNAKLAR

Abumandour MMA, Bassuoni NF, El-Gendy S, Karkoura, A, El-Bakary R
(2020). Cross-anatomical, radiographic and computed tomographic
study of the stifle joint of donkeys (Equus africanus asinus). Anat Histol
Embryol, 49 (3), 402-416.

Akkoyun Sert O (2009). Yeni Zelanda Tavsanlarinda Diz Ekleminin
Diseksiyon, Bilgisayarli Tomografi ve Manyetik Rezonans
Goriintiilerinden Ug Boyutlu Verilerinin Elde Edilmesi. Doktora tezi,
Selguk Universitesi, Saghk Bilimleri Enstitiisii, Konya, Tiirkiye.

Al Mohamad ZA (2022). Magnetic resonance imaging of the dromedary
camel stifle. ] Camel Pract Res, 29 (2), 197-202.



[Van Kedilerinde Diz Ekleminin Anatomisi]

Van Vet ], 2023, 34 (1) 70-74

Araci N, Arican M (2019). Comparison on diagnostic results of clinical,
radiological and computed tomography of stifle joint in dogs. Eurasian
J Vet Sci, 35 (1), 29-36.

Arencibia A, Encinoso M, Jaber JR et al. (2015). Magnetic resonance
imaging study in a normal Bengal tiger (Panthera tigris) stifle joint.
BMC Vet Res, 11, 192.

Baird DK, Hathlock JT, Rumph PF, Kincaid SA, Visco DM (1998). Low-
field magnetic resonance imaging of the canine stifle joint: normal
anatomy. Vet Radiol Ultrasound, 39 (2), 87-97.

Banfield CM, Morrison WB (2000). Magnetic resonance arthrography of
the canine stifle joint technique and applications in eleven military
dogs. Vet Radiol Ultrasound, 41 (3), 200-213.

Blond L, Thrall DE, Roe SC, Chailleux N, Robertson ID (2008). Diagnostic
accuracy of magnetic resonance imaging for meniscal tears in dogs
affected with naturally occuring cranial cruciate ligament rupture. Vet
Radiol Ultrasound, 49 (5), 425-431.

Carpenter DH, Cooper RC (2000). Mini review of canine stifle joint
anatomy. Anat Histol Embryol, 29 (6), 321-329.

Daglish J, Frisbie DD, Selberg KT, Barrett MF (2018). High field magnetic
resonance imaging is comparable with gross anatomy for description
of the normal appearance of soft tissues in the equine stifle. Vet Radiol
Ultrasound, 59 (6), 721-736.

Demircioglu i, Kirbas Dogan G, Aksiinger Karaavci F, Giirbiiz i,
Demiraslan Y (2020). Three-dimensional modelling and
morphometric investigation of computed tomography images of brown
bear's (Ursus arctos) ossa cruris (Zeugopodium). Folia Morphol, 79 (4),
811-816.

Dursun S (2021). Van Kedilerinde Articulatio Genus'un Bilgisayarl
Tomografi ve Manyetik Rezonans Goriintiileme ile Morfolojik Olarak
Incelenmesi, Yiiksek Lisans Tezi, Van Yiiziincii Y1l Universitesi, Saghk
Bilimleri Enstitiisii, Van, Turkiye.

Dyce KM, Sack WO, Wensing CJG (2010). Textbook of Veterinary
Anatomy. 4th Edition. Saunders Elsevier Inc, Missouri, United States.

El-bably SH, Noor NA (2017). Anatomical, radiological and magnetic
resonance imaging on the normal stifle joint in red fox (Vulpes vulpes).
Int ] Approx Reason, 5 (4.3), 4760-4769.

Fathi N, El-Bakary R, Karkoura A, El-Gendy S, Abumadour M (2016).
Advanced morphological and radiological studies on the stifle joint of
Egyptian Baladi goat (Capra hircus). Alex J Vet Sci, 51 (2), 199-210.

Freire M, Brown J, Robertson ID et al. (2010). Meniscal mineralization in
domestic cats. Vet Surg, 39 (5), 545-552.

Hefiny A, Abdalla KEH, Abdel Rahman YA, Aly K, Elhanbaly RA (2012).
Anatomical studies on the femorotibial joint in buffalo. J Basic Appl Sci
Res, 2 (11), 10930-10944.

Holcombe SJ, Bertone AL, Biller DS, Haider V (1995). Magnetic
resonance imaging of the equine stifle. Vet Radiol Ultrasound, 36 (2),
119-125.

Marino DC, Loughin CA (2010). Diagnostic imaging of the canine stifle a
review. Vet Surg, 39 (3), 284-295.

Nomina Anatomica Veterinaria (2017). Prepared by the International
Committes on Veterinary Gross Anatomical Nomenclature and
Authorized by the General Assambly of the World Association of
Veterinary Anatomists. 6th Edition. The Editorial Committee Hanover
(Germany), Ghent (Belgium), Columbia, MO (U.S.A.), Rio de Janeiro
(Brazil).

Podadera J, Gavin P, Saveraid T et al. (2014). Effects of stifle flexion
angle and scan plane on visibility of the normal canine cranial cruciate
ligament using low-field magnetic resonance imaging. Vet Radiol
Ultrasound, 55 (4), 407-413.

Pownder SL, Hayashi K, Caserto BG et al. (2018). Magnetic resonance
imaging T2 values of stifle articular cartilage in normal beagles. Vet
Comp Orthop Traumatol, 31 (2), 108-113.

Pujol E, Van Bree H, Cauzinille L et al. (2011). Anatomic study of the
canine stifle using low-field magnetic resonance imaging (MRI) and
MRI arthrography. Vet Surg, 40 (4), 395-401.

Rahal SC, Fillipi MG, Mamprim M] et al. (2013). Meniscal mineralisation
in little spotted cats. BMC Vet Res, 9, 50.

Samii VF, Dyce ], Pozzi A et al. (2009). Computed tomographic
arthrography of the stifle for detection of cranial and caudal cruciate
ligament and meniscal tears in dogs. Vet Radiol Ultrasound, 50 (2), 144-
150.

Shigue DA, Rahal SC, Schimming BC et al. (2015). Evaluation of the
marsh deer stifle joint by imaging studies and gross anatomy. Anat
Histol Embryol, 44 (6), 468-474.

Shreif MS, Attia M, Bahgaat H, Kassab A (2014). Magnetic resonance
imaging of the normal stifle joint in buffaloes (bosbubalis): an
anatomic study. Open Anat J, 6, 27-35.

Soler M, Murciano J, Latorre R et al. (2007). Ultrasonographic, computed
tomographic and magnetic resonance imaging anatomy of the normal
canine stifle joint. Vet J, 174 (2), 351-361.

Van der Vekens E, de Bakker E, Bogaerts E et al. (2019). High-frequency
ultrasound, computed tomography and computed tomography
arthrography of the cranial cruciate ligament, menisci and cranial
meniscotibial ligaments in 10 radiographically normal canine cadaver
stifles. BMC Vet Res, 15 (1), 146.

Vandeweerd JM, Kirschvink N, Muylkens B et al. (2013). Magnetic
resonance imaging (MRI) anatomy of the ovine stifle. Vet Surg, 42 (5),
551-558.

Walker M, Phalan D, Jensen ] et al. (2002). Meniscal ossicles in large non-
domestic cat. Vet Radiol Ultrasound, 43 (3), 249-254.

Waselau M, McKnight A, Kasparek A (2020). Magnetic resonance
imaging of equine stifles: Technique and observations in 76 clinical
cases. Equine Vet Educ, 32 (S10), 85-91.

Yilmaz O, Soygiider Z, Yavuz A (2020). Van kedilerinde clavicula ve
scapula’nin bilgisayarli tomografi goriintiilerinin ii¢ boyutlu olarak
incelenmesi. Van Vet ], 31 (1), 34-41.

Yilmaz O (2018). Van Kedilerinde On Bacak Iskeletinin Bilgisayarli
Tomografi ile Ug Boyutlu Olarak incelenmesi. Doktora Tezi, Van
Yiiziincii Y1l Universitesi, Saglik Bilimleri Enstitiisii, Van, Tiirkiye.

74



Van Vet ], 2023, 34 (1) 75-80

Van Veterinary Journal ""‘”,‘LJ}E,L‘AT"“

https://dergipark.org.tr/tr/pub/vanvetj

Cite this article as: Delibas V, Soygiider Z, Cakmak G, Giindiiz MS (2023). Morphological Examination of Tongue _!
Papillae in Norduz Sheep: A Scanning Electron Microscopic Study. Van Vet J, 34 (1), 75-80. DOI: -
https://doi.org/10.36483 /vanvetj.1243598

ISSN: 2149-3359 Original Article e-ISSN: 2149-8644

Morphological Examination of Tongue Papillae in Norduz Sheep: A Scanning Electron
Microscopic Study

Veysel DELIBAS®*®  Zafer SOYGUDER! Gamze CAKMAK! Mehmet Sabri GUNDUZ?2

1Van Yuzuncu Yil University, Faculty of Veterinary Medicine, Department of Anatomy, 65080, Van, Tiirkiye
2 Van Yuzuncu Yil University, Health Sciences Institute, Department of Veterinary Anatomy, 65080, Van, Tiirkiye

Received: 27.01.2023 Accepted: 14.03.2023

ABSTRACT The tongue is a mobile organ consisting of apex, corpus and radix parts with a distinctive mucosa in the digestive
system. In the case of digestion; it should not be forgotten that the macroscopic structure of all digestive organs,
especially the tongue mucosa, is of great importance. Norduz sheep is known as a variety of Akkaraman sheep bred
in the Norduz region located within the borders of the Gurpinar district of Van province. In addition, the fact that the
Norduz sheep are only raised in the Norduz region and exhibit unique yield performance makes this breed different
from other breeds. For this reason, in our study, it was aimed to examine the tongue papillae of Norduz sheep, which
is a different breed, by a scanning electron microscope. In our study, the tongue tissues of 10 Norduz sheep were
used. In scanning electron microscopy papillae filiformes; was observed as spiny in the region from the apex of the
tongue to the torus linguae. The ends of papillae conicae were typically cone-shaped. Papillae lentiformes were
found to be the clearest and most voluminous mechanical tongue papillaes on the torus linguae. Papillae
fungiformes wich is a taste papillae were found to be mushroom-like and scattered among papillae filiformes.
Papillae vallatae were composed of mucosal valium, parietal trench, and annular pad located on either side of the
radix linguae. As a result, in Norduz sheep; many similarities and differences in terms of tongue papillae between
species and races were determined.

Keywords: Norduz sheep, Papillae, Scanning electron microscopies, Tongue.

0z Norduz Koyununda Dil Papillalarinin Morfolojik Olarak incelenmesi: Bir Taramal
Elektron Mikroskop Calismasi

Dil sindirim sitemi icerisinde kendine 6zgii bir mukozaya sahip apex, corpus ve radix kisimlarindan meydana gelen
hareketli bir organdir. Sindirim olayinda; dil mukozasi basta olmak iizere tiim sindirim organlarinin makroskobik
yapisinin biiyiik bir 6neme sahip oldugu unutulmamalidir. Norduz koyunu: Van ili Girpinar ilgesi sinirlari igerisinde
yer alan Norduz bdlgesinde yetistirilen Akkaraman koyununun bir varyetesi olarak bilinmektedir. Ayrica Norduz
koyununun yalnizca Norduz bélgesinde yetismesi ve kendine 6zgii verim performansi sergilemesi, bu irk1 diger
irklardan farkh kilmaktadir. Bu sebeple ¢alismamizda farkli bir irk olan Norduz koyununda dil papillalarinin
taramal1 elektron mikroskop ile incelenmesi amaglanmistir. Yaptigimiz ¢alismada 10 adet Norduz koyununun dil
dokusu kullanilmistir. Taramali elektron mikroskop incelemesinde papillae filiformes; dilin apexinden torus
linguae’ye kadar olan bélgede dikensi sekilde gozlemlendi. Papillae conicae; uglar: sivri tipik koni seklindeydi.
Papillae lentiformes; torus linguae’nin tizerinde en net ve hacimli goriilen mekanik dil papaillar1 olarak tespit edildi.
Tat papillalarindan papillae fungiformes; mantara benzer sekilde ve papillae filiformes arasinda daginik halde
gozlemlendi. Papillae vallatae radix linguaenin her iki yaninda konumlanmis mukozal valium, parietal hendek ve
halkasal ped’ten meydan gelmisti. Sonug olarak Norduz koyununun; tiirler ve irklar arsinda dil papillalar1 yoniinden
bir¢ok benzerlikler ve farkliliklar gosterdigi tespit edilmistir.

Anahtar Kelimeler: Dil, Norduz koyunu, Papillae, Taramali elektron mikroskop.

INTRODUCTION cavity, especially in the process of digestion; provides the

. ) o . breakdown of incoming nutrients (Scala et al. 1995). In
The tongue is a mobile organ consisting of apical, corpus case of digestion; it should not be forgotten that the
and r_adlx parts with a characteristic mucous membrane in macroscopic structure of all digestive organs, especially
the digestive system (Dursun 2008). Mucous membrane of the mucous membrane of the tongue, plays an important
the tongue; together with other structures of the oral role (Shao etal. 2010).
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Considering the nutritional characteristics of ruminants, it
is an indisputable fact that they consume food in very
different patterns. While most of this situation is related to
environmental adaptation, a small part of it results from
genetic factors (Shao et al. 2010). For this reason, the
difference in the shape of papillae on the mucous
membrane of the tongue and the features of their
distribution on the tongue in all ruminants is important in
classifying ruminants in terms of comparative anatomy.

Norduz sheep is known as a variety of Akkaraman sheep,
bred in the Norduz region located within the borders of
the Gurpinar district of Van province (Mis et al. 2018;
Dalga et al. 2021). In fact, there are many varieties of
Akkaraman sheep living in different environmental
conditions and having different morphological
characteristics, such as Karakas, Southern, Karaman and
Kangal (Bing6l 1998; Aysan Dayan and Bingdl 2008).
However, Norduz sheep are bred only in the Norduz
region, adapting to the harsh climate of the Eastern
Anatolia region and showing unique performance
indicators that distinguish this breed from other breeds.

When research is being done in this area; Jamonopari goat
(Kumar et al. 1998), European mole (Jackowiak 2006),
Bear (Pastor et al. 2011), Bison (Plewa and Jackowiak
2020), Wolf (Hahgil et al. 2018), lamb (Tadjalli and
Pazhoomand 2004), Nile fox (Mahdy 2021), Saanen goat
(Kurtul and Atalgin 2008), Karacabey merino sheep (Can
et al. 2016), Antilope Cervicapra (Emura et al. 1999),
Barbary sheep (Emura et al. 2000) and Akkaraman sheep
(Harem et al. 2009), the similarity or morphological
differences of tongue papillae between species have been
demonstrated using scanning electron microscopic.

Similarly, in our study, the goal was to study the tongue
structure of Norduz sheep, which are a specific breed,
morphologically using a scanning electron microscopic.

solution (pH-7.4). Then 1% osmium tetroxide was kept at
room temperature for 1 hour for the 2nd fixation process.
After the fixation process was completed, it was passed
through a series of acetone at 60%, 70%, 80%, 90% and
100% for dehydration. Finally, tissues were dried in a
critical point dryer (CPD) and transferred to a scanning
electron microscopic unit. Pre-dried tongue samples were
coated with gold palladium for visualization and
photography. In the process of visualization; a scanning
electron microscopic (Sigma 300 Zeiss Gemini FE-SEM,
Germany) was used.

MATERIAL AND METHODS

Ethical Declaration

The study protocol was approved by the Ethics Committee
(Van Yuzuncu Yil University Animal Experiments Local
Ethics Committee, Van, Tirkiye, Decision No: 2022/08-
02).

Animals

Tongue samples were obtained from 10 Norduz sheep,
aged 4, with an average weight of 65 kg, brought from the
Norduz campus of Gurpinar Van district and slaughtered in
the city slaughterhouse under the supervision of a
livestock specialist. 10 taken tissues of the tongue were
washed with 0.1 M phosphate buffer solution (pH-7.4)
completely and one at a time, after which they were left in
containers containing 10% formaldehyde solution and
delivered to the anatomical laboratory. A total of four
small pieces of mucosa (approximately 60 mm2) were
taken from the apex, body, and dorsolateral region of each
tongue (Figure 1).

Scanning Electron Microscopic

Fragments taken from different parts of the tongue tissue
to study the papillae of the tongue were preliminarily
thoroughly washed with a 0.1 M phosphate buffer solution
(pH-7.4) in accordance with the procedure for preparing
biological samples for scanning electron microscopy.
Immediately after washing, the first fixation was
performed on the samples and kept in 2.5%
glutaraldehyde at +4 °C for 2 days. After this process,
washing was again carried out in 0.1 M phosphate buffer
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RESULTS

The entire tongue taken from the Norduz sheep was about
15 cm averaged long. Structurally, the apical, corpus, and
radix parts are clearly distinguished. A prominent torus
lingua was observed in the caudodorsal position of the
body. The indentation (fossa linguae) was very prominent
at the anterior end of the torus linguae and in the middle
position of the linguae corpus. In addition, an irregularly
shaped median sulcus was found on the back of the tongue.

Tongue papillae: On the mucosa of the tongue, three
mechanical papillae of the tongue (papillae filiformes,
papillae conicae and papillae lentiformes), two taste
papilae (papillae fungiformes and papillae vallatae) were
observed in a total of five different ways.

Papillae filiformes: defined as the densest papillae of the
tongue on the lingual mucosa. It shows spread, especially
from the region of the apex of the tongue and extending
from the lateral regions of the body of the tongue to the
base of the torus of the tongue. On scanning electron
microscopic of specimens taken from apex linguae, the
papillae filiformes originate from one broad body and
consist of primary papillae tapering towards the ends and
secondary papillae located on the right and left margins of
the root of these primary papillae (Figure 2).

In addition, small and thin extensions of the papilla (small
secondary papilla) originating from both the caudal part of
the secondary papilla on the right and the caudal part of
the secondary papilla on the left, the number of which
varies from 1 to 2, are also among the visible structures
(Figure 3). After detailed examination, it was found that
the primary filiform papillae were approximately 285 to
440 pm in height at 32X magnification, and their width
varied from 65 to 120 pm. When the morphological
structures of the small secondary filiform papillae were
examined at the same magnification, it was noted that
their height varied from 110 um to 235 um and their width
from 8 pm to 40 pm (Figure 2).

Papillae conicae: the conical papilla, which is the most
prominent papilla of the papillae of the tongue; As the
name suggests, these are mechanical lingual papillae
covering the lateral inner surface of the lips and especially
the inner surface of the cheeks, which resemble a typical
cone shape (Figure 4).

Papillae lentiformes: Another of the mechanical papillae of
the tongue, the lentiform papillae are located on the torus
of the tongue. The length of these papillae, the number of
which varies from 35 to 42, was 1200-1400 pm at 40X
magnification, and the width was determined as 650 pm
and 850 um (Figure 5). In addition, at a magnification of
1.00 KX, the presence of pores with an average diameter of
8 um at the ends of the lentiform papillae was determined
(Figure 6). Both the small secondary extensions present in
Papillae filiformes and any protrusions similar to this
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morphological structure were not observed in these
papillae.

Figure 1. Overview of the dorsal surface of the tongue (1,
2, 3, 4 numbers displaying sample acquiring pattern).

EHT = 5.00kV
WD = 80mm Mag= 32X

Figure 2. Image of papillae filiformes and a papillae
fungiformes (arrowheads: papillae filiformes and primary
papillae filiformes appendages, black arrows: Secondary
papillae filiformes appendages, black asterisk: a papillae
fungiformes).

.00 kV Signal A = SE2
WD = 80mm Mag= 50X

Figure 3. Papillae filiformes and one papillae fungiformes
at 50X magnification (black arrows: small secondary
papillae filiformes, black asterisk: one papillae
fungiformes, black arrowhead: taste pore of papillae
fungiformes, white arrowhead: annular groove in the root
portion of papillae fungiformes).

EHT = 10.00 kV

WD = 7.5 mm

[aazz A A S a
Figure 4. a) arrowheads: papillae conicae; b) arrowhead:
papillae conicae and layer of keratinized epithelium.

EHT = 10.00 kV Signal A = SE2
WD = 7.8 mm Mag= 40X {

Figure 5. Papillae lentiformes (black asterisk: body of
papillae lentiformes, black arrows: keratinized epithelial
layer, black arrowheads: protrusions at the ends of
papillae lentiformes).

.l L5
Signal A = SE2
WD = 80mm Mag= 1.00KX

~ EHT=10.00kV

Figure 6. Papillae lentiformes image at 1.00 KX
magnification (black arrows are the pore located at the tip
of the papillae lentiformes).
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Papillae fungiformes: These papillae involved in the
perception of the sense of taste are papillae that appear as
white dots, especially from the apex of the tongue,
scattered throughout the body of the tongue (Figure 7). If
on 1 cm? of the area of the corpus linguae their number
averaged 26, then in the apex of the linguae this number
was determined as 34. In our studies, it was found that the
head of these papillae was approximately 300 pm at 50X
magnification. In addition, the head parts of Papilla
fungiformes; they form a constriction before joining with
the tongue (Figure 3). This situation looks as if a ring has
formed in the root parts of the papilla fungiformes (Figure
3). On closer examination, it was observed that both
mucosal cells were separated by interseptal lines, and
these cells had pores approximately 4 pm in diameter at
1.00 KX magnification (Figure 8).

LW s A7 5 .l 3 4 Yodd -
A wo = 82mm Mag= 31X &

Signal A = SE2

L | wo = 82mm Mag= 60X b

Figure 7. Papillae fungiformes scattered between papillae
filiformes and papillae filiformes (black arrows (ab):
papillae filiformes, black asterisk (ab): papillae
fungiformes).

; 3
Signal A = SE2
WD = 80mm Mag= 1.00KX

Figure 8. Image of papillae fungiformes at 1.00 KX
magnification (black arrows: taste pores on papillae
fungiformes).
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Papillae vallatae: Taste papillae, which are located in two
rows symmetrically on either side of the radix lingoae and
macroscopically resemble suction cups of octopuses. These
papillae basically consist of 3 parts in the centro-lateral
position. these; It consists of 1. Mocosal valium (round and
flat mucosal area forming the center of the papillae), 2.
Parietal trench, 3. Annular pad (Figure 9).

ek
EHT = 10.00kV

Signal A = SE2
WD = 84mm Mag= 39X

Figure 9. Image of papillae vallatae (black asteriks:
mucosal valium, arrowheads: parietal ditch, black arrows:
annular pad).

Their average number was determined as 26. In the
scanning electron microscopic examination process, it was
observed that the rostro-caudal lengths of the papillae
vallata at 39X magnification ranged from 620 to 1800 pm
from the smallest to the largest. Again, at the same
magnification, Mucosal valium sizes were found to vary
between 400 and 1000 pum. The parietal ditch was deep
and clearly observed. It was observed that the annular pad
was not flat but divided by 2-3 small notches. When the
horizontal diameter lengths of the papillae vallata were
examined from the smallest to the largest, it was observed
that they varied between 520-1400 um.

DISCUSSION AND CONCLUSION

Nutrition process is a physiological state necessary for all
living beings to ensure the continuation of their kind and
survival. Living beings reach and receive nutrients only
within the possibilities offered by their environment
(Iwasaki 2002; Meyer et al. 2016). In this regard, it is
known that the structure of nutrients consumed by
ruminant species in different age periods and under
different feeding conditions (closed, semi-open and
pasture cultivation) is different.

Digestive system organs of ruminants; in particular tongue
differs morphologically according to nutrition and food
types. Norduz campus, located within the borders of
Glrpinar district of Van; It contains pastures with different
nutritional products in terms of sheep feeding. For this
reason; The morphological character of the tongue
structure of the Norduz sheep, which is an endemic breed
and bred only in the Norduz region, attracts our attention.

When our study was examined, it was seen that Filiformes
papillae were concentrated in the apex part of the tongue
and the head parts ended long and sharply. This is the
case, Capra hircus (Mahdy et al. 2021), Mehreban sheep
(Tadjalli and Pazhoomand 2004), Karacabey merino sheep
(Can et al. 2016), Angora goat (Toprak et al. 2020),
Akkaraman sheep (Harem et al. 2009) similar to the
results of such studies. However, unlike the results of our
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study, the shape of the papillae filiformes; Anatolian water
buffalo (Can and Atalgin 2015) and Bison banasus (Plewa
and Jackowiak 2020) were also cone-shaped. Also the tip
has taken the shape of a round rod in papillae filiformes in
Chinese yellow cattle (Fu et al. 2016), South American
Camelids (Erdogan et al. 2016), These cases showed that
the papillae filiformes can take different forms in animal
species.

Secondary small filiformes papillae extensions were
commonly seen in Norduz sheep. While this situation is
one each on the right and left of the primary papilla
protrusions. It can sometimes be found in smaller
protrusions originating from the sides of these secondary
protrusions. Therefore, papillae filiformes can contain 3-4
secondary small papillae filiformes projections in Norduz
sheep. While this number is between 6 and 9 in Saanen
goats (Kurtul and Atalgin 2008). It is 3-6 in Jamunapari
goat (Kumar et al. 1988), and in Bighorn sheep (Takayuki
et al. 2002), Karacabey merino (Can et al. 2016). Reeves
muntjac deer (Zheng and Kobayashi 2006) was
determined as two. Our findings in this study are similar to
those of the Jamunapari goat (Kumar et al. 1988).

Papillae conicae are conical shaped papillae located near
the root of the tongue and on the inner surface mucosa of
the cheeks. When these papillae were examined at high
magnifications with a scanning electron microscopic, they
were found to be covered with keratinized tissue that aids
in mechanical digestion. Also, this papilae no taste pore
was found. While this situation is in line with the studies of
Chinese manch (Zheng and Kobayashi 2006) and Anatolian
water buffalo (Can et al. 2015), it differs by the any
absence of papillae conicae in dromedary camel (Quayyum
etal. 1988).

Papillae lentiformes are morphologically large tongue
papillae that take part in the mechanical digestion process
by being scattered in the upper part of the torus linguae of
the tongue. In our study, it was observed that the tip of
these papillae ended with a few blunt projections. Which
was similar to the Chital deer (Erdogan and Perez 2014),
the South American camel (Erdogan et al. 2016), and
Sitatunga (Emura et al. 2011). In addition, as a result of our
research, the presence of a pore was determined, unlike
other studies, in the high magnification of the ends of these
papillae with a scanning electron microscopic.

Papillae fungiformes is one of the taste papillae located
scattered among the papilla filiformes mentioned earlier.
These papillae are located in the region between the tip of
the tongue (apex linguae) and the torus linguae. When
examined in terms of shape, it is seen that they exhibit 2
different morphologies. In one of them, the papillae
fungiformes are flattened and embedded in the papillae
filiformes, while the other papillae fungiformes are more
voluminous and protrude above the tongue mucosa. Again,
this papillae in our study resembles a typical mushroom as
it is separated from the tongue mucosa by an annular
groove. Nonaka et al. (2008), Adnyane et al. (2010)
mentioned the presence of the groove in the papilla
fungiformes in their studies. However, this situation gray
cattle (Titiincli 2020) formocene goat antelope (Takayuki
etal. 2002) were not found in studies.

Papillae vallatae are observed in two parallel rows on both
sides of the radix part of the tongue, and it was determined
that there were 23 in total. In some studies, it has been
reported that this number varies between species and
races. Deer with 10-30 papillae valalta (Adnyane et al.
2010) can be given as an example for the difference in
species, while Barbary sheep (Emura et al. 2000) and

Bighorn sheep (Takayuki et al. 2002) with 26 papillae
vallata can be given as examples. This situation differed
from our study. In addition, the morphological structures
of papillae vallatae also differ in animal species and
breeds. This is due to the fact that the annular pad part has
a developed possible or small weak structure. In our study,
the annular pad was well developed and had 2-3 notched
surfaces. This situation; similarly one humped camel
(Quayyum ve ark. 1988) and ox (Chamorro et al. 1986).
Our study; It differed with formosan serow (Atoji et al.
1998), in which the annular pad was weak. In our study,
the largest rostro-caudal length of Papillae vallaltae was
found to be 1800 um on average. In this respect, it has
been revealed that the papillae vallatae in Norduz sheep
has a longer morphological structure than Karacabey
merino (Can et al. 2016).

As a result in Norduz sheep; it has been found that there
are many similarities and differences between species and
races in terms of tongue papillae. In this study, it was
observed that the mechanical papillae of the tongue in
Norduz sheep are in many ways similar to other breeds
and species. However, the presence of a pore at the tip of
the lentiform papillae in Norduz sheep is a special case.
Papillae fungiformes of taste buds; contrary to many
studies was observed in 2 different morphological
structures with a flat and elongated appearance, and an
annular notch was found in the root parts of the long
papillae fungiformes. Another taste bud, papillae vallatae,
was found to have an average of 26 and is located on either
side of the radix linguae, similar to a typical octopu’s
sucker. This number remained below the mean value of 28
for papillae vallatae in sheep. However, it has been found
that the papillae vallatae of Norduz sheep are averaged
longer (1800 pm) than those of other breeds and breeds.
With the results of this study, we believe that scanning
electron microscopic can give good results in
morphological studies and support future research in the
same direction.
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0z Bu olgu sunumunda, plevral efiizyon ile karakterize vakalarda ayirici taniy1 koymakta veteriner hekimlere
yardimci olmak ve rutinde tercih edilen genis spektrumlu antibiyotik kullanimi sonucunda yanit alinamadig1
durumlarda bakteri identifikasyonu ve antibiyogram analizinin 6nemini vurgulayarak klinisyenlere tedavide
izlenecek yollara dair yardimci olmasi hedeflenmistir. Bu olgunun materyalini toraks radyografisinde plevral
efiizyon varlig1 tespit edilmis, dispne, dilde morarma, yiiksek ates ve agrili oturus sikayetleri olan 1,5 yasl,
Scottish Fold 1irki, erkek bir kedi olusturmaktadir. Efiizyon o6rneginin serolojik incelemesinde Feline
Coronavirus pozitif sonucu tizerine Immuncomb FCoV IgG antikor titre testi bakilmis olup S2 diisiik pozitif
oldugu goriilmiigtiir. Hastaligin klinik seyri ve diger laboratuvar bulgular1 Feline Enfeksiyoz Peritonitis
hastaliginin efiiziv formu ile paralel gitmedigi icin ayirici tan1 amaciyla alinan efiizyonun sitolojik olarak
incelenmesi uygun goriilmiistiir. Yapilan immunositokimyasal analizde FCoV negatif sonug tespit edilmistir.
Sitolojik incelemeler sonrasi piyotoraks tanis1 Kkesinlesmistir. Bakteriyel identifikasyon sonucunda
Mycoplasma spp. tespit edilmistir. Antibiyogram sonucunda ise klindamisin duyarhlig1 tespit edilmistir.
Tedavi protokolii olarak kullanilan diiiretikler disinda baslanan klindamisin (Clindan®, Bilim Ilag, istanbul)
5.5 mg/kg, intravendz, q12h, 14 giin olarak kullanilmis olup sonrasinda olgunun efiizyon siddetinde azalma,
istahta artis, genel durumda iyilesme go6zlemlenmeye baslanmis ve belli araliklarla tekrarlanan toraks
radyografilerinde yeniden sekillenen bir plevral efiizyon tablosuna rastlanmamistir.

Anahtar Kelimeler: Dispne, Feline enfeksiy6z peritonitis, Mycoplasma, Piyotoraks, Plevral efiizyon.

ABSTRACT A Case and Treatment of Resistant Pyothorax in a Cat

In this case report, it is aimed to assist veterinarians in making the differential diagnosis in cases
characterized by pleural effusion and to assist clinicians in the treatment pathways by emphasizing the
importance of bacterial identification and antibiogram analysis in cases where there is no response as a result
of the routine use of broad-spectrum antibiotics. The material of this case is a 1.5-year-old Scottish Fold male
cat with pleural effusion detected on thorax radiographs, dyspnea, bruising on the tongue, high fever and
painful sitting. In the serological examination of the effusion sample, Inmuncomb FCoV IgG antibody titer test
was checked on the positive result of Feline Coronavirus and it was found to be S2 low positive. Since the
clinical course of the disease and other laboratory findings did not go in parallel with the effusive form of
Feline Infectious Peritonitis, cytological examination of the effusion taken for differential diagnosis was
deemed appropriate. FCoV negative result was detected in the immunocytochemical analysis. The diagnosis
of pyothorax was confirmed after cytological examinations. As a result of bacterial identification, Mycoplasma
spp. detected. As a result of the antibiogram, clindamycin susceptibility was detected. Apart from the diuretics
used as a treatment protocol, clindamycin (Clindan®, Bilim Ilac, Istanbul) was started at 5.5 mg/kg,
intravenous, q12h, for 14 days. Afterwards, a decrease in the severity of effusion, an increase in appetite, an
improvement in general condition were observed, and thorax repeated at regular intervals and, no
remodeling pleural effusion picture was found in the radiographs.

Keywords: Dyspnea, Feline infectious peritonitis, Mycoplasma, Pleural effusion, Pyothorax.
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GiRiS

Piyotoraks veya plevral ampiyem: plevral boslukta
purulent sivi birikimi ile karakterize bir durumdur
(Rooney ve Monnet 2002). Piyotoraks hastalarinda
semptomlarin ¢ogu hastaligin seyri esnasinda geg ortaya
ciktig i¢in (Ottenjann ve ark. 2008), hizli tan1 ve acil tedavi
kritik Oneme sahiptir (Stillion ve Letendre 2015).
Kedilerde piyotoraksin nedenleri ile ilgili literatiirler
tartismali olsa da, parapnémonik enfeksiyon, penetre
olmus torasik yaralar, pulmoner apse rupturuy,
akcigerlerden veya oOzofagustan yabanci cisimlerin
migrasyonu potansiyel sebepler olarak sunulabilmektedir
(Barrs ve ark. 2005; MacPhail 2007; Epstein 2014; Cola ve
ark. 2019).

Kedilerde piyotoraks; zorunlu anaeroblardan (Clostridium
spp., Fusobacterium spp. Bacteroides spp.) ve/veya
fakiiltatif aerobik bakterilerden (Pasteurella spp. ve
Actinomyces spp.) olusan polimikrobiyal enfeksiyonla
iliskilidir (Waddell ve ark. 2002). Vakalarin %20’sinden
daha azina Escherichia coli, Salmonella spp., Klebsiella spp.,
Pseudomonas spp. ve Nocardia spp. gibi orofaringeal
olmayan bakteriler neden olmakla birlikte (Gorris ve ark,
2017), orofaringeal mukozada normal sartlarda da
bulunan Mycoplasma spp. ise yavru kedilerde ve bagisiklig
baskilanmis eriskinlerde potansiyel bir piyotoraks
nedenidir (Gulbahar ve Gurturk 2002; Foster ve ark.
2004).

Piyotoraks olgulari; dispne, anormal akciger sesleri ve
spesifik olmayan istahsizlik, letarji v.b klinik bulgularla
kendini gostermektedir. Kopeklerde ve Kkedilerde
piyotoraks tanis1 karmasik degildir. Klinik bulgulara,
radyografiye, torakosentez sonrasi alinan efiizyonun
sitolojisi ve kiiltiirtine dayanir (Fossum 2000). Radyografi
bu olgular i¢in tanisal goriintilemede ilk basamak
olmalidir (Stillion ve Letendre 2015). Plevral efiizyon ise
genellikle krem-soluk sar1 renkte, bulanik ve septik
eksudat ozelliklerine sahiptir ancak pembe, yesil veya
kirmizi tonlu da olabilir. Sitolojik olarak, %85'ten fazlasini
dejenere notrofillerin olusturdugu cekirdekli hiicreler ve
30 g/L'den fazla protein igerigi rapor edilmistir (Randolph
2012). Piyotoraks tedavisi; torakostomi tiiplerinin
kullanimi, efiizyonun bosaltilmasi, torasik lavaj ve
paranteral antimikrobiyal tedavi ile medikal ve cerrahi
miidahalenin kombinasyonu seklinde olabilmektedir.

Mycoplasma tiirlerinin, saghkli yetiskin kedilerin
orofarengeal florasinda bulunmasi normal olarak kabul
edilir (Jones ve Sabine 1970). Pndmoni ve plevral efiizyon,
diger tiirlerde Mycoplasma kaynakli enfeksiyonun bilinen
ozellikleri olmasina ragmen kedi solunum yollarinin bu
organizmalarla primer enfeksiyonu nadir goriilmektedir
(Cassell ve ark. 1985).

Gliniimiizde hala kedi piyotoraks vakalarina dahil olan
yaygin bakteriler hakkinda veri eksikligi mevcuttur. Bu
olguda da klinik rutininde hem ayirict taninin
degerlendirilmesi hem de ilk etapta tercih edilen genis
spektrumlu antibiyotik kullanimi sonucunda yanit
alinamamasi sebebiyle bakteri identifikasyonu ve
antibiyogram sonucuna istinaden revize edilen tedavinin
sonuglar1 degerlendirilerek klinisyenlere antimikrobiyal
sec¢imi ve ayirici tanida yardimci olmasi hedeflenmistir.

Bu olgunun materyali olan 1.5 yasli, Scottish Fold 1rki,
erkek kedi; dispne, dilde morarma, yliksek ates ve agrili
oturus sikayetiyle merkezimize bagvurmustur. Baska bir
hayvan saghgi merkezinden diyafram fitig1 oldugu
diistintilerek sevk edilmis olup yapilan radyografik
goriintiileme ile diyafram fitig1 siiphesi elenmis, plevral
boslukta serbest siv1 tespit edilmistir. Onceki hayvan saglhk
merkezinde torakosentez ile hastanin gogiis boslugundan
300 ml kadar yogun kivaml, koétii kokulu, pembe-
kahverengi siv1 bosaltildig;; bu islemin ardindan
antimikrobiyal ajan olarak amoksisilin-klavulanik asit
uygulamasina baslandigi, ancak hastanin plevral efiizyon
varliginin her gecen giin daha da siddetlendigi bilgisi
verilmistir.

MATERYAL VE METOT

Bu calismada arastiricilar tarafindan hasta sahibinden
06.02.2023 tarihinde “aydinlatilmis hasta sahibi onam
formu” alinmistur.
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BULGULAR

Hastanin ilk muayenesinde yiiksek ates, letarji, kaseksi,
tiylerde karigiklik, dispne gozlemlenmistir. Toraks
radyografisinde siddetli plevral efiizyon varliginin devam
ettigi tespit edilmistir. Hastanin hemogram sayiminda
l6kositozis, notrofili ve lenfopeni dikkat ¢ekmekle birlikte
serum biyokimyasal analizlerinde yalnizca globulin artisi
gozlemlenmistir. Torakosentez islemi i¢in bolge tiraslanip
dezenfeksiyonu saglandiktan sonra kelebek set ve figlii
musluk araciligiyla ivedilikle yapilmis olup bosaltilan
efiizyonun bir 6nceki gibi yogun kivamli, kétii kokulu,
kahverengi-pembe renkte oldugu goriilmiistiir (Sekil 1).

Sekil 1. Torakosentez ile alinan efiizyon.

Figure 1. Effusion taken by thoracocentesis.

Hasta hospitalizasyona alinarak seftriakson sodyum
(Novosef, Sanofi, Istanbul) 25 mg/kg, intravenéz, q12h ve
furosemid (Diiiril, Vetas, istanbul) 2 mg/kg, intravenoz,
q24h baglanmistir. Tedavi sliresince hasta belirli
araliklarla toraks radyografisi ¢ekilerek kontrol edilmistir.
Olgunun tedavisinin 3. giiniindeki toraks radyografisinde
plevral efiizyonun daha da siddetlenerek devam ettigi
gozlemlenmistir (Sekil 2).
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Sekil 2. Toraks radyografisinde artan pleural efiizyon.

Figure 2. Increased pleural effusion on chest radiograph.
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Tablo 1. Kedilerde plevral efiizyonun yaygin nedenleri ve klinik dzellikleri (Beatty ve Barrs, 2010).
Table 1. Common causes and clinical features of pleural effusion in cats (Beatty and Barrs, 2010).

‘u ‘(

Hastalik/Altta Yatan Esgal Anamnez Siv1 Karakteri
Sebep
Piyotoraks/Enfeksiy6z Genellikle geng¢ hayvanlar, herhangi bir Degisken Eksudat
pleuritis yas yadairkta Ortalama belirti siiresi 1-2 hafta
Akut gelisebilir
Dispne, oksiiriik
Letarji, istahta azalma, kilo kaybi
Ust solunum yolu enfeksiyonu ge¢misi

Sag/Sol Konjestif Kalp Herhangi bir yas ya da 1rk, altta yatan Degisken Degisken

Yetmezligi kardiyak hastaliga bagh Kalp hastaliginin etiyolojisine bagh Transudat, modifiye
transudat, siloz
Efiiziv FIP %70 oranla 1 yas alt1 Yakin zamanda ¢ok kedili ortama girme Yiiksek protein, diisitk
ve/veya stres etkeni (kisirlastirma, hiicre sayis1
yeniden barindirma). Spesifik olmayan
uyusukluk, istah azalmasi, kilo kaybi,
karin sisligi

Neoplazi Timoma (10 yas tizeri) Mediastinal Degisken, spesifik degil, 6kstirtk, dispne Degisken

lenfoma (geng Siyam kedilerinde) Modifiye transudat,
eksudat, s5iloz

Idiopatik Silotoraks Herhangi bir yas ya da irk, Siyam Oksiiriik, dispne Trigliserid miktar1

kedileri risk grubunda

yliksek, modifiye
transudat, eksudat
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Tekrarlayan plevral efiizyon belirli araliklar ile gekilerek
ve beraberinde oksijen terapisine devam edilerek hasta
stabil hale getirilmistir. 3. Giin mevcut tedaviye ek olarak
enrofloksasin (Baytril %5, Bayer, Almanya) 5 mg/kg,
subkutan, q24h tedavi protokoliine eklenmistir. Revize
edilen tedavi protokolinden 5 giin sonra toraks
radyografisinde plevral efiizyonun ayni siddette devam
ettigi gozlemlenmistir. Yapilan torakosentez isleminde
alman sivinin  makroskobik  karakterinde degisim
saptanmis olup daha dnce kotii kokulu, bulanik ve pembe-
kahverengi olan sivinin yerini kokusuz, berrak ve acik sar1
renkli sivi almistir. Bu noktada elde edilen bulgular
is1iginda  Feline  Enfeksiyoz  Peritonitis  (FIP)'ten
stiphelenilmis ve Feline coronavirus a¢isindan incelenmesi
icin dis laboratuvara kan ornegi gonderilmistir. Olgunun
serolojik incelemesinde Feline coronavirus pozitif
bulunmasi tzerine Immunocomb FCoV IgG antikor titre
testi (Immunocomb/Biogal UK) bakilmis olup S2 diisiik
pozitif oldugu goriilmistiir. Hastaligin klinik seyri ve diger
laboratuvar bulgular1 Feline Enfeksiydz Peritonitis
hastaliginin efiiziv formu ile paralel gitmedigi icin ayirict
tani amaciyla alinan efiizyonun sitolojik olarak incelenmesi
uygun gorilmistir. Bu amagla yapilan mikroskobik
incelemelerde ¢ok sayida bakteri kiimeleri ile siddetli
noétrofil ve makrofajlar hiicreleri goriiliirken, yapilan
immunositokimyasal analizde FCoV negatif sonug¢ elde
edilmistir. Sitolojik incelemeler sonrasi piyotoraks tanisi
kesinlesmis olup bakteri identifikasyonu ve antibiyogram
icin 14 giin siireyle kullanilmis olan antimikrobiyal tedavi
sonlandirildiktan bir miiddet sonra dis laboratuvara
ornekler goénderilmistir. ik gonderilen &rneklerde
aerob/anaerob ekim sonuglarina goére herhangi bir bakteri
lremesi gozlemlenmemistir. Fakat efiizyon Orneginin
patoloji laboratuvarindan gelen sonucunun piyotoraks
olmas1 sebebiyle mikrobiyoloji bdlimiine gonderilen
ornek ile uyumsuzlugu goéz oniinde bulundurulmustur.
Bunun tizerine dis laboratuvarin mikrobiyoloji bolimii ile
vaka bilgileri paylasilmis ve daha oOnce identifiye
edilememis olmasinin  olast  sebepleri giindeme
getirilmistir. ikinci kez mikrobiyoloji béliimiine gonderilen
efiizyon orneginden bakteri identifikasyonu sonucunda
Mycoplasma sp. tespit edilmistir. Antibiyogram sonucunda
ise klindamisin duyarhlig1 tespit edilmistir. Yeni bir tedavi
protokolii olarak baslanan klindamisin (Clindan®, Bilim
flag, istanbul) 5.5 mg/kg, intravendz, q12h, 14 giin olarak
kullanilmis olup sonrasinda olgunun 5. giiniinde efiizyon
siddetinde hayli azalma, istahta artis, genel durumda
iyilesme gozlemlenmeye baslanmis ve 14. Giin sonunda
taburcu edilmistir. Sonrasinda 2 ay boyunca haftada 2 kez
tekrarlanan toraks radyografilerinde yeniden sekillenen
bir plevral efiizyon tablosuna rastlanmamistir..

TARTISMA VE SONUC

Piyotoraks veya plevral ampiyem, plevral boslukta
purulent sivi birikimi ile karakterizedir (Rooney ve
Monnet 2002). Piyotoraks gen¢ ve orta yash kedileri
etkilemektedir ve bilinen bir irk veya cinsiyet yatkinligi
yoktur (Waddell ve ark. 2002). Bu olguda etkilenen kedi de
1.5 yasinda gen¢ bir kedi olmaktadir. Piyotoraksh
hayvanlarda plevranin enfekte olmasinin ana nedeni
belirgin degildir, ancak hem koépek hem de kedi i¢in
migrasyona ugrayan yabanci cisimler, delici torasik
yaralar, altta yatan pulmoner enfeksiyonda
yayllma/hematojen yayillim veya iyatrojenik nedenler
dahil olmak tizere bir¢ok olasi yol bildirilmistir (Fossum
2000). Sunulan olgudaki hasta hem iceri hem disar1 kedisi
olup, ciftlik hayvanlarinin da yogun oldugu bir ciftlikte
yasamaktadir. Herhangi bir travma ge¢misi olup olmadigi
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bilgisi hasta yakinlarindan almamamakla birlikte toraks
grafi incelemelerinde bir yabanci cisim bulgusuna
rastlanmamaistir.

Mycoplasma  spp. yavru Kkedilerde ve bagisikligi
baskilanmis eriskinlerde potansiyel bir piyotoraks
nedenidir (Gulbahar ve Gurturk 2002; Foster ve ark.
2004). Mollikiit sinifinin tiyeleri olan Mycoplasma tiirleri,
bilinen en kii¢iik prokaryotlar olup hiicre duvarindan
yoksundurlar. Mycoplasma tiirlerinin konjunktivit ve tst
solunum yolu hastaliginda birincil patojen olarak rolii hala
yogun bir sekilde tartisiimaktadir ancak organizmanin en
azindan ikincil bir enfeksiyon olarak bu kosullara katkida
bulundugu diisiiniilmektedir. Alt solunum yolu ve plevral
bosluk hastaliklar1 birincil patojen olarak Mycoplasma
tlirleri ile iliskilendirilmistir (Lee-Fowler 2014).

Mycoplasma spp. enfeksiyonlari zaman zaman pulmoner
apse ve piyotoraks nedeni olarak belgelenmistir. Bugiine
kadar bildirilen Mycoplasma tirleri ile iligkili dort
piyotoraks vakasinda (Wong ve Noor 1984; Malik ve ark.
1991; Gulbahar ve Gurturk 2002) hem miks enfeksiyonlar
hem de mono Mycoplasma tiirleri enfeksiyonu
belgelenmistir. Bu vakalarin, orofaringeal mukoza
florasindan veya es zamanli Mycoplasma spp. kaynakl
bronkopndmoni varhigindan yayilmasina baglh oldugu
diistiniilmiistiir. Olgu sunumuna konu olan vakamizda
yalmizca Mycoplasma sp. identifiye edilmis olup altinda
yatan  sebebin yine  Mycoplasma sp. kaynakl
bronkopndmoni oldugu diistiniilmektedir.

Mycoplasma  tiirleri, konak¢1  hiicrelerle iligkili
olmadiklarinda kirilgan organizmalardir; bu nedenle
numunenin kiiltiir igin uygun bir sekilde laboratuvara
tasinmast ¢ok onemlidir. Eger numunenin laboratuvara
tasinmasinda bir gecikme olacaksa Stuart besiyeri gibi 6zel
tasima besiyerlerinin kullanilmasi gerekebilmektedir. Yine
olast bir gecikme durumunda numuneler +4 oCde
saklanmali ve soguk zincir ile gonderilmelidir. Saklama ve
nakliye onerileri mikrobiyoloji laboratuvarlar1 arasinda
degisiklik gosterebilir ve numune gonderilecek her
laboratuvara danisilmasi 6nerilmektedir (LaRocco2015).
Bu olguda mikrobiyoloji laboratuvarina identifikasyon ve
antibiyogram amaciyla gonderilen effiizyon oOrneginde
herhangi bir bakteri identifiye edilememesinin sebebinin
laboratuvara tasinma kosullarina 6zen gosterilmemesidir.
ikinci 6rnegi goénderirken laboratuvarin direktifleri
dogrultusunda transport saglanmistir ve bu kosullara
dikkat ettigimizde elde edilen sonu¢ basarili olmustur.
Ornekleri kiiltiir icin génderirken Mycoplasma tiirlerinin
sebep olabilecegi enfeksiyon siiphesi var ise ilgili
laboratuvar uyarilmalidir. Bazi Mycoplasma tiirleri
standart kiiltlir besiyerlerinde iireyebilmektedir, ancak
genellikle spesifik Mycoplasma  kiiltiir  besiyerleri
gerekebilmektedir (Lee-Fowler 2014). Bu olguda da ilk
gonderim esnasinda Mycoplasma siiphesi hakkinda
laboratuvar uyarilmamistir.

Kedilerde plevral efiizyonun ayirici tanisinda plevral
efiizyona  sebebiyet verebilecek diger hastaliklar
belirtilmistir (Tablo 1). Olgunun degerlendirilmesi
esnasinda bir noktada FIP’ten siiphelenilmis olup ayirici
tant yolunda 151k tutabilecek testler yapilmistir. Olgu
Corona pozitif bulunsa da, gerek diisiik FCoV titresi
gerekse  eflizyondan  yapilan  immunositokimyasal
incelemelerde virlis pozitifliginin goériilmemesi hastanin
klinik tablosu da gz 6niinde bulunduruldugunda FIP olma
ihtimalini azaltmistir.

Calismalar  piyotoraks tanist konulmus Kkedilerin,
sagkalimlar ile ilgili olarak %73-95 oranla iyi bir sonug
edinildigini gdstermistir (Demetriou ve ark. 2002; Waddell
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ve ark. 2002, Barrs ve ark. 2005). Bununla birlikte az vaka
sayis1 ve farkll tedavi protokolleri sonug¢ elde etmeyi
zorlastirmaktadir. Kedi piyotoraks hastalarinin uzun
vadeli sonuglariyla ilgili bilgi eksikligi mevcuttur (Kramer
ve ark. 2021).

Piyotoraks tedavisinde cerrahi yaklasimlarin O6nemi
biiyiiktiir ancak antibiyotik se¢imi de son derece dnemli
olup titizlikle belirlenmesi gerekmektedir. Ozellikle son
yllarda hem beseri ve hem de veteriner hekimlik alaninda
artan antibiyotik direnci sebebiyle bakteri identifikasyonu
ve antibiyogram biiylik dnem tasimaktadir. Mycoplasma
tirlerinin tetrasiklinler, makrolidler, florokinolonlar,
linkozamidler, kloramfenikol ve aminoglikozitlere duyarl
oldugu bildirilmektedir (Papich 2012). Hiicre duvari
olmamasi sebebiyle (-laktam antibiyotikler (penisilinler,
sefalosporinler vb.) Mycoplasma tiirlerine karsi etkili
degildir.  Olgunun baslangicta  belirlenen  tedavi
protokoliinde tarafimizca kullanilmis olan sefalosporin
grubunun herhangi bir katki saglamamasiin, Kklinik
tablonun iyiye gitmemesinin sebebi olarak bu
gosterilebilmektedir. Sefalosporin grubu ile baslanan
tedavi  protokoliine ilerleyen giinlerde eklenen
enrofloksasin etkeninin effiizyon karakterinde degisiklik
yapmasinin nedeni ise bu etkenin Mycoplasma sp. lizerinde
etkili olmasi olarak yorumlanmaktadir. Antibiyogram
sonucuna gore sectigimiz  klindamisin  kullanimi
sonucunda hasta kisa siirede saghgina kavusup taburcu
edilmistir.

Bu olgu, Kklinik rutininde hem ayirict taninin
degerlendirilmesi hem de piyotoraks vakalarinda ilk
etapta tercih edilen genis spektrumlu antibiyotik kullanimi
sonucunda yanit alimamamasi sebebiyle bakteri
identifikasyonu ve antibiyogram sonucunun O6nemini
vurgulamak amaciyla yazilmistir. Piyotoraks olgularinda
hem ayirict tani hem de antimikrobiyal se¢iminde
klinisyenlere yol gostermesi hedeflenmistir.
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