ERCIYES UNIVERSITESiIi VETERINER FAKULTESI DERGISI
Journal of Faculty of Veterinary Medicine, Erciyes University

ICINDEKILER / CONTENTS 22(1): 01-64, 2025
Sayfa / Page

ARASTIRMA MAKALELERI / RESEARCH ARTICLES

Papillary Architecture of the Lingual Surface in Greater Flamingo (Phoenicopterus roseus, Pallas 1811)...1
Greater Flamingoda (Phoenicopterus roseus, Pallas 1811) Dil Yizeyinin Papiller Mimarisi
. ORHAN, A. ALAN, F. KOSE, A. DUZLER

Shape Analysis of Otoliths of Capoeta trutta (Heckel, 1843) and Capoeta umbla (Heckel, 1843)

Species by Geometric MOrphOmMEetry.............cooiuiiiiiiiiiiiiiiei s sa s e s e st srsaasnnsnsnsnsnnnnnsnnensnnnn 7
Capoeta trutta (Heckel, 1843) ve Capoeta umbla (Heckel, 1843) Turlerinin Otolitlerinin Geometrik

Morfometri ile Sekil Analizi

M.Y. DORTBUDAK, Y. DEMIRASLAN, I. DEMIRCIOGLU, F. AKSUNGER KARAAVCI

The Effects of Mesoporous Silica Nanoparticles on Spermatological Parameters of Merino Ram.............. 13
Mezogbzenekli Silika Nanopargaciklarin Kog Spermatolojik Parametreleri Uzerine Etkisi
A.E. OZTURK, A. BALCI, G. SIVRI, P. LEBLEBICI, A. SAGLAM, Z. KILINC, E.G. YILDIZ, M. BODU

istanbul ilindeki Bazi Veteriner Kliniklerinde Muayene Edilen Kedilerde Obezite ve Risk Faktérlerinin

D) € Y T € I Cl 1 7YY € S 19
Evaluation of Obesity and Risk Factors in Cats Examined at Selected Veterinary Clinics in istanbul

E. OZENIR, E. BAYTOK, S. YILMAZ OZTAS

Nevsehir Yoresindeki Sahipli Kedi ve Kopeklerde Giardia duodenalis’in Molekiiler Prevalansi

Ve GeNetik KaraKt@riZASYONUL...........cuiieeeuusiiiieessssieisssseessssssseresssssssetsssssssseresssssssensssssssssessssssnsesenmmn 28
Molecular Prevalence and Genetic Characterization of Giardia duodenalis in Owned Cats and Dogs

from Nevsehir Province

B. SATASMAZ, G.K. KARADEMIR, A. CILOGLU

Evaluating the Therapeutic Impact of Autologous Platelet-Rich Plasma (PRP) on Long Bone Fracture

L L T Yo Ty T O P 36
Kedilerde Uzun Kemik Kiriklarinin lyilesmesinde Otolog Trombositten Zengin Plazmanin (PRP)

Terapdtik Etkisinin Degerlendiriimesi

N.D. YASRIN, I. ERGIN

The Usefulness of the HASTE Sequence in the Diagnosis of Spinal Diseases in Dogs and Cats............... 45
Képeklerde ve Kedilerde Spinal Hastaliklarinin Tanisinda HASTE Sekansinin Kullanilabilirligi
M.N. CETIN, Y.S. SIRIN, B. NEYSE

DERLEMELER / REVIEW ARTICLES

Kedi ve Képek Dermatolojisinde Kriyoterapi Uygulamalari...............cuuuuiieeeiermnnesssersnsmmmssesssessseseennssenns 51
Cryotherapy Applications in Cat and Dog Dermatology
S. CAFER, R. GONUL, M. ERMAN

Yenidogan Ruminantlarda Propolis KUIIaNIMI.............cceiuiieeiuueiiieiinasesseneassesessnnssssssesessessssennnsnssssessnnes 58
Usage of Propolis in Newborn Ruminants
O. KABILOGLU, A. KABILOGLU, I. ABAS

Erciyes Universitesi Veteriner Fakiiltesi Dergisi

r e
IStirma L"Jni\/e\'s"‘ee

ERCIYES UNIVERSITESI
VETERINER FAKULTESI| DERGISI

Journal of Faculty of Veterinary Medicine, Erciyes University

Journal of Faculty of Veterinary Medicine, Erciyes University

22(1): 01- 64, 2025

ISSN-1304-7280
Y'_"Year: 2025 Yilda 3 sayi yayimlanir / Published 3 issues per year
Cilt/Volume: 22 http://ercivet.erciyes.edu.tr
Sayi/Number: 1 E-posta: ercvet@gmail.com




Yil / Year : 2025
Cilt/ Volume :22
Sayr/Number :1

ISSN-1304-7280

Erciyes Universitesi
Veteriner Fakultesi Dergisi

Journal of Faculty of Veterinary Medicine,
Erciyes University

Yilda 3 sayi1 yayimlanir
Published 3 issues per year

Bu dergi Web of Science- Zoological Records, EBSCO
Host, CABI Abstracts, World Agricultural
Economicsand Rural Sociology Abstract, Global
Health, Tubitak-Ulakbim TR Dizin ve Turkiye Atif Dizini
tarafindan dizinlenmektedir.

This journal is reviewed by Web of Science- Zoological
Records, EBSCO Host, CABI Abstracts, World Agricultural
Economicsand Rural Sociology Abstract, Global Health,
Tubitak-Ulakbim TR Dizin and Turkey Citation Index.

http://ercivet.erciyes.edu.tr

E-posta: ercvet@gmail.com


mailto:ercivet@erciyes.edu.tr
mailto:ercvet@gmail.com

Baski Tarihi: Nisan 2025



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

Sahibi / Owner

Erciyes Universitesi Veteriner Fakiiltesi Adina

Prof. Dr. Murat KANBUR (Dekan)

Bas Editor / Editor-in Chief

Prof. Dr. Oznur ASLAN

Editor Yardimcilari / Assistant Editors
Prof. Dr. Secil ABAY

Prof. Dr. Emel ALAN

Prof. Dr. Kanber KARA

Dog. Dr. Fatih Dogan KOCA

Dog. Dr. Aykut GRAM

Dr. Ogr. Uyesi Fadime DALDABAN

Dr. Ogr. Uyesi Emre TUFEKGI

Dergi Sekreterleri / Journal Secretary
Dr. Ogretim Uyesi Gamze OZKAYA

Dr. Ogretim Uyesi Mukaddes BAREL
Ars. Gor. Sena YILMAZ

Yayin Kurulu/ Editorial Consultants
Prof. Dr. Mehmet CITIL

Prof. Dr. Meryem EREN

istatistik Danismani / Statistical Editor
Dr. Ogr. Uyesi Elif CELIK GURBULAK (Istatistik)
ingilizce Dil Danigmani / Language Editor

Dr. Ogr. Gér. Mustafa OZER

Ars. Gor. Seyma ASAR

Danigma Kurulu / Advisory Board
Prof. Dr. Ali AYDIN

Prof. Dr. Ayse Arzu YIGIT

Prof. Dr. Aytekin GUNLU

Assoc. Prof. Dr. Corneliu BRASLASU
Prof. Dr. Ender YARSAN

Prof. Dr. Funda KIRAL

Dr. Gediminas VALKIUNAS

Prof. Dr. med. vet. Heiner Bollwein
Prof. Dr. I. Safa GURCAN

Prof. Dr. isa OZAYDIN

Prof. Dr. Kadir YESILBAG

Ass. Prof. Dr. Klaus RIEDELBERGER
Prof. Dr. Korhan ALTUNBAS
Assist. Prof. Linda Mdiller

Prof. Dr. Mariusz P. Kowalewski
Prof. Dr. Mehmet Bozkurt ATAMAN
Prof. Dr. Mustafa GARIP

Prof. Dr. Miinir AKTAS

Prof. Dr. Nuh KILIG

Prof. Dr. Oguz KUL

Prof. Dr. Oktay GENC

Assoc. Prof. Orsolya Balogh

Prof. Dr. Selim ASLAN

Prof. Dr. Ozcan OZGEL

Prof. Dr. Rahsan OZEN

Prof. Dr. Sinan AKTAS

Prof. Dr. Staffan BENSCH

Prof. Dr. Sukri Metin PANCARCI
Prof. Dr. Taylan AKSU

Prof. Dr. Thomas RULICKE

Prof. Dr. Thomas WITTEK

Yazigma Adresi / Correspondence
Erciyes Universitesi, Veteriner Fakiiltesi
Dergisi EditorlGgi

38039-Kayseri / TURKIYE

Yilda 3 sayr yayimlanir
Published 3 issues per year

(Erciyes Univ. Vet. Fak.)

(Erciyes Univ. Vet. Fak.)
(Erciyes Univ. Vet. Fak.)
(Erciyes Univ. Vet. Fak.)
(Erciyes Univ. Vet. Fak.)
(Erciyes Univ. Vet. Fak.)
(Erciyes Univ. Vet. Fak.)
(Erciyes Univ. Vet. Fak.)

(Erciyes Univ. Vet. Fak.)
(Erciyes Univ. Vet. Fak.)
(Erciyes Univ. Vet. Fak.)

(Erciyes Univ. Vet. Fak.)
(Erciyes Univ. Vet. Fak.)

(Erciyes Univ. Vet. Fak.)

(Abdullah Giil Yabanci Diller YO.)
(Erciyes Univ. Ingiliz Dili ve Edebiyatr)

(Istanbul Univ. Cerrahpaga Vet. Fak.)

(Kirikkale Univ. Vet. Fak.)

(Selguk Univ. Vet. Fak.)

(Univ. Agricultural Sci. Vet. Med. Bucharest)

(Ankara Univ. Vet. Fak.)

(Adnan Menderes Univ. Vet. Fak.)

(Nature Research Centre Vilnius)

(Clinic of Reproductive Med. Vetsuisse Fac. Univ. of Zurich, Switzerland)
(Ankara Univ. Vet. Fak)

(Kafkas Univ. Vet. Fak.)

(Uludag Univ. Vet. Fak.)

(Univ. Veterinary Med. Vienna)

(Afyon Kocatepe Univ. Vet. Fak.)

(University of Veterinary Medicine Budapest, Hungary)
(Institute of Veterinary Anatomy, Vetsuisse-Faculty University of Zurich)
(Selguk Univ. Vet. Fak.)

(Selguk Univ. Vet. Fak.)

(Firat Univ. Vet. Fak.)

(Adnan Menderes Univ. Vet. Fak.)

(Kirikkale Univ. Vet. Fak.)

(Ondokuz Mayis Univ. Vet. Fak.)

(Theriogenology Virginia-Maryland College of Veterinary Medicine, Blacksburg)
(Near East University, Faculty of Vet. Med. North Cyprus)
(Mehmet Akif Ersoy Univ. Vet. Fak.)

(Firat Univ. Vek. Fak.)

(Atatiirk Univ. Vet. Fak.)

(University of Lund Vilnius)

(Balikesir Univ. Vet. Fak.)

(Yuziined Yil Univ. Vet. Fak.)

(Univ. Veterinary Med. Vienna)

(Univ. Veterinary Med. Vienna)

http://ercivet.erciyes.edu.tr
E-posta : ercvet@gmail.com
Tel 1035233994 84
Fax 10352337 27 40

Yayin Tiirii / Publication Type: Yaygin sureli ve hakemli/ Common term and peer reviewed

Mizanpaj / Designer: Erhan GUMUS

Basim / Print: Erciyes Universitesi Matbaasi, Melikgazi/KAYSERI
ISSN-1304-728



iCINDEKILER / CONTENTS
Sayfa / Page
ARASTIRMA MAKALELERI / RESEARCH ARTICLES

Papillary Architecture of the Lingual Surface in Greater Flamingo (Phoenicopterus roseus, Pallas 1811)...1
Greater Flamingoda (Phoenicopterus roseus, Pallas 1811) Dil Yizeyinin Papiller Mimarisi
. ORHAN, A. ALAN, F. KOSE, A. DUZLER

Shape Analysis of Otoliths of Capoeta trutta (Heckel, 1843) and Capoeta umbla (Heckel, 1843)

Species by Geometric MOrphomEetry.........ccviiiiiiiiiiiiii et s e e e s s e aaaarnanrnnnnes 7
Capoeta trutta (Heckel, 1843) ve Capoeta umbla (Heckel, 1843) Turlerinin Otolitlerinin Geometrik

Morfometri ile Sekil Analizi

M.Y. DORTBUDAK, Y. DEMIRASLAN, I. DEMIRCIOGLU, F. AKSUNGER KARAAVCI

The Effects of Mesoporous Silica Nanoparticles on Spermatological Parameters of Merino Ram.............. 13
Mezogo6zenekli Silika Nanopargaciklarin Kog Spermatolojik Parametreleri Uzerine Etkisi
A.E. OZTURK, A. BALCI, G. SIVRI, P. LEBLEBICI, A. SAGLAM, Z. KILING, E.G. YILDIZ, M. BODU

istanbul ilindeki Bazi Veteriner Kliniklerinde Muayene Edilen Kedilerde Obezite ve Risk Faktérlerinin

010 LTy L= e [Ty T =X TSRS 19
Evaluation of Obesity and Risk Factors in Cats Examined at Selected Veterinary Clinics in istanbul

E. OZENIR, E. BAYTOK, S. YILMAZ OZTAS

Nevsehir Yoresindeki Sahipli Kedi ve Képeklerde Giardia duodenalis’in Molekiiler Prevalansi

Ve GeNetik KaraKteriZaSyONU.........cu.uiiiiuuiiiiiueieetaeeeietrea s s et s e et s eeea s e erea s e eaa s ereaseersaseeeansseennsnnes 28
Molecular Prevalence and Genetic Characterization of Giardia duodenalis in Owned Cats and Dogs

from Nevsehir Province

B. SATASMAZ, G.K. KARADEMIR, A. CILOGLU

Evaluating the Therapeutic Impact of Autologous Platelet-Rich Plasma (PRP) on Long Bone Fracture

[ L 1T e T T - PSPPI 36
Kedilerde Uzun Kemik Kiriklarinin lyilesmesinde Otolog Trombositten Zengin Plazmanin (PRP)

Terapétik Etkisinin Degerlendiriimesi

N.D. YASRIN, i. ERGIN

The Usefulness of the HASTE Sequence in the Diagnosis of Spinal Diseases in Dogs and Cats................ 45
Képeklerde ve Kedilerde Spinal Hastaliklarinin Tanisinda HASTE Sekansinin Kullanilabilirligi
M.N. CETIN, Y.S. SIRIN, B. NEYSE

DERLEMELER / REVIEW ARTICLES

Kedi ve Kopek Dermatolojisinde Kriyoterapi Uygulamalari..........c.cooviiiiiiiiii e e 51
Cryotherapy Applications in Cat and Dog Dermatology
S. CAFER, R. GONUL, M. ERMAN

Yenidogan Ruminantlarda Propolis KUlIaNIMI.............veeuuiiiiieiiiii e eeee e e e e e e e s e e errns e e e ea e e e e ernnns 58
Usage of Propolis in Newborn Ruminants
O. KABILOGLU, A. KABILOGLU, I. ABAS



ERCIYES UNIVERSITESi VETERINER FAKULTESIiI DERGISI
Journal of Faculty of Veterinary Medicine, Erciyes University

Research Article/Arastirma Makalesi
22(1), 1-6, 2025
DOI: 10.32707/ercivet.1556144
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Abstract: The tongues of birds, which are generally adapted to their feeding habits, have a wide variety of anatomical
structures. The tongue structures of flamingos are equipped with the ability to make 3 different types of feedings. The
aim of this study was to examine the lingual structures of flamingos. Cuticula cornificata linguae (nail tongue) structure
was not observed in flamingos, which were found to have significant size and numerous papillae lingua rostralis. Micro
papilla structure was observed on papilla lingua rostralis in SEM images. In the Greater flamingo, the orifices of sali-
vary glands were found to be located /ateral to the corpus of the tongue. The rugae linguae structure was recorded for
the first time in Greater Flamingos.

Keywords: Anatomy, flamingo, lingual architecture, SEM, tongue

Greater Flamingoda (Phoenicopterus roseus, Pallas 1811) Dil Yiizeyinin Papiller Mimarisi

Oz: Genellikle kuslarin beslenme sekillerine uyum saglayan dilleri, gok gesitli anatomik yapilara sahiptir. Flamingolarin
dil yapilari 3 farkli beslenme tipine uygun bigiminde donatiimistir. Bu ¢alismanin amaci flamingolarin dil yapilarini ince-
lemektir. Onemli biiyiikliikte ve gok sayida papilla lingua rostralis'e sahip oldugu tespit edilen flamingolarda cuticula
cornificata linguae (dil tirnagi) yapisina rastlanmadi. SEM gorintilerinde papilla lingua rostralis Gizerinde micro papilla
yapisi goéruldi. Greater flamingolarda tiklrik bezlerinin deliklerinin corpus lingua’'nin yan tarafinda yer aldigi tespit
edildi. Rugae linguae yapisi ilk kez Greater flamingolarinda kaydedildi.

Anahtar kelimeler: Anatomi, dil yapisi, flamingo, lingua, SEM

Introduction

Birds should also be considered unique in the animal
world because of the wide variety of shapes and
structures of their tongues. A bird's tongue can be
very long, very short, hairy at the tips, have spines of
various sizes, and in some species show specific
adaptations for feeding (Johnston, 2014; Ahmed et
al., 2018). Birds with different lifestyles and dietary
habits adapt to these situations thanks to changes in
their tongue and beak structures in order to reach
different food sources (Emura and Chen, 2008).

There have been some studies on tongue structures
and especially papillary architecture in birds. For ex-
ample, Finch (Heidweiller and Zweers, 1990), Carib-
bean and Greater flamingos (Zweers et al., 1995),
penguins (Kobayashi et al., 1998), Andean-James’
and Chilean flamingos (Mascitti and Kravetz, 2002),
Western Sandpiper and Dunlin (Elner et al., 2005),
White Tailed eagle (Jackowiak and Godynicki, 2005),
cormorants (Jackowiak et al., 2006), Peregrine Fal-
con and Common Kestrel (Emura et al., 2008), os-
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trich (Jackowiak and Ludwig, 2008), Oriental Scops
owl (Emura et al., 2009), Blue-and-White Flycatcher,
Hawfinch and Japanese White-eye (Emura et al.,
2010), long-legged buzzards (Erdogan et al., 2012),
storks (Tutuncu et al., 2012), quail (Pourlis, 2014),
common buzzards and seagulls (Onuk et al., 2015),
domestic duck (Skieresz-Szewczyk and Jackowiak,
2016) and Egyptian little owl (Ahmed et al., 2018),
Guinea Fowl (ligun et al., 2020), barn owls (Ozkadif
et al,, 2023).

Filter feeders filter food particles and other suspend-
ed matter from water and sludge. Some flamingos,
many ducks and geese, prions and avocets are
among notable filter feeders. There are several differ-
ent methods of how filter feeders filter food; first
method is to shake the beak and use the beak to
strain out food. The second method is to press the
tongue and use it like a pump. Water/mud fills the
oral cavity and then tongue is pressed against the
palate and water/mud is thrown sideways through the
papillae that capture solid food particles. Flamingos
are the best known filter feeders that use both filter
feeding methods. In shallow water, their large tongue
acts like a piston, sucking the water in front of the
beak and then pushing it out of the sides. Fringed
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Flamingo papillary architecture...

plates on the tongue trap algae and crustaceans.
However, they do this with their beaks upside down
(upper jaw below). For larger foodstuffs, they are fed
using the 'catch and throw' mechanism where the
role of tongue is unknown (Zweers et al., 1995; Hol-
liday et al., 2006; Erdodan and Iwasaki, 2014; John-
ston, 2014).

Considering that, in birds, the tongue has an im-
portant role in taking food, so its shape and morphol-
ogy are affected by the nutrition method and the envi-
ronment of the animal (Erdogan and Pérez, 2015;
Skieresz-Szewczyk and Jackowiak, 2016; Tabasi and
Mohammadpour, 2019).

In addition, other SEM conducted on pheasant
tongue, red-necked phalarope, rainbow lorikeet, scar-
let macaw, grey crowned crane (Balearica regulo-
rum), American flamingo (Phoenicopterus ruber),
great egret (Ardea alba), mallard (Anas platyrhyn-
chos), black-necked stilt (Himantopus mexicanus),
Himalayan monal (Lophophorus impejanus) and
green macaw (Ara militaris) show the connection
between the feeding habits of birds and the shape of
their tongue (Emura, 2016; Tabasi and Moham-
madpour, 2019).

In flamingos, there are 20 bilaterally located papillae
lingua rostralis on the dorsolateral surface of the
tongue, decreasing in height from rostral to caudal. In
flamingos, there are 20 papillae lingua caudalis locat-
ed transversely in 2 series parallel to each other on
the dorsal surface of the caudal end of the tongue
(Zweers et al., 1995; Mascitti and Kravetz, 2002).

This study on the lingual papillae of the greater fla-
mingo (Phoenicopterus roseus) species provides new
findings in addition to previous studies in the litera-
ture, and these findings are thought to contribute
significantly to the species' morphology. In this study,
it is aimed to reveal the papillary architecture by ex-
amining the macro anatomical and electron micro-
scopic structure of the tongue in Greater Flamingos,
and to compare it with other bird species and espe-
cially other flamingo species.

Material and Methods

In this study, 2 females and 3 males Greater flamingo
tongues were used. Two of them died during the op-
eration at the Erciyes University Veterinary Faculty,
where they were brought as a result of trauma, while
the other three were found dead by a bird watcher
around Sultan Reedy National Park and brought to
the faculty.

Macro measurements were made immediately after
the tongues were dissected together with the larynge-
al region. Afterwards, for SEM application, the
tongues were cut into pieces of appropriate sizes
from different parts, washed with 0.1 M phosphate
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buffer solution, and then fixed with 2.5% glutaralde-
hyde for 6 hours. Afterwards, it was washed again
with 0.1 M phosphate buffer solution and then fixed
with 1% osmium tetroxide. Subsequently, dehydra-
tion with acetone, critical-point drying and coating
with gold ions were performed according to the SEM
procedures by Alan et al., (2020) and Onuk et al.,
(2013). Samples were examined and photographed
with a scanning electron microscope (Leica, model
Leo S440, Leica Cambridge, Cambridge, UK). Nomi-
na Anatomica Avium (Baumel et al., 1993) is used for
terminology.

Results

It was observed that the length of the examined fla-
mingo tongues was 12.5+1 cm on average from the
apex to the glottis cleft, and the average width was
2.310.1 cm at the widest part. It was determined that
the rostral 1/3 of the tongue was raised at an angle of
30° from the apex to the dorsal in harmony with the
beak, and the apex lingua, which was flattened in the
dorsoventral direction, expanded on both sides and
formed a full margo linguae. Cuticula cornificata lin-
guae (tongue nail) structure seen in some birds was
not observed in the samples examined (Figure 1A).
The presence of sulcus linguae continuing backwards
from the apex was detected on the dorsal surface of
the tongue. In the ascending part from the apex to
the dorsum lingua, caudomedial directional fan-
shaped, faint rugae linguae structures were deter-
mined (Figure 4A).

BIREE S e

Figure 1. A. Dorsolateral; B. Dorsal view of tongue. Ap.L:
Apex lingua; CL: Corpus lingua; DL: Dorsum lingua; ML:
Margo lingualis; PLC: Papilla lingua caudalis; PLR: Papilla
lingua rostralis; RL: Radix lingua; SL: Sulcus lingua; T:
Torus lingua
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In the dorsum lingua, it was determined that there
were 15 bilateral single rows of backward-curving
spines (papilla lingua rostralis) on the right and left of
the sulcus lingua (Figure 1, 2, 5). One or two irregu-
lar, eccentric and small intermediate papillae were
found in each flamingo tongue studied. It was ob-
served that the size of the papilla lingua rostralis de-
creased from 4.5 mm to 2 mm caudally. The pres-
ence of a second set of papillae parallel to the caudal
10 papillae was noted (Figure 2). The placement of
the papillae forming this /ateral row coincided with the
intervals of the inner row of papillae linguae rostralis,
like the opposite teeth of the zipper.

Figure 2. A. Lateral B. Dorso-lateral view of dorsum lin-
guae. PLR: Papilla linguae rostrales; E: Exantric papilla; S:
Second set of papillae

It was observed that the forus lingua was formed with
a ridge at the end of the papillae linguae rostrales. A
total of 30 papillae lingua caudalis were seen on the
transversal axis just behind the forus lingua, in two
parallel rows, the anterior row being shorter. The
lengths of 14 papillae (Figure 3) in the anterior row
ranged from 1-1.5 mm. In the posterior row, there
were a total of 16 papillae with a length of 1.5-2.5 mm
(Figure 3). On both sides of the transversal rows of
the papillae lingua caudalis, a different row of longitu-
dinally arranged papillae was detected. Each of these
two different sets of papillae on the left and right
sides of the tongue consisted of 10-12 papillae
(Figure 3). These papillae can also be called lateral
longitudinal papillae linguae caudalis because of their
position and arrangement.

imdat ORHAN

Figure 3. Dorsal view of radix lingua. A. Dissection micros-
cope, B. Scanning Electron microscope. T: Torus lingua;
rPLC: Rostral series of Papillae linguae caudales; cPLC:
Caudal series of Papillae linguae caudales; x: Series of
lateral longitudinal papillae; R: Radix lingua.

In SEM examinations, it was observed that the apex
lingua had a flat surface and was covered with rough
and scaly small lamellae, desquamating superficial
cells (epithelium stratificatum squamosum) towards
the corpus (Figure 4A2, B1, C2, Fig. 5 B1, B2). On
the lateral surface of the corpus lingua, many orifices
belonging to the ducts of the glandula linguales were
observed (Figure 4C). When these orifices were ex-
amined more closely, taste buds were detected near-

Figure 4. SEM images of surface of lingua. Surface of apex
lingua. A1. 41X; A2. 750X; arrow: Rugae linguae; B1.
Desquamating superficial cells on surface of apex lingua
1000X; B2. 15000X; Lateral surface of corpus lingua: Orifi-
cies of glandulae linguales; C1. 160X; C2. 500X. Taste
buds in orifices.
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In the SEM images of the papilla lingua rostralis
found in the dorsum lingua, the presence of grooves
starting from the ends of the papillae and continuing
along their bodies was remarkable (Figure 5A1). On
the papilla lingua rostralis and towards the radix,
there were flat-conical secondary micro-papillary
spines (Figure 5B1, B2).

Figure 5. Papilla lingua rostralis and micropapillas. A1.
Dorsal view 25X; Arrow: groove on the Papilla lingua ros-
tralis; A2. Lateral view 35X; B1. Medial view 150X; B2. Me-
dial view 325X; Arrowhead: micropapillar spines
(desquamating cells).

Discussion and Conclusion

As reported in other studies examining the macro
anatomical tongue in flamingos Zweers et al., (1995);
Mascitti and Kravetz, (2002), the large and fleshly
tongue in Greater flamingos rises from the apex to
the dorsum lingua in line with the beak and on either
side of the apex lingua it formed a plump margo lin-
gualis structure. In the research of Emura (2016), the
tongue of an American (Chilean) flamingo has a
length of about 8.5 cm and a width of 1.9 cm. The
Greater Filamingo tongues we examined in our study
had an average length of 12.25+1.25 cm and an av-
erage width of 2.3+0.1 cm.

According to Zweers et al., (1995); Erdogan and Iwa-
saki (2014) and Onuk et al., (2015) in long-legged
buzzards and seagulls, the sulcus lingualis structure,
which is seen in the median line on the dorsal surface
of the tongue in anseriform birds and flamingos, was
also seen in the Greater flamingos examined in this
study.

Rugae linguae structure has not been reported in the
tongue of any poultry in the literature as reported by
Zweers et al., (1995) and Mascitti and Kravetz (2002)
in flamingos, Onuk et al., (2015) in long-legged buz-
zards and seagulls, Tutuncu et al., (2012) in storks,
(other bird species can be added if you wish).The
presence of rugae linguae structure, which was also
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reported terminologically in Nomina Anatomica Avium
(Baumel et al.,1993), was recorded for the first time
in Greater flamingos (Figure 4A1 and A2).

Mascitti and Kravetz (2002) report that Chilean
(Phoenicopterus chilensis), Andean (Phoenicoparrus
andinus) and James' (Phoenicoparrus jamesi) flamin-
gos have papillae linguae rostralis, which consists of
approximately 20 flexible spines, the height of which
decreases from rostral to caudale (3.5 to 1.0 mm).
Again, according to this study, there are 20 papillae
linguae rostralis in phoenicopterus species and the
papilla height varies between 1.0 and 1.5 mm.
Zweers et al., (1995) reported that Caribbean Flamin-
go (Phoenicopterus ruber ruber) tongues have ap-
proximately 20 flexible spinae, papilla lingua rostralis,
and their length is shortened from 5 mm to 3 mm
from rostral to caudal. According to our study, the
number of papillae linguae rostrales was found to be
30 in the Greater flamingo. The lengths of these pa-
pillae decreased from 4.5 mm to 2 mm from rostral to
caudal.

It has been reported that approximately 20 papillae
lingua caudalis in two transversal rows in Greater
flamingos Zweers et al., (1995). Consistent with the
literature, in our study, it was determined that the
papillae lingua caudalis were in the form of two trans-
versal rows, but the number was 30 different from the
literature.

The difference in the number of papillae reported in
the literature and the number of papillae reported in
our study was attributed to the fact that the counting
process in the literature (Zweers et al., 1995, Mascitti
and Kravetz, 2002) was not performed clearly and
was reported as an approximate number. In addition,
although two different flamingo species were studied
in the study of Zweers et al., (1995), it was not clearly
stated from which flamingo the papilla findings were
obtained. If Zweers et al., (1995) obtained their nu-
merical findings from Caribbean flamingos, it is nor-
mal to have different findings from the Greater flamin-
gos we studied.

Desquamating cells structure has been reported to
exist on the surface of the tongue in orientel scops
owl (Emura et al., 2009), on the surface of conical
papillae in Japanese white-eye (Emura et al., 2010),
on the surface of the tongue in Cormorants
(Jackowiak et al., 2006), in the body of the tongue in
white tailed eagle (Jackowiak and Godynicki, 2005),
and in the root of the tongue in ostrich (Jackowiak
and Ludwig, 2008). In this study, the structure of des-
quamating cells, epithelium stratificatum squamosum,
was determined on the apex lingua, on the dorsal
surface of the tongue, on the papilla lingua rostralis
and on the papilla lingua caudales on the radix lingua
in flamingos.
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It has been reported that there are orifices in the
ducts of the lingual glands in various parts of the
tongue in birds. It has been reported that these orific-
es, through which the tongue salivary glands open,
were found on the corpus lingua in sandbirds (Elner
et al.,, 2005), falcons and kestrels (Emura et al.,
2008); on the radix lingua in the striped owl (Emura et
al., 2009), the blue flycatcher, the great-headed
Finch, and the Japanese white-eye bird (Emura et al.,
2010); the base of the tongue in the Finch
(Heidweiller and Zweers, 1990), and on the surface
of the tongue in the ostrich (Jackowiak and Ludwig,
2008). In our study, orifices of lingual glands were
observed in accordance with the literature. In the
Greater flamingo, these orifices were found to be
located /ateral to the corpus of the tongue.

In a study on duck tongues, it was stated that food
filtration apparatus on the tongue surface includes
conical and filiform papillae (Skieresz-Szewczyk and
Jackowiak, 2016). In addition to the lingua rostralis
and caudalis, which form large conical papillae in the
Great flamingo, there is also a longitudinal caudola-
teral series of papillae. The flamingos we examined
do not have filiform papillae.

Skieresz-Szewczyk and Jackowiak, (2016) reported
that structures related to intraoral transport include
the sulcus medianus linguae, lingual combs, the ros-
tral border of the lingual process, and prominent coni-
cal rows of papillae on the lingual eminent. In our
study, it was determined that flamingos have conical
papillae, sulcus lingua and torus lingua structures
from these structures.

The tongues of flamingos, which can catch and swal-
low large pieces of live food, swallow small pieces by
distinguishing them from water, and feed by filtering
microorganisms from the water, are designed in such
a way that these 3 different types of feedings can be
very successful. Flamingos can perform these 3
types of feeding thanks to the presence of pointed
apex lingua and spina-shaped papillae lingua ros-
tralis, which are developed to catch and swallow
large pieces; papillae lingua rostralis and caudalis,
which help to separate small pieces from water and
swallow them; and all other papillae, which help to
filter microorganisms in the water. With this study, the
anatomical structure specific to its functions and the
species-specific anatomy and papillary architecture of
the flamingo tongue were revealed.
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Abstract: Capoeta (C.) trutta (Heckel, 1843) and Capoeta umbla (Heckel, 1843) are the most common species living
in the Tigris and Euphrates rivers. This study aimed analyze the shape of the otoliths of C. trutta and C. umbla fish from
the Capoeta genus, which inhabit the Tigris River in Turkey. The geometric morphometric method was used to identify
and compare the similarities and differences between these fish species. A total of 72 right otoliths, (for each species
36), were used. Geometric morphometric analyses were performed by marking semi-landmark and landmarklar on the
otoliths. When the data were examined, it was determined that the first principal component accounted for 25.15% of
the total shape difference, while the first four principal components (PC1+PC2+PC3+PC4) accounted for 59.14% of the
total shape difference. According to the regression analysis of shape over size, 9.2615% of shape can be predicted in
terms of size by groups and it was determined as 26.0817% of shape according to PC1 (P: 0.0001), 7.1205% accord-
ing to PC2 (P: 0.0233) and 10.2255 (P: 0.0051) according to PC3 can be predicted. According to the cross-validation
score, 7 (19.44%) samples from C. trutta and 4 (11.11%) samples from C. umbla were involved in the opposite group,
and these results showed that the two groups had a successful grouping (at least 80%) according to the shape. Conse-
quently, it is thought that the data of the present study can be reference data for many disciplines, especially the taxo-
nomic classification of the species in question.

Keywords: Capoeta, geometric morphometry, otolith, semilandmark, shape analysis

Capoeta trutta (Heckel, 1843) ve Capoeta umbla (Heckel, 1843) Tiirlerinin Otolitlerinin Geometrik Morfometri
ile Sekil

Oz: Capoeta (C.) trutta (Heckel, 1843) ve Capoeta umbla (Heckel, 1843) Dicle ve Firat nehirlerinde yasayan en yaygin
turlerdir. Bu calismada, Turkiye'de Dicle Nehri'nde yasayan Capoeta cinsine ait C. trutta ve C. umbla baliklarinin otolit-
lerinin geometrik morfometrik yontem kullanilarak sekil analizlerinin yapilmasi ve aralarindaki benzerlik ve farkhliklarin
ortaya konulmasi amaglanmistir. Her biri 36 adet olmak Uizere toplam 72 adet sag otolit kullaniimistir. Geometrik mor-
fometrik analizler otolitlerin Uzerine semilandmarklar ve landmarklar konularak gerceklestiriimistir. Veriler
incelendiginde, ilk temel bilesen toplam sekil farkinin %25.15'ini olustururken, ilk dort temel bilesenin
(PC1+PC2+PC3+PC4) toplam sekil farkinin %59.144'Unu olusturdudu belirlenmistir. Boyut Gzerinden seklin regresyon
analizine gore, gruplar tarafindan boyut agisindan seklin %9.2615'inin tahmin edilebildigi ve PC1'e goére seklin %
26.0817'sinin (P: 0.0001), PC2'ye gore %7.1205'inin (P: 0.0233) ve PC3'e gore 10.2255'inin (P: 0.0051) tahmin edile-
bildigi belirlenmistir. Capraz dogrulama skoruna gore C. trutta’dan 7 (%19.44) ve C. umbla'dan 4 (%11.11) 6rnek zit
grupta yer almis ve bu sonuglar iki grubun sekle gére basarili bir gruplama (en az %80) yaptigini gostermistir. Sonug
olarak, mevcut ¢alismanin verilerinin s6z konusu tirlerin taksonomik siniflandirmasi basta olmak tzere birgok disiplin
icin referans veri olabilecegi disinulmektedir.

Anahtar kelimeler: Capoeta, geometrik morfometri, otolit, semilandmark, sekil analizi

Introduction

There are C. trutta and C. umbla species belonging
to the genus Capoeta in the Tigris and Euphrates
river systems. These species are among the most
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common and dominant fish of the river system (Kuru,
1975; Unlii, 1991). It is inevitable for species with a
wide distribution to show some genetic variations due
to the different ecological conditions in which they live
in river systems. Morphometric variation is used to
distinguish similar fish species and to identify hybrids
(Carlson et al., 1985). For this reason, morphometric
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and meristic variations of C. trutta (Heckel, 1843) and
C. umbla species (Heckel, 1843), which are widely
distributed in the Tigris and Euphrates river basins,
were attempted to be determined by discriminant
analysis (Cigek, 2009).

Diagnostic characteristics of C. frutta are D.III-IV/8,
ALllIl/5, L.lat: 71-85 with an average of 76.5. Its body
is high and laterally compressed. Its mouth is ventral
and has 1 pair of barbels. Pharyngeal dental formula
is 4.3.2-2.3.4. In terms of color, the dorsal contains
black spots against an off-white backdrop, whereas
the ventral is white. The longest unbranched ray on
the dorsal fin is greater than the head length (Dagli
and Erdemli, 2011).

Diagnostic characteristics of C. umbla are D.llI-1V/ (8)
9(10), A.llI/5, L. Lat: 72-93 with an average of 80.8.
Its body is elongate and cylindrical. lts mouth is vent-
ral and has a pair of short barbels. Pharynx dental
formula is 4.3.2-2.3.4. The lips are covered with a
horny skin and the upper lip is well developed. The
color is dark brown or gray on dorsal and muddy yel-
low on lateral and ventral. The last ossified simple ray
of the dorsal fin is serrated with thin and flexible distal
(Dagli and Erdemli, 2011).

One of the preferred bony formations for the age de-
termination of Osteichthyes is otoliths. There are
three types of otoliths ("sagitta", "lapillus" and
"asteriscus") in the semicircular canals on the right
and left sides of the head, which act both as a balan-
ce organ and hearing ad in fish. The location, structu-
re, size and shape of these three types of otoliths are
different (Kontas et al., 2020). They are usually ran-
ked by size as sagitta, lapillus, and asteriscus. Sagit-
tas are most preferred for age determination (Atilgan
et al., 2010). Otoliths are widely used in fish biology.
In addition, otolith morphometry is employed to obtain
information about fish length, growth and ecomorpho-
logy, population identification, age estimation, deter-
mination of growth rates, the field of paleontology,
and changes in the habitat conditions (Volpedo and
Fuchs, 2010; llkyaz et al., 2011; Jawad, 2018). Oto-
liths are also used to estimate size and identity of the
prey due to interspecies differences in shape and
resistance to digestion (Battaglia et al., 2010).

The aim of the study is to reveal the similarities and
differences of C.trutta and C. umbla and the changes
depending on the shape according to the effect of
species by conducting the shape analysis of these
species’ otoliths with geometric morphometry.

Material and Method
Ethical Statement Samples

The materials utilized in this study were obtained as
waste products from fishermen engaged in fishing
activities in the Tigris River located in Sirnak prov-
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ince. The acquisition of these samples was conduct-
ed in compliance with the guidelines outlined in the
Regulation on the Working Procedures and Principles
of Animal Experimentation Ethics Committees, as
published in the Official Gazette. This regulation ex-
plicitly states that the use of deceased animals, tis-
sues, slaughterhouse materials, and waste fetuses
does not require permission from the HADYEK.

Samples

Fish samples were taken from the Tigris River
(Sirnak/Turkey), and their sagittal otoliths were re-
moved, cleaned, dried, and stored in labeled boxes.
Otoliths were photographed using stero-microscope
(Olympus SZ61TR+Olympus LC20). A total of 72
right otoliths, (for each species 36), were used.

Imaging and Digitization

The right otoliths were zoomed in and photographed.
Photographing was performed at 500 ym. The JPG
photos were saved to the computer. A total of 80
markings, consisting of 2 homologous landmarks
(rostrum and antirostrum) and 78 semilandmarks,
were made using TpsUtil (Version 1.79)'? and
TpsDig2 (Version 2.31) (Rohlf, 2019) software. Thus,
the x and y cartesian coordinates of the points repre-
senting the general shape of the otolith were deter-
mined. Before statistical analysis, a confirmation test
was performed for landmarks in TpsSmall software
(Version 1.34) (Rohlf, 2018). As a result of this test,
uncentered correlation and root mean square error
values were found to be 0.999999 and 0.000075,
respectively. These outcomes proved that the
marked semilandmarks were accurate.

Statistical Analysis

General Procrustes Analysis was performed. Since
there were differences in direction, position and size
in the photographs (Slice, 2007). The new coordi-
nates from the Procrustes analysis were subjected to
principal component analysis. In addition, in areas
where shape differences are concentrated, allometry
and grouping features were determined by the Discri-
minant  Function  Analysis (DFA). Morphod
(Klingenberg, 2011) software was used for all these
analyses.

Results

Based on the principal component analysis, the two
fish species that were part of the study had 71 com-
ponents total. Table 1 displays the results from this
research. The first principal component (PC1) acco-
unted for 25.150% of the total shape variation, while
the first four principal components accounted for
59.144% of the total shape variation. A significant
difference was observed among principal compo-
nents after PC4 and PC5.
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Table 1. Results of the principal component analysis, PC: principal component

PC Eigenvalue % Variance PC Eigenvalue % Variance PC Eigenvalue % Variance
1 0.003119 20.15 25 8.96E-05 0.579 49 1.96E-05 0.127
2 0.002257 14.58 26 8.42E-05 0.544 50 1.91E-05 0.124
3 0.00204 13.178 27 7.97E-05 0.515 51 1.87E-05 0.121
4 0.001739 11.236 28 7.49E-05 0.484 52 1.8E-05 0.116
5 0.000756 4.881 29 7.08E-05 0.457 53 1.61E-05 0.104
6 0.000539 3.483 30 6.59E-05 0.426 54 1.48E-05 0.095
7 0.000489 3.161 31 5.99E-05 0.387 55 1.32E-05 0.086
8 0.000402 2.598 32 5.8E-05 0.374 56 1.2E-05 0.078
9 0.000312 2.019 33 5.61E-05 0.362 57 1.16E-05 0.075
10 0.000285 1.843 34 5.13E-05 0.331 58 1.08E-05 0.07
11 0.000239 1.545 35 4.95E-05 0.32 59 1.05E-05 0.068
12 0.000211 1.364 36 4.58E-05 0.296 60 9.65E-06 0.062
13 0.000206 1.331 37 4 1E-05 0.265 61 9.1E-06 0.059
14 0.000192 1.243 38 3.99E-05 0.258 62 7.67E-06 0.05
15 0.000161 1.039 39 3.81E-05 0.246 63 6.91E-06 0.045
16 0.000153 0.986 40 3.64E-05 0.235 64 6.79E-06 0.044
17 0.00015 0.968 41 3.47E-05 0.224 65 5.83E-06 0.038
18 0.000141 0.913 42 3.27E-05 0.211 66 4 97E-06 0.032
19 0.000131 0.848 43 3.11E-05 0.201 67 4.34E-06 0.028

20 0.000127 0.817 44 2.97E-05 0.192 68 4.27E-06 0.028

21 0.000117 0.756 45 2.65E-05 0.171 69 3.35E-06 0.022

22 0.000112 0.725 46 2.47E-05 0.159 70 3.07E-06 0.02

23 0.000104 0.671 47 2.32E-05 0.15 71 2.53E-06 0.016

24 9.69E-05 0.626 48 2.28E-05 0.147

The distribution of the samples according to PC1 and
PC2 is shown in the graph in Figure 1. Accordingly,
C. trutta samples were more distinctly separated from
C. umbla samples (C. trutta: 55%, C. umbla: 27%)

As a result of the regression analysis of the shape
(PCs) on the centroid size, it was determined that
9.2615% of the shape could be predicted in terms of
size (P: 0.0001 at confidence interval of 95%).
26.0817% (P: 0.0001) of the shape according to PC1,
7.1205% (P: 0.0233) according to PC2, and
10.2255% (P: 0.0051) according to PC3 were predic-
table in terms of size. Figure 2 shows the graphs
showing at which landmark level the shape differen-
ces were concentrated according to PC1 and PC2 .
Therefore, the variations in shape, as indicated by
PC1 and PC2 (Figure 2), were clearly observed in the
dorsal edge and antirostrum.
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Figure 1. Graphical distribution of the samples ac-
cording to PC1 and PC2

As a result of discriminant function analysis, Ma-
halanobis and Procrustes distances were determined
as 5.8335 and 0.07999546 (P: 0.0001), respectively.
Table 2 shows the grouping characteristics obtained
as a result of this analysis. According to the cross-
validation score, 7 (19.44%) samples from C. frutta
and 4 (11.11%) samples from C. umbla were includ-
ed in the opposite group. These results showed that
the two groups had a successful grouping (at least
80%) according to the shape.

Figure 3 show that the variations in shape based on
the groups found in the otolith wire-frame warp graph.
Accordingly, it was observed that C. umbla was wider
than C. frutta at the level of its dorsal and ventral
edges. The rostrum of C. trutta was larger and sharp
pointed. Additionally, the C. trutta had a more indent-
ed area at the dorsoventral intersection point
(symmetrical of the rostrum).
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Table 2. Grouping characteristics of the samples according to discriminant function analysis

Discriminant Function

Group C. trutta C. umbla Total

C. trutta 36 0 36

C. umbla 0 36 36
Cross-Validation

Group C. trutta C. umbla Total

C. trutta 29 7 36

C. umbla 4 32 36

PC1 PC2

Figure 2. Wireframe graphical representation of
shape differences according to PC1 and PC2. Blue
represents the average shape relative to the principal
component.

CT-CU
Figure 3. Wire-frame warp graph of otolith shape

according to discriminant function analysis. Red: C.
trutta, Blue: C. umbla. (CT: C. trutta, CU: C. umbla)
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Discussion and Conclusion

The morphology of otoliths is important because it
provides a plethora of information that may be used
to infer the systematics and evolution of fish, as well
as information about the age and general biology of
fish (Samsun and Samsun, 2006; Avsar et al., 2007).
Traditional morphometric method enable us to make
measurements such as length, depth, and width ob-
tained by distance, angles and ratios between points,
but it cannot reveal complete data in terms of the
shapes of the objects examined. The morphometric
geometry method enables the shapes of objects to
be revealed fully through analysis (Zelditch et al.,
2012; Aytek; 2017). In addition, it has been reported
that the morphometric geometry method is effective
in revealing the similarities and differences of taxo-
nomically close species (Ibanez et al., 2012; Teimori;
2016). In the study, the similarities and differences of
the C. umbla and C. frutta were revealed by deter-
mining the shape analyses of the otoliths of the two
species living in the same zones, using the morpho-
metric geometry method.

In the study, it was determined that PC1 accounted
for 25.15% of the total shape variations and 59.144%
of the first four principal components
(PC1+PC2+PC3+PC4) in analysis of 71 principal
components. A significant difference was observed
among the principal components after PC4 and PC5.

Dértbudak et al. (2022) in their study on C. kais and
C. macrostomus otoliths, reported that PC1 account-
ed for 26.871% of the total shape variation, while the
first three principal components (PC1+PC2+PC3)
accounted for 52.235%, and a significant difference
was observed among the principal components after
PC5 and PC6.

In their shape analysis of 6 different fish species from
the family Sebastes, Afanasyev et al. (2017), report-
ed that the PC1 of the samples accounted for the
total shape variation as 48%.

Cicek et al. (2017), reported that the sum of the first
two principal components (PC1+PC2) was 52.2% in
their morphometric geometry study on fish scales of
C. umbla and C. trufta. These results revealed that
the two fish species analyzed in terms of otolith
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shape in the present study are distinguished from
each other at rates similar to the literature.

Dortbudak et al. (2022), as a result of the regression
analysis of the shape (PCs) over the centroid size,
reported that 2.1020% of the shape can be predicted
in terms of size, according to the groups, and thus in
the comparison of the otolith morphology of the indi-
viduals in terms of groups, the shape variations were
not dependent on the size, therefore, there was no
allometric component. In the study, regression analy-
sis revealed that 9.2615% of the shape could be pre-
dicted in terms of size (centroid size) according to the
groups. The predictability of the shape in terms of
size was 26.0817% according to PC1, 7.1205% ac-
cording to PC2, and 10.2255% according to PC3.
These results showed that the predictability of the
otolith shapes belonging to which breed was higher in
the study.

In the study, it was determined that the shape differ-
ences of the otoliths in terms of PC1 and PC2 be-
came evident in the dorsal edge and anterostrum. In
the shape analysis of the otoliths of the C. kais and
C. macrostomus (Dortbudak et al., 2022) species
using the morphometric geometry method, it was
reported that the shape differences in terms of PC1
became evident at the level of the entire dorsal edge,
rostrum, antirostrum and the middle of the ventral
edge. These differences are thought to be important
in species taxonomy and identification.

There are different anatomical studies determining
the similarities and differences of C. umbla and C.
trutta species (Cicek, 2009; Dagli and Erdemli, 2011).
Dértbudak et al. (2022) reported that the two groups
had a successful grouping (at least 75%) according
to the shape, and it was determined in their study that
they showed a successful grouping of 80% on the
two species in question. Findings of the present study
showed that C. umbla and C. trutta species were
highly similar to each other. Although they inhabit the
same zone, the dams built on the rivers they live in
divide these regions into sub-living areas, so even if
they are in the same genus, differences may occur
after a while.

Consequently, the similarities and differences be-
tween C. umbla and C. trutta were revealed by mak-
ing the shape analysis of the otoliths of the two spe-
cies living in different zones of the same habitat. It is
thought that as a result of the determination of shape-
related variations according to the effect of breed, the
present study presents data that would contribute to
the taxonomic classification of these two species and
the fauna of the Euphrates and Tigris Rivers, which
are an important source of biodiversity for the Meso-
potamian region.

ismail DEMIRCIOGLU
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Abstract: In recent years, nanotechnology has emerged as a rapidly advancing field with diverse applications across
various sectors including materials science, electronics, healthcare, aerospace, environmental sustainability, defense,
biotechnology, agriculture, and food industries. Mesoporous silica nanoparticles (MSNs) have recently gained signifi-
cance as nanomaterials due to their stability, inert properties, thermal durability, low density, minimal toxicity, and bio-
compatibility. These attributes will make mesoporous silica nanoparticles instrumental in drug delivery systems, cellular
imaging, and therapeutic interventions. In this study, aimed at assessing the potential of MSNs as effective carriers for
various materials to spermatozoa (sptz), experimental groups were established as control (C), MSN10 (10 pg/10” sptz),
MSN20 (20 ug/107 sptz), and MSN40 (40 pg/10” sptz). To investigate this hypothesis, semen was collected from five
healthy rams (2-3 years of age), pooled, diluted, and divided into experimental groups. Following this study, analyses
were conducted on motility, dead-live spermatozoa ratio, functional integrity of the sperm's plasma membrane (HOST),
and abnormal spermatozoa ratios across five replicates. It was observed that MSNs did not have a negative effect on
the freezability of ram semen in terms of dead-live spermatozoa ratio and HOST data, but caused an increase in motili-
ty (MSN40) and head and tail abnormality levels compared to the control group, though still within acceptable ranges.
In the light of the data obtained, it is suggested that MSNs can be used as biocarriers for ram semen in terms of basic
spermatological parameters, but it is necessary to expand the scope of the research and conduct more detailed analyz-
es.

Keywords: Mesoporous slica nanoparticles, nanotechnology, ram, sperm

Mezogozenekli Silika Nanopartikiillerinin Merinos Koglarinin Spermatolojik Parametreleri Uzerindeki Etkileri
Oz: Nanoteknoloji, son yillarda oldukga gelisim gdsteren ve kullanim alani bulan bir teknolojidir. Malzeme ve imalat
sektori, elektronik ve bilgisayar teknoloijileri, tip ve saglik sektorl, havacilik ve uzay aragtirmalari, gevre ve eneriji, sa-
vunma sanayii, biyoteknoloji, tarim ve gida gibi pek ¢ok alanda kullaniimaya baslanmigtir. Son dénemde kullanim alani
bulan nanomalzemelerden bir tanesi de mezoporoz slika nanopargaciklardir (MSN). Kararhliklari, inert yapilari, termal
dayanikliklari, distk yodunluklari, diigiik toksisiteleri ve biyouyumluluklari sayesinde mezoporoz silika nanopartikiller
ilag tasima sistemlerinde, hlcre gérintilemede ve tedavi yontemlerinde 6nemli bir rol oynamaktadir. Bu noktada
MSN’lerin cesitli materyalleri spermatozoaya (sptz) tasima noktasinda etkili bir ajan olup olmayacaklarinin test edilmesi
amaciyla yapilan bu calismada kontrol (C), 10 ug/10” sptz (MSN10), 20 pg/10” sptz (MSN20) ve 40 pg/10” sptz
(MSN40) ug olacak sekilde gruplar olusturulmustur. Saglikh ve 2-3 yaslarinda 5 adet kogtan spermalar alinarak pooling
yapiimis ve sulandirilarak deney gruplarina bélunmustur. Toplamda 5 tekrar halinde yapilan bu g¢alisma sonucunda
motilite, 6lU-canh spermatozoa orani, membran dayanim orani (HOST) ve anormal spermatozoa oranlari hesaplanmig-
tir. Proje sonucunda MSN lerin kog spermasinin dondurulabilirligi Gzerine 6li-canli spermatozoa orani ve HOST verileri
bakimindan olumsuz bir etkisinin olmadidi, ancak kabul edilebilir sinirlar igerisinde olsa da, kontrol grubuna kiyasla,
motilite ve anormalite diizeylerinde artisa neden oldugu gorulmustir. Elde edilen veriler 1s1ginda MSN lerin kog sper-
masi igin biyo tasiyici olarak kullanilabilecedi temel spermatolojik parametreler bakimindan én gériilse de, arastirma
kapsaminin genigletilerek daha detayl analizlerin yapilmasina ihtiya¢g duyulmaktadir.

Anahtar Kelimeler: Kog, mezog6zenekli silika nanopargaciklar, nanoteknoloji, sperma
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practical utilization of structures at the nanometer
scale (1-100 nm) and generally materials smaller
than 100 nm are categorized as nanomaterials,
whereas in the medical field, particles measuring 200
nm in size are also classified as nanomaterials
(Bayda et al., 2019; Contera et al., 2020).

Over the past few years, nanotechnology has been
widely incorporated in biomedical uses, notably influ-
encing biological sensing, medication transport, and
diagnostic imaging. This is particularly important in
the emerging field of reproductive health, which has
become an important area of research (Acharya et
al., 2024). Infertility, endometriosis, ectopic pregnan-
cy, erectile dysfunction, benign prostatic hyperplasia,
sexually transmitted infections and reproductive can-
cers have become worldwide concerns. Nanotechnol-
ogy presents hopeful remedies to tackle these issues
through novel methods and tools, enabling early de-
tection, precise drug delivery, and enhanced imaging
Technologies (Ammar et al., 2019; Bansal et al,
2020; Chakraborty et al., 2023; Zhao et al., 2023).
Nanotechnology holds immense promise in the field
of reproductive medicine, paving the way for ad-
vancements in diagnosis, personalized treatments,
and fertility preservation. Utilizing nanotechnology-
based drug delivery systems is anticipated to en-
hance treatment outcomes, reduce side effects, and
offer patients treatments that are not only more accu-
rate but also more efficient (Acharya et al., 2024;
Friend, 2017).

Nanomaterials, tiny forms of various materials meas-
ured in nanometers, originate diversely. Among
these, mesoporous silica nanoparticles (MSNs) are
notable examples. Due to their expansive surface
area, stability, and biocompatibility, mesoporous sili-
ca nanoparticles (MSNs) find applications in biomedi-
cal, pharmaceutical, and biochemistry fields. Their
mechanical stability and resistance to microbial deg-
radation can be attributed to the siloxane bonds (Si-O
-Si) present in their structure. The cost-effective and
convenient synthesis of MSNs makes them favorable
for various industries. Their distinctive features, in-
cluding azoles-containing structures, make them val-
uable in biomedical, chemical, and food-related sec-
tors (Usul et al., 2022).

Mesoporous silica nanoparticles (MSNs) are a favor-
able choice for cellular transport investigations due to
their exceptional chemical properties, minimal toxici-
ty, and structural resilience. Their compatibility with
diverse materials and ease of functionalization make
them versatile. These nanoparticles are valuable for
detailed cell imaging and advancing reproductive
health and genetic studies. MSNs serve as efficient
carriers for various substances into sperm cells, en-
suring safe and effective use without adverse effects
on the reproductive system (Barkalina et al., 2014;
2015). Consequently, mesoporous silica nanoparti-
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cles hold promise in reproductive biology research.
With these advantages in mind, the aim was to ex-
plore the impact of mesoporous silica nanomaterials
on ram semen.

Material and Method
Chemicals and Reagents

All the necessary chemicals for the Tris-based egg
yolk extender used in the research were sourced
from Sigma-Aldrich (Citric Acid C0706, Glycerol
G2025, Fructose F2543, Trisma Base T6066). Local
services for producing mesoporous silica nanoparti-
cles (MSNs) were provided by Nano Enzyme Hybrid
Technology (Kayseri, Turkiye).

Characterisation of MSN with Electron Micro-
scopic Imaging

The characterization (size and shape) of the pro-
duced nanomaterials was carried out using STEM
images. The necessary preparations for STEM imag-
es and acquisition of the images were carried out
with the services of Erciyes University Technology
Research and Application Center (ERUTAUM).

Experimental Design

The research involved 5 Merino rams aged between
2 and 3 years, previously used in breeding. These
animals were housed and nourished at Selguk Uni-
versity Prof. Dr. Humeyra Ozgen Research and Ap-
plication Farm. Semen from the selected rams,
healthy and suitable for breeding, was collected twice
a week for a total of 5 replications using an elec-
troejaculator. Samples with optimal mass movement
score (3 or above), at least 80% maotility, and a densi-
ty of 2.5x10° were pooled after collection to reduce
individual variations in a 37°C water bath. Subse-
quently, the spermatozoa were divided into experi-
mental groups comprising a control group and three
groups treated with 10, 20, and 40 yg MSNs (Table
1). After grouping, the samples were equilibrated at
+4°C for 2 hours, frozen using liquid nitrogen vapor,
and stored until thawing (Figure 1) (Bodu et al.,
2024). The ethical approval required for the study
was obtained through decision number 22/266 from
the Erciyes University Local Animal Experiments Eth-
ics Committee.
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Figure 1. lllustration of the experimental design.

Table 1. Experimental groups.

Ali Erdem OZTURK

Determination of Live/Dead Spermatozoa

Eosin-Nigrosin staining method was used to deter-
mine the ratio of dead to live semen. Smears were
prepared by mixing 1 drop of semen with 2 drops of
Eosin-Nigrosin stain on the slide. The prepared frotis
were examined under phase contrast microscope at
400X magnification. At least 300 spermatozoa were
counted and those with red staining on the head were
considered dead and those without red staining
(white) were considered alive and the result was not-
ed in percentages (Bjorndahl et al., 2003).

Groups Extender Content
Control Tris-Egg Yolk Extender
MSN10 Tris + 10 yg MSNs / 107 sptz
MSN20 Tris + 20 yg MSNs / 107 sptz
MSN40 Tris + 40 yg MSNs / 107 sptz

Sperm Motility Assessment

Frozen semen was thawed after 2 weeks in 38°C
water for 25 seconds, 10 micro liters was dropped
onto the slide, covered with a cover slip and exam-
ined at 400x magnification under a phase contrast
microscope by looking at 5 different areas. The motili-
ty of semen was subjectively determined as a per-
centage value by taking the average of 5 different
areas (Evans and Maxwell, 1987).

Hypoosmotic Swelling Test

Test solution was prepared with 0.735 g sodium cit-
rate + 1 g fructose + 100 ml distilled water. Then,
300pl of the prepared solution was mixed with 30yl
semen and incubated at 37°C for 30 minutes. 20yl of
the mixture was taken and a total of 300 spermato-
zoa were counted at 400x magnification under phase
contrast microscope. The number of spermatozoa
with swollen and curled tails was determined and the
membrane resistance ratio was determined by calcu-
lating the percentage of these spermatozoa (Revell
and Mrode, 1994).

Determination of Abnormal Spermatozoa

Ten micro liters of the dissolved sperm was taken
and then completed to 200ul with Hancock's solution.
A drop of 10 ul was placed on a slide, covered with a
cover slip. At least 200 spermatozoa were counted at
100x magnification under a phase contrast micro-
scope, and anomalies in the acrosome, head, mid-
piece, and tail were identified (Evans and Maxwell,
1987).

Statistical Analysis

The IBM SPSS Statistics 25 program was used for
the statistical evaluation of the data obtained in the
study. The averages of the results emerging in the
spermatological parameters and imaging were deter-
mined for each experimental group using variance
analysis (One-Way ANOVA). The comparison of
groups showing significant differences within the
same parameters was conducted using the post-hoc
multiple comparison test Duncan. When evaluating
the results, the presence of differences at a signifi-
cance level of P<0.05 was considered statistically
important.

Results
Electron Microscopic Imaging of MSN

The STEM image of the produced MSNs is given in
Figure 2. When the image is examined, it is seen that
the produced MSNs are round-shaped and planar,
and their sizes are between approximately 20-50 nm.
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Figure 2. STEM images of synthesized MSNs.

Spermatologic Parameters

When sperm motility data were analyzed, it was ob-
served that MSN 10 and MSN 20 groups gave similar
results with the control group, while MSN 40 group
gave statistically more successful results than all
other groups (P<0.05) (Figure 3).

MOTILITY (%)
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Figure 3. Motility results of the study groups. Control,
MSN10 and MSN20 groups showed similar motility
data, while MSN40 group had a higher motility value
than all other groups (P<0.05). *a,b: Shows the statis-
tical difference between experimental groups.

No significant differences were observed among the
experimental groups in terms of the ratio of live/dead
spermatozoa and the Hypo-Osmotic Swelling Test
(HOST). The live/dead ratio reflects the membrane
integrity of semen under optimal conditions, whereas
HOST assesses the membrane resistance of semen
in a low osmotic pressure environment. The viability
percentage in the control group was 69.75%, and the
functional integrity of the sperm's plasma membrane
(HOST+) was 18.95%. Similar declines were noted in
all groups, suggesting that mesoporous silica nano-
particles (MSNs) did not have a discernible impact on
membrane resilience (Figure 4).
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Figure 4. A. Graphic of Live/Dead ratio. B. Counting
of Live/Dead spermatozoa. Dead spermatozoa with
red arrow and live spermatozoa with white arrow. C.
Graphic of Hypoosmotic Swelling Test. D. HOST po-
sitive spermatozoa with round head (blue arrow) and
curved tail (green arrow) (P>0.05).

When the abnormal spermatozoa data were ana-
lyzed, MSNs significantly increased both head- and
tail-related abnormality rates (Figure 5). However,
since the abnormality data obtained are within ac-
ceptable limits, they do not pose any danger in terms
of using MSNs as biocarriers.
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Figure 5. Head and Tail anormality rates. All groups
containing with MSN increased abnormality rates
(P<0.05). *a,b: Shows the statistical difference
between experimental groups

Discussion and Conclusion

MSNs are one of the nanomaterials that have come
to the fore in drug delivery in recent years. They are
frequently used especially in cancer therapy and bi-
oimaging systems. They can modify their surfaces to
be suitable for the target tissue and thus become an
advantageous nanomaterial at the point of cellular
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uptake (Argyo et al., 2014; Baek et al., 2015).

Thanks to their drug delivery ability, MSNs have been
tested in many therapeutic modalities. In one of these
studies, Rathod et al. (2023) combined MSNs with
Berberine, which is used as an anti-inflammatory in
traditional Chinese medicine but can hardly be used
in topical applications due to its low penetration abil-
ity. As a result of the study, Berberine used in combi-
nation with MSNs in rat paw edema was more suc-
cessful than using it alone. In another study, Huang
et al. (2022) utilized the ability of MSNs to transport 5
-Fluorororacil to reduce the proliferation ability and
control the metastasis of oral squamous cancer cells.

In addition to these promising health studies, MSNs
need some proof to gain toxicological credibility. Tac-
coni et al. (2022) stated that MSNs had a negative
effect on the embryonic development of Paracentro-
tus lividus. They also emphasized that despite their
promising potential, uncontrolled use of biomolecules
may harm the environment and living organisms. In a
similar study, Xu et al. (2014) revealed that silica
nanoparticles negatively affected mouse spermato-
genesis in a reversible manner, caused oxidative
stress and damaged the structure of mitochondria.
These and similar studies can be diversified. Rashidi-
an et al. (2023) found that long-term exposure to sili-
ca nanoparticles decreased the reproductive perfor-
mance of zebra fish.

Despite their high transport capacity, mesoporous
silica nanoparticles have the potential to exhibit tox-
icity due to their size, surface properties, and phar-
macokinetic aspects (Niroumand et al., 2023). There-
fore, toxicity studies should be carried out consider-
ing dose and size. Considering the studies on semen,
it was seen that there are very limited publications of
MSNs in the literature.

In one of these studies, (Barkalina et al., 2014) incu-
bated MSNs at 37 [IC for 4 hours by adding 10, 15
and 30 pg/10” sptz doses in boar semen. When the
data obtained were analyzed, it was stated that
MSNs did not cause any negative effect on any of the
basic parameters such as motility, viability, acroso-
mal integrity and DNA fragmentation. Again, Barka-
lina et al. (2015) reported that MSNs functionalized
with cell penetrating peptide (C105Y) could bind to
boar semen and did not cause any negative effect on
motility data. Finally, in a study conducted in goat
semen, Dev et al. (2020) reported that they did not
observe any decrease in calculation data in the 3-
hour incubation of 200 yg/ml MSNs.

In the current study, it was observed that 40 ug/10’
sptz of mesoporous silica nanoparticles (MSNs) posi-
tively increased the motility data of ram sperm during
the freezing and thawing process, while other groups
showed similar results to the control groups. Regard-

Ali Erdem OZTURK

ing the live/dead analyses and Hypo-Osmotic Swell-
ing Test (HOST), MSNs exhibited results similar to
the control group, showing no positive or negative
effects. Lastly, when abnormal spermatozoa data
were examined, MSNs increased both head and tail
abnormality rates, but as this increase remained with-
in acceptable limits, it was not considered significant.

When the results were compared with the literature,
both the studies by Barkalina et al. (2014; 2015), as
well as the studies by Dev et al. (2020), yielded simi-
lar results. Just like in boar and goat sperm, no dam-
age was observed on ram spermatozoa. Only a slight
increase was noted in the head and tail abnormality
rates. However, as other studies did not examine
abnormality rates, comparisons cannot be made in
this regard.

In  conclusion, mesoporous silica nanoparticles
(MSNs) can be utilized in any planned drug delivery
study on ram sperm (within the current dosage lim-
its). However, the present study only encompasses
basic spermatological parameters. To reach conclu-
sive results, detailed analyses including DNA dam-
age, genetic analyses, and flow cytometric analyses
are required. In this regard, the current study serves
as a fundamental resource for future research en-
deavors.
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Oz: Bu calismada, Istanbul'daki bazi veteriner kliniklerinde muayene edilen 200 kedi lizerinde obezite prevalansi ve
risk faktorleri degerlendirilmistir. Kediler, viicut kondisyon skorlarina (VKS) gore VKS'si 7 ve Uzeri olanlar (%60) ile
7'nin altinda olanlar (%40) olmak Uzere iki gruba ayrilmistir. VKS'si 7 ve Uzerinde olan kedilerde en yaygin gorilen
hastaliklar; gastrointestinal rahatsizliklar (%20.0), davranis problemleri (%20.0) ve Uriner sistem hastaliklar (%16.67)
olarak belirlenmistir. VKS'si 7'nin altinda olan kedilerde agiz ve dis hastaliklar (%22.5) ile gastrointestinal rahatsizliklar
(%21.25) 6ne ¢cikmistir. Arastirmada Tekir kediler %60, British kediler %15.5, Scottish kediler %8, iran irki kediler %6,
Ankara kedisi %3, Van kedisi %2.5, Siyam kedileri %2.5, melez irklar %2.0 ve Sphynx irki kediler %0.5 oraninda yer
almistir. Yas dagilimi incelendiginde, kedilerin %30’unun 1-3 yas, %45’inin 4-7 yas, %25'inin ise 8 yas ve Uzeri oldugu
gozlenmistir. Arastirmada yer alan kedilerin %53.5'i erkek; %46.5" i disidir. Kedilerin yasindaki her 1 birimlik artisin
obezite gorilme oranini arttirdidi bulunmustur (P<0.05). Irk, kisirlastirma ve evde yasayan kisi sayisi degiskenlerinin
ise obezite odds orani Gzerinde anlamli etkisi bulunmamistir (P>0.05). Bu galisma, obezitenin kedi saghgdi Gzerinde
yaygin etkileri oldugunu ve enerji alimi ile fiziksel aktivitenin kontrol edilmesi gerektigini vurgulamaktadir.

Anahtar Kelimeler: Beslenme, diyet, kedi, obezite, viicut kondisyon skoru

Evaluation of Obesity and Risk Factors in Cats Examined at Selected Veterinary Clinics in istanbul
Abstract: This study evaluated the prevalence of obesity and associated risk factors in 200 cats examined at selected
veterinary clinics in Istanbul. Cats were divided into two groups based on their body condition score (BCS), those with
a BCS of 7 or higher (60%) and those below 7 (40%). Among cats with a BCS 27, the most common conditions were
gastrointestinal disorders (20.0%), behavioral problems (20.0%), and urinary system diseases (16.67%). Conversely,
for cats with a BCS <7, dental and oral health issues (22.5%) and gastrointestinal disorders (21.25%) were predomi-
nant. In the present study, Tabby cats were 60 %, British cats 15.5%, Scottish cats 8%, Persian cats 6%, Angora cats
3%, Van cats 2.5%, Siamese cats 2.5%, hybrid breeds 2.0% and Sphynx cats 0.5%. Age distribution showed that 30%
of the cats were 1-3 years old, 45% were 4-7 years old, and 25% were 8 years old or older. It was found that aging is
directly proportional to obesity in cats. (P<0.05). Such variables as breed, neutering status, and the number of house-
holds were found to have no significant effect on the odds ratio of obesity (P>0.05). The study underscores the widesp-
read impacts of obesity on feline health and emphasizes the need for energy intake and physical activity management.
Keywords: Body condition score, cat, diet, nutrition, obesity

Girig kediler ise “asin kilolu” olarak tanimlanmaktadirlar

. . . . _ (Saavedra ve ark., 2024).
Kedilerde obezite, veteriner hekimlikte giderek artan

bir saglik sorunu olarak kargimiza ¢gikmakta ve evcil
kedilerin hem saglik hem de konfor dizeyini ciddi
sekilde etkilemektedir (Hanford ve Linder, 2021).
Obezite, enerji aliminin enerji harcamasini astigi
durumlarda ortaya ¢ikan ve vicutta asin yag dokusu
birikimi ile karakterize edilen karmasik bir metabolik
bozukluk olarak tanimlanmaktadir (German, 2006).
ideal viicut agirhginin %20-30°undan daha fazla kilo-
ya sahip kediler “obez” olarak tanimlanirken, ideal
vucut agirhiginin %10-19’ undan fazla kiloya sahip
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GuUnumuzde beslenme aligkanhklarindaki degisiklik-
ler, hareketsiz yasam tarzi ve kisirlastirma gibi faktor-
lerin etkisiyle kedilerde obezitenin goérilme sikhgi
hizla artmaktadir (Demir ve Altagli, 2024). Arastirma-
lara gore, kedilerde obezite prevalansi diinya gene-
linde %11.5 ile %63.0 arasinda degismekte ve bu
oranlar sorunun ciddiyetini gézler 6niine sermektedir
(Ohlund ve ark., 2018). Bu durum, saglk komplikas-
yonlarinin ortaya ¢ikma riskini arttirmakta ve kedilerin
yasam kalitesini olumsuz ybénde etkilemektedir
(Hoelmkjaer ve Bjornvad, 2014). Obezite, kedilerde
diyabet, insllin direnci, eklem rahatsizliklari, kardiyo-
vaskuler hastaliklar ve deri hastaliklarn gibi cesitli
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metabolik ve klinik komplikasyonlara yol agabilmekte-
dir (Chandler ve ark., 2017). Ozellikle kisirlagtirma,
enerji gereksiniminde azalma ve istah artisina neden
olan hormonal degisikliklerden dolayi obezite riskini
arttirmaktadir (Hanford ve Linder, 2021). Kisirlastiril-
mis kedilerin daha disilik enerji harcadigi ve daha az
aktif oldugu bilinmekte, bu durum kilo alimini kolay-
lastiran 6nemli bir risk faktéri olusturmaktadir (Demir
ve Altagl, 2024). Kedilerde obezitenin olusumunda
beslenme aligkanliklar ve diyet igerigi de énemli bir
rol oynamaktadir. Enerji icerigi ylksek ve dengesiz
diyetlerle beslenen kedilerde obezite riskinin arttig
gézlenmistir (Ohlund ve ark., 2018). Bunun yani sira,
obezitenin yalnizca fiziksel saghgi degil, ayni zaman-
da kedilerin davranigsal ve psikolojik durumlarini da
etkiledigi belirtilmistir. Obez kedilerin daha az oyun
oynadigi, sosyal etkilesimlerde bulunmadigi ve genel
olarak daha az hareketli oldugu rapor edilmistir
(Chandler ve ark., 2017).

Obeziteyi 6nlemek ve yonetmek hem veteriner he-
kimler hem de hayvan sahipleri igin buyik bir dneme
sahiptir. Etkili bir obezite yonetimi, dengeli bir diyet,
duzenli fiziksel aktivite ve veteriner hekim kontrollerini
iceren multidisipliner bir yaklasimi gerektirmektedir
(German, 2006). Kedi sahiplerinin, kedilerinin ideal
vicut kondisyonunu koruma konusunda bilin¢lendiril-
mesi, obezitenin 6nlenmesi agisindan kritik bir role
sahiptir (Hoelmkjaer ve Bjornvad, 2014). Bu makale-
de obezite ve asin kilonun irk, yas, cinsiyet, kisirlas-
tirma, fiziksel aktivite, mama g¢esidi ve miktari, diger
hastaliklarla iligkisi, 6gun sayisi, yasadigi ortam, ev-
deki kedi sayisi, képegin varligi ve evde yasayan kisi
sayislyla iligkileri irdelenmigtir.

Gere¢ ve Yontem
Anketin Tasarlanmasi ve Uygulanmasi

Calisma istanbul ilindeki bazi veteriner kliniklerinde
klinik sahiplerinin yardimlariyla yapilmistir. Bu amagcla
39 klinikten (Avcilar 3, Bakirkdy 12, Beylikduzi 5,
Zeytinburnu 2, Sariyer 2, Besiktas 2, Kadikdy 2, Ata-
sehir 1, Basaksehir 2, Beyoglu 3, Klglkgekmece 2,
Kartal 1, Umraniye 1, Bayrampasa 1) veri toplanmis-
tir. Anket, veteriner kliniklerinde veteriner hekimler
tarafindan muayene sirasinda hasta sahiplerine soru-
lar yoneltilerek uygulanmigtir. Anket sorulari ¢oktan
segmeli siklar seklinde toplam 15 sorudan olusmus-
tur. Anket, hayvanin yasi, irki, cinsiyeti, kisirlagtiriima
durumu, vicut agiridi, VKS, gunlik fiziksel aktivite
suresi, diyet tirl ve miktari, gegmiste konulan teghis-
ler, gunlik 6gun sayisi, yagsam ortami, ayni ortami
paylastigi diger kedi sayisi, ortamda kdpek bulunup
bulunmadidi ve evde yasayan kisi sayisi gibi sorulari
icermektedir. Anket calismasinda hasta sahibinin
isim, soy isim gibi kisisel bilgileri kesinlikle talep edil-
memistir. Calismada kullanilan kedilerin %601 Tekir,
%15.5'i British, %8'i Scottish, %2.5'u Van, %6’sI iran,
%3’0 Ankara, %2.5'i Siyam, %0.5’i Sphynx ve %2’si
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melez kedilerden olusmaktaydi. Ankete katihm igin 7
aylik bir sure belirlendi.

VKS’nin Belirlenmesi

VKS belirlenirken 9 puanli  dlgek kullaniimistir
(Laflamme 1997). Bu Olgede gore: kasektik 1, ¢ok
zayif 2, zayif 3, disuk kilolu 4, ideal 5, kilolu 6, asir
kilolu 7, obez 8, asiri obez olanlara 9 puan verilmek-
tedir.

Istatistiksel Analiz

Calismadaki tim veriler, SPSS 25.0 paket programi
(IBM Corp., SPSS Inc., IL, ABD) kullanilarak analiz
edilmigtir. Bu ¢aligsmada kullanilan veriler Uzerinde
Oncelikle temel betimleyici istatistikler hesaplanmistir.
Cinsiyet, irk, kisirlagtirma durumu gibi kategorik de-
giskenler ile asiri kilo/obezite (VKS = 7) arasindaki
iliskiyi degerlendirmek amaciyla tek degiskenli lojistik
regresyon analizi yapiimigtir. Her bir degisken bagim-
siz olarak analiz edilerek asiri kilo ve obezite Uzerin-
deki etkileri belirlenmistir. Anlamli bulunan degisken-
ler, cok degiskenli lojistik regresyon analizine dahil
edilmigtir.

Bulgular

Kedilerin VKS’sine gore yapilan analizde, bireyler iki
gruba ayrilmigtir: VKS 7 ve Uzeri olanlar "7 ve Usti"
grubunu, VKS 7’den diisuk olanlar ise "7’den disik"
grubunu olusturmustur. Sonuglara goére, "7 Usti" gru-
bunda toplam 120 birey yer almakta olup bu grup,
genel populasyonun %60’ini olugturmaktadir. Diger
taraftan, "7'den dislUk" grubunda toplam 80 birey
bulunmakta ve bu grup, popilasyonun %40’in1 temsil
etmektedir (Sekil 1).

n=120
60

50

n=80

s
S

Yizde (%)
w
3

20

10

7 ve std 7 den dusik

VKS Gruplar

Sekil 1. Calismaya dahil edilen kedilerin Viicut Kon-
disyon Skoru (VKS) dagihmlari
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Bu calismada toplam 200 kedi incelenmis ve kedilerin
Irk, yas, kisirlastirma durumu ve cinsiyet dagilimlari
degerlendirilmistir. Calismada Tekir kediler %60, Bri-
tish kediler %15.5, Scottish kediler %8, iran irki kedi-
ler %6, Ankara kedisi %3, Van kedisi %2.5, Siyam
kedileri %2.5, melez irklar %2.0 ve Sphynx irki kedi-
ler %0.5 oraninda temsil edilmektedir (Sekil 2).

Hayvan Irklarinin Dagilimi

120 (60.0%)

31 (15.5%)

16 (8.0%)
12 (6.0%)

6 (3.0%) 5(2.5%) 5 (2.5%)

Sekil 2. Calismaya dahil edilen kedilerin irk dagihm-
lar

Calismada 1-3 yas arasindaki kedilerin %30, 4-7 yas
arasindaki kedilerin %45, 8 yas ve Uzeri kedilerin ise
%25 oraninda yer aldigi belirlendi. Kedilerin %
83.5'inin kisirlastirldigi ve %16.5’inin ise kisirlastiril-
madi§i saptandi. Erkek kedilerin %53.5 ve disi kedile-
rin %46.5 oraninda oldugu belirlendi. VKS'si 7'nin
altinda olan hayvanlarda en sik gorilen hastahgin
gastrointestinal hastaliklar oldugu (17 vaka, %21.25)
goézlendi. Uriner sistem hastaliklarinin 12 vaka (%
15.0), deri hastaliklarinin 10 vaka (%12.5), davranig
problemlerinin 9 vaka (%11.25), agiz ve dis hastalik-
larinin 18 vaka (%22.5) oldugu saptandi. Hastalik
saptanamayan hayvan sayisi 5 (%6.25), diyabetli
hayvan 4 (%5.0), eklem problemleri 5 (%6.25) iken;
hipotiroidizm ise hi¢ gérdlmemistir (%0.0).

VKS'si 7 ve uzeri olan hayvanlarda ise en sik goru-
len hastalik 24 vaka (%20.0) ile gastrointestinal has-
taliklardir. Uriner sistem hastaliklari 20 (%16.67),
davranis problemleri 24 (%20.0), deri hastaliklari 10
(%8.33), agiz ve dis hastaliklar 15 (%12.5), diyabet 9
(%7.5), eklem problemleri 11 (%9.17), hipotiroidizm 1
(%0.83) vaka olarak gorulmustir. Hastalik bulunma-
yan hayvan sayisi ise 6 (%5.0) olarak tespit edilmis-
tir. Tek degiskenli lojistik regresyon analizlerinde ke-
dilerin yasindaki her 1 birimlik artisin obezite odds
oraninda 1.19 kat yukselise sebep oldugu belirlendi
(P<0.05). Scottish 1irki kedilerin Tekir irki kedilere
gore obezite odds oraninin 0.083 kat daha az oldugu
gorulirken (P<0.05); diger irklarin Tekir irkina gére
obezite odds orani farkinin anlamli olmadigi gorilda
(P>0.05). Kisirlastinimamis kedilerin kisirlagtiriimis
kedilere gore obezite odds oraninin ise 0.296 kat
daha az oldugu gorildi (P<0.05). Erkek kedilerin
obeziteye yakalanma odds orani disi kedilere goére
1.663 kat fazla bulundu (P>0.05). 1-3 saat arasi fizik-
sel aktivitesi bulunan kedilerin 0-1 saat fiziksel aktivi-

Erdal OZENIR

tesi bulunan kedilere gére obeziteye yakalanma odds
oraninin 0.134 kat daha az oldugu bulunurken; 3-5
saat fiziksel aktivitesi bulunan kedilerde 0-1 saat fizik-
sel aktivitesi bulunan kedilere gbre obeziteye yaka-
lanma odds oraninin 0.109 kat daha az oldugu sap-
tandi (P<0.05). 5 saatten fazla fiziksel aktivitesi bulu-
nan kedilerin obezite odds orani farkinin 0-1 saat
fiziksel aktivitesi bulunan kedilerden anlaml olmadigi
belirlendi (P>0.05). Kuru mama ile beslenen kedilere
gore diger diyetlerin uygulandidi kedilere gbre obezi-
te odds orani farkinin anlamli olmadigi bulundu
(P>0.05). Hastaligi olmayan kedilere gore diger has-
taliklara sahip olan kedilerin obezite odds orani farki-
nin anlamli olmadigi tespit edildi (P>0.05). Tablo 1'de
gorulebilecegi gibi 6ginde 50 gr'dan az mama tike-
ten kedilere gére, 100-150 gr mama tiketen kedilerin
obezite odds oraninin 0.208 kat daha az oldugu gori-
lirken (P<0.05); diger 6gin miktarlarinin anlaml fark-
hlik gdstermedigi goriildi (P>0.05). Ogiin sayisi 2 ve
3 ve daha fazla olan kedilerin 6gun sayisi 1 olan ke-
dilere gore obezite odds orani farkinin anlamh olma-
digi anlasildi (P>0.05). Kapali ortamda yasayan kedi-
ler ile acik ve karma ortamda yasayan kediler arasin-
da obezite odds oranlari bakimindan anlamh fark
bulunmadi (P>0.05). Evde bulunan kedi sayisi ve
evde yasayan kisi sayisinin kedilerin obeziteye yaka-
lanma riski Uzerinde anlamli bir etkiye sahip olmadigi
anlasildi (P>0.05). Evde koépek bulunmasina goére
bulunmamasi durumunun obezite odds orani tzerin-
de etkili olmadigi goérildu (P>0.05). Hastaligi olma-
yan kedilere gore diger hastaliklara sahip olan kedile-
rin obezite odds orani farkinin anlamli olmadigi sap-
tandi (P>0.05) (Tablo 1).
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Tablo 1. Tek degiskenli lojistik regresyon analizi

95%
95% GA GA
Degiskenler KatsBa si St Hata ist‘;vt?;?i“i df De?eri OR Alt Sinir Ust
Y 9 9 (OR) Sinir
(OR)
Yas 0.1751 0.0646 7.35 1 0.0067 1.19 1.05 1.35
Irk (vs Tekir) 3.09 8 0.079
British -.195 0.658 0.087 1 0.767 0.823 0.227 2.991
Scottish -2.483 1.004 6.123 1 0.013 0.083 0.012 0.597
iran -1.296 0.932 1.935 1 0.164 0.274 0.044 1.699
Ankara -0.591 1.086 0.297 1 0.586 0.554 0.066 4.648
Van -0.736 1.181 0.388 1 0.533 0.479 0.047 4.851
Siyam -2.201 1.377 2.555 1 0.110 0.111 0.007 1.645
Melez * * * * " * * *
Sphynx * * * * * * * "
Kisirlagtirma Durumu (vs
Kisirlagtiriimis) 5.25 1 0.022
Kisirlagtirimamis -1.216 0.593 4.210 1 0.040 0.296 0.093 0.947
Cinsiyet (vs Disi) 2.28 1 0.131
Erkek 0.509 0.440 1.338 1 0.247 1.663 0.703 3.936
Fiziksel Aktivite (vs 0-1
saat) 1.42 3 0.234
1-3 saat -2.010 0.621 10.479 1 0.001 0.134 0.040 0.453
3-5 saat -2.212 0.889 6.187 1 0.013 0.109 0.019 0.626
5 saatten fazla -1.812 1.152 2474 1 0.116 0.163 0.017 1.562
Diyet (vs Kuru Mama) 0.057 3 0.812
Yas Mama -0.039 0.966 0.002 1 0.967 0.961 0.145 6.379
Kuru Mama ve Yag Mama -0.656 0.526 1.554 1 0.213 0.519 0.185 1.455
Ev Yemekleri -1.093 0.925 1.395 1 0.238 0.335 0.055 2.056
Hastalik (vs Hastalik Yok) 1.02 8 0.757
Deri Hastaliklar -0.095 0.735 0.017 1 0.346 0.909 0.215 3.843
Diyabet 0.511 0.816 0.391 1 0.568 1.667 0.336 8.258
Gastrointestinal Hastaliklar 0.317 0.679 0.217 1 0.859 1.373 0.363 5.195
Uriner Sistem Hastaliklari 0.364 0.714 0.260 1 0.845 1.439 0.355 5.837
Agiz Boslugu ve Dig -0.247 0.704 0.123 1 0.798 0.781 0.197 3.106
Hastaliklari
Hipotiroidimz * * * * * * * *
Eklem Hastaliklar 0.511 0.816 0.391 1 0.597 1.667 .336 8.258
Davranig Problemleri 0.616 0.726 0.719 1 0.121 1.852 446 7.691
Ogiinde Verilen Miktar (vs 293 3 0.087
50 gr az)
50-100 gr 0.372 0.680 299 1 0.585 1.450 0.382 5.500
100-150 gr -1.570 0.591 7.042 1 0.008 0.208 0.065 .663
150 gr’dan fazla -0.176 0.624 .080 1 0.777 0.838 0.247 2.846
Ogiin Sayisi (vs 1) 3.33 2 0.068
2 1.756 0.940 3.493 1 0.062 5.789 918 36.502
3 ve daha fazla 1.561 0.923 2.863 1 0.091 4.764 781 29.061
Yasadigi ortam (vs Kapali) 2.08 2 0.149
Acik 0.000 2.039 .000 1 1.000 1.000 .018 54.387
Karma 0.782 0.610 1.645 1 0.200 2.186 .662 7.219
Evde Bulunan Kedi Sayisi -0.1336 0.2657 0.25 1 0.6151 0.88 0.65 1.34
Kopek Varligi (vs Var) 0.48 1 0.489 0.70
Yok 0.372 0.680 0.299 1 0.585 1.450 0.382 5.500
Evde Yasayan Kisi Sayisi -0.3591 0.1887 3.62 1 0.057 0.69 0.48 1.01

Cox & Snell R? = 0.405. Negelkerke R? = 0.548
-2 LL:165. 296 G: 103.909 P <0.001
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Tek degiskenli lojistik regresyon modellerinde P<0.25
anlamlilik seviyesinin altinda olan bagimsiz degis-
kenler ¢ok degiskenli lojistik regresyon modeli icin
aday degisken olarak belirlendi. Buna gére yas, Irk,
kisirlagtirma durumu, cinsiyet, fiziksel aktivite, diyet,
hastalik, 6ginde verilen miktar, 6giin sayisi, yasadigi
ortam ve evde yasayan kisi sayisi degiskenleri ¢ok
degdiskenli lojistik regresyon modeline dahil edildi.
Cok degiskenli lojistik regresyon modelinde yas de-
giskeninin 1 birimlik artisinin obezite odds oranini
1.232 kat arttirdigi goraldi (P<0.05). 100-150 gr 6gu-
nd bulunan kedilerin 50 gr'dan az 6dunu bulunan
kedilere gore obezite odds oraninin 0.135 kat daha
az oldugu gorilirken (P<0.05); diger 6gin miktarlari-
nin 50 grdan az 6ginu bulunan kedilere gére obezite
odds orani farki anlamli bulunmadi (P>0.05). Irk, ki-
sirlastirma ve evde yagayan Kisi sayisi degiskenleri-
nin ise obezite odds orani Uzerinde anlamli etkisi
bulunmadi (P>0.05) (Tablo 2).

Tablo 2. Cok degiskenli lojistik regresyon analizi

Erdal OZENIR

yontemle degerlendirilmis; ydontemlerden birinde oran
%30.5, digerinde ise %32.5 olarak belirlenmistir. Ul-
kemizde vyapilan bir calismada ise kedilerin %
42’sinin, kdpeklerin ise %30’unun asin kilolu ve obez
olduklari belirlenmistir (Demir ve Altach, 2024). Bu
arastirmada elde edilen asiri kiloluluk ve obezite ora-
ninin énceki ¢calismalardan farkllik géstermesi birkag
faktére bagl olabilir. Oncelikle, farkli VKS dlgeklerinin
kullanimi énemli bir etkendir. Bazi calismalarda 5
puanh Olgek kullanilirken (Allan ve ark., 2000; Lund
ve ark., 2005; McGreevy ve ark., 2008; Colliard ve
ark., 2009; Courcier ve ark., 2010; 2012); bazilarinda
ise 9 puanli 6lgek (Cave ve ark., 2012; Corbee, 2014)
tercih edilmistir. Olgekler arasindaki farkliliklar, asiri
kiloluluk veya obezite sinir degerlerinin esik olarak
kullanilmasindaki degisiklikler oranlardaki cesitliligi
aciklamaktadir. Ayrica, degerlendiricilerin sayisinin
birden fazla olmasi veya bireysel degerlendirme fark-
lilklar da bu oranlarda sapmalara neden olabilmek-

95%
B Wald ista- P 95% GA GA
Degiskenler Kat- St Hata tistidi f De- OR Alt sinir Ust
istigi .
sayisi geri (OR) sinir
(OR)
Yas 0.209 0.069 9.21 1 0.002 1.232 1.07 1.41
Irk (vs Tekir) 12.052 8 0.149
British 0.854 0.528 2.614 1 0.106 2.349 0.834 6.615
Scottish -1.159 0.741 2.444 1 0.118 0.314 0.073 1.342
iran -0.750 0.728 1.059 1 0.303 0.473 0.113 1.970
Ankara -1.444 0.977 2.185 1 0.139 0.236 0.035 1.601
Van -0.608 0.982 0.383 1 0.536 0.545 0.079 3.730
Siyam -1.730 1.083 2.553 1 0.110 0.177 0.021 1.480
Kisirlagtirma Durumu (vs
Kisirlagtinimis)
. Kisirlagtirnimamis -0.991 0.530 3.498 1 0.061 0.371 0.131 1.049
Ogiinde Verllegzl;lllktar (vs 50 gr 22 355 3 0.000
50_100 gr * * * 1 * * * *
100-150 gr -2.004 0.720 7.752 1 0.005 0.135 0.033 .552
150 gr'dan fazla -0.104 0.725 0.021 1 0.886 0.901 0.218 3.731
Evde Yasayan Kisi Sayisi -0.272 0.167 2.657 1 0.103 0.762 0.549 1.057

Cox & Snell R? = 0.327. Negelkerke R? = 0.442
-2LL:190. 013

Tartisma ve Sonug

Bu ¢alismada ylksek VKS degerlerine sahip kedilerin
oraninin dikkat cekici dizeyde oldugu gérilmekte
(Sekil 1) ve kilo yonetimi ile diyet programlarinin éne-
mine isaret edilmektedir. Bu konuda yapilan ¢alisma-
lara bakildiginda, kedilerde obezite insidansinin ge-
nis bir aralikta degistigi gorilmektedir. Bazi arastir-
macilar bu orani %11-52 olarak bildirirken (Lund ve
ark., 2005; Hill, 2009; Courcier ve ark., 2010, 2012;
Cave ve ark., 2012; Corbee, 2014) bazilan (Teng ve
ark., 2018; Ohlund ve ark., 2018; Gates ve ark.,
2019; Wall ve ark., 2019) ise %11.5-63 olarak bildir-
migtir. Wall ve ark. (2019)’nin 81 Ulkede gerceklestir-
digi bir ankette, kedilerin obezite oranlar iki farkl

tedir (Colliard ve ark., 2009; Cave ve ark., 2012). Bu
bulgular, kedilerde kilo yonetimi icin standardize edil-
mis degerlendirme yontemlerinin ve tutarli tanimla-
malarin énemini vurgulamaktadir. Kedi sahiplerine ve
veteriner hekimlere, kilo kontroll ve beslenme planla-
masi konusunda rehberlik edecek daha net protokol-
lerin olusturulmasi, obezite oranlarinin daha dogru bir
sekilde saptanmasi ve kontrol altina alinmasinda
etkili olacaktir.

Sekil 2’'de galismada yer alan kedilerin irk dagilimlari
verilmigtir. Kocabagl ve ark. (2019) tarafindan yapi-
lan bir galismada, kedilerde irkin asiri kilo veya obe-
zite Uzerindeki etkisinin anlamli olmadigi rapor edil-
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mistir. Benzer sekilde, Colliard ve ark. (2009), Cour-
cier ve ark. (2010, 2012), Rowe ve ark. (2015) gibi
arastirmacilar da irkin agiri kilo ve obezite gelisimin-
de 6nemli bir risk faktori olmadigini 6ne sirmistir.
Ancak, Robertson (1999), Lund ve ark. (2005), McG-
reevy ve ark. (2008), Teng ve ark. (2018) tarafindan
yapilan diger bazi calismalarda belirli irklarin obezite
gelisiminde etkili faktorler oldugu kabul edilmigtir.
Ornegin, Chiang ve ark. (2022) tarafindan yapilan bir
arastirmada, melez kedilerde asiri kilo veya obezite
oraninin (%42.5) safkan kedilere (%30.1) gére daha
yuksek oldugu bulunmustur. Gates ve ark. (2019)
tarafindan yapilan bir bagka calismada ise, British irki
kedilerin %40.3 oraniyla en yiksek asin kilolu veya
obez oranina sahip oldugu, Persian ve Birman irklari-
nin ise sirasiyla %10.6 ve %6.2 ile en disuk oranlara
sahip oldugu bildirilmistir. Ayrica, Chiang ve ark.
(2022) tarafindan yapilan bir ¢alismada, British ve
Norve¢ Orman kedisi gibi bazi irklarin asiri kiloluluk
veya obezite ile anlamli bir gekilde iligkilendirildigi
belirtiimistir. Calismanin sonunda irk faktériiniin obe-
zite Uzerinde anlamli etkisinin bulunmamasi, kediler-
de obeziteye yol agan faktorlerin yalnizca irk ile sinirh
olmadigini; beslenme aligkanliklar, fiziksel aktivite
duzeyi ve gevresel faktorlerin de 6nemli rol oynadigi-
ni gostermektedir. Dolayisiyla, irkin obezite tzerinde-
ki etkisi, daha genis bir baglamda ele alinmali ve
kedilerde kilo ydnetimi icin multidisipliner bir yaklasim
benimsenmelidir. Bu bulgular, &zellikle obeziteye
yatkin olan irklarin géz éntnde bulundurulmasinin
yani sira, kedilerin genel saglik durumunu iyilestirme-
ye yonelik ¢evresel ve davranissal faktorlerin Gnemini
de vurgulamaktadir.

Chiang ve ark. (2022), geng kedilerde asiri kilolu ve-
ya obez olma oraninin %24.2 oldugunu, yasl kediler-
de ise bu oranin %48.9'a ¢iktigini saptamistir. Benzer
sekilde, Cave ve ark. (2012) tarafindan 2 yas alti
kedilere kiyasla, 3-7 yas arasi kedilerde obezite riski-
nin 2.3 kat, 8-12 yas arasi kedilerde 5.5 kat, 13 yas
Uzerindeki kedilerde ise 13.8 kat arttigi belirtilmistir.
Yasin obezite icin dnemli bir risk faktoéri oldugu bul-
gusu, Sloth (1992), Kronfeld ve ark. (1994), Russell
ve ark. (2000) ve Colliard ve ark. (2009) gibi birgok
arastirmaci tarafindan desteklenmistir. Ozellikle orta
yas ve Uzerindeki kedilerde obezitenin daha yaygin
oldugu gozlenmistir. Kocabagh ve ark. (2019), fazla
kilolu veya obez kedilerin prevalansinin 1 yas gru-
bunda %4.5, 3 yas grubunda %27.5 ve 4 yas grubun-
da %22.7 oldugunu tespit etmislerdir. Gates ve ark.
(2019) da benzer sekilde, asiri kilolu veya obez kedi-
lerin en yaygin olarak 5-11 yas grubunda bulundugu-
nu belirtmistir. Orta yasl ve yetiskin kedilerde obezite
riskinin yiksek oldugu ve bu oranin erigkin kedilerde
%35-40, 7 yasindan bulyilk kedilerde ise %50’den
fazla oldugu gortlmuistir (Demir ve Altagl, 2024).
Calismanin sonuglarinda da gorildiga gibi kedilerde
obeziteye yol acan 6nemli faktdrlerden birinin yas
oldugu ve yasla birlikte metabolik degisiklikler ve fi-
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ziksel aktivitedeki disisin, obezite riskini arttirabile-
cegi dusunulmektedir. Yasin bu etkisi, daha genc¢
yaslardaki kedilerde g6zlemlenmeyen ancak ileri yag-
lardaki kedilerde belirgin hale gelen obezite egilimleri-
nin nedenlerini anlamada énemli bir yol gdstericidir.

Cogu calisma (Hoenig ve Ferguson, 2002; Nguyen
ve ark., 2004; Lund ve ark., 2006; McGreevy ve ark.,
2008; Colliard ve ark., 2009; Courcier ve ark., 2010;
Cave ve ark., 2012; Naughton ve ark., 2021), kisirlas-
tirmanin kedilerde asiri kilo veya obezite olasiligini
arttirdigini bildirse de, arastirma sonunda kisirlagtir-
ma ile obezite riski arasinda anlamli bir sonuca ulasil-
mamasi, diger bazi arastirmalarla (Kienzle ve Berg-
ler, 2006; Rowe ark., 2015; Kocabagli ve ark., 2019)
benzerlik gdstermektedir. Bu, obeziteyi belirleyen
diger faktorlerin (diyet, fiziksel aktivite diizeyi, gevre-
sel kosullar) etkisinin daha belirgin olabilecegiyle
aciklanabilir. Ayrica, ¢alismanin metodolojik farkhlk-
lar ve kisirlastirma sonrasi kilo degisikliklerini izle-
mek ic¢in kullanilan stire, kisirlastirma sonrasi steril
mama kullanimi gibi degiskenler, bu iliskiyi anlamada
zorluk olusturabilir.

Hanford ve Linder (2021), ev ortaminda yasayan
kedilerin fiziksel aktivite seviyelerinin sinirli oldugunu
ve bunun obezite oranlarini arttirdigini bildirmigtir.
Lund ve ark. (2006) ise hareketsiz yasam tarzi ve
yuksek kalorili diyetlerin, kedilerde obezite egilimini
destekleyen temel faktérler oldugunu vurgulamakta-
dir. Fiziksel aktivite, kedilerin kilo kontrolii ve genel
saglik durumlarinin korunmasinda énemli bir rol oy-
namaktadir. Ohlund ve ark. (2018) kapali ortamda
yasayan kedilerin, digarida serbestce hareket edebi-
len kedilere gére daha dustik fiziksel aktivite seviyele-
rine sahip oldugunu ve bunun obezite riskini arttirdi-
gini belirtmistir. Yapilan calismalarda (Courcier ve
ark., 2012; Teng ve ark., 2018) hareketsizligin kedi-
lerde asin kilolu veya obez olma riskini artiran énemli
bir faktér oldugu goérisi savunulsa da, bu ¢alismada
kedilerde fiziksel aktivite ve obeziteye yakalanma
riski arasinda anlamli bir fark bulunamamistir.

Bazi caligmalar (Rowe ve ark., 2015; 2017; Ohlund
ve ark., 2018) kuru mama ile beslenen kedilerin asiri
kiloluluk veya obezite riski agisindan daha yuksek bir
risk tasidigini ortaya koymustur. Kocabagh ve ark.
(2019) tarafindan yapilan c¢alismada, kedilerin %
78.8'inin kuru mama ile beslendigi ve kuru mama
kullaniminin asin kiloluluk veya obezite riski Gzerinde
anlamli bir etkisi olmadidi bildirilmigtir. Sunulan ¢als-
manin bulgulari diyet tirinin obezite izerinde belir-
gin bir etkisi olmadigini savunan bu c¢aligmalarla pa-
ralellik gostermektedir. Yapilan bazi galismalarda
beslenme sikliginin obezite riskini arttirici bir etken
oldugu belirtiimistir (Russell ve ark., 2000; Harper ve
ark., 2001). Bu calismada ise beslenme sikhginin
obezite riskini arttiran 6énemli bir faktér olmadigi bul-
gusu, Robertson (1999), Allan ve ark. (2000), Colliard
ve ark. (2009)'nin sonuglari ile uyumludur. Sunulan
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calismada kedilerin yasadigi ortamin obezite Gzerin-
de etkisi olmadigi sonucuna ulasilmistir. Bu sonug¢
Courcier ve ark. (2010), Ohlund ve ark. (2018) ve
Naughton ve ark. (2021) tarafindan yapilan ¢alisma-
larin sonuglarini desteklemektedir. Yapilan galisma-
da, evde baska kedilerin varliginin obezite egilimi
Uzerinde belirgin bir etkisi olmadigi goérilmektedir.
Ancak, sosyal dinamiklerin kedilerin fiziksel aktivite
seviyelerini etkileyebilecedi de unutulmamalidir. Teng
ve ark. (2018), cok hayvanli evlerde kedilerin daha
fazla sosyal etkilesime girdiklerini ve oyun aktiviteleri-
nin arttigini, bunun da enerji harcamasini arttirarak
obezite riskini azaltabilecegini belirtmiglerdir. Ayrica,
Scarlett ve Donoghue (1998) de, ¢cok hayvanl evler-
de kedilerin aktivite seviyelerinin yiikseldigini ve bu-
nun obezite riskini azalttigini ifade etmistir. Ote yan-
dan, evdeki diger hayvanlarin varligi her zaman akti-
vite seviyelerini arttirmamaktadir. Diger hayvanlarin
baskin davraniglari bazi kedilerde stres yaratabilir ve
bu stres, yeme bozukluklari ve kilo alimi ile sonucla-
nabilir. Kershaw ve Flier (2004), stresin obezite lGize-
rindeki etkisini artan Kortizol seviyeleri ve degisen
istah mekanizmalan ile agiklamiglardir. Yapilan bu
calismada ulasilan, kopek varliginin obezite igin
Onemli bir risk faktéri olmadigi sonucu, Kershaw ve
Flier (2004) tarafindan yapilan bir calismayla da
uyumludur. Evdeki insan ve hayvan sayisinin artma-
sI, kedilerin beslenme duzeninin tutarli bir sekilde
kontrol edilmesini zorlastirabilir. Wall ve ark.
(2019)'nin galismasinda, birden fazla kisinin kediyi
beslemesi veya porsiyon kontroliindeki eksikliklerin
obeziteye katkida bulunabilecegi belirtilmigtir. Ancak
sunulan ¢alismada evde yasayan kisi sayisinin kedi-
lerde obezite Uzerine anlamli bir risk faktorli olmadi-
ginin goézlenmesi, belirli ¢cevresel veya davranigsal
faktorlerin bu etkiyi dengeleyebilecegini disindur-
mektedir. Ornegin, evde yasayan kisi sayisindaki
artis, kedilere daha fazla dikkat ve ilgi gosterilmesine
veya onlarin fiziksel aktivitelerinin artmasina neden
olabilir; bu da enerji harcamalarini arttirabilir. Ayrica,
verilen mama miktarlarinin kontrolli bir sekilde tespit
edilmesi, fazla kilo alimini énleyebilir ve bu tiir dene-
tim mekanizmalari obezite riskini azaltmada etkili
olabilir. Bu bulgular, kedilerde obezite ile iligkili risk
faktorlerinin yalnizca biyolojik degil, ayni zamanda
cevresel ve sosyal faktorlerle de baglantili oldugunu
vurgulamaktadir. Ancak daha kapsamli galismalarla
bu iliskinin dogrulanmasi gerekmektedir. Cesitli ¢alis-
malar, porsiyon kontroliiniin kedilerde enerji alimini
dengelemek ve obeziteyi 6nlemek igin dnemli bir stra-
teji oldugunu vurgulamaktadir. German (2006) yuk-
sek kalorili diyetlerle beslenen kedilerde porsiyon
kontroluinlin, enerji alimini dengeleme agisindan kritik
oldugunu belirtmistir. Scarlett ve Donoghue (1998),
asirn miktarda mama verilmesinin kedilerde obezite
riskini arttirabilecegini ifade etmistir. Lund ve ark.
(2005) ise porsiyon kontroll saglanamayan durumlar-
da, enerji aliminin enerji harcamasini asarak kilo
alimina yol acgabilecegini bildirmistir. Ohlund ve ark.
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(2016) da porsiyonlarin belirlenmesi ve gunlik eneriji
ihtiyacina uygun sekilde dizenlenmesinin 6nemine
dikkat ¢ekmistir. Sunulan g¢alismanin bulgular litera-
turle paralel olarak, porsiyon kontrolunin kedilerin
kilo yénetiminde 6énemli bir rol oynadigini ve uygun
porsiyon miktarlarinin belilenmesinin obezite riskini
azaltmada etkili bir strateji oldugunu ortaya koymak-
tadir. Kedilerin beslenme dizenlerinin, asiri kilo al-
mini énlemek ve uzun vadeli saglik sonuglarini iyiles-
tirmek icin dikkatlice planlanmasi gerektigi bu ¢alis-
mada da gozlenmistir.

Bu bulgular, kedilerin bireysel ihtiyaglarina gére sekil-
lendirilecek beslenme ve yasam tarzi yonetimi strate-
jilerinin geligtiriimesine olanak taniyabilir. Ozellikle
yasa, fiziksel aktivite seviyesine, cinsiyete ve kisirlas-
tirma durumuna goére 6zellestirilmis yaklagimlar, kedi-
lerin obezite riskini minimize etmede etkili bir yol su-
nabilir. Bu durum, veteriner hekimlere, hasta sahiple-
rine ve arastirmacilara kedi sagliginin korunmasi
konusunda katkida bulunabilir.
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Oz: Bu calismada, Nevsehir yéresinde cesitli sikayetler ile 6zel veteriner kliniklerine getirilen sahipli kedi ve kdpeklerde,
Giardia duodenalis’in molekuler prevalansinin arastiriimasi, genetik karakterizasyonlarinin saglanmasi, filogenetik
yapilanmalarinin belirlenmesi ve molekdler epidemiyolojik veriler kapsaminda kedi ve kopeklerin halk sagligr yéninden
risk faktorlerinin ortaya konmasi amaglanmistir. Bu amagcla 2023 yilinda Nevsehir yoresinde farkli yas ve cinsiyetteki
sahipli 100 kedi ve 100 kopekten toplam 200 adet diski ornegi toplanmistir. Toplanan digki érneklerinden genomik
DNA izolasyonu gergeklestirildikten sonra elde edilen izolatlar, -giardin gen bdlgesini amplifiye eden spesifik primer-
lerle nested PCR analizine tabi tutulmustur. Nested PCR analizleri sonucu ikisi kedi ve biri kdpek olmak Uzere toplam
U¢ (%1.5) 6rnek G. duodenalis DNA’sI yonlinden pozitif belirlenmistir. Pozitif belirlenen amplikonlar, sekans analizlerine
tabi tutularak hedef gen bolgesine ait niikleotid dizilimler elde edilmistir. Elde edilen izolatlarin veri tabanlarina kaydedil-
mis diger G. duodenalis izolatlari ile ¢oklu hizalamalari yapilarak filogenetik analizleri gergeklestiriimis ve GenBank veri
tabani kayitlari yapilmistir (PQ514072-4). Yapilan ¢oklu hizalama ve filogenetik analizler sonucunda sahipli kedilerden
elde edilen izolatlarin zoonotik Assemblage B ile Assemblage C ve sahipli kdpekten elde edilen izolatin Assemblage
D’de yer aldigi tespit edilmistir. Sonug olarak bu ¢alisma ile Nevsehir yéresinde sahipli kedi ve kdpeklerde G. duodena-
lis'in ilk kez molekuler karakterizasyonu yapilmis ve sahipli kedi ve kdpeklerin halk sagligi yonunden olusturabilecegi
risk potansiyelleri ortaya konmustur.

Anahtar kelimeler: Giardia duodenalis, Nevsehir, PCR, 3-giardin

Molecular Prevalence and Genetic Characterization of Giardia duodenalis in Owned Cats and Dogs from
Nevsehir Province
Abstract: This study aimed to investigate the molecular prevalence of Giardia duodenalis in owned cats and dogs
presented with various clinical complaints at private veterinary clinics in the Nevsehir region. It was also aimed to deter-
mine the genetic characterization and phylogenetic relationships of G. duodenalis isolates. Furthermore, it evaluated
the potential public health risks posed by cats and dogs within the context of molecular epidemiological data. In 2023, a
total of 200 fecal samples were collected from 100 owned cats and 100 owned dogs of various ages and sexes in the
Nevsehir region. Genomic DNA was subsequently isolated from the fecal samples and then subjected to nested PCR
using specific primers targeting the B-giardin gene region of G. duodenalis. Nested PCR analysis identified G. duode-
nalis DNA in three samples (1.5%): two from cats and one from a dog. Positive amplicons were sequenced. The se-
quence analysis revealed three distinct genotypes among the isolates. These genotypes were submitted to the Gen-
Bank database with accession numbers PQ514072-4. Phylogenetic analyses were performed by aligning sequences
from other G. duodenalis isolates available in the databases. Multiple sequence alignment and phylogenetic tree con-
struction indicated that the isolates obtained from cats belonged to zoonotic Assemblage B and Assemblage C, where-
as the isolate from the dog was classified as Assemblage D. In conclusion, this study represents the first molecular
characterization and phylogenetic analysis of G. duodenalis in owned cats and dogs in the Nevsehir region and high-
lights the potential public health risks posed by owned cats and dogs.
Keywords: Giardia duodenalis, Nevsehir, PCR, 3-giardin

Girig

Giardiasis dliinya ¢apinda genis bir yayilis gbsteren,
insan ve hayvanlarda 6zellikle gastrointestinal sis-
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temde ciddi sorunlara yol agabilen protozoal bir en-
feksiyondur (Dixon, 2021). Giardia duodenalis (syn.
Giardia intestinalis, Giardia lamblia), kirktan fazla
memeli hayvan tiriinde gérilen ve yillik ortalama 280
milyon insanda semptomatik enfeksiyona neden olan
bir parazit turidir (Upcroft ve Upcroft, 1998; Lane ve
Lloyd, 2002; Monis ve ark., 2009). Bu protozoon tir(,
dinyanin hemen her yerinde yayilis gOstermesi ve
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Ozellikle de gelismekte olan Ulkelerde en sik rastla-
nan bagirsak paraziti olarak bildiriimesi nedeniyle,
giardiasise neden olan diger protozoon turleri icerisin-
de oldukgca 6nemli bir yere sahiptir (Feng ve Xiao,
2011). Ozellikle kalabalik yagam ortamlari ve konta-
mine ¢evresel kosullar altinda hayvanlardan insanla-
ra veya insanlardan hayvanlara dogrudan veya do-
layli temasla bulasabilen G. duodenalis, tek saglik
kavrami cercevesinde veteriner hekimlik ve halk sag-
lg1 alaninda ortak 6éneme sahip bir patojen olarak
kabul edilmektedir (Dixon, 2021). Bu baglamda, G.
duodenalis’in etkeni oldudu giardiasisin yayilis dina-
miklerinin ve bulasma kaynaklarinin anlagiimasi, bu
zoonoz hastaliga kargi kontrol ve micadele stratejile-
rinin geligtiriimesi agisindan kritik 6nem arz etmekte-
dir (Cai ve ark., 2021).

Giardia duodenalis’in teshisi, geleneksel olarak mik-
roskopi veya immunolojik testler ile yapilmakla birlikte
bu yontemler, parazitin dusuk yogunlukta bulundugu
durumlarda 6zellikle de kronik enfeksiyonlarda sinirli
hassasiyet sergileyebilmektedir (Koehler ve ark.,
2014; Soares ve Tasca, 2016; Adeyemo ve ark.,
2018). Bu kapsamda teghisin dogru ve net bir sekilde
yapllamamasi nedeniyle 06zellikle hastalik etkenini
herhangi bir klinik belirti géstermeden tasiyan rezer-
vuar konaklar, etkenin yayilis ve bulasmasinda rol
oynamakta, boylece hem insan hem de hayvan sagli-
gini tehdit etmektedirler (Sommer ve ark., 2018; Cai
ve ark., 2021). Son yillarda molekdler tabanli teknik-
lerin yayginlagsmasiyla birlikte G. duodenalis, daha
kesin ve hassas bir sekilde teshis edilmeye baslan-
mistir (Feng ve Xiao, 2011). Bu yontemler igerisinde
polimeraz zincir reaksiyonu (PCR) yonteminin G.
duodenalis’in direkt identifikasyonu noktasinda mole-
kuler karakterizasyon analizlerinin gerceklestiriimesi-
ne temel olusturdugu ve parazitin genetik yapisinin
detayh bir sekilde incelenmesine olanak taniyarak
hastaliga karsi etkin kontrol ve miicadele stratejileri-
nin gelistirimesinde 6nemli katkilar sagladig bildiril-
mektedir (Wielinga ve Thompson, 2007; Feng ve
Xiao, 2011).

Kedi ve képekler gibi evcil hayvanlarda G. duodenalis
enfeksiyonlarinin tespiti, mevcut zoonotik risk nede-
niyle biyuk énem tagimaktadir (Cai ve ark., 2021).
Ozellikle yavru kedi ve kopekler, giardiasis olgularin-
da sik rastlanilan ishal gibi klinik semptomlar gdster-
mese bile rezervuar konaklar olarak parazitin kist
formlarini gevrelerine yayabilmekte ve etkenin farkl
konaklara bulasmasinda rol oynayabilmektedirler
(Traub ve ark., 2004; Dado ve ark., 2012). Yetigkin
kedi ve kdpeklerde enfeksiyon yayma riski, genclere
kiyasla daha distik olabilmekle birlikte yine bu hay-
vanlar da rezervuar konak olarak parazitin bulagsma
ve yayllmasinda goérev alabilmektedir (Kurnosova ve
ark., 2024). Bu nedenle, insanlarla yakin temasta
olan ve hatta evde beslenen hayvanlara basta G.
duodenalis olmak Uzere zoonotik patojenlerin tespiti
icin guvenilirligi ylksek ydntemlerle yapilan tarama
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testlerinin dizenli olarak uygulanmasi buyik énem
arz etmektedir (Barutzki ve Schaper, 2011).

Son yillarda cesitli Glkelerde yapilan ¢alismalarla kedi
ve kdpeklerde G. duodenalis’in molekiler epidemiyo-
lojisi Uzerine kapsamli veriler elde edilmistir (Feng ve
Xiao, 2011; Cai ve ark., 2021). Turkiye’'de ise guni-
muze kadar bu hayvanlarda G. duodenalis ile ilgili
yapilan calismalarin ¢ogdunlukla konvansiyonel mik-
roskobik teshis ydntemleri temelinde gerceklestirildi-
gi, etkenin molekuler diizeyde identifikasyonu ve filo-
genetik karakterizasyonlarinin belirlenmesini iceren
calismalarin ise oldukga sinirli oldugu goérilmektedir.
Ancak G. duodenalis’in bulasma dinamiklerinin ortaya
konmasi, epidemiyolojik faktdrlerin analizi, gesitli cog-
rafik bolgeler arasindaki iligkilerin arastirimasi ve
etkin kontrol stratejilerinin gelistirilebilmesi icin enfek-
siyona yol agan genotip/alttiplerin molekdler olarak
ortaya konulmasi ve filogenetik yapilanmalarinin be-
lirlenmesine ihtiyag duyulmaktadir (Sprong ve ark.,
2009; Hao ve ark., 2024). Nitekim, Turkiye’de kedi ve
kopeklerde G. duodenalis genotiplendirmesi Uzerine
yapilan sinirlh sayida cgalismada zoonotik karakterli
genotiplerin yaygin olarak bulundugu rapor edilmis ve
bu kapsamda kontrol stratejilerinin gelistiriimesine
ihtiyag duyuldugu vurgulanmistir (Gultekin ve ark.,
2017; Sursal ve ark., 2020; Aslan Celik ve ark.,
2023a).

Bu galismada, Nevsehir yoresinde cesitli sikayetler ile
Ozel veteriner kliniklerine getirilen sahipli kedi ve ko-
peklerde, G. duodenalis’in varliginin ve molekiler
prevalansinin arastiriimasi, genetik karakterizasyon-
larinin saglanmasi, filogenetik yapilanmalarinin belir-
lenmesi ve elde edilecek molekiler epidemiyolojik
veriler kapsaminda halk saghgi yéniinden risk potan-
siyellerinin ortaya konmasi amaclanmistir.

Gereg ve Yontem
Aragtirma sahasi ve érneklerin toplanmasi

Calismanin materyalini, 2023 yilinda Nevsehir yore-
sinde cesitli sikayetlerle (istahsizlik, kusma, ates,
istah kaybu, letarji, sarilik, kabizlik, ishal vb.) veteriner
kliniklerine getirilen farkh yas ve cinsiyetteki sahipli
100 kedi ve 100 kopekten teknigine uygun olarak
toplanan 200 adet digki 6rnegi olusturmustur. Topla-
nan digki ornekleri oncelikle steril digki kaplarina
aktarilmis ve daha sonra hayvanlara ait yas ve cinsi-
yet bilgileriyle birlikte kayit altina alinmistir. Ornekler,
ilk asamada -20 °C’de muhafaza edilmis ve sonrasin-
da soguk zincirde Erciyes Universitesi Veteriner Fa-
kiltesi Parazitoloji Anabilim Dali Laboratuvarlari'na
intikal ettirilmistir. Ornek alinan hayvanlarin yas ve
cinsiyetlerine gore dagilimlari Tablo 1’de verilmistir.
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Tablo 1. incelenen kedi ve kdpek digki érnekleri ve Giardia duodenalis pozitifliginin cinsiyet ve yas gruplarina

g6re dagilimi

incelenen Ornek Sayisi Pozitif 6rnek sayisi

Kopek Kedi Kopek Kedi Toplam
Cinsiyet
Disi 52 43 1 - 1
Erkek 48 57 - 2 2
Yas grubu (yil)
<1 37 23 - - -
1-3 30 35 1 1 2
>3 33 42 - 1 1
Toplam 100 100 1 2 3

Genomik DNA Izolasyonu

Digki 6rneklerinden genomik DNA izolasyonlari, ticari
kit (NucleoGene Stool DNA Quick Extraction Kit,
NucleoGene, Turkiye) kullanilarak ve Ureticinin belir-
ledigi prosediir takip edilerek gerceklestirilmistir. izole
edilen genomik DNA’lar Qubit® 3.0 Fluorometric Qu-
antitation (Thermo Scientific, Waltham, MA, ABD)
cihazinda islenmis ve total genomik DNA miktarlari
(ng/ul) belirlenmistir. Takiben, dlgiimleri tamamlanan
genomik DNA’lar analize tabi tutulana kadar -20°C’de
muhafaza edilmistir.

B-giardin Gen Bélgesinin Amplifikasyonu ve Se-
kans Analizleri

Diski numunelerinden elde edilen genomik DNA izo-
latlar, G. duodenalis’in 3-giardin gen bdlgesini ampli-
fiye eden ve Tablo 2'de verilen primerler ile nested
PCR analizine tabi tutulmustur. Reaksiyon karigimi
25 pl final konsantrasyonda; 12.5 pl ticari master mix
(DreamTag™ Hot Start Green PCR Master Mix,
Thermo Scientific, ABD), 1.3 yl her bir primer (10 yM
konsantrasyon), 7.9 pl steril ddH,O ve 2 ul template
DNA (10-20 ng/pl) icerecek sekilde hazirlanmistir.
Birinci amplifikasyon igin protokol; 6n denatirasyon:
95 °C’de 3 dk; denatlirasyon: 95 °C’de 1 dk, baglan-
ma: 65 °C’de 30 s, uzama: 72 °C’de 1 dk, 35 siklus;
final uzama: 72 °C'de 10 dk olacak sekilde dizayn
edilmigtir. kinci PCR’da ilk reaksiyon Griiniinden 1 pl
amplikon kullanilmis steril ddH,O miktar 8.9 pul olarak
ayarlanmis ve baglanma sicakligi 55 °C olarak belir-
lenmigtir. PCR analizlerinin gecerliliginin ve herhangi
bir kontaminasyonun olup olmadidinin test edilmesi
amaciyla her analizde pozitif kontrol olarak laboratu-
varda muhafaza edilen referans G. duodenalis geno-
mik DNA’sI ile negatif kontrol olarak sterilize edilmis
ddH,O kullanilmistir.

Amplifikasyon sonunda elde edilen PCR urunleri (5
pl) %1.5°luk agaroz jelde elektoforeze tabi tutularak,
iBright™ CL1500 Jel Gorintileme Sisteminde
(Thermo Fisher Scientific, Waltham, MA, ABD) g6-
rintilenip analiz edilmistir. Hedef baz araliginda go6-
rinen bantlar sekans analizleri 6ncesinde ticari kit
kullanilarak (High Pure PCR Product Purification Kit,
Roche, Almanya) jelden prifiye edilmistir.

Sekans analizleri ikinci PCR analizlerinde kullanilan
forward ve reverse primer dizileri ile ¢ift yonli olarak
gerceklestiriimistir (Macrogen Europe). Cift yonlu
DNA dizisi belirlenen izolatlara ait kromotogramlar
Quality (Phred) skorlarina gore dikkatlice analiz edil-
dikten sonra Geneious Prime (https://
www.geneious.com) yaziliminda islenmis ve kalite
skoru yiksek 511 bp uzunlugundaki hedef bolge se-
kanslar saglanarak izolatlar igin final nikleotid dizi-
limleri elde edilmistir.

Genotiplendirme ve Filogenetik Analizler

Calismada elde edilen izolatlara ait nikleotid dizilim-
leri, GenBank BLASTn algoritmasi (Altschul ve ark.,
1990) kullanilarak GenBank’ta kayith tim G. duode-
nalis genotiplerine ait nikleotid sekanslari ile ¢oklu
hizalamalari yapilarak karsilastiriimis ve molekuler
karakterizasyonlar yapilmistir. Takiben karakterize
edilen nikleotid dizilerinin GenBank veri bankasina
kayitlari yapiimig ve erisim numaralari alinmigtir.
Giardia duodenalis izolatlar arasindaki genetik farkli-
liklar Geneious Prime yazilimi kullanilarak belirlen-
mistir.

Filogenetik yapilanmalarin belirlenmesinde Maximum
Likelihood (ML) analizleri uygulanmistir. Bu kapsam-
da oncelikle GenBank veri tabaninda kayith cesitli
assemblagelere ait izolatlarin B-giardin gen bdlgesi
dizilimleri ile veri seti olusturulmustur. Daha sonra ML

Tablo 2. B-giardin gen bdlgesinin nested PCR analizlerinde kullanilan primerler

Primer ismi Primer Dizilimi (5' - 3") Kaynak
G7 AAGCCCGACGACCTCACCCGCAGTGC )

1.PCR G759 GAGGCCGCCCTGGATCTTCGAGACGAC Caccio ve ark. (2002)
2005F GAACGAACGAGATCGAGGTCCG

2.PCR  2005r CTCGACGAGCTTCGTGTT Lalle ve ark. (2005)
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analizleri igin en uygun modelin belirlenmesinde jMo-
delTest v.0.1.1 (Posada, 2008) kullaniimis ve en di-
stk AIC (Akaike Information Criterion) degeri model
filogenetik agaclarin olusturulmasinda tercih edilmis-
tir. ML analizleri MEGA X (Kumar ve ark., 2018) yazi-
limi Gzerinden gercgeklestiriimistir. ML analizleriyle
olusturulan agaglarin guvenilirliginin tespit edilmesin-
de 1000 tekrarli Bootstrap testi kullaniimistir.

Bulgular

Nested PCR analizleri sonucu farkli yas ve cinsiyette-
ki sahipli 100 kedi ve 100 kdpege ait digki érneklerin-
den elde edilen toplam 200 genomik DNA &6rneginin
Uclinde (%1.5) G. duodenalis DNA’s! tespit edilmistir
(Tablo 1). Giardia duodenalis pozitifligi sahipli kediler-
de, kopeklere kiyasla daha yuksek oranda gbézlen-
migtir. Bununla birlikte erkeklerde ve 1-3 yas araligin-
da bulunan hayvanlarda, disilere ve diger yas grupla-
rina kiyasla daha fazla sayida pozitiflik tespit edilmis-
tir (Tablo 1). Pozitif 6érnek sayisinin disuk olmasi
nedeniyle érneklenen kedi ve képeklerin yas ve cinsi-
yetleri temelinde herhangi bir istatistiki analiz ve de-
gerlendirme yapilamamistir.

Yapilan analizler sonucunda B-giardin gen bdlgesine
gore sekanslanan toplam g izolatin, tg¢ farkli genotip
yapisinda oldugu tespit edilmistir. Bu izolatlar, olustu-
rulan protokol numaralari kapsaminda CB31 (kedi),
CB50 (kedi) ve DB4 (kdpek) olarak isimlendirilmisler-
dir. CB31 izolatinin, CB50 ve DB4 izolatlarina sirasiy-
la %94.9 ve %93.9 oranlarinda, CB50 izolatinin ise
DB4 izolatina %92.9 oraninda genetik benzerlik gos-
terdigi belirlenmistir.

CB31, CB50 ve DB4’lin GenBank BLASTn analizleri
ile yuksek genetik benzerlik gosterdikleri saptanan
kayitli izolatlar ile yapilan analizler sonucunda 2 ya-
sindaki erkek kedi digkisindan izole edilen CB31’in
Assemblage C’de yer aldigi belirlenirken, 5.5 yasin-
daki erkek kedi digkisindan elde edilen CB50'nin ise
zoonotik Assemblage B’de bulundugu tespit edilmis-
tir. 1.5 yasindaki disi bir kopek digkisindan izole edi-
len DB4’'te yine ayni analizlere tabi tutulmus ve bu
genotipin Assemblage D’de yer aldigi gortlmistir.
izolatlar, PQ514072 (CB31), PQ514073 (CB50) ve
PQ514074 (DB4) aksesyon numaralari ile GenBank
veri tabanina kaydedilmistir.

Filogenetik analizler icin olusturulan B-giardin gen
bdlgesi veri setine, calismadan elde edilen Assemb-
lage C, B ve D’de yer alan sirasiyla CB31, CB50 ve
DB4 izolatlariyla birlikte GenBank'ta mevcut olan
farkl assemblagelerde yer alan toplam 46 izolat dahil
edilmistir. ML filogenisi i¢in en uygun model Tamura-
Nei (GTR+G+I) olarak belirlenmis ve midpoint temelli
filogenetik agag olusturulmustur (Sekil 1).
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Sekil 1. Giardia duodenalis izolatlarinin B-giardin gen
bolgesi Maximum Likelihood (ML) analizine gore
filogenetik iligkileri. Calismada belirlenen izolat isim-
lerinin basina siyah kare isareti konmustur. Dugimle-
rin éntndeki rakamlar ML olasihdini géstermektedir.
Olgek cizgisi yerlesim yeri basina niikleotid degisimi-
ni gostermektedir

Sekil 1’de goérildugu Uzere analize dahil edilen tim
izolatlar, assemblage bazinda monofiletik yapida bir
kiimelenme gostermis ve filogenetik ¢ozunarlik, ge-
notipler bazinda yuksek bootstrap oranlari ile destek-
lenmistir. Assemblage A, E, F ve G'de yer alan izolat-
lar birbirine yakin kardes kladlar olustururken As-
semblage B’nin bu assemblagelerle ayni digumde
temsil edildigi fakat uzak bir klad olusturdugu goérdil-
mektedir. Bunun yaninda Assemblage C ve D’nin ise
s6z konusu assemblagelerden farkli bir dugim ile
temsil edildigi ve birbirine yakin kardes kladlar olus-
turduklari goriilmektedir.

Calismada kedi diskisindan izole edilen CB31’in filo-
genetik agacta (Sekil 1) Assemblage C’de yer alan
izolatlarla  birlikte kimelendigi ve Hirvatistan
(JN416552), Japonya (LC437428) ve Turkiye
(PP918967)'de bulunan kopeklerin digkilarindan elde
edilen G. duodenalis izolatlariyla %100 identiklik gos-
terdigi belirlenmistir. Ote yandan calismada yine kedi
digkisindan izole edilen CB50’'nin ise Assemblage
B’de yer alan izolatlarla birlikte kimelendigi ve Ja-
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ponya (AB618785), Polonya (EU626199, FJ009207,
FJ009209) ve Italya (EU637579)dan sirasiyla insan,
Thomson ceylani ve kiigik karincayiyen ile %100’1ik
bir genetik benzerlik orani gdsterdigi tespit edilmistir
(Sekil 1). Calismada kdpek digkisindan izole edilen
DB4’lGin de Assemblage D’de yer alan izolatlarla bir-
likte kimelendidi ve en yiksek genetik benzerligi %
99.8 ile Cin (KY979503) ve Japonya (LC437453)da
kopek digkilarindan izole edilerek kaydedilen G. duo-
denalis izolatlariyla gésterdigi belirlenmistir (Sekil 1).

Tartisma ve Sonug

Tuarkiye’de kedi ve kopekler lzerinde yuritilen ve
teshis metodu olarak hem ylksek hassasiyet ve 6z-
glnlige sahip olmasi hem de zoonotik karakterli ge-
notiplerin belirlenebilmesi amaciyla nikleik asit te-
melli yontemler igerisinden PCR ydnteminin kullanil-
digi calismalarin oldukga sinirli oldugu goérilmektedir.
Bu kapsamda kediler lzerinde yapilan calismalar
incelendiginde, Sursal ve ark. (2020)'nin G. duodena-
lis'in molekuler yontemlerle teshisi noktasinda ilk
calismayi gerceklestirmis olduklari ve molekuler pre-
valansi %29.4 olarak belirledikleri gérilmektedir. Ta-
kiben Onder ve ark. (2021) Kayseri ve Samsun yére-
lerinde 100 kedide G. duodenalis’in varligini moleku-
ler yontemleri kullanarak arastirdiklari ¢calismalarinda
8 (%8) kedide pozitiflik tespit ettiklerini bildirmislerdir.
Aslan Celik (2022) ve Aslan Celik ve ark. (2023a)'nin
sirasiyla Mardin ve Siirt yorelerindeki kedilerde yap-
tiklar calismalarda %16.6 ve %2.5 prevalans oranla-
rinda G. duodenalis pozitifligi saptadiklari gorilmek-
tedir. Bunun yaninda Turkiye’de kdpekler Uzerinde
yuratilen molekiler calismalar incelendiginde ise
Gultekin ve ark. (2017)'nin Aydin yoéresinde sahipli
kopeklerin yaninda barinak kdpeklerini de dahil ettik-
leri molekiler ¢aligmalarinda G. duodenalis pozitifligi-
ni %18.8 olarak bildirildikleri gériilmistiir. Ote yandan
Aslan Celik ve ark. (2023b) Diyarbakir yoresinde ba-
rinak kopekleri Uzerinde yurittukleri ¢alismalarinda
bu orani %4 olarak bildirmiglerdir.

Calismamizda farkli yas ve cinsiyette 100 kedi ve
100 kopek olmak Uzere toplam 200 sahipli hayvan-
dan teknigine uygun bir sekilde alinan digki érnekleri,
genomik DNA izolasyonunu takiben nested PCR yén-
temi ile G. dudodenalis varligi yéninden arastiriimis-
tir. PCR analizleri sonucunda ikisi kedi (%2) ve biri
kopek (%1) olmak Uzere toplam Ug¢ (%1.5) hayvanda
G. duodenalis DNA’s1 saptanmistir. Bu kapsamda
calismamizda sahipli kedi ve kdpeklerde G. dudode-
nalis prevalansinin yukarida bahsedilen Turkiye'deki
kedi ve kopekler Gzerinde gergeklestirilen molekiiler
calismalardan bildirilen prevalans oranlarina kiyasla
daha dusik oldugu dikkati ¢cekmistir. Bu durumun
digki 6rnegdi alinan evde beslenen kedi ve képeklerin
bakim sartlarinin barinak veya sokak sartlarina gére
oldukga yuksek olmasi ve dolayisiyla hayvanlarin
Giardia kistleri ile kontamine olmus besin ve su kay-
naklarindan uzak olmalari, hijyen, diski kontroli ve
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genel bakim besleme kosullarinin diger calismalarda
orneklenen hayvanlara gére daha ylksek derece
saglanmasi neticesinde gerceklesebileceginin yanin-
da 6rneklem sayisi, cografik bolge kosullari ve iklim-
sel dzelliklere de bagli olabileceg@i digtunulmustur.

Giardia duodenalis’in genotip ve alt genotiplerinin
saptanmasi ve molekuiler karakterizasyonu enfeksi-
yonun epidemiyolojisi, surveyans, korunma ve kont-
rolde oldukga énem arz etmektedir. Giardia duodena-
lis'in genotiplendiriimesi igin sik kullanilan genler -
giardin, triose phosphate isomerase, glutamate
dehydrogenase ve kiglk alt Unite ribozomal RNA
(ssu-rRNA) genleridir (Ryan ve Caccio, 2013). Tim
bu gen bdlgelerine ait sekanslarin tek basina veya
birlikte kullaniimasi neticesinde G. duodenalis’in ge-
notip ve alt genotipleri Uzerine veriler saglanabilmek-
tedir (Pallant ve ark., 2015). Giardia duodenalis’in
hem konak spesifik genotipleri (C-H) hem de belirli bir
konakla sinirli olmayan genotiplerinin (A ve B) varligi,
ilgili genlerin sekans analizleriyle ortaya koyulmustur
(Cai ve ark., 2021). Bu kapsamda calismamizda G.
duodenalis’in genotiplendiriimesinde en sik kullanilan
genlerden biri olan B-giardin geni amplifiye edilmis ve
bdylece elde edilen izolatlarin genotipleri hakkinda
veriler saglanarak ilgili veri bankalarina kayitlar ger-
ceklestirilmistir.

Kopeklerde, Assemblage C ve D en yaygin genotip
gruplari olarak bildiriimekle birlikte, zoonotik Assemb-
lage A da kopeklerde yine yaygin bir grup olarak be-
lirtiimektedir (Cai ve ark., 2021). Assemblage A ve
canin-spesifik assemblagelerin (C ve D) dagihmi goz
onine alindiginda, kdpeklerde G. duodenalis'in bu-
lagsmasinin iki farkli yol ile olabilecegi varsayiimakta-
dir (Feng ve Xiao, 2011). Bunlarin ilki Assemblage C
ve D temelinde, kétu hijyen sartlarina sahip, kalabalik
barinaklar veya yasam alanlarinda kdpekten képege
bulasma seklidir (Feng ve Xiao, 2011). Diger bulas-
ma sekli ise zoonotik Assemblage A temelinde sahipli
koépekler ve insanlar arasinda gergeklesen bulasma
durumudur (Feng ve Xiao, 2011). Nitekim Thompson
ve ark. (2008) calismalarinda ayni evi paylasan insan
ve kopeklerden izole ettikleri G. duodenalis izolatlari-
nin genetik olarak identik olduklari bildirmislerdir.
Arastiricilar (Thompson ve ark., 2008), elde ettikleri
bu verilerle G. duodenalis’in hem kopekten insanlara
hem de insanlardan képeklere bulagabildigini kaydet-
miglerdir. Assemblage B képeklerde ¢ogunlukla spo-
radik olarak bildiriimesine ragmen (Feng ve Xiao
2011) Ispanya'da yapilan bir calismada (Gil ve ark.,
2017), Assemblage B’nin kdpeklerdeki G. duodenalis
enfeksiyonlarinin %42.1'ini (8/19) olusturdugu kayde-
dilirken, Assemblage C ve D’nin ise yalnizca %21.1
oraninda tespit edildigi bildirilmigtir. Gultekin ve ark.
(2017)nin Tarkiye'de yaptiklari bir galismada ise As-
semblage B, genotiplendirmesi yapilan 89 ko&pek
izolatinin 51'inde (%57.3) tespit edilmistir. Yapilan bu
son calismalar géz 6nine alindiginda 6zellikle son
yillarda kdpeklerde Assemblage A ve B’nin yayilisin-
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da bir artis oldugu, bunun da insanlar ve képeklerin
bir arada daha ¢ok yasamaya baglamasi sonucunda
G. duodenalis’in yagsam ¢emberini insan-kopek don-
glsu gercevesinde devam ettirebilecedi, dolayisiyla
da bulasmanin insan-kdpek temelinde daha gok ger-
ceklesebilecegdi dikkati gekmistir. Calismamizda farkl
yas ve cinsiyetten 100 sahipli kdpekten alinan diski
drneklerinin sadece birinde G. duodenalis pozitifiligi
saptanmis ve yapilan genotip analizleri sonucunda
bu izolatin zoonotik assemblagelerden farkli sekilde
canin-spesifik olarak nitelendirilen Assemblage D’de
yer aldigi tespit edilmistir. Bu kapsamda c¢alismamiz-
da G. duodenalis pozitif bulunan 1.5 yasindaki bu disi
kopegin etkeni muhtemelen baska bir enfekte képek-
ten almis olabilecegi distnulmustar.

Kedilerde G. duodenalis’in genotiplendirildigi ¢alisma-
lar dikkate alindijinda bu hayvanlarin ¢ogunlukla
feline-spesifik Assemblage F ile enfekte olduklari
belirtilmistir (Cai ve ark., 2021). Zoonotik Assemblage
A ise F’'den sonra kedilerde en yaygin gorilen G.
duodenalis genotip grubu olarak bildiriimektedir (Cai
ve ark., 2021). Nitekim Kanada’da Hoopes ve ark.
(2015)'nin yaptiklari bir galismada, kedilerden elde
edilen ve genotiplendirmesi yapilan sekiz izolatin
timindn zoonotik Assemblage A’'da yer aldigi ifade
edilmigtir. Assemblage B, C ve D kedilerden izole
edilen 6rneklerde az sayida bildiriimelerine ragmen
Sursal ve ark. (2020) Turkiye'de yaptiklari ¢alismala-
rinda kedilerden izole ettikleri tim G. duodenalis izo-
latlarinin Assemblage B’de yer aldiklarini bildirmigler-
dir. Yine Onder ve ark. (2021) Kayseri ile Samsun
yorelerinde ve Aslan Celik ve ark. (2023a) Siirt yore-
sindeki kedilerde yaptiklar calismalarda genotiplen-
dirdikleri tim izolatlarin Assemblage B’de yer aldikla-
rini belirtmiglerdir. Dinya’nin farkli bolgelerinde yiira-
tilen diger calismalarda da kedilerden elde edilen
izolatlarin feline-spesifik assemblagelerin yaninda
Assemblage B’de de yer aldiklar bildiriimistir (Jaros
ve ark., 2011; McDowall ve ark., 2011; Pallant ve
ark., 2015; Lijima ve ark., 2018). Calismamizda farkl
yas ve cinsiyetten 100 sahipli kediden alinan digki
orneklerinin ikisinde G. duodenalis pozitifligi saptan-
mis ve yapilan molekiler genotiplendirme analizleri
sonucunda bu izolatlarin Assemblage B ve C’'de yer
aldiklar tespit edilmistir. Bu kapsamda c¢alismamizda
zoonotik Assemblage B olarak genotiplendirilen izola-
tin Turkiye'de kedilerden bildirilen diger tim izolatlar-
la ayni genotip grubunda oldugu goérulmustur. Bunun
yaninda Assemblage B'nin Tirkiye'de insanlarda
(Aydin ve ark., 2004) ve hatta su kaynaklarinda da
(Koloren ve ark., 2016) tespit edilmis olmasi bu geno-
tip grubunun Ulkede yaygin bir sekilde seyrettigini
goOstermektedir. Dolayisiyla galismamizda elde edilen
Assemblage B’nin 5.5 yasindaki erkek kediye basta
insan olmak lzere diger kedilerden veya kontamine
sulardan bulagmis olma ihtimali g6z 6niine alinmis ve
s6z konusu hayvanin sporadik olarak kist atimi yapa-
bilecegi dusunuldiglinde, basta insanlar olmak Uzere
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diger hayvanlar igin olusturabilecegi risk faktorleri
dikkati ¢cekmistir. Calismamizda ayrica 2 yasindaki
erkek kedi digkisindan izole edilen diger G. duodena-
lis izolati ise Assemblage C’de yer almistir. Assemb-
lage C grubunda yer alan izolatlar daha ¢ok kdpekler-
den bildiriimesine ragmen c¢alismamizda bu izolatin
bir kediden bildiriimesi rastlantisal olarak degerlendi-
rilmekle birlikte, Tirkiye’de kedilerde bu gruptan bildi-
rilen ilk izolat olmasi énem arz etmistir. Ayrica Din-
ya'da yapilan diger calismalar (Mancianti ve ark.,
2015; Adriana ve ark., 2016; Xu ve ark., 2016; Ito ve
ark., 2017; Kostopoulou ve ark., 2017; Liu ve ark.,
2017; Tangtrongsup ve ark., 2020) incelendiginde
Assemblage C’nin kedilerden izole edilen izolat grup-
larinda az sayida da olsa bildirildigi goérilmektedir.
Bunun yaninda Assemblage C’nin sadece kopekgil-
lerden bildirilen spesifik bir grup olmadigi da dikkati
cekmektedir. Nitekim, Traub ve ark. (2009) yapmis
olduklar g¢aligsmalarinda insanlardan elde edilen izo-
latlarin (%2.5) Assemblage C grubunda yer aldiklari-
ni bildirilmislerdir. Bu da Assemblage C’nin gelecekte
zoonotik bir 6nem tasiyabilecedi ve halk sagligi yo-
ninden tehdit olusturabilecegi ihtimalini géz 6niine
getirmigtir.

Sonug olarak bu galigmayla birlikte, Nevsehir yoresin-
deki sahipli kedi ve kdpeklerde G. duodenalis’in mo-
lekuler prevalansi ve genetik karakterizasyonu ilk kez
ortaya koyulmustur. Bu ¢alisma ayni zamanda Turki-
ye’'de kedilerde Assemblage C grubunda yer alan bir
izolatin bildirildigi ilk calisma 6zelligini de tasimakta-
dir. Bu kapsamda calisgmada Diinya literatiiri igin
6zgln veriler saglanmis olmakla birlikte kedi ve ko-
peklerin insan enfeksiyonlari igin olusturabilecekleri
risk potansiyeline dikkat c¢ekilmistir. Calisma, elde
edilen sonuglar gergevesinde Turkiye'de G. duodena-
lis enfeksiyonlarinin tek saglhk temelinde bir bitin
olarak ele alinmasi gerekliligini bir kez daha ortaya
koymus ve gelecekte giardiasisin molekiiler epidemi-
yolojisi ile giardiasise karsi korunma ve kontrol strate-
jilerinin gelistiriimesi noktasinda daha kapsaml arag-
tirmalara ihtiya¢ duyuldugunu gdstermistir.
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Abstract: This study evaluated the clinical and radiographic effects of platelet-rich plasma (PRP) on the healing of long
bone fractures in cats. It featured a control group (n= 11) and a PRP group (n= 11). In the control group, only osteosyn-
thesis was performed, whereas the PRP group received a combination of PRP and a gelatin sponge applied to the
osteosynthesis site. Clinical and radiographic evaluations were conducted on days 0 (preoperative), 15 and 30
(postoperative). Clinical evaluation included lameness scoring, while radiographic assessment focused on fracture
healing according to the Hammer scale, fracture reduction, intramedullary pin positioning, and callus formation. A sig-
nificant reduction in lameness scores was observed on the 15" and 30" days in both groups. Although no statistically
significant differences were detected between the groups on days 15, and 30, the PRP Group demonstrated lower
scores. Based on the evaluations performed using the Hammer scale, no statistically significant differences were ob-
served between the groups in callus formation and fracture line scores at the postoperative time points of days 15 and
30. However, upon examining the union score, the difference observed between the two time periods was found to be
statistically significant, with a more pronounced effect in the PRP group on day 15. In conclusion, no complications
were observed during the study. While PRP did not significantly alter the overall clinical healing process of long bone
diaphyseal fractures in cats, it was found to accelerate early healing and reduce lameness.

Keywords: Callus, feline, growth factor, intramedullary pinning, platelets

Kedilerde Uzun Kemik Kiriklarinin fyilesmesinde Otolog Trombositten Zengin Plazmanin (PRP) Terapétik
Etkisinin Degerlendirilmesi

Oz: Bu galismada, kedilerde uzun kemik kiriklarinin iyilesmesi {izerine trombositten zengin plazmanin (PRP) klinik ve
radyografik etkileri degerlendirildi. Calisma iki gruptan olustu: kontrol grubu (n= 11) ve PRP grubu (n= 11). Kontrol
grubunda sadece osteosentez yapilirken, PRP grubuna osteosentez bdélgesine jelatin siinger ile kombine edilen PRP
uygulandi. Klinik ve radyografik degerlendirmeler 0. (preoperatif), 15. ve 30. (postoperatif) giinlerde yapildi. Klinik
degerlendirme topallik skorlamasini igerirken, radyografik degerlendirme Hammer skalasina gore kirik iyilesmesi, kirik
reduksiyonu, intrameduller pin konumlandirmasi ve kallus olusumuna odaklandi. Her iki grupta da 15. ve 30. gunlerde
topallik skorlamasinda anlamli bir azalma goézlendi. 15. ve 30. glnlerde gruplar arasinda istatistiksel olarak anlaml bir
fark saptanmasa da, PRP grubunda daha diisiik skorlama elde edildi. Gruplar arasinda postoperatif 15. ve 30. glin
zaman noktalarinda kallus olusumu ve kirik hatti skorlarinda istatistiksel olarak anlamli bir fark gézlenmedi. Ancak,
kaynama skoru incelendiginde, iki zaman dilimi arasinda gézlenen farkin istatistiksel olarak anlamli oldugu, PRP
grubunda 15. giinde daha belirgin bir etki oldugu bulundu. Sonug olarak, ¢alisma sirasinda herhangi bir komplikasyon
gozlenmedi. PRP’nin, kedilerde uzun kemik diafiz kiriklarinin genel klinik iyilesme slrecini 6nemli olglide
degistirmezken, erken dénemde, yangi fazinda iyilesmeyi hizlandirdigi ve topallamayi azalttigi géralda.

Anahtar kelimeler: BuyUme faktord, felin, intramedullar pin, kallus, trombosit

Introduction tions such as non-union or delayed union in bone

o healing, treatment strategies should focus on en-
Fracture healing is a complex and prolonged process hancing and optimizing the healing process. Provid-
influenced by various factors, including species- ing favourable conditions are established, bone ftis-
specific differences, age, sex, and medical and envi- sue with disrupted integrity has the capacity for com-

ronmental conditions. To reduce the risk of complica- plete regeneration through the interplay between

biomechanical and biological processes. These con-

Gelig Tarihi/Submission Date :31.12.2024 ditions may range from simple splint immobilization to
Kabul Tarihi/Accepted Date 1 19.03.2025 fixation using implants such as intramedullary pins,
plates and screws. In recent years, research has

* Bu galisma Ankara Universitesi Bilimsel Arastirma Projeleri Koordi- . e . .
natorliigii tarafindan desteklenen 147 kodlu ve “Otolog Trombositten focused on exploring and utilizing materials with oste-
Zengin Plazmanin Kedilerde Uzun Kemik Kiriklarinda lyilesme
Uzerine Etkisi” isimli doktora tez projesinden dzetlenmistir.
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ogenic and osteoinductive properties to enhance the
biological environment of bone tissue (Giannoudis et
al., 2007; Van Lieshout and Den Hartog, 2021).

Platelet-rich plasma (PRP) and its derivatives are
widely utilized in various fields of veterinary medicine,
particularly in the context of bone fracture healing,
and remain an active area of investigation across
diverse therapeutic models.

In the process of bone regeneration during fracture
healing, particularly in the remodelling phase, the
activity and proliferation of bone cells, alongside
growth factors, play a crucial role in enhancing vas-
cularization, which is critical for effective bone healing
(Li et al., 2007). Platelet-derived growth factor, which
facilitates the reconstruction and local angiogenesis
of bone tissue, insulin-like growth factors, which are
critical for bone mass acquisition, callus formation,
and direct defect repair during the developmental
period (Yuan et al.,, 2021; Reible et al., 2018), and
transforming growth factor-beta, which promotes car-
tilage formation and contributes to callus develop-
ment (Sarahrudi et al., 2011), represent some of the
key growth factors present in platelet-rich plasma.
Numerous clinical and experimental studies have
demonstrated the efficacy of plasma-rich growth fac-
tors and PRP in promoting cartilage and bone healing
in animals (Kasten et al., 2008; Thor et al., 2013).

The objective of this study is to clinically and radio-
graphically evaluate the short-term effects of platelet-
rich plasma on fracture healing in diaphyseal frac-
tures of feline extremities, utilizing an absorbable
gelatin sponge as a delivery material.

Materials and Methods

Ethical approval for the study was obtained from the
Animal Experiments Local Ethics Committee of Anka-
ra University (Approval no: 2020-5-34). Moreover, the
owners of the animals were adequately informed
about the study, and their consent was obtained prior
to their participation in the research.

Animals

The study included 22 cats, aged between 1 and 6
years, that were admitted to Ankara University Facul-
ty of Veterinary Medicine Animal Hospital with single-
piece fractures along the diaphyseal region of the
femur, humerus, or tibia. A detailed anamnesis ob-
tained from the owners indicated that all cases had a
history of trauma, such as falls from height or traffic
accidents. Only cats with no prior trauma to the same
region and no underlying conditions affecting bone
metabolism were included in the study

The cats included in the study were randomly divided
into two equal groups: The control group (n=11),
which received a saline solution to the fracture site
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following surgery, and the PRP group (n=11), which
received PRP-gelatin sponge application to the frac-
ture site following surgery.

PRP Preparation

Approximately 3 mL of peripheral venous blood was
aseptically collected from cats and transferred into
citrate anticoagulant tubes (9nc 3.2%) (Oryan et al,,
2016; Toyoda et al., 2018) and centrifuged (300g/5
minutes, Sirena, AFI Group). The blood sublayer was
removed, and the platelet-rich fraction was subjected
to a second centrifugation at 700g for 17 minutes.
Following this step, the supernatant platelet-poor
plasma (PPP) fraction was discarded. The resulting
extract, enriched with PRP and growth factors, was
carefully collected using a pipette. To activate the
platelets, 0.1% calcium chloride was added prior to
application, rendering the preparation suitable for
local use at the fracture site (Oryan et al., 2016;
Singh et al., 2017; Malhotra et al., 2014; Toyoda et
al., 2018) (Figure 1).

Figure 1. PRP preparation stages. a. Collection of blood
from v. cephalica in a citrated tube b. The appearance of
the platelet-rich and platelet-poor plasma mixture after the
first centrifugation process (300g x 5min) c. Collection of the
mixture with the help of a cannula d. The collected mixture
is transferred to a new tube e. Appearance after the second
centrifugation process f. Collection of PRP and PPP with
the help of a cannula g. Appearance of the PRP ready for
application in a sterile tube.

Operation Method and Application of PRP to the
Fracture Area

General anaesthesia was provided with medetomi-
dine HCI (80 pg/kg, intramuscularly, Domitor®, Fin-
land) and ketamine HCI (5 mg/kg, intramuscularly,
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Keta-Control®, Tiirkiye). Isoflurane (with 100% oxy-
gen, Isoflurane®, USA) was used for anaesthesia
maintenance. Butorphanol tartrate (0.1mg/kg, subcu-
taneously, Butomidor®, Austria) was administered for
analgesia. Balanced electrolyte solutions (Ringer's
lactate, 50 ml/kg/h, intravenously) and cefazolin (25
mg/kg, intravenously, Eqizolin®, Tiirkiye) were admin-
istered intraoperatively.

In all cases, fracture reduction was successfully
achieved using the retrograde intramedullary pinning
technique. A lateral surgical approach was employed
for diaphyseal fractures of the femur and humerus,
while a medial approach was selected for tibial frac-
tures. Following precise anatomical alignment, frac-
ture stabilization was performed using a standard
surgical technique. Depending on the diameter of the
medullary cavity, a Steinmann pin was inserted via
the retrograde technique, ensuring that the implant
occupied approximately 70-80% of the medullary
canal's diameter. To prevent rotational instability of
the fracture ends, a cerclage wire was additionally
applied.

In the PRP group, following completion of the fixation
procedure, a 1x1x1 cm absorbable gelatin sponge
(Surgifoam, Johnson & Johnson Ethicon, USA) was
placed over the fracture line and preoperatively pre-
pared autologous PRP was applied to the site using a
sterile syringe.

During the postoperative period, the affected limb
was supported with a bandage for one week to mini-
mize movement, with bandages replaced during fol-
low-up visits. Additionally, activity restriction was en-
forced throughout the recovery period to facilitate
optimal healing. All animals received amoxicillin-
clavulanic acid (25 mg/kg, orally) for one week post-
operatively. For analgesia, meloxicam HCI (0.3 mg/
kg, subcutaneously) was administered for five days.

Clinical Examination

Clinical evaluations of the animals in both groups
were conducted on the 0", 15" and 30" days. In the
clinical evaluation of the cases, lameness scoring
was used.

Grade 1. Low-grade lameness. Lameness is barely
visible or no lameness is apparent, but the cat lifts its
foot while sitting (thoracic limbs) or cannot jump
(pelvic limbs).

Grade 2. Moderate lameness. Lameness is clearly
visible, but the limb is used for most steps.

Grade 3. High-grade lameness. The cat only touches
its toes or does not bear any weight (Voss and Stef-
fen, 2009).

Nail Deniz YASRIN

Radiographic Examination

Radiogf;raphic assessments were performed on the
0™ 15" and 30" days by two independent experts in
a blinded evaluation. Direct radiographs were ob-
tained in mediolateral and anteroposterior positions
for radiographic evaluations (Figure 2). The assess-
ment included the examination of fracture healing,
fracture reduction, intramedullary pin position, and
callus formation.

Figure 2. Preoperative and postoperative day 0 mediola-
teral and anteroposterior radiographic images of the long
oblique diaphyseal humeral fracture in Case 13. The pre-
operative images depict the extent and orientation of the
fracture, while the postoperative images demonstrate frac-
ture alignment and stabilization following surgical interven-
tion.

Day O radiographs were chosen to determine the
accuracy of the postoperative surgical method; day
15 radiographs were chosen to reveal the differences
in healing in the soft callus process; and day 30 radi-
ographs were chosen to compare and evaluate the
clinical healing process (Marsh and Li, 1999). Post-
operative radiographic scoring was performed based
on the scale developed by Hammer et al. (1985)
(Table 1).

38



Impact of autologous PRP on long bone fracture healing...

Table 1. Hammer scale (1985)
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Grade Callus formation Fracture Line Union

1 Homogeneous bone structure Obscured/eliminated Successful

2 Massive bone trabeculae crossing the frac- Barelv visibl ful
ture line arely visible Successfu

3 Visible bridging at the fracture site Visible Indeterminate

4 No evidence of bridging at the fracture site Separate/distinct Unsuccessful

5 No callus formation Separate/distinct Unsuccessful

Statistical Analysis Results

Descriptive statistics were calculated and presented
as the median (min-max) or arithmetic mean + stand-
ard deviation, depending on the data distribution. The
Student's t-test was used to analyse the distribution
of age across groups, while the chi-square test was
employed to evaluate the frequency distribution of
gender between groups. A robust single-factor re-
peated two-way analysis of variance was conducted
to assess changes in callus formation, fracture line,
union, and lameness scores between groups and
over time. Model estimation utilized the bootstrap
method, median estimator, and Mahalanobis distance
criteria. Data analysis was performed using R soft-
ware (Version 4.2.1; R Core Team, 2021) and the
WRS2 package (Mair and Wilcox, 2020). A criterion
of p<0.05 was used for all statistical comparisons.

The study included a total of 22 cats, consisting of 7
females and 4 males for the control group, and 2
females and 9 males for the PRP group. The average
age of the cases was determined to be 1.41+0.38
years for the control group, 1.09+0.3 years for the
PRP group. When examining the distribution of frac-
tures in the study, tibial fractures were the most com-
mon (68.2%), followed by femoral (18.8%) and hu-
meral (13.63%) fractures (Table 2).

Table 2. Signalement, fracture localization and type, treatment for control and PRP groups.

Groups Cats Breeds Age Gender Fracture Fracture type
localization

1 Van cat 1 M H Long oblique diaphyseal
2 Crossbreed 1.5 M F Diaphyseal spiral
3 Crossbreed 1 M T/F Short oblique diaphyseal
4 Crossbreed 2 Fe T/IF Mid-diaphyseal transverse

Con- g Crossbreed 15 M T Distal-third oblique diaphyseal

é:glu 6 Crossbreed 1.5 Fe T/IF Proximal-third oblique diaphyseal

p 7 Crossbreed 1 M T/IF Distal-third oblique diaphyseal

8 Crossbreed 2 M T/IF Proximal-third diaphyseal oblique
9 Crossbreed 1.5 M T Short oblique diaphyseal
10 Crossbreed 1.5 M T Short oblique diaphyseal
11 Crossbreed 1 M F Long oblique diaphyseal
12 Crossbreed 1 Fe F Mid-diaphyseal transverse
13 Crossbreed 2 M H Long oblique diaphyseal
14 Crossbreed 1 M F Proximal-third oblique diaphyseal
15 Crossbreed 1 M T/IF Short oblique diaphyseal

PRP 16 Crossbreed 1 Fe T Short oblique diaphyseal

Grou 17 Crossbreed 1 Fe T/F Distal-third oblique diaphyseal

p 18 Crossbreed 1 Fe H Long oblique diaphyseal

19 Crossbreed 1 M T Short oblique diaphyseal
20 Crossbreed 1 Fe T Short oblique diaphyseal
21 Crossbreed 1 Fe T Short oblique diaphyseal
22 Crossbreed 1 Fe T/IF Long oblique diaphyseal

T: Tibia, H: Humerus, F: Femur; M: Male, Fe: Female
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Clinical Examination Findings

A significant reduction in lameness scores was ob-
served within each group on days 15 and 30 com-
pared to day O (Figure 3). Although no statistically
significant differences were detected between the
groups on days 15 and 30 (p= 0.579), the PRP group
exhibited lower lameness scores (Table 3). Addition-
ally, qualitative assessment of pain responses indi-
cated that animals in the PRP group displayed lower
responsiveness during both evaluation periods.

Control Group PRP Group
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Figure 3. A significant reduction in lameness scores was
observed on days 15 and 30 compared to day 0 within the
group. A significant reduction in lameness scores was ob-
served on the 15" and 30" days in both groups (Control
group 'p<0.01, “ p<0.01, ¥p<0.0001; PRP group p<0.0001,
“p<0.0001).
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Radiographic Examination Findings

Based on the evaluations performed using the Ham-
mer scale, no statistically significant differences were
observed between the groups in callus formation and
fracture line scores at the postoperative time points of
days 15 and 30 (p=0.509, p=0.155, respectively).
However, upon examining the union score, the differ-
ence observed between the two time periods was
found to be statistically significant, with a more pro-
nounced effect in the PRP group on day 15
(p=0.007). When the scores for callus formation, frac-
ture line, and union were examined within the groups,
a statistically significant decrease was observed on
both day 15 and day 30 compared to day 0 (p<0.001,
p<0.012, p<0.001, respectively) (Table 3;Figure 4).

Callu Callus Fracture Fracture
ormation T30 Line T15 Line T3C

Figure 4. Radiographic evaluation of callus formation, frac-
ture line visibility, and bone union in both groups on postop-
erative days 15 and 30. Comparative analysis illustrates the
progression of healing and differences in callus develop-
ment over time.

Table 3. Biostatistical analysis of lameness scoring, callus formation, fracture line and bone healing (union)

score on the postoperative 15" and 30" days.

Lameness Score

15" day 30" day p
Group n Median (min-max) Median (min-max) Group Time Group*Time
Control 11 2(1-3) 1(1-2)
PRP 1 2(1-2) 1(1-1) 0.579 <0.001 0.472
Callus Formation
15" day 30" day p
Group n Median (min-max) Median (min-max) Group Time Group*Time
Control 11 2(2-4) 1(1-2)
PRP 1 2(1-3) 1(1-2) 0.509 <0.001 0.462
Fracture Line
15" day 30" day p
Group n Median (min-max) Median (min-max) Group Time Group*Time
Control 11 2(2-3) 2(1-3)
PRP 1 2(1-3) 1(1-2) 0.155 0.012 0.182
Bone Healing (Union) Score
15" day 30" day p
Group n Median (min-max) Median (min-max) Group Time Group*Time
Control 11 3(2-3) 2(1-3)
PRP 11 2(2-3) 2(1-2) 0.007 0.028 0.058
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In all cases, anatomical reduction of the fracture site
was successfully achieved on postoperative day 0,
with the intramedullary pin properly positioned and
appropriately sized. By postoperative day 15, the
fracture edges had lost their sharpness and appeared
rounded (Figure 5). A reduction in the gap between
fracture fragments was observed, accompanied by
clear evidence of periosteal callus formation sur-
rounding the fracture site. By postoperative day 30,
the fracture line had become indistinct, and the
amount of callus tissue had increased, appearing
more pronounced compared to the previous evalua-
tion (Figure 6).

Figure 5. Postoperative day 15 mediolateral and antero-
posterior radiographic images of diaphyseal oblique hu-
meral fractures in Control and PRP Groups. Mediolateral
(a) and anteroposterior (b) direct radiographic images of
animal 1 in the control group on postoperative day 15 re-
veal a clearly defined fracture line, with a noticeable reduc-
tion in the sharpness of the fracture edges and the initiation
of fibrous callus formation (white arrows). In contrast, medi-
olateral (c) and anteroposterior (d) radiographic images of
animal 18 in the PRP group at the same time point demon-
strate more advanced callus formation compared to the
control group, with a marked reduction in the prominence of
the fracture line (white arrows).
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Figure 6. Postoperative day 30 mediolateral and anteropos-
terior radiographic images of diaphyseal oblique humeral
fractures in Control and PRP Groups. Mediolateral (a) and
anteroposterior (b) direct radiographic images of animal 1 in
the control group on postoperative day 30 demonstrate a
further reduction in the prominence of the fracture line com-
pared to postoperative day 15, although it remains discerni-
ble (white arrows). Conversely, mediolateral (c) and antero-
posterior (d) radiographic images of animal 18 in the PRP
group at the same time point reveal that the fracture line has
almost completely resolved (white arrows).

Discussion and Conclusion

A review of clinical and experimental studies indi-
cates that PRP has been utilized in various fields,
either alone or in combination with compatible materi-
als (Zhang et al., 2018; Singh et al., 2017). In recent
years, the use of autologous PRP as an alternative to
promote fracture healing has gained increasing popu-
larity. Although its definitive effects are still under
investigation, platelet-derived growth factors in PRP
have been shown to play a role in angiogenesis, os-
teoblast proliferation, mesenchymal cell activation,
and chemotaxis during fracture healing (Garcia et al.,
2012; Van Lieshout and Den Hartog, 2021). In this
study, the effects of PRP were clinically and radio-
graphically evaluated using scoring systems in diaph-
yseal fractures of feline extremities. PRP was found
to be safe, cost-effective, and easy to apply, with
satisfactory short-term outcomes in fracture healing.
To the authors' knowledge, no clinical research has
been published regarding the use of PRP in diaph-
yseal fractures of feline extremities.

Various techniques have been developed for the
preparation and activation of PRP. Single or multiple
centrifugation methods, cooled and uncooled centri-
fuge devices, and different anticoagulant agents can
be employed to obtain PRP. Additionally, numerous
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commercial PRP preparation kits are available for
researchers. Despite the variety of preparation meth-
ods, it is essential to emphasize that all procedures
must adhere to aseptic and antiseptic principles.
(Miguel-Pastor et al., 2022). In this study, sodium
citrate was selected as the anticoagulant, and PRP
was obtained through double centrifugation using a
refrigerated centrifuge. Sodium citrate was chosen
because it induces minimal to no alteration in platelet
shape and volume, thereby preserving the normal
discoid structure of platelets. Additionally, its low pH
results in reduced pain at the application site (Oryan
et al., 2016). Although double centrifugation increas-
es processing time, it facilitates the separation of
platelet-rich and platelet-poor plasma fractions from
red blood cells and enhances platelet yield (Saglain
et al., 2023). As outlined in the study methodology,
the lowest possible G-force was selected for both
centrifugation steps. This choice was made primarily
to preserve platelet membrane stability during centrif-
ugation and to prevent premature platelet degranula-
tion (Hanna et al.,, 2004). Consequently, the PRP
preparation method used in this study was designed
to optimize platelet yield.

PRP extract can be applied independently or in com-
bination with various biomaterials, such as gelatin
sponges, autografts, and allografts. Gelatin sponges
are readily available, cost-effective compared to
many other materials, biocompatible due to their non-
toxic nature, and biodegradable, allowing them to
gradually degrade in the body and facilitate the for-
mation of new tissue. Their high porosity enables
deep tissue penetration by cells and biomolecules
(Xue et al., 2017). When used as a PRP carrier, gela-
tin sponges offer significant advantages, including
accelerated wound healing, enhanced tissue regen-
eration, and increased cellular proliferation. The
sponge facilitates the gradual and sustained release
of growth factors from PRP, while simultaneously
degrading within the body over time. This system
provides an optimal method for the continuous re-
lease of growth factors and their efficient delivery to
the site of injury (Rodriguez et al., 2014). Based on
these properties, the application of PRP extract to the
fracture line using a gelatin sponge was chosen in
this study.

The effects of PRP on fracture healing in long bones
remain a topic of debate regarding its contribution to
healing speed. While some studies report that PRP
has no significant impact on the healing process
(Singh et al., 2017; Peerbooms et al., 2012; Ozak et
al., 2010), others have demonstrated that PRP signif-
icantly accelerates fracture healing (Basdelioglu et
al., 2020; Canbeyli et al., 2018). When examining the
fracture healing process, three main phases can be
identified: inflammation, repair, and remodelling. Dur-
ing the inflammation phase, platelets, along with
growth factors, are transported to the site, initiating
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angiogenesis and cell proliferation, which are funda-
mental steps in the healing process (Haluzan et al.,
2015). The initial two-week period, encompassing the
inflammatory phase, represents the cellular basis of
healing at the fracture site. The concentrated growth
factors present in PRP can potentially stimulate early-
stage healing (Singh et al., 2017; Maruyama et al.,
2020). Upon reviewing the study data, it was ob-
served that the preoperative and postoperative
scores on days 15 and 30 showed significant positive
changes in animals treated with PRP. Although a
similar trend was noted in the control group, the PRP
group exhibited greater radiographic consolidation,
particularly during the two-week period corresponding
to the inflammatory phase. Additionally, the statisti-
cally lower union score observed in the PRP group
indicated that fracture line union was more successful
during this period. By the 30th postoperative day-a
key marker of clinical recovery-the effects of PRP
continued to show positive progression. However, no
significant difference was observed between the PRP
and control groups in the earlier period. This finding
suggests that PRP may offer more pronounced bene-
fits in the early (cellular) phase of long bone fracture
healing in cats. When lameness scoring, a key indi-
cator of clinical recovery, was evaluated, no signifi-
cant differences were detected between the two
groups. However, the reduction in pain symptoms,
particularly in the PRP group, was positively interpret-
ed in terms of animal well-being. Although this im-
provement could not be demonstrated statistically,
qualitative differences were noted based on the ob-
served responses of the animals.

Various scoring systems are employed to evaluate
fracture healing. Among these, Hammer scoring is
widely preferred by researchers for radiographic as-
sessments, as it allows for the separate evaluation of
healing degrees in different extremities, fracture lines,
callus formation, and the presence or absence of
union (Hammer et al., 1985; Leow et al., 2016). In
this study, Hammer scoring was applied during pre-
operative and postoperative radiographic evaluations.
Clinical evaluation was supported by objective data
obtained through lameness scoring. Due to the diffi-
culty in observing more than a few steps at a time in
cats, the 1-10 or 1-5 scale systems commonly used
for dogs can be challenging to implement in this spe-
cies. Therefore, based on previous studies, an alter-
native 1-3 grading scheme was utilized, as it proved
to be more practical for clinical examinations (Voss
and Steffen, 2009).

In conclusion, this study demonstrated that the appli-
cation of an autologous PRP-gelatin sponge signifi-
cantly enhanced healing during the first two weeks of
radiographic evaluations, particularly during the in-
flammatory phase and soft callus stages of diaphyse-
al fractures in the extremities of cats. However, this
significant difference diminished during the transition
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to the hard callus and remodelling phases, yielding
results comparable to the control group. Although no
statistically significant differences were observed in
fracture healing as assessed by clinical lameness
scoring, the more rapid resolution of pain in the PRP
group could be considered a favourable outcome.
Given the limited number of studies investigating the
effects of PRP on bone healing in cats, future re-
search incorporating various biomaterial combina-
tions would help further elucidate its potential bene-
fits.
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Abstract: Single-shot turbo spin-echo sequences are dense T2-weighted sequences that are well suited for evaluating
the subarachnoid space. In T2-weighted fast spin-echo sequences routinely used in spinal magnetic resonance (MR)
imaging, the subarachnoid space is poorly distinguished from the surrounding epidural fat, which may lead to the under
detection of neurological disorders. We aimed to determine the utility of the Half-ourier single-shot turbo spin-echo
(HASTE) sequence in the diagnosis of neurological disorders in dogs and cats and the agreement between the HASTE
sequence and T2 sequences. The study included 17 patients (cats and dogs) with suspected neurological disorders
and an indication for magnetic resonance imaging. One observer was initially asked to interpret T2-weighted images
only and then T2-weighted and HASTE sequences together. The MR images were anonymized and no signal, history,
or clinical information was provided. Without the HASTE sequence, the observer recognized 71% of the neurological
disorders. With the addition of the HASTE sequence, the observer recognized 100% of the neurological disorders.
After the addition of the HASTE sequence, the observer was able to make a more accurate diagnosis with a difference
of 29%. In addition, according to the results obtained, a moderate to good diagnostic agreement was found between
T2-weighted and T2-weighted + HASTE sequences. Without the HASTE sequence, the observer was able to localize
89% of the lesions. With the addition of the HASTE sequence, the observer was able to localize 100% of the lesions,
the difference of 11% was not statistically significant (P=0.15). In conclusion, our study has shown that the acquisition
of single-shot fast spin-echo sequences in addition to standard T2-weighted fast spin-echo sequences provides more
accurate detection of neurological disorders and provides advantages in terms of localization of neurological disorders.
Keywords: Cat, dog, HASTE sequence, magnetic resonance imaging, neurological disorders

Kedi ve Kopeklerde Spinal Hastaliklarinin Teshisinde HASTE Sekansinin Kullanilabilirligi

Oz: Tek atisli turbo spin-eko dizileri, subaraknoid boslugu degerlendirmek igin oldukga uygun olan yogun T2 agirlikli
sekanslardir. Spinal manyetik rezonans (MR) goérintilemede rutin olarak kullanilan T2 agirlikli hizli spin-eko
sekanslarinda, subaraknoid bogsluk cevredeki epidural yagdan yeterince ayirt edilemez ve bu durum nérolojik bo-
zukluklarin yeterince tespit edilememesine yol agabilir. Amacimiz, kdpeklerde ve kedilerde noérolojik bozukluklarin
tanisinda yarim fourier tek atish turbo spin-eko (HASTE) sekansinin kullanishhigini ve HASTE sekansi ile T2 agirlikh
sekans arasindaki uyumu belirlemekti. Calismaya norolojik bozukluk stuphesi olan ve manyetik rezonans gorintuleme
endikasyonu olan 17 hasta (kediler ve kopekler) dahil edildi. Bir gézlemciden baslangigta yalnizca T2 agirlikh
gorintileri, sonrasinda ise T2 agirliklh ve HASTE sekansi gorintilerini birlikte yorumlamasi istenmistir. MR gorintileri
anonimlestirildi ve hicbir sinyal, gegcmis veya klinik bilgi saglanmadi. HASTE sekansi olmadan gdzlemci nérolojik bo-
zukluklarin %71'ini tanidi. HASTE sekansinin eklenmesiyle gézlemci nérolojik bozukluklarin %100'Gnu tanidi. HASTE
sekansinin eklenmesinden sonra gozlemci %29'luk bir farkla daha dogru tani koyabilmistir. Ayrica elde edilen
sonuglara gore, T2 agirlikh ve T2 agirlikll + HASTE sekanslar arasinda orta ve iyi diizeyde bir tanisal uyum tespit
edildi. HASTE sekansi olmadan gézlemci lezyonlarin %89'unu lokalize edebildi. HASTE sekansinin eklenmesiyle
gdzlemci lezyonlarin %100'Unu lokalize edebildi, %11'lik fark istatistiksel olarak anlamli degildi (P=0.15). Sonug olarak
galismamiz, standart T2 agirlikh hizli spin-eko dizilerine ek olarak tek atimli hizli spin-eko dizilerinin elde edilmesinin
spinal lezyonlarin daha dogru tespitini sagladigini ve spinal lezyonlarin lokalizasyonu agisindan avantajlar sagladigini
gostermigtir.

Anahtar Kelimeler: HASTE sekansi, kedi, kdpek, manyetik rezonans goériintileme, norolojik bozukluklar

Introduction and veterinary patients due to the detailed tissue
) . ' ) information it provides, and its greater safety com-
Magnetic resonance imaging (MRI) is regarded as pared to radiography, computed tomography, or mye-

the "gold standard" for spinal imaging in both humans lography (Dennis, 2011). T2-weighted spin-echo se-
quences are commonly utilized for imaging the brain,

Gelis Tarihi/Submission Date : 19.11.2024 spinal cord, and subarachnoid space (Pease et al.,
Kabul Tarihi/Accepted Date  : 19.03.2025
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2006). Ultra-fast heavily T2-weighted sequences,
such as the HASTE sequence, were initially devel-
oped for cardiac and abdominal imaging (Burke et al.,
2021). HASTE is a proprietary term used by Siemens
Medical Solutions (Malvern@, PA, USA) (Seiler et al.,
2012). This sequence is advantageous for neurologi-
cal imaging in both humans and animals due to the
high signal obtained from cerebrospinal fluid (CSF) in
the subarachnoid space and ventricular system
(Mankin et al., 2012; Pease et al., 2006). The HASTE
sequence provides a high signal from the CSF with-
out capturing signals from fat (Khan and Freeman,
2023), allowing the vertebral canal to be scanned for
compressive lesions and enabling the identification of
structural changes caused by cerebrospinal fluid
(Pease et al., 2006).

This study aimed to investigate the usability of the
HASTE sequence in the diagnosis of various neuro-
logical disorders in cats and dogs and to evaluate the
agreement between the HASTE sequence and the
T2 sequence.

Material and Methods

The experimental protocol was approved by the Ani-
mal Experiments Ethics Committee of Burdur
Mehmet Akif Ersoy University, Faculty of Veterinary
Medicine (protocol number: 1276/2024). The study
involved 17 cats and dogs with suspected neurologi-
cal disorders, for which magnetic resonance imaging
(MRI) was warranted. Each patient underwent a thor-
ough clinical and neurological evaluation, and lesion
localization was determined following the neurologi-
cal assessment. Recorded data included patient his-
tory, time to examination, trauma type, and neurologi-
cal grade. Neurological grading was performed using
the Modified Frankel Scale, which categorizes cases
as follows: 0= paraplegia without deep pain sensa-
tion, 1= paraplegia without superficial pain sensation,
2= paraplegia with deep pain sensation intact, 3b=
non-ambulatory paraparesis unable to bear weight on
hind limbs without support, 3a= non-ambulatory para-
paresis capable of bearing weight on hind limbs with-
out support, 4= ambulatory paraparesis, 5= normal
gait with paraspinal paresthesia (Griffin et al., 2009).
Additionally, cases were classified based on onset as
peracute (<1 hour), acute (1-24 hours), and chronic
(>24 hours) according to Scott and McKee (1999).

All MRI examinations were conducted under general
anesthesia. The patients were placed under general
anesthesia with a combination of medetomidine
(respectively, 0.08 mi/kg and 0.1 ml/kg, intramuscular
(IM), Tomidin, Provet, Turkey) and ketamine (5 mg/
kg, IM, Alfamin, Erse, Turkey). The effect of me-
detomidine was then reversed with atipamezole (100
ug/kg IM, Reversal, Provet, Turkey) at the end of
MRI. Imaging was performed with a 1.5 T MRI scan-
ner (MAGNETOM-Avanto, Siemens) with patients
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positioned prone. Based on neurological examination
findings, lesion areas were localized, and T2-
weighted sagittal and transverse, as well as dorsal
and sagittal HASTE sequences, were acquired from
the specified regions. Imaging parameters varied
according to patient size (T2-weighted sequence:
TR= 900-3970 ms, TE= 76-130 ms, slice thickness=
2.5-3.5 mm; HASTE sequence: TR= 8000 ms, TE=
341-346 ms, slice thickness=0.8-1.0 mm). An experi-
enced veterinary surgeon reviewed all MRIs using a
standard DICOM viewer (MicroDicom viewer).

The MR images were anonymized, and the observer
was blinded to the animal’s signalment, history, clini-
cal findings, final diagnosis, and study objective.
However, the observer was informed that a spinal
lesion was anticipated. They were instructed to ana-
lyse the images, identify any important lesions, and
make a diagnosis based on the findings. Initially, the
observer was shown only transverse and sagittal
images from the T2-weighted sequence. Afterward,
T2-weighted and HASTE images were provided to-
gether for re-evaluation. The observer was also
asked to rate their diagnostic confidence on a scale
of 1-3 (1= sure, 2= somewhat sure, 3= not sure)
(Seiler et al., 2012).

Statistical Analysis

The statistical analyses were conducted using the
IBM SPSS Statistics 27 software package. A signifi-
cance threshold of P<0.05 was applied. Categorical
variables were represented as "n, %n." Agreement
between sequences used in magnetic resonance
imaging was evaluated using Cohen's Kappa test.
Wilcoxon Signed Rank test was used to determine
whether the difference between the two sequences
was significant in terms of lesion localization.

Results

The study included a total of 8 dogs and 9 cats. The
dog breeds were as follows: French Bulldog (n=1),
Pincher (n=1), Terrier (n=2), and, Mixed breed (n=4).
The cat breeds were Mixed (n=7) and Scottish Fold
(n=2). Among the dogs, there were 4 males (50%)
and 4 females (50%), while the cats consisted of 4
males (45%) and 5 females (55%). The median age
of the dogs was 5.7 years, with a range from 2 to 13
years, and for cats, it was 5.3 years, ranging from 2
to 10 years.

The clinical severity scores for dogs were: grade 0
(n=2), grade 1 (n=1), grade 2 (n=4), and grade 4
(n=1). For cats, the scores were: grade 0 (n=4),
grade 1 (n=1), grade 2 (n=3), and grade 4 (n=1).
Time to examination was classified as acute (n=2)
and chronic (n=6) for dogs, and acute (n=3) and
chronic (n=6) for cats (Table 1).
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Table 1. Signalement, examination, and neurological findings

Mehmet Nur GETIN

Case Breed, Patient Duration Neurological examination Neurologi- Diagnosis
gender, history findings cal grading
age
1 Dog, mixed, Non- Acute Paraplegia, deep pain sensa- 2 IVDH
male, 4y ambulation tion present, UMN findings
present
2 Dog, pinch- Seizures Chronic Tetraparasia, generalized 4 Chiari-like
er, female, 2 pain, decreased corneal re- malformation
y flex, phantom scratching
3 Dog, mixed, Non- Acute Paraplegia, deep pain sensa- 2 IVDH
male, 2y ambulation tion present, UMN findings
present
4 Dog, french Non- Chronic Paraplegia, deep pain sensa- 0 IVDH
bulldog, ambulation tion is not present, LMN find-
male, 5.5y ings present
5 Dog, mixed, Non- Chronic Paraplegia, deep pain sensa- 1 IVDH
female, 6 y ambulation tion present, LMN findings
present
6 Dog, Terrier, Weakness Chronic Tetraparasia, generalized 2 Syringomyelia
female, 10y  in walking pain, phantom scratching
7 Dog, Terrier, Non- Chronic Paraplegia, deep pain sensa- 2 Arachnoid cyst
male, 13y ambulation tion present, LMN findings
present
8 Dog, mixed, Non- Chronic Paraplegia, deep pain sensa- 0 IVDH
female, 3y ambulation tion is not present, LMN find-
ings present
9 Cat, mixed, Non- Acute Paraplegia, deep pain sensa- 2 Vertebral
female, 2y ambulation tion present, UMN findings fracture
present
10 Cat, Scottish  Non- Chronic Tetraparasia, deep pain sen- 4 IVDH
fold, male, 2 ambulation sation present
y
11 Cat, mixed, Non- ambu- Acute Paraplegia, deep pain sensa- 2 Vertebral
female, 3y lation tion present, LMN findings fracture
present
12 Cat, Scottish  Non- Acute Paraplegia, deep pain sensa- 0 Vertebral
fold, female, ambulation tion is not present, UMN find- fracture
4y ings present
13 Cat, mixed, Non- Chronic Paraplegia, deep pain sensa- 0 Vertebral
male, 5.7y ambulation tion is not present, UMN find- fracture
ings present
14 Cat, mixed, Non- Chronic Paraplegia, deep pain sensa- 2 IVDH
female, 6y ambulation tion present, LMN findings
present
15 Cat, mixed, Non- Chronic Paraplegia, deep pain sensa- 0 Vertebral
male, 7y ambulation tion is not present, LMN find- Fracture
ings present
16 Cat, mixed, Non- Chronic Paraplegia, deep pain sensa- 0 Vertebral
male, 8y ambulation tion is not present, UMN find- Fracture
ings present
17 Cat, mixed, Non- Chronic Paraplegia, deep pain sensa- 1 Vertebral
female,10 y ambulation tion present, UMN findings Fracture

present

y year, UMN Upper motor neuron, LMN Lower motor neuron, IVDH Intervertebral disc herniation
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Table 2. Diagnostic percentages of T2-weighted sequences and T2-weighted + HASTE sequences

Method Diagnosis Total number of cases Accuracy (%)
Sure  Somewhat sure  Not sure

T2-weighted 12 2 3 17 71%

T2 weighted+HASTE 17 0 0 17 100%

Figure 1. Sagittal and transverse T2-weighted, sagittal, and
dorsal HASTE sequence images obtained in a dog. A) Ex-
truded disc material on sagittal T2-weighted image at the
lumbar 3-4 vertebrae level (yellow circle). B) Extruded disc
material (yellow arrowhead) and spinal cord (white arrow-
head) on transverse T2-weighted image. C) Attenuated
cerebrospinal cord image on sagittal HASTE sequence im-
aging (yellow circle). D) Attenuated cerebrospinal cord im-
age on dorsal HASTE sequence imaging (yellow circle).c

In the initial review of sagittal and transverse T2-
weighted images, the observer was sure (score: 1) of
the diagnosis in 12 cases (71%), somewhat sure
(score: 2) in 2 cases (12%), and not sure (score: 3) in
3 cases (17%). After reviewing both T2-weighted
images along with dorsal and sagittal HASTE imag-
es, the observer was sure of the diagnosis across all
cases (100%) (Table 2). In three cases out of 17, the
initial diagnosis (edema) was revised to another diag-
nosis (intervertebral disc herniation (IVDH), fracture,
or combined fracture) upon review of the combined
sequences. In two initially ambiguous cases
(arachnoid cyst/syringomyelia and IVDH/fracture), a
definitive diagnosis (syringomyelia and fracture) was
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Figure 2. Sagittal T2-weighted and sagittal HASTE se-
quence images obtained in a cat. A) Fracture and spinal
cord compression at thoracic 10-11 vertebral level on sagit-
tal T2-weighted imaging (yellow circle). B) Fracture and
spinal cord compression at thoracic 10-11 vertebral level on
sagittal HASTE sequence imaging (yellow circle).

established. After the addition of the HASTE se-
quence, the observer was able to make a more accu-
rate diagnosis with a difference of 29%. In addition,
according to the results obtained, Cohen's Kappa
coefficient for the diagnostic agreement of T2
weighted and T2 weighted+HASTE sequences was
calculated as 0.61. According to the classification
accepted in the literature, a Kappa value of 0.61 indi-
cates moderate to good agreement. In the end, the
diagnoses included IVDH (n=7), fracture (n=7), Chiari
-like malformation (n=1), syringomyelia (n=1), and
arachnoid cyst (n=1), all later confirmed surgically.
(Figure 1) (Figure 2).

In the initial examination of T2-weighted sagittal and
transverse images, the observer successfully identi-
fied the lesion location in 15 cases (89%), with 2 cas-
es (11%) where localization was unsuccessful. The
two cases with non-localized lesions involved multiple
IVDH (lumbar 5-6/thoracic 13-1 in one case and cer-
vical 2-3/cervical 5-6 in the other). Upon evaluating
T2-weighted and dorsal and sagittal HASTE images
together, the observer was able to pinpoint the le-
sions with maximum CSF compression (thoracic 13-1
and cervical 5-6) in both cases. The resulting 11%
difference after adding the HASTE sequence was
statistically non-significant (P=0.15).
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Discussion and Conclusion

In studies on HASTE sequence in dogs, it was found
that there was CSF attenuation due to compressive
lesions in disc herniations (Mankin et al., 2012;
Pease et al., 2006), and in a study on arachnoid di-
verticulum, it was found that there was enlargement
of the subarachnoid region (Seiler et al., 2012). In our
study, CSF attenuation was detected similar to the
studies conducted in disc herniations. In addition,
unlike other studies, Chiari-like malformation, syrin-
gomyelia, and arachnoid cyst cases were diagnosed
with enlargement of the subarachnoid region and
increased CSF hyperintensity, similar to the study on
arachnoid diverticulum. In vertebral fracture cases,
swelling in the subarachnoid region and increased
CSF hyperintensity were present after CSF attenua-
tion in the compressed area.

In a study assessing the role of HASTE sequences in
detecting arachnoid diverticula in dogs, only 25% of
these diverticula were identified without using HASTE
sequences. However, the inclusion of the HASTE
sequence raised the detection rate of arachnoid di-
verticula to 52.8%. The 27.8% improvement in detec-
tion with the addition of HASTE was statistically sig-
nificant (Seiler et al., 2012). In the current study, the
HASTE sequence was combined with the T2-
weighted sequence for identifying spinal lesions, re-
sulting in a 29% increase in accurate diagnoses. Inte-
gration of the HASTE sequence with other imaging
protocols for diagnostic evaluation improved diagnos-
tic accuracy and suggests that the use of this se-
quence is a useful improvement to MRI protocols for
the diagnosis of neurological disorders in cats and
dogs.

When multiple disc herniations with varying levels of
spinal cord compression are present, identifying the
most clinically relevant lesion can be challenging. In
the HASTE sequence, a compressive (surgical) le-
sion is recognized based on the extent of subarach-
noid space narrowing, similar to the diagnostic ap-
proach used for extradural lesions in myelography.
Given that the HASTE sequence enhances visualiza-
tion of subarachnoid space alterations more effective-
ly than conventional T2-weighted sequences, our
findings suggest it may be more effective for detect-
ing clinically important compressive lesions indicated
by focal narrowing of the subarachnoid space when
included in a standard spinal MR imaging protocol
(Mankin et al., 2012). In our study, we examined the
degree of subarachnoid space compression in multi-
focal disc herniation cases and the spinal region with
the highest CSF attenuation was the region with the
most compressive disc herniation. Accordingly, we
believe that the addition of HASTE sequence to the
imaging protocol in cases of indeterminate disc herni-
ation will be very important in guiding clinical deci-
sions.

Mehmet Nur GETIN

To accurately identify the anatomical location of a
compressive lesion, the HASTE sequence should be
compared with another sequence that enables pre-
cise vertebral body numbering (Mankin et al., 2012;
Pease et al.,, 2006). The HASTE sequence alone
does not allow for detailed identification of anatomical
structures and primarily excels at visualizing the sub-
arachnoid space. Therefore, in studies assessing the
effectiveness of the HASTE sequence for accurate
localization, it has been evaluated alongside T2-
weighted images, and it is recommended that it be
used in conjunction with other imaging protocols to
determine the lesion’s anatomical position.

Canine patients undergoing MRI are under general
anesthesia, which eliminates any issues with move-
ment or claustrophobia. However, a complete MRI
evaluation of the spine can be lengthy and can take
from 45 minutes to an hour, depending on the mag-
net strength and sequences obtained. As the strength
of the magnet decreases, the time required to acquire
a single sequence can double, further increasing the
time required to complete an entire study (Pease et
al., 2006). There are additional benefits to routinely
using the HASTE sequence for spinal imaging when
combined with other sequences, such as T2-
weighted images, that provide greater morphologic
detail. The HASTE sequence is acquired in approxi-
mately 5 seconds; therefore, the addition of this se-
quence does not compromise patient safety or effi-
ciency by increasing the duration of anesthesia. Oth-
er imaging techniques, such as T2-weighted imaging
with fat suppression, that focus on the CSF and pro-
vide higher resolution take significantly longer to ac-
quire. While fat suppression techniques may enhance
the detection of subarachnoid space lesions (Seiler et
al., 2012), the HASTE sequence can be completed in
seconds and is helpful in rapidly identifying compres-
sive or spinal regions (Gallach et al., 2011). At our
institution, we first obtain the HASTE sequence to
localize the lesion in patients with poor general condi-
tions who cannot remain under anesthesia for long
periods. This reduces the duration of anesthesia and
provides additional benefits to the neurologic exami-
nation by aiding in lesion localization.

In conclusion, our study demonstrates that the use of
single-shot fast spin-echo sequences in combination
with standard T2-weighted fast spin-echo sequences
increases the accuracy of detecting neurological dis-
orders and provides advantages for precise lesion
localization. Therefore, we recommend routine inclu-
sion of this sequence in spinal MRI protocols when
applicable.
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Oz: Kriyoterapi hizli dondurma ve yavas ¢dzdiirme prensibiyle calisan, gevre dokulara minimum hasar verirken hedef
doku pargasinin dondurularak yok edilmesini saglayan minimal invazif terapétik bir prosedirdir. Tim vicut kriyoterapi-
si, buz uygulamalari, kriyojen madde turleri iceren kriyocerrahi uygulamalari gibi birgok ¢esitten olusur. Genellikle der-
matolojide, lezyon tedavilerinde kullanilir ancak kullanim alanlari sadece bununla sinirli degildir ve beyin gibi ulagsiimasi
zor dokularda da kullanimi raporlanmistir. Temel prensibi olan isi diflizyonu, bir kriyonekroz alan yaratir ve lezyondaki
hucrelerin yikimini saglar. Bunun igin Gretilmis olan veteriner kriyocerrahi Unitelerinde, genellikle, sivi nitrojen ve nitr6z
oksit kullanilir. Doku boyutuna ve sitolojisine gore birka¢ seans sonrasinda, doku alaninda tamamen iyilesmeler goru-
|Ur. GUnUmuzde, ayakta tedavi olanaklari, minimal anestezi sureleri ve diiglik komplikasyon riskleri sayesinde 6zellikle
yasli veya kalp yoninden riskli hayvanlarin kitle tedavilerinde umut 15181 olmaktadir. Bu derlemede, kriyoterapinin kedi
ve kopek dermatolojisindeki kullaniminin incelenmesi amaglanmistir.

Anahtar kelimeler: Dermatoloji, kriyoterapi, neoplazi

Cryotherapy Applications in Cat and Dog Dermatology

Abstract: Cryotherapy is a minimally invasive therapeutic procedure that works on the principle of rapid freezing and
slow thawing, allowing the target tissue to be destroyed by freezing while causing minimal damage to surrounding tis-
sues. It consists of many types such as whole body cryotherapy, ice applications, and cryosurgery applications contai-
ning cryogenic substance types. It is generally used in dermatology and lesion treatments, but its areas of use are not
limited to this and its use has also been reported in hard-to-reach tissues such as the brain. Its basic principle, heat
diffusion, creates a cryonecrosis field and ensures the destruction of cells in the lesion. In veterinary cryosurgery units
produced for this purpose, liquid nitrogen and nitrous oxide are generally used. Depending on the tissue size and cyto-
logy, complete recovery is observed in the tissue area after a few sessions. Today, thanks to outpatient treatment op-
portunities, minimal anesthesia times and low complication risks, it is a ray of hope in the mass treatment of especially
elderly or heart-risk animals. This review aims to examine the use of cryotherapy in cat and dog dermatology.
Keywords: Cryotherapy, dermatology, neoplasia

Girig hastalikta kullanimi ise ilk olarak 19. ylzyilda bildiril-
mistir (Nayeema ve Subha, 2013). Yirminci yuzyilin
Kriyoterapi, Yunanca donmus anlamina gelen “Kryos” baslarina gelindiginde cilt lezyonlarinin tedavisinde
ve tedavi anlamina gelen “Terapi” kelimelerinin birles- sivi  karbondioksit uygulamalarina  baslanmistir
tirlmesiyle olusturulan, yara ve iltihaplarin tedavisin- (Verebova ve Stani¢ova, 2022). Uzun bir stre kulla-
de antik gaglardan beri kullanilan terapétik bir yon- nimda kalan sivi karbondioksit kullanimi daha sonra,
temdir (Tarim ve ark., 2000; Verebova ve Stanicova, hazirlanisinin, bulunmasinin kolayligi ve daha fazla
2022). Kriyoterapi gevre dokulara minimum hasar sogutmasi gibi avantajlarindan dolayi, sivi azotun ve
verirken hedef doku pargasinin dondurularak yok nitréz oksitin kriyojen olarak kullanimlari yayginlas-
edilmesini saglayan minimal invazif terapétik bir pro- mistir (Tarim ve ark., 2000).
sedurdur ve tim vicut kriyoterapisi, buz uygulamala-

ri, kriyojen madde tirleri igeren kriyoterapi gibi birgok Prosedir esasinda hedef dokularin kisa stirede don-

gesitten olusur (Richman ve ark., 2017). Tarih kayitla-
rinda ilk olarak M.O. 3000°de antik Misir toplumunda,
yaralanmalarin ve enflamasyonlarin tedavisi igin so-
guk kompres uygulamalar yer almaktadir. Daha son-
raki kayitlarda Hipokrat'in Antik Yunan topraklarinda
kriyoterapi uygulamasini énerdigi gérilmusttr. Malign
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durulmasi ve ardindan ¢ézilmesi suretiyle hedef do-
kudaki hicre o6limuni saglamaya dayanmaktadir
(Angileri ve ark., 2020). Bu amagla dokunun sicakli-
gindan daha dusuk kriyojen uygulamasi, dokudan isi
cekilmesine sebep olur (Baris ve Tirkyllmaz, 2023).
Hedef dokunun sicakliklari nitréz oksit ile -70°C’ye
ulagabilirken sivi nitrojen uygulamalarinda -185°C’ye
ulasabilmektedir (Miller ve ark., 2013). IsI transferi ve
sonrasindaki yavas ¢Oziinme islemleri sonucunda
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hedef dokunun huicreleri hasar gériir ve nekroze olur
(Verebova ve Stanicova, 2022).

Genellikle iyi huylu kutanéz neoplazmalar veya neop-
lastik olmayan dokulari yok etmek igin yaygin olarak
kullanilan kriyoterapi; enflamasyonlarda, insan tibbin-
daki agr tedavisinde, rehabilitasyonlarda, yaralanma-
larda ayrica yorucu aktiviteler sonrasi agriy1 hafiflet-
mek gibi bircok terapdtik alanda kullaniimaktadir
(Chesterton ve ark., 2002; Prado ve ark., 2017; Woo
ve ark., 2022). Ginumizde, 6zellikle insan tibbinda,
kriyoterapinin uygulanma alanlari sadece dermatolo-
jiyle sinirli kalmamakla beraber kalp cerrahisi, noéro-
cerrahi ve jinekoloji gibi tibbin ¢ok farkli alanlarinda
da kullaniimaktadir (Tarim ve ark., 2000). Veteriner
tibbinda yaygin olarak timoérlerin (deri ve deri alti)
tedavisinde kullaniimakta ve teknolojinin ilerlemesiyle
beraber kullanim alanlari da genislemektedir (Ma ve
ark., 2021).

Kriyoterapi, veteriner tipta giderek daha popiiler hale
gelmektedir; ¢linki kedi ve kopekte ayakta tedavi
yapilabilmesi, minimal anestezi sureleri, dusuk komp-
likasyon riski ve lazer terapisi, ultrason gibi cesitli
uygulamalardan ¢ok daha kolay &grenilebilir olmasi
gibi temel avantajlar sunmaktadir (Sharp, 2012). Bu-
nun yani sira kriyoterapi sonucu doku nekrozu 2-3
haftalik kozmetik olarak istenmeyen gorintilere veya
hayati yapilarin (sinirler, kan damarlari gibi) hasarlari-
na sebep olabilir (Scott ve Miller, 2011). Yanlis kosul-
lar altinda uygulama yapilmasi veya tecriibeye dayali
uygulama gerektirmesi kriyoterapi sonucunda cesitli
komplikasyonlarla karsi kargiya kalinmasina neden
oldugundan kriyoterapi uygulamalarinin tercih edil-
medigdi durumlar s6z konusu olabilmektedir (Miller ve
ark., 2013). Slovakya’da yapilan bir arastirmada vete-
riner hekimlerin kriyoterapi yontemlerini kullanmadik-
lari veya ¢ok sinirli sayida hastada kullandiklari ra-
porlanmistir (Verebova ve Stani¢ova, 2022).

Bu makalede kriyojen icerikli kriyoterapinin kedi ve
kopek dermatolojisi pratiginde uygulama alanlari hak-
kinda bilgi verilmesi amaclanmistir.

Temel Prensipleri

Deri Uzerine uygulanan kriyoterapi, i1si ¢ikarim iglemi
ile derideki ve bir miktar deri altindaki dokularin si-
cakliklarini disurir. Donan ve ardindan ¢ozilen huc-
reler yikima ugrar ve bu sayede benign ve malign
lezyonlari yok etmede kullanilir (Fesseha ve Yilma,
2020). Kullanim kolayliklari ve maliyetleri bakimindan
daha ucuz buz kasetlerinden, nispeten daha pahali
kriyoterapi cihazlarina kadar uzanan farkl uygulama
modaliteleri mevcuttur. Bu gesitlilik kullanim alanlarini
ve tedavi prensiplerini de  degistirmektedir
(Chesterton ve ark., 2002).

Kriyoterapi islemine baslanmadan énce hedef doku
bélgesinin topografik bir plani olusturulur. Bu plan,
lezyon digindaki bdlgelerin soguktan etkilenerek yapi-
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larinin bozulmamasi igin 6nemlidir. Daha sonra hedef
dokunun kenarlarina termoelektrik termometre olarak
bilinen termokupllar yerlestirilir. Termokupllar dijital
bir termometre gorevi gorerek ve hedef bolge disin-
daki alanlarin sicaklarini dlger, istenmeyen sicaklik
degisimlerine karsi kriyoterapi operatortini bilgilendi-
rir (Knottenbelt ve ark., 2009). Daha sonra kriyojen
madde, dokuyu dondurarak, bdlgedeki lezyonlari
minimum aciyla yok eder. Doku nekrozunun yani
sira, antijenitenin artmasi ile birtakim yararli immuno-
lojik yanitlarin goérulmesi, lezyonun yok edilmesinde
olumlu sonuglar dogurur (Miller ve ark., 2013).

Kriyoterapi cihazlari, gazlarin genlesme prensiplerini
kullanirlar. Bu prensipler, Joule-Thomson etkisi
(Joule-Kelvin etkisi veya Kelvin-Joule etkisi) olarak
bilinir. Bir kriyojen madde, sonda veya sprey aracili-
diyla, dar bir tup igerisinden kriyoterapi cihazinin ucu-
na dogru ilerler ve burada hizla genleserek ¢ok dusuk
sicakliklara ulasir. Bu sayede dokuya dogru hedefle-
nen prob, doku Uizerinden 1si geker ve dokunun sogu-
masini saglar (Ferris ve Ho, 1992). Probun temas
ettigi ve ¢ok dislk sicakliklara ulagsan doku alanina
“buz topu” veya “buz kristali”, donmus doku hacmine
ise “6lumcdll bélge” denir. Genellikle 6limcdl bolgeler,
-20°C sicakliktadirlar (Ferris ve Ho, 1992).

Hlcre disindaki donmus alan, hicre igerisinde su
kaybina, elektrolit konsantrasyonunun ve pH'in degis-
mesine sebep olur (Fesseha ve Yilma, 2020). Bu
sayede %70’i su olan hicre iginde buz kristalleri olu-
sur ve ozmotik basing ¢ok hizh bir sekilde artar. Buna
bagli olarak fosfolipid zarlar hasar alir ve hiicre igeri-
sindeki maddelerin kaybina sebep olur (Knottenbelt
ve ark., 2009). Hucre ici ve disindaki, anormal su ve
elektrolit konsantrasyonlar toksik seviyelere ulagir
(Verebova ve StaniCova, 2022). Hicre, iyon gegis
yetenegini kaybeder, bax protein expresyonu artar ve
kaspaz aktivasyonu ile birlikte apoptoza girer. Apop-
toza, mitokondriyal hasar da katkida bulunur (Gage
ve ark., 2009).

Kriyoterapi uygulamasinin hicre digi etkilerinden biri
ise vaskuler degisikliklerdir. Yiizeye yakin kilcal da-
marlar vazomotor (vazokonstriksiyon ve vazodilatas-
yon) aktiviteler ile cilt sicakligini dizenlerler. Cilt yu-
zeyinceki 1s1 kaybi kilcal kan damarlarinin daralmasi-
na sebep olur. Bdlgede 1s1 kaybeden kan, hipotala-
musu uyararak vazokonstriksiyonun kalicigini saglar
(Olson ve Stravino, 1972). Vazokonstriksiyon ile ya-
vaslayan dolagim (staz), interstisyel 6deme sebep
olan hiicre zari hasarlari ve endotelyal hasarlar, da-
marlarda, trombis olusumunu saglar. Bu trombis
cesidine kriyotromboz ismi verilir ve kriyoterapi uygu-
lamalarindan birkag saat ile 48 saat igerisinde ortaya
cikar (Verebova ve StaniCova, 2022). Kriyotromboz
olusumundan sonra dokular kandan mahrum kalir ve
iskemi gerceklesir. Buna bagli olarak dokuda bir nek-
roz alani olusur. Bu bolgeye “kriyonekroz alan” denir.
Vaskulerite, kriyonekrozun cilde olan etkileriyle pozitif
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bir korelasyon gosterir. Ornegin, kornea gibi damar-
dan yoksun dokular, kriyoterapiye olumlu yanit ver-
mezler (Fesseha ve Yilma, 2020).

Lezyonun yok edilmesindeki temel prensip, hizli don-
durma ve yavas (kendiliginden) ¢ézilmedir. Isi difliz-
yonu, dokunun nemine, temas derecesine, dondurma
suresine ve doku ile prob arasindaki sicaklik farkina
baglidir (Ferris ve Ho, 1992). -70°C (nitrdz oksit) ve
-185°C (sivi nitrojen) sicakliklara ulasan probun ucu
ile, doku kitlesi -20°C (minimum ulasiimasi gereken
sicaklik) ile -30°C'nin altina sogutulabilir. Bu dondur-
ma islemi (¢ dongude tekrarlanarak maksimum hicre
hasarina ulasilir. Dondurma sonrasinda doku kendili-
ginden ¢ozinmeye birakilir (Miller ve ark., 2013).
islemden sonraki 12-24 saat igerisinde kriyoterapi
uygulanan bolge siser. Bes giin sonra enflamasyon
ve 6dem bdlgeleri makroskopik olarak gérinur hale
gelir. Bélge 10-21 gln icerisinde nekrotik hale gelir ve
granulasyon dokusu olusur. Daha sonraki glnlerde
skar doku dokulur ve iyilesme gorilir (Knottenbelt ve
ark., 2009). Nekrotik alanin hizli iyilesmesi icin enzi-
matik tedaviler uygulanabilir veya granilasyon doku-
suna masaj yapilabilir. Bu sebeple hayvanlarin yara
bdlgelerini yalamalari bu granllasyon dokusunun
iyilesmesini hizlandirir (Verebova ve Staniova,
2022). Bu iglemler esnasinda fibroblastlarin kolajen
uretimleri azalir. Pigmentasyonu saglayan melanoist-
ler -5°C’de yikimlandiklari igin renk degisimleri gozle-
nebilir (Fesseha ve Yilma, 2020). Bolgedeki tily kaybi
ve pembelesme geri dondiriilemez. Tedavi bolgesi-
nin yanindaki (dondurulmayan alandaki) tlylerde
beyazlagsma dahi rapor edilmistir (Knottenbelt ve ark.,
2009).

istenilen etkinin olusmasi igin tecriibeli ve bilgili bir
kriyoterapi uygulayicisina ihtiyag vardir. Bu sekilde,
uygun dondurma hizi, dondurma ve ¢6zdirme doén-
gusu sayisi, son sicaklik (minimum -20°C) ve ¢ozul-
me hizi gibi parametreler kontrol altinda tutulabilir.
Her bir parametre, kriyoterapinin basarisi i¢in hayati
oneme sahiptir. Kisa sureli dondurma islemi, doku-
nun yuzeyini dondurmayi basarsa da cildin altinda
kalan ve goriinmeyen kisimlarini yok edemez. Uzun
sureli uygulamalar ise derin yapilara zarar verir. Don-
durma isleminin dikkatli bir sekilde yapilabilmesi igin
operatoriin, termokupllardan yararlanmasi gerekir.
Dondurma ve ¢oézdirme donguleri en az iki kez tek-
rarlanmalidir ve optimal uygulamalarda G¢ kez tekrar
yapilir. Bu sayede hedef dokuda yok edilmeyen hiic-
re kalmaz. Ikinci ve (gilincli dondurmalar bélgedeki
dolagim agina zarar verilmemesi igin daha kisa sureli
uygulanmalidir. Cézdirme islemi ise kendiliginden ve
dondurma islemine gére 2-3 kat daha yavas gergek-
lesir (Miller ve ark., 2013).

Tim terapi neredeyse agrisizdir. Disik sicakliklar,
kan akisini azaltarak lezyon boélgesindeki 6dem olus-
ma riskini en aza indirgerler. Sinir iletim hizi yavaslar
ve lokal analjezi olugur. Tedavi esnasinda ©nlem
amagcli lokal anestezi veya lezyonun boyutuna gére
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genel anestezi kullanilabilir. Blyuk lezyonlar kuguk
parcalara ayrilabilir ve her birine ayri kriyoterapi isle-
mi uygulanabilir. Islemin komplikasyon riski cok azdir
ve islem tekrarlanabilir (Verebova ve Stanicova,
2022).

Uygulama Teknikleri ve Kriyoterapi Uniteleri

Kriyojen madde, cilt ylzeyine, sprey, kriyoprob, apli-
kator teknidi ve termo-baglayici yéntemlerle uygula-
nir. Kriyocerrahi Uniteleri, kriyo tabancasi ve ona bag-
II bir ug, basing regulatérl, gaz basing gostergesi ve
gaz silindirinden olugmaktadir. Bunlara ek olarak,
uygulamalarda, termokupllardan da yararlanilir. Kri-
yoterapi Unitelerinin uglari sprey veya prob olabilir.
Sprey uclar puskirtme metodu ile galisirlar. Yizey
alani daha kuglk hedeflerde ise kriyoproblar kullanihr
(Fesseha ve Yilma, 2020).

Problar, tek baglantilari olan, kriyo tabancalarina
baghdirlar. Gimis, bakir veya altin gibi ylksek ter-
mal iletken maddelerden Uretilirler ve direkt olarak
lezyona hedeflenirler. Ozellikle skar dokularin tedavi-
lerinde kullanilir (Karakuzu ve Tatl, 2018; Fesseha
ve Yilma, 2020). Bu uglar tedavi edilecek bdlgeye
veya canliya gore farkli boyut ve sekillerde (yuvarlak,
diz, kavisli, sivri) piyasada bulunmaktadirlar (Miller
ve ark., 2013). Bazi kriyoterapi unitelerinin problarin-
da, temassiz sicaklik 6lgimu saglayan, pirometreler
bulunur (Ferris ve Ho, 1992). Problu uygulamlarda
kriyojen olarak sivi nitrojen veya nitréz oksit segilir ve
kuguk cilt lezyonlarinin tedavisinde kullanilir. Ayni
zamanda vaskiler lezyonlarin tedavilerinde de kulla-
nilabilir. Problar, i¢i bos ve kati olmak Uzere ikiye
ayrilir. Sivi prob igerisinden dolastirilarak ug tarafin-
dan yuksek basing altinda g¢ikan tiriine ici bos; sivi
kriyojen ile dondurma islemi yapilabilenler ise kati
problar olarak siniflandirilir. Donmanin en kolay kont-
rol edilebilecegi prob tiru i¢i bos olanlardir fakat don-
ma hizi kati problara gére yavastir. igi bos problar
penetrasyonlu veya temasli dondurma islemi yapabi-
lir. Kriyoproblar, her bir uygulama sonrasi dezenfekte
edilmelidir (Fesseha ve Yilma, 2020).

Sprey tekniginde, basingli puskirtme tabancalari
kullanilir (Sekil 1). Acik veya kapali olarak uygulanir-
lar. Acik teknikte sprey uzaktan, dik bir agiyla sikilir.
Genellikle dizglin olmayan cilt ylzeylerinde tercih
edilir. Kapali teknikte ise huni benzeri bir aparat kulla-
nilir. Kriyojen madde puskirtme metodu ile bu huni-
den cilde aktarilar. Kapal teknik, kigik lezyonlarda
kullanilir (Karakuzu ve Tath, 2018). Kriyojen, kriyop-
roblar gibi tek yizeye etki etmez ve bir miktar yayilir-
lar. Genellikle, sivi nitrojen segilen kriyojen madde
cilde temas eder ve cildin sicakligiyla beraber kaynar,
daha sonra buharlasarak gaz fazina gecger. Bu buhar
cilt ylzeyinden 1s1 c¢ekerek lezyonu dondurur
(Fesseha ve Yilma, 2020). Kriyojen secgimine gore
buhar ve sivi karisim oranlari, %15-55 buhar oranin-
dan, %45-85 sivi oranina kadar degiskenlik gosterir.
Sivi orani arttikga 1s1 transferi daha derin dokulara
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ilerler (Miller ve ark., 2013). Bu metot, kriyoproblara
gore ciltten daha fazla i1s1 ¢eker. Basing tabancasi ve
tetik olmak Uzere Unitenin iki pargasinin kullaniimasi
kolaylik saglar. Bu durum onu en sik kullanilan kriyo-
cerrahi uygulamasi yapmaktadir. Ayni zamanda iyi
huylu lezyonlar igin oldukga uygundur. Hedef bélgeye
kolay uygulanan sprey metodunda fazla kriyojen kul-
lanimi gevredeki dokulara akma riskinden dolayi dik-
katli kullaniimalidir. Bu akintinin engellenmesi igin
vazelin emdirilmis stngerlerle veya plskurtme kapla-
riyla gevre dokular korunur (Fesseha ve Yilma,
2020).

Sekil 1. Sivi nitrojenli kriyoterapi cihazinin basingh
plskurtme tabancasi ve uglari.

Kriyo tabancalarinin bir tetigi ve tutma kolu bulunur.
Namlusu dokuya hedeflenirken gévdesi gaz silindiri-
ne baglidir. Tetige basildidi zaman kriyojen madde
dokuyu dondurmaya baslar. Gaz silindiriyle kriyo ta-
bancasi arasinda bir basing gostergesi yer alir. Bu
basin¢ gostergeleri kg/cm? veya Ibs/ing? olarak gaz
silindirinin icindeki gazin basincini gdsterir. Yuksek
basingtan, guvenlik tehlikesi sebebiyle ve disik ba-
singtan, yetersiz donma ihtimali sebebiyle kaginilma-
lidir. Bazi kriyo tabancalarina pirometreler entegre
edilmistir (Ferris ve Ho, 1992). Pirometreler, hedef
dokuda elde edilen sicakligin, monitérler araciligiyla
Olclimlerini saglar (Fesseha ve Yilma, 2020).

Termokupllar, hedef dokunun sicakliklarini dlgen
cihazlardir. Genellikle metal yapilidiriar. Pirometreler
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ile birlikte kullanildiklarinda lezyon icindeki sicakligin
gercek dlciminu yapabilirler. Bir igne icerisinde bulu-
nurlar ve dokunun belirli bir miktar derinliklerine yer-
lestirilirler (Ferris ve Ho, 1992). Dokuya yerlestirme
esnasinda lezyona lokal anestezik uygulanir ve lez-
yon boyutu kadar doku igerisine yerlestirilir. Termo-
kupllar, -75°C’ye varan sicakliklari okuyabilirler ve
dokunun istenen yikiminin yapilabilmesi igin gereken
sicakliga ulagilmayi kolaylastirir (Fesseha ve Yilma,
2020).

Dipstik aplikatér ydntemi, sivi kriyojen maddenin (sivi
nitrojen) bir pamuk uglu aplikator ile lezyona uygulan-
masini baz alan bir uygulama seklidir (Karakuzu ve
Tatli, 2018). Aplikatér dnce bir kaptaki sivi nitrojene
batirilir. Daha sonra lezyona bastirilir. Sprey ve kri-
yoproblara gére daha az dusuk sicakliklar elde edilir.
Kullanimi kolay ve pratiktir fakat ¢cok dusuk sicaklikla-
ra ulasilamadigi igin dokuda kontamine olabilir. Ozel-
likle Adenovirusler, aplikatdérin uygulandidi bélgeden
baska bir dokuya veya canliya gecisi muhtemeldir.
Bu sebeple bir aplikatdr, sadece bir canlida kullanil-
mali daha sonra atimaldir (Fesseha ve Yilma,
2020).

Kriyojen Se¢imi

Piyasada cesitli kriyojen maddeler bulunmaktadir.
Veteriner hekimlikte en ¢ok sivi nitrojen ve nitr6z ok-
sit kullanilir. Nadir olmakla beraber karbondioksit ve
freon da kullanilir (Miller ve ark., 2013). Sivi nitrojen,
distk kaynama noktasi (-195.8°C), kolay tedarik
edilebilmesi ve kullanim kolayhdi bakimindan begeri
ve veteriner tibbinda yaygin bir sekilde kullanilir
(Fesseha ve Yilma, 2020; Miller ve ark., 2013). Du-
stk kaynama noktasi, hedef dokuda ¢ok dislk sicak-
liklarin elde edilmesini saglar (Ferris ve Ho, 1992).
Yalitimli kapta iki glin aktif kalabilir ve maksimum bir
aya kadar orjinal kaplarinda saklanabilirler (Miller ve
ark., 2013). Sprey, kriyoprob ve aplikatér metodlarin-
da kullanima uygunlardir (Fesseha ve Yilma, 2020).

En yaygin dondurucu ajanlardan bir digeri nitr6z ok-
sittir. Kaynama noktasi -89.5°C’dir. Sivi nitrojene
gOre daha ylksek kaynama noktasina sahip olmasi
sebebiyle daha uzun slre dondurma islemi istenen
donmayi saglar. Ozel kapali kaplarda depolanirlar ve
Ozel tasarlanmig kriyoterapi unitelerine ihtiya¢c duyu-
lur. Bu sebeple sivi nitrojen kadar kolay saklama ko-
sullarina sahip degildir (Ferris ve Ho, 1992). Sivi nit-
rojene kiyasla daha maliyetli olmalari, uzun dondur-
ma slreleri ve 6zel linite gereksinimleri gibi dezavan-
tajlarina ragmen; atik Gretmemeleri, daha uzun sakla-
ma surelerine sahip olmalari ve daha kolay erisilebilir
olmalari avantajlaridir. (Miller ve ark., 2013).

Kriyoterapi 6ncesinde hastanin genel bir muayenesi-
nin yapilmasi; lezyonun, sitolojik ve histopatolojik
yonlerden incelenmesi gerekir. Kriyocerrahinin, ¢cogu
zaman sedasyon veya lokal anestezi ile uygulanmasi
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komplikasyonlari en aza indirmektedir (Fesseha ve
Yilma, 2020). Buna ragmen hasta sahibinin olusabile-
cek komplikasyonlar hakkinda ve diger tedavi yoén-
temleri bakimindan bilgilendirilmesi ve yazili onaylari-
nin alinmasi gereklidir (Tarim ve ark., 2000). Kitlenin
kéti huylu olmasi durumunda, cerrahi ve onkolojik
yonlerden tedavi edilmesi endikedir (Fesseha ve Yil-
ma, 2020).

Uygulama sonrasi donma derinlidi izlenmeli, gerekli
Olcumler yapilmalidir. Doku tahribatinin derecesi be-
lirlenirken oldurict derinlige ulasihp ulasiimadigi
kontrol edilmelidir. Beseri tipta uygulama sonrasi
kortikosteroid uygulamalari yapilmaktadir
(Yosipovitch ve ark., 2001).

Endikasyonlari ve Kullanim Alanlari

Kriyoterapi veteriner hekimlikte siklikla dermatolojik
vakalarda tercih edilmektedir. Genellikle sebas6z
hiperplazilerde ve adenomlarda kriyocerrahi uygula-
malarina basvurulur. Bu tip olgularda genellikle kétu
huylu lezyonlara tic donma/¢ézilme dénglsu uygula-
nirken iyi huylu lezyonlarda iki déngl uygulamasi
yeterli olur.

Kedilerde agiz boslugu hastaliklar ve iltihaplanmalari
cok yaygindir. Ulser ve erozyon gibi agiz boslugu
bozukluklarina sahip 220 kedide yapilan bir ¢calisma-
da bu bozukluklarin sebeplerinin altta yatan sistemik
hastaliklardan eozinofilik granilomlara, bébrek hasta-
liklarina kadar genis bir yelpazesinin oldugu raporlan-
mistir (Dokuzeylul ve ark., 2016). Erisimin zor oldugu
agiz boslugu lezyonlarinda ve dig eti epulislerinde
kriyocerrahi uygulamalari, kanamanin ¢ok aza indir-
genmesi ile en iyi tedavi secenegdi olarak yer alir
(Miller ve ark., 2013). Anal fistiil tedavisinde de kulla-
nilan kriyoterapi, operasyonel tedavi seceneklerine
nazaran anal sfinktere zarar verme riski tasimaz
(Rhodes ve Werner, 2018). Hemanjiomlarin nuks
etmesi dolayisiyla cerrahi uygulamalar yerine kullani-
mi tartisilmaktadir (Jackson ve Marsella, 2012).

Follikiler timorler, perianal bez timorleri, nodiler
dermatofibrozis, kutandz histiositoma, kedi sporotric-
hosis tedavilerinde kullaniimasi &nerilir (Coyner,
2020; Han, 2020). Bazal hiicreli karsinomlarda, solar
veya solar olmayan dermatitlerde kullanimi yaygindir
(Campbell, 2004; Kili¢ ve ark., 2011). Kuglik hayvan-
larin yani sira atlarda Mycobacterium ulcerans’in cilt
Ulserlerinde ve melanotik timédrlerinin tedavilerinde
kriyoterapinin etkinligi kanitlanmigtir (Lloyd, 2003;
Malik ve ark., 2013). Ayrica yumugak doku yaralan-
malarindan sonra akut inflamasyonun tedavisi icin
uygulanir. Fakat dokunun tiri degistikce donmaya
karsi olan tolerans seviyeleri de degisir (Bleakley ve
Davison, 2010). Bunlarin yani sira kriyoterapinin uy-
gulama esnasinda ve sonrasinda, kopeklerde, stres
ve kayg! olusturmamasi, tly kalitesini bozmamasi ve
hareketliligi azaltmamasi gibi bir dizi amacindan ba-
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gimsiz faydalar bulunmaktadir (Verebova ve Sta-
nicova, 2022). Ayrica periferik sinir uglarinin gegici
O0limu sonucu kasinti ve yalama istegi azalir (Patel
ve ark., 2008).

Koépeklerde yapilan bir galismada, iyi huylu sebas6z
neoplazi ve follikuler kistlerden olugsan 52 deri timé-
rine sivi nitrojenle, sprey kriyoterapisi uygulanmigtir.
Uygulama Oncesinde sedatif, anestezik veya analje-
zik bir uygulama yapilamayan kdpeklerin, uygulama
esnasinda bilingleri acik birakilmigtir. Agri hissiyati
¢ok azinda bildirilmis olup, ortalama 15 saniyelik 1-4
doéngl seklinde uygulanmistir. Dort hafta sonra kigul-
me goziikmeyen lezyonlara bir seans daha uygulama
yapilmigtir. Képeklerin blyik ¢cogunlugunda, lezyon-
lar tamamen iyilesmistir (Angileri ve ark., 2020). Bir
baska calismada ise, viral papilloma lezyonlu ¢ ko-
pekte, 5-6 déngulu sivi nitrojen uygulamasi yapilmisg
ve lezyonlarda kalici gerileme goézlenmistir. Siklikla
kullanilan 2-3 dondurma/gézilme donglsi yerine
daha fazla uygulanan dongi sayisina ragmen bir yan
etki bildirilmemistir (Richman ve ark., 2017). Deri ve
derialti timorli 20 kopekte kriyoterapi uygulamasi
sonrasi ise lezyonlarin %94.5’ inin tamamen iyilestigi
gorilmustir (Ma ve ark., 2021). Cilt lezyonlarinin
yani sira kdpeklerde, kornea pigmentasyonu sonucu
g6z Uzerine uygulamalarda da basarili sonuglar elde
edilmigstir (Azoulay, 2013).

Kedilerde yapilan bir galismada, skuamoz hicreli
karsinomlara sivi nitrojen spreyi uygulanmis, sonra-
sinda meloksikam tedavisine baslaniimistir. Vakala-
rin %38.5’ inde tam iyilesme, %46.1" inde kismi iyiles-
me gdzlenmistir. Burun lezyonlarindaki uygulamalar-
da burun deligi stenozu bildiriimistir (Prado ve ark.,
2017). Bir bagka galismada, Leishmania mexicana
sebepli Ulseratif burun lezyonlu bir kedide sivi nitro-
jenli sprey kriyoterapisi kullaniimis ve iki seans sonra-
sinda lezyonlar tamamen iyilegsmistir. Fakat islem
sonrasinda hipopigmentasyon dizelmemistir
(Mendoza ve ark., 2022).

Deri lezyonlarina belirli bir miktar uzakliktan yapilan
kriyoterapi uygulamalari harici intrakranial ve endos-
kopi tabanli metodlar da mevcuttur. Beseri tipta
1960’li yillardan beri uygulanan intrakranial uygula-
malar, veteriner tibbinda képeklerde de ginimizde
uygulanmaya baglanmistir. Kranyektomi ile kriyopro-
bun gegcisi icin kiglk delikler agilir ve problar, beyin
loblarina dogru ilerletilir. Ozellikle begeri tipta hareket
bozuklugu tedavisi igin kullanilmasina karsin, veteri-
ner tibbinda yalnizca deneysel calismalar raporlan-
mistir (Quigley ve ark., 1992).

Trakeal stenozlu hastalarin tedavisinde ise endobron-
siyal kriyoterapiden faydalaniimaktadir (Rodgers ve
ark., 1979). Képeklerde yapilan bir deneysel galisma-
da da endoskoplu kriyoterapi cihazi, 6zofagus muko-
zasina uygulanmigtir. Buna gore Ulser modelinde
c¢alismalar tanimlanmistir (Pasricha ve ark., 1999).
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Bir baska calismada ise 30 kediye endodzofageal
kriyoterapi uygulamalari yapilip, kedi 6zofagusunun -
100°C'ye kadar olan sicakliklar tolere edebildigi goz-
lenmistir (Rodgers ve Pappelis, 1985).

insanlarda bu gibi lezyonel ve postoperatif drneklere
ek olarak farkli alanlarda da kullanimi bildirilmistir.
Ornegin halk arasinda sagkiran hastaligi olarak bili-
nen alopesi areata olgularinin blyldk bir kisminda
iyilesme gozlenmistir (Aksakal ve ark., 2000). Zihrevi
hastaliklardan, prostat hastaliklarina kadar birgok
hastalikta olumlu sonuglar kaydedilmistir (Goksin ve
ark., 2020; Gurbliz ve Yurdakul, 2020). Ayrica kriyo-
terapi ve Kkortikosteroidlerin kombine kullaniminin
sonucunda, sadece kriyoterapi uygulamasindan daha
iyi yanitlar alindigi 6ne surulmustur (Yosipovitch ve
ark., 2001).

Sonug

Kriyoterapi, basit soguk uygulamalarindan karmasik
kriyocerrahi Unitelere kadar uzanan genis bir yelpaze-
de yillardir yara tedavilerinde kullanilan etkili bir tera-
pi yéntemidir. Ozellikle veteriner tibbinda, neoplastik
lezyonlarin tedavisinde yaygin olarak tercih edilmekte
olup, neredeyse agrisiz bir deneyim sunarak kompli-
kasyon riskini minimuma indirir. Agrisiz, sedasyonsuz
ve anestezisiz uygulanabilen bu yontemin kedi ve
kopek dermatolojisinde etkinligini artirarak daha fazla
kullanim alani bulacagdi kanisindayiz.
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Oz: Uzun yillar boyunca ruminantlarda yenidogan kayiplarini azaltmak, enfeksiyonlardan korumak, biyiimeyi destekle-
mek ve ekonomik olarak hayvansal uretimi artirmak igin antimikrobiyal ajanlar yem katki maddesi olarak kullanildi.
Ancak yem katki maddesi olarak kullanilan bu kimyasallarin hayvansal Uriinlerde kalinti birakmasi, mikrobiyal direng
gelistiren patojen organizmalarin insan ve hayvan sagligini tehdit etmesi ve gida alerjileri bu maddeleri tartisma konusu
yapmigtir. Bunun sonucunda da tedavi gerektiren hastaliklar diginda antimikrobiyal ajanlarin eti, situ ve yumurtasi
tuketilen hayvanlarda kullaniimasi yasaklanmistir. Bu olumsuzluklar nedeniyle propolis gibi dogal maddelerin hayvan
beslemede kullaniimasi arastiriimaya baglanmistir. Propolis dogdal bir ari Griiniddr. Yapisindaki bitkisel flavonoidler ve
fenolik bilesikler ile antibakteriyel, antiviral, hepatoprotektif aktiviteler, antiinflamatuar, imminomoduilatér, antioksidan,
antiparaziter ve antiseptik 6zellikler gibi nemli biyolojik 6zellikler gdsterir. Bunun yaninda insan gidasi olarak kullanilan
hayvansal urlnlerde zararli kimyasal kalinti riski olugturmaz. Boylelikle propolisin yem katki maddesi olarak kullanilabi-
lecedi ve hayvansal Urunlerin glivenligi ve toksisitesi hakkinda giincel tiiketici beklentilerini kargilayabilecedi 6n goril-
mektedir. Bu derlemenin amaci alternatif yem katki maddesi olarak propolisin etkinligini ve en ¢ok ekonomik kaybin
yasandigi sut emme dénemindeki ruminantlarin gelisme ve saglik durumu Gzerinde yapilan ¢alismalari incelemektir.
Anahtar kelimeler: Propolis, ruminant, yenidogan.

Usage of propolis in newborn ruminants

Abstract: For many years, antimicrobial agents have been used as feed additives in ruminants to reduce neonatal
losses, to develop protection against infections, to support growth and to increase economical animal production.
However, the fact that these chemicals used as feed additives leave residues in animal products, pathogenic orga-
nisms that develop microbial resistance threaten human and animal health and food allergies have made these subs-
tances a subject of debate. As a result, the use of antimicrobial agents in animals whose meat, milk and eggs are con-
sumed, except for diseases requiring treatment, has been prohibited. Due to these Adversities or challenges, the use
of natural substances such as propolis in animal nutrition has begun to be investigated. Propolis is a natural bee pro-
duct. It exhibits important biological properties such as antibacterial, antiviral, hepatoprotective activities, anti-
inflammatory, immunomodulatory, antioxidant, antiparasitic and antiseptic properties with its structure’s plant flavonoids
and phenolic compounds. In addition, it does not pose a risk of harmful chemical residues in animal products used as
human food. Thus, it is foreseen that propolis can be used as a feed additive and meet current consumer expectations
regarding the safety and toxicity of animal products. The aim of this review is to examine the effectiveness of propolis
as an alternative feed additive and the studies on the development and health status of ruminants during the lactation
period, when the most economic loss occurs.

Keywords: Newborn, propolis, ruminant.

Girig

Kolostrum alma, stit emme ve siitten kesme donemi
yenidogan ruminant hayvanlarin bagisiklk sistemi
gelisimlerinde Ug¢ 6nemli dénemdir (Htoo ve ark.,
2015). Kuzu, oglak ve buzagilarin kolostrum tiketimi,
pasif bagdisiklik transferinde ve hayatta kalma oranin-
da temel bir role sahiptir (Hernandez-Castellano ve

Gelis Tarihi/Submission Date :22.10.2024
Kabul Tarihi/Accepted Date  :30.12.2024

ark., 2015). Bununla birlikte kuzu, oglak ve buzagi
kayiplarinin en ¢ok yagsandigi ve hayvanlarin sonraki
doénemlerdeki verimlerin dogrudan etkilendigi dénem
st emme donemidir (Ayag ve Konyali, 2009; Htoo ve
ark., 2015).

Sut emme dénemindeki kuzu, oglak ve buzagi kayip-
larini 6nlemek, bagisikligi artirmak ve biyimeyi hiz-
landirmak icin eskiden iyonofor grubu antibiyotikler,
lasolacid gibi kimyasal ajanlar, hormon taklidi yapan
R-adrenerjik reseptor inhibitdrleri yem katki maddesi
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olarak kullanilmistir (Kara ve ark., 2014; Kabiloglu ve
Kocabagli, 2022). Ancak 20. ylzyilin sonlarinda yapi-
lan arastirmalar bu maddelerin dusik miktarlarinin
bile mikrobiyal direnci gelistirebilecegini, et ve sut
urtnlerinde ciddi kalntilar birakabilecegini ortaya
koymustur (Kara ve ark., 2014; Kiglkbulgra ve Aca-
réz, 2020). Antibakteriyel ajanlarin 1996 yilinda Avru-
pa Birligi Ulkelerinde (Avrupa Birligi (EU) Konseyi
Direktifleri, 1996), 2006 yilinda tlkemizde Grunleri ve
eti insan gidasi olarak kullanilan hayvanlarda tedavi
amaci disinda kullaniimasi yasaklanmistir (Resmi
Gazete, 2006). Vitamin takviyeleri disindaki ilaglarin
da kullanimi 2011 yihinda sinirlandiriimistir (Resmi
Gazete 2011). Bu sinirlamalar sonucunda yenidogan-
larin yasam guiclinu artirma potansiyeli olan, fiziksel
olarak gelistiren ve en 6nemlisi de sentetik maddele-
re gore daha guvenli olan alternatif Grlnler ile ilgili
arastirmalar artmistir (Giglu ve Kara, 2009; Kabiloglu
ve Kocabagli, 2022).

Propolisin halk dilindeki adi arn tutkalidir (Kocot ve
ark., 2018). Propolis ari kovaninda iggi arilar tarafin-
dan recineli aga¢ ve bitkilerin dallarindan, yaprak
koklerinden ve goévdelerindeki yariklardan toplanan
yapiskan maddeler, kovanda uretilen diger Urtnler ve
isci arilar tarafindan Uretilen bir enzimin karistiriima-
styla olusturulur (Toreti ve ark., 2013). Fenolik mad-
deler agisindan zengin bir riindir (Bogdanov, 2017).
Propolis, ari kovaninda arilar tarafindan kovanda
zayii olan veya oldirilen ve disar atilamayan diger
arilarin, dogal digsmanlarin mumyalanmasinda, larva
ve bos peteklerin dezenfekte edilmesinde, petekler-
deki kiriklarin ve kovandaki deliklerin kapatiimasinda
kisacas! ari kolonisinin dis ve i¢ etmenlere karsi ko-
runmasinda kullaniimaktadir (Sung ve ark., 2017). Ari
kovaninin bulundugu yerin florasina ve iklim sartlari-
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na gore propolis yesil, acik sari, kirmizi ve kahveren-
gi olmak Uzere ¢ok farkli renklerde ve akigkanlikta
olabilir (Toreti ve ark., 2013; Bogdanov, 2017).

Propolisin Yapisi ve Potansiyel Etkileri

Propolisin yapisi; bal arisi irkina, kovanin bulundugu
yerin bitki florasina, iklim sartlarina, dogal diismanla-
rin olup olmamasina ve kovandan toplanma sekline
gore degisir (Toreti ve ark., 2013). Propolis; 20-25 °
C'nin altinda kolayca kirilabilen, sert formda, 20-25 °
C'de mumsu formda ve bu derecelerin lzerinde ise
jole veya simiksl yapidadir ve gogu tirindn erime
1sis1 60-70 °C arasindadir (Bogdanov, 2017; Kocot ve
ark., 2018). Propolisin yaklasik %50'si recine, %30-
40" bal mumu, %5-10 aromatik yaglar, %5'i polen ve
nektar ve %5 diger organik ve inorganik bilesiklerden
olusur (Abdulkhani ve ark., 2017). Ayrica B grubu
vitaminler ve cesitli mineralleri icermekle (Abdulkhani
ve ark., 2017; Kocot ve ark., 2018) birlikte, fiziksel
olarak cogunlukla yapiskan ve lipofilik yapida olup
etanolde tamamina yakini ¢dzilmektedir (Bogdanov,
2017).

Arastirmalar sonucu propolisin kimyasal yapisindaki
bilesik sayisinin 300'Un Uzerinde oldugu tespit edil-
mistir. Flavonoidler, fenolik asitler, terpinen ve terpen
bilesenleri propolisin yapisindaki en etkili ve yogun
bilesiklerdir (Abdulkhani ve ark., 2017; Bogdanov,
2017). Flavonoidler en gligli antimikrobiyel ve antiok-
sidan etkinlige sahip bilesendir (Maciejewicz ve ark.,
2002). Ana molekdllerindeki degisikliklere bagli ola-
rak flavonlar, flavanonlar, flavonoller, flavanonoller,
izoflavonlar, katesinler, kalkonlar, antosiyanidinler ve
I6koantosiyanidinler olarak adlandirilan temel sinifla-
ra ayrilir. Fenolik asitler; hidroksil ve karboksil grupla-

Tablo 1. Propolisin biyolojik aktiviteleri ve etki mekanizmasi

Biyolojik Aktivite

Etki Mekanizmasi

Antibakteriyel

Bakteriyel protein sentezini yavaslatarak veya durdurarak ve sitoplazma

ceperinde gegirgenligi bozar (Anjum ve ark. 2019).

Antiviral
2017).

Viral protein enzimlerini inhibe ederek RNA sentezini engeller (Bogdanov,

Antifungal ve antimikotik

Mantar ve kiflerdeki sivi dengesini bozar (Anjum ve ark., 2019).

Antiparaziter
2022).

Kandaki makrofajlarin eozinofile bagl aktivitesini artinr (Linécio ve ark.,

Antienflamatuvar Arasidonik  asit

(Bogdanov, 2017).

metabolizmasinin

lipoksijenaz yolunu inhibe eder

immunmodilator

Timus bezini ve tiroid bezini uyarip antikor Uretimini artirir. B ve T lenfosit-

leri aktive ederek ve fagositozu guglendirir (Boukraa, 2013).

Antioksidan Superoksitlerin hiicre igi Uretimini yavaglatip mitokondriyal dokuda oksidatif
strese bagli doku yikimini énler ve ksantin oksidaz aktivitesini inhibe eder
(Bogdanov, 2017).

Antitiimoral Tdmor hicrelerindeki DNA'nin pargalanmasina yol agip timoral apoptozisi

hizlandirir (Bassani-Silva ve ark., 2007).

Yara iyilestirici

Yara hattinda orta ila tam kalin vaskiler grantlasyon dokusu olusumunu,

daha fazla fibroblast ve kolajen birikimi, hafif inflamatuar hicre infiltrasyo-
nu ve tam epitelizasyon sergilemistir (Abu-Ahmed ve ark., 2013; Abu-

Seida, 2023).
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ri ile bir benzen halkasinin birlesmesiyle meydana
gelmektedir. Benzoik ile sinamik asit ve bunlarin es-
terleri propoliste bulunan baslica fenolik asit gesitleri-
dir ve etki mekanizmasi flavonoidlerle benzerdir
(Gorecka ve ark., 2014). Propolisin biyolojik etkileri
ve etki mekanizmasi Tablo 1'de, etkiledigi patojenler
Tablo 2'de belirtilmistir.

Ozge KABILOGLU

bir calismada, yeterli miktarda kolostrumlarini almis
24 bas Simmental rki buzagdilari iki gruba ayirmis ve
bir gruptakilere sutten kesilene kadar ek olarak 4 ml
%30'luk EEP'i oral olarak igirmiglerdir. Calisma so-
nunda propolis uygulamasinin canl agirlk, canl agir-
lik artigi ve yemden yaralanmayi olumlu etkiledigini
ortaya koymuslardir. Benzer bir ¢calisma 24 bas Hols-

Tablo 2. Propolisin etkili oldugu patojenler (Bogdanov, 2017'dan modifiye edilmistir)

Patojenler
Gram Pozitif  Bacillus spp., Corynebacterium spp., Enterococcus spp., Mycobacteria spp., Staphylococcus
Bakteriler aureus, Streptococcus spp.
Gram Negatif E. coli, Helicobacter pylori, Klebsiella ozaemae, Proteus vulgaris, Pseudomonas aeruginosa,
Bakteriler Salmonella spp.
Viriisler Adenow:rus,' Coronav[rqs, Herpgs symp/gx, Influenca A ar!d B virus, Newcastle disease vi-
rus, Polio virus, Vaccinia, Rotavirus; Vesicular Stomatitis Virus,
Parazitler Cryptosporidium, Eimeria, Giardia, Trichomonas ve Trypanosoma spp.
Mantarlar Aspergilus, Candida, Cryptococcus, Histoplasma, Microsporum, Saccharomyces ve Tric-

hophyton turleri

Propolisin Yenidogan Ruminantlarda Kullanimi

Siit emen ruminantlarda propolis uygulamasinin
performans lizerine etkisi

Ruminantlarda sit emme dénemindeki performans
calismalar genellikle viicut dlgimleri ve yem tiketimi
ile ilgili verileri kapsar. Sitten kesilmemis ruminantlar-
da propolis uygulamasi ile ilgili bazi ¢alismalar yapil-
mis ve farkli sonuglar bulunmustur.

Yenidodan buzagilarin kullanildigi bir ¢galismada To-
lon ve ark. (2002) 2 ml (500 mg/ml) propolis etanol
ekstrakti (EEP) sitten kesilene kadar, 56 gun boyun-
ca, buzagilara oral yolla vermiglerdir. Calisma sonu-
cunda ozellikle disi buzagilarin ginlik canh agirlik
artisinin 6nemli élglide olumlu etkilendigini bildirmis-
lerdir. Yapilan benzer bir ¢alismada, Yucel ve ark.
(2015), 20 adet Holstein yenidogan buzagiyi her
grupta 5 disi 5 erkek buzagi olacak sekilde iki gruba
(kontrol ve uygulama) bélmustir. Bir gruptaki buzagi-
lara 35 gin boyunca 2 ml EEP (%70’lik etanol ile
hazirlanmis 500 mg/ml propolis) verilmis ve deneme
sonunda uygulama grubundaki disi buzagilarin canl
agirhk artisi, vicut uzunlugu ve cidago yuksekligi
acisindan kontrol grubundakilere kiyasla olumlu etki-
lendigini bildirmistir. Erkek buzagilarda ise sadece
cidago yuksekliginin olumlu etkilendigi bildirilmigtir.
Propolisin siitle beslenen buzagilarda performans
Uzerine farkli sonuglarin ortaya kondugu bir bagka
c¢alismada, Slanzon ve ark. (2019) tarafindan neona-
tal dénemden sitten kesilene kadar buzagilarin siit
ikame yemine 4 ml EEP (300 mg/ml kirmizi propolis)
ilave edilmis ve calisma sonunda sadece gunlik
yemden yararlanma oraninin olumlu etkilendigi bildiri-
lirken propolis uygulamasinin buzadi performansina
olumlu bir etkisinin olmadigi bildirilmigtir.

Propolisin farkl irklardaki buzagilar izerine etkileri de
degerlendirilmistir. Kabiloglu ve ark. (2023) yaptiklari

tein rki buzagilar kullanilarak yapilmis (Ozdemir ve
Yanar, 2024) ve bu calismada propolisin yemden
yararlanma orani Uzerine olumlu bir etkisinin oldugu
bildirilmistir. Simmental buzagilara %10'luk EEP igiri-
lerek yapilan bagka bir ¢calismada da (Kupczynski ve
ark., 2012), 30 bas buzag! 3 gruba ayrilmis (kontrol,
2 ve 4 ml EEP) EEP igirilen buzagilarda canh agirlik-
larin olumlu etkilendigi, 6zellikle 4 ml EEP igirilen
grup ile kontrol grubu kiyaslandiginda canh agirlikla-
rin arasindaki farkin dnemli oldugu bildirilmistir.

Yenidoganlarda propolis uygulamasi EEP formunda
oldugu gibi propolisten ekstrakte edilen flavonoidler
de kullaniimigtir. Bu yénde yapilan galismada propo-
listen ekstrakte edilen flavonoidler tablet formu getiril-
mis ve 4 gruba ayriimig 20 adet sut emen Holstein
buzag;llara 4 farkli dozda (0; 7.3 x 105 7.3 x 10% 3.6
x 10 g/kg CA) verilmistir. Deneme sonunda 3.6 x 10
3 g/kg CA verilen grupta blyiimenin olumlu etkilendigi
ve kuru madde aliminin arttigi ifade edilmigstir
(Yaghoubi ve ark., 2008).

Propolis uygulamasinin farkl bitkisel ekstraktlar ile
birlikte kullaniminin etkilerinin degerlendirildigi ¢alis-
mada (El-Nagar ve ark., 2023) 20 adet Friesian irki
buzadi sit emme doéneminde 4 gruba ayrilarak
(kontrol, 5 g propolis, 2 ml kekik yadi ve 5 g propolis
+2 ml kekik yagi) beslenmis ve buzagi basina 5 g
propolis ile birlikte 2 ml kekik yaginin st ile verilmesi-
nin sinerjik etkiyi artirarak blylime performansini
arttirdigi ileri strdlmastar.

Propolis uygulamasinin st emme dénemindeki bu-
zagilar Uzerine etkisi yogun bir sekilde degerlendirilir-
ken, farkli ruminant tirlerinin yenidoganlari Uzerine
etkileri de g¢alisma konusu olmustur. Cecere ve ark.
(2021) 36 bas Lacaune kuzularinin sitle besleme
doéneminde igme siitlerine farkli dozlarda yesil propo-
lis 6zutu (0, 150, 200, 250 pL propolis/kg/CA) ilave
edilmesinin canh agirlik artigi Gizerine olumlu etkilerini
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gézlemlemekle birlikte en yiksek etkiyi 150 pL propo-
lis’kkg/CA verilen grupta gozlemlemislerdir. Benzer
sekilde Itavo ve ark. (2011) farkli dozlardaki (4, 8, 12,
16 ml) EEP'nin (300mg/ml yesil propolis) Suffolk me-
lezi kuzularda kuru madde alimini ve yemden yarar-
lanma oranini olumlu etkiledigini, EEP dozu arttikca
bu etkinin azaldigini, kuzulardaki ideal EEP dozunun
ise 7.60 ml/giin oldugunu bildirmigtir. Silva ve ark.
(2019), 13 g/kg/CA kahverengi ham propolis ve 15 ml
%30'luk EEP'nin Texel melezi kuzularda uygulanma-
sinin canh agirlik ve viicut élgilerinde énemli bir fark
olusturmadigi, ancak ham propolisin kuru madde
emilimini iyilestirdigini bildirmiglerdir. Bunun yaninda
Sadek ve ark. (2020) propolisin aljinatli nanopartikul-
lerinin yenidogan Nubiya kegilerinde sltten kesim
performansini artirdigini bildirmiglerdir.

Sit emen kuzular Uzerine propolis ilavesinin etkisinin
denendigi calismalar yaninda anac¢ koyunlara propo-
lis verilerek st emen kuzular Uzerine etkileri de de-
gerlendirilmistir. Morsy ve ark. (2021) dogum o6ncesi
ve dogum sonrasi dénemde Santa Ines anag¢ koyun-
larinin rasyonlarina 3 g kirmizi propolis ekstrakti ila-
vesinin kuzularin sutten kesim agirigina énemli etki-
lerinin oldugunu ortaya koymustur. Shedeed ve ark.
(2019) bireysel kafeslerde yetistirilen Barki irki koyun-
lari rasyonlarina dogum o6ncesi ve dogum sonrasi 5
g/kg Cin ham propolisi ilave etmis ve kuzu perfor-
mansinin artigini gézlemlemistir.

Buzagilardaki benzer calismalar malaklar uzerinde
de yapilmistir. Siit emen malaklar 4 gruba ayriimis; 1.
gruba 60 mg flavomisin, 2. gruba 50 mg kahverengi
propolis, 3. gruba 60 mg flavomisin + 50 mg kahve-
rengi propolis sute karistirilarak verilmis ve 4. gruba
kontrol grubu olarak sute ek her hangi bir katki mad-
desi verilmemistir. Calisma sonucunda kontrol grubu-
na kiyasla uygulama gruplarinda vicut geligiminin
daha iyi oldugu goériimustir (Abd-Allah ve Daghash,
2019).

Siut emen ruminantlarda propolis uygulamasinin bu-
yime ve yem ile ilgili performans verileri (zerinde
potansiyel olumlu etkilerinin nedeni olarak propolisin
icerisindeki flavonoidler, fenolik asitler ve terpenlerin
basta antimikrobiyel ve bagisiklik arttirici etkilerinden
6tlru sindirim kanalindaki mikrofloraya patojen etken-
lerin hakim olmasini engelleyerek diski ile kaybolan
enerji ve sivi miktarini azaltmasi olarak disinulmek-
tedir (Bobdanov, 2017; Zhang ve ark., 2021; Kabilog-
lu, 2023) Calismalarin bazilarinda 6zellikle disi buza-
gilanin canli agirlik artiglarinin daha fazla oldugu go-
rilmustir (Tolon ve ark., 2002; Yicel ve ark., 2015).
S0z konusu galismalarda bunun nedeni ile ilgili veri
bulunmamakla birlikte beseri alanda yapilan arastir-
malarda propolisin yapisinda bulunan flavonoidlerin
Ostrojen reseptor tiplerine gére hem 6&strojenik hem
de antidstrojenik etkileriyle dstrojen-progesteron sevi-
yelerini degistirebilecedi ve geng kizlarda kilo alimini
artirabilecegi disUnulmuistir (Sanlier ve Yabancl,
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2004; Jung ve ark. 2010).

Siit emen ruminantlarda propolis uygulamasinin
bagisiklik ve saglik durumuna etkisi

Buzagilar, kuzular ve oglaklar dogduklarinda dis has-
talik etkenlerine karsi son derece savunmasizdir.
Agiz sutindn igerisindeki antikorlarin dogumun he-
men sonrasinda yavru tarafindan alinmasiyla olusan
pasif bagisiklik yeni doganlari korur (Hernandez-
Castellano ve ark., 2015). Ancak yenidoganlarda
zamanla pasif bagisikligin azalmasi ve aktif bagisikli-
gin kademeli olarak artmasi nedeniyle sit emme
dénemi ruminantlar icin ¢cok énemlidir (Htoo ve ark.,
2015). Yapilan galismalarda propolisin kuzu, oglak ve
buzagi bagisikhidinin artirlmasinda, sit emme done-
mi ishal vakalari basta olmak Uzere hastaliklarla mi-
cadele konusunda kalinti birakma riski olan ilaglara
alternatif olabilecegini ve bakteri, maya, parazit ve
virls gibi birgok mikroorganizma tiriine karsi propolis
uygulamasinin etkili oldugu bildirilmigtir (Al Ani ve
ark., 2018; Anjum ve ark., 2019).

Yaghoubi ve ark. (2008) yaptigi calismada farkli doz-
larda propolis flavonoidi tableti verilen Holstein buza-
gilarda yasamin 21. giininde daha ylksek serum
immunglobulin G konsantrasyonu elde etmiglerdir.
Benzer bulgular Sarker ve Yang (2010) tarafindan da
g6zlemlenmistir; arastirmacilar Hanwoo buzagilarini
dodumdan itibaren site ek olarak 90 gun boyunca
propolis, illit ve neomisin igeren katkilarla beslemisler,
galisma sonucunda propolis grubunda immunglobulin
A, M ve G diizeylerinin en ylksek oldugunu bulmus-
lardir. Benzer bir gekilde Ozdemir ve Yanar (2024)
EEP takviyesinin Holstein buzagilarda kan serum IgG
ve IgM duzeylerini kontrol grubuna kiyasla artigini
bildirmislerdir.

Bagisiklik ile ilgili belirleyici faktér olan kan immunglo-
bulin seviyelerinin yaninda Kupczynski ve ark. (2012)
propolisin buzagilarda eritropoez ve kan demir dlize-
yini arttirdigini, Slanzon ve ark. (2019) 4 ml EEP (300
mg/ml kirmizi propolis) ilavesinin siit emen buzagilar-
da total globulin ve l6kosit seviyelerini artirarak bagi-
sikh@i uyardidini bildirmiglerdir. Benzer sekilde El-
Nagar ve ark. (2023) Friesian buzagilarinda 5 g pro-
polis + 2 ml kekik yagdi karisiminin genel saglik duru-
munu, bagisiklik tepkisini ve toplam antioksidan ka-
pasitesini iyilestirebildigini belirlemiglerdir.

Buzagilarda oldugu gibi kuzu ve oglaklarda da propo-
lis uygulamalarinin bagisiklik Gzerine etkileri incelen-
migtir. Cecere ve ark. (2021) tarafindan farkli dozlar-
da yesil propolis 6zitu (0, 150, 200, 250 yL propolis/
kg/CA) karistirilan sitlerle beslenen Lacaune kuzula-
rinin kan serumunda immunglobulin A dizeyinin 0
doz grubuna goére diger dozlarda ylksek diizeyde
kaldigi, IgG diizeyinin etkilenmedigi, 250 uL propolis/
kg/CA grubunda IgA'nin yaninda serum transferrin
konsantrasyonunun da yikseldigi bildirilmistir. Benzer
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sonuglar propolis ilaveli rasyonla beslenen ana¢ ko-
yunlari emen kuzularda da elde edilmistir. Shedeed
ve ark. (2019) tarafindan propolis takviyesi verilmis
gec gebe Barki irki koyunlarin kuzularinda da IgA
dlzeylerinde artis g6zlendigi ancak IgM ve IgG du-
zeylerinde degisiklik olmadigi bildirilmistir. Bunun
yaninda Sadek ve ark. (2020) nano propolis partiki-
lerinin oglaklarda bagisiklik dlzeyini gelistirdigini
bildirmislerdir.

Bagisiklidin artirlmasinin yaninda sut emme done-
mindeki hayvan kayiplarinin goundan sorumlu olan
ishal vakalari ile ilgili de gdzlemler propolis ¢alismala-
rinda yer almistir. Slanzon ve ark. (2019) sit emen
buzagilarda 4 ml EEP'nin ishal ve tibbi midahale
oranlarini azalttigini galismasinda belirtmistir. Benzer
sekilde Kupczynski ve ark. (2012) ve Ydcel ve ark.
(2015) neonatal buzagilarda propolisin ishal vakala-
rinda hem koruyucu hem de tedavi edici 6zelliginin
oldugunu gézlemlemislerdir. Bununla birlikte Ozdemir
ve Yanar (2024) EEP takviyesinin, immunostimulator
etkileri yoluyla, neonatal buzagi ishallerinin kontroliin-
de 6nemli bir rol oynadigini bildirmistir. Ayrica Kabi-
loglu ve ark. (2023) tarafindan yapilan c¢alismada
EEP'nin siit emen Simmental buzagilarda ishal vaka-
larinin yaninda &6ksuruk skorunu olumlu etkiledigi,
genel saglik skorunu olumlu etkileme potansiyelinde
oldugu ve tibbi tedavi gerektiren vaka sayisini da
azalttigi ileri stralmustur.

Buzagilara benzer sekilde kuzu ve oglaklarda da
propolisin digki yapisini etkiledigini éne siren calig-
malar mevcuttur. Lacaune kuzularinda slte ek olarak
propolis igirilmesi sonucu digkidan alinan drneklerde
Escherichia coli ve toplam koliform miktarinda azal-
ma oldugu bildirilmigtir (Cécere ve ark., 2021). Sadek
ve ark. (2020) da kirmizi propolisin Nubiya oglakla-
rinda ishal vakalarini azalttigini bildirmiglerdir. Benzer
sekilde inek sutl ve peynir alti suyu ile beslenen Saa-
nen oglaklarinda mamalarina 0.2 ml ve 0.4 ml propo-
lis ilavesinin ishal skorunu dusurdiagu ve ishali dnledi-
gi ileri suriimastar (Manav, 2021).

Sunulan c¢alismalarda propolisin bagisiklik artiric
etkisinin yapisindaki aktif bilesiklerin immunglobulin-
lerin Uretildigi lenf bezlerini, timusu ve tiroidi uyarma-
siyla iligkili olabilecegi, bununla birlikte fagositik akti-
viteyi artirmasi, patojenler lzerindeki antimikrobiyal
etkileri ve antienflamatuvar etkisinin ruminantlarda
saglik verilerini iyilestirdigi dustnuimektedir.

Sonug

Yuzyillardir geleneksel tipta kullanilan propolis; sen-
tetik ilaclara alternatif, antibakteriyel, antiviral ve anti-
oksidatif aktivite basta olmak Uzere birgok biyolojik
aktivitesi yaninda mikrobiyal direng, kalinti ve bilindigi
kadariyla gida alerjisi problemi olusturmayan dogal
bir bilesiktir. Kuzu, oglak ve buzagi kayiplarinin en
¢cok gdzlemlendigi sit emme doneminde yapilan ¢a-
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ligmalar incelendiginde propolis ve propolis ekstrakt-
larinin performans, saglik ve bagisiklik tGzerine olum-
lu etkilerinin oldugu agiktir. Bu sebeple propolis kuzu,
oglak ve buzagi kayiplarini, ishalle seyreden hastalik-
lar basta olmak Uzere bakim ve tedavi giderlerini
azaltmak ve blylime performansini gelistirmek igin
potansiyeli olan alternatif bir yem katki maddesi ola-
rak degerlendiriimektedir. Calismalarda farkh sonug-
larin elde edilmesinin nedeni propolis turlerinin igerdi-
gi flavonoid ve fenolik asit gibi aktif bilesiklerin mikta-
rinin standart olmamasi ve birgok gevresel faktdrden
etkilenmesidir.
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Yazim Kurallan

Erciyes Universitesi Veteriner Fakiiltesi Dergisi'nde veteriner
bilimlerini ilgilendiren alanlarda orijinal arastirmalar, olgu
sunumlari, arastirma notlari, kisa bildiri, derleme ve editére
mektup yayimlanir.

Dergide yayimlanacak yayinlar igin resmi dil Turkge'dir.
ingilizce yazimis eserler de yayimlanabilir. ingilizce
hazirlanmig makalelerin yayimlanmasina oncelik verilir.
Yayinlar A4 tipi formatta, cift aralik, Arial, 10 punto ve iki yana
yasli olarak yazilmalidir. Her kenardan 2.5 cm bosluk
birakilarak, sayfalarin sag altina numara verilmelidir.
Resimler, sekiller ve kaynaklar dahil orijinal makaleler ve
derlemeler 14, olgu sunumlari, arastirma notu ve kisa
bildiriler 7 sayfayr gegmemelidir.

Yazilar, ercvet@gmail.com adresine  gonderilmelidir.
Yazigmalar igin, makale kapak sayfasinda, sorumlu yazarin
yazar adi, unvani, ORCID numarasi ve E-posta adresi
yazilmalidir.

Daha 6nce kongrelerde teblig edilmis ve 6zeti yayimlanmis
calismalar, bu durum kapak sayfasinda belirtiimek Uzere
kabul edilir.

Arastirma herhangi bir kurulus tarafindan desteklenmis ise
kapak sayfasinda dipnot olarak belirtilir.

Kapak sayfasinda Turkge makale basligi (koyu ve ilk harfleri
bilylk), ingilizce baslik (ilk harfler biyiik), kisa baslik (40
karakteri gegmemeli ve ilk kelimenin ilk harfi buytk, digerleri
kicuk olarak yazilmalidir), yazar adlari (unvansiz), calistiklari
kuruma ait bilgiler (soyadi Ustline numara konulup dipnot
olarak) verilmelidir.

Tirkge ve ingilizce &zetlerin bir sonraki sayfaya yazimasi
gerekir. Bu sayfa, paragrafsiz olarak Tiirkge ve ingilizce
Ozetleri (en fazla 250 kelime) igermelidir. Anahtar kelimeler
ozetlerin altina alfabetik olarak (virgulle ayrilmis sekilde)
yazilmahdir. Yalnizca ilk anahtar kelime buylk harfle
baslamalidir. Tiirkge Bilmeyen yazarlar igin Tiirkge 6zet ve
anahtar kelimeler yazma zorunlulugu bulunmamaktadir.
Arastirma makalesi; Kapak Sayfasi - Ozet (Tirkce ve
ingilizce) - Anahtar kelimeler (Tirkge ve ingilizce), Giris,
Gereg ve Yontem, Bulgular, Tartisma ve Sonug, Tesekkdr,
Kaynaklar, Tablo ve Sekiller, Sorumlu yazar
(Correspondence Author) bdlumlerini  igerecek sekilde
dizenlenmelidir.  Metin icindeki tim baglklar koyu
yaziimahdir. Metin iginde paragraf girintisi yapilmamali,
devamli satir numarasi verilmelidir.

Derlemeler, orijinal olmasi, en son vyenilikleri igermesi,
yazarlarin konu ile dogrudan iligkili en az 3 adet
calismalarinin olmasi ve bunlarin derleme iginde kullaniimasi
durumunda yayinlanmak Uzere kabul edilebilecektir.
Derlemeler kapak sayfasi, Ozet (Tiirkge ve Ingilizce), Anahtar
kelimeler (Tirkge ve Ingilizce), Girig, konunun kendine ait alt
basliklari, Sonug, Kaynaklar, Tablo ve Sekiller ve Sorumlu
yazar (Correspondence) bolimlerini icerecek sekilde
diizenlenmelidir.

Olgu Sunumlari, Ozet (Tiirkge ve ingilizce), Anahtar kelimeler
(Turkge ve Ingilizce), Girig, Olgu(lar), Tartisma ve Sonug,
Kaynaklar, Tablo ve Sekiller ve Sorumlu yazar boélimlerini
icermelidir.

Etik kurul onayi gerektiren calismalarda Etik Kurul onayi
alinan kurumun adi ve onay numarasi, ¢calismanin Gereg ve
Ydéntem kisminda belirtiimelidir.

Tablo ve sekillerin metinde gececegi yer, alti ve Ustu cizgili
olarak belirtilmelidir.

Ondalik ifadelerde nokta kullaniimalidir.

Tur isimleri ve anatomik terimler gibi Latince ifadeler italik
karakterle yazilmalidir. Tim 6l birimleri S| (Systeme
Internationale)’e gore verilmelidir.
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Tablolar kaynaklar kismindan sonra, her bir tablo ayri
sayfada olacak sekilde verilmelidir. Tablo basliklarinin
yalnizca ilk harfleri biylik olmaldir. Tablo basliklari tablonun
lizerinde bulunmal ve Tablo 1. seklinde
numaralandiriimalidir. Tablolarda i¢ ve yan kilavuz gizgiler
kullaniimamalidir. Tanimlayici bilgi ve agiklamalar tablolarin
altina yerlestirilmelidir.

Her resim, grafik ve gizim; sekil olarak kabul edilip Sekil 1.
gibi yazilmali, her biri ayri sayfada olacak sekilde verilmelidir.
Tanimlayici bilgi ve aciklamalar sekil ismi ile birlikte seklin
altina  yerlestiriimelidir. Resimler 300dpi  ¢ézinurlukte
olmalidir.

Kaynaklar metin icinde ciimle sonunda belirtiimelidir. Yazar
soy isimleri ve tarihi yazi icinde her kaynaga ait yayin yil
yazar isminden hemen sonra parantez iginde belirtiimelidir.
Kaynak iki isimli ise isimler belirtiimeli (6rn; Kaldhone ve
Nayak, 2008). Kaynakta yazar sayisi ikiden fazla ise sorumlu
yazar “ve ark.” seklinde belirtiimelidir (6rn, Kaldhone ve ark.,
2008). Eger kaynak climlenin basinda kullaniliyorsa yazar
isimlerinden sonra parantez iginde yayin yil belirtilmelidir.
Kaynaklar yazilirken alfabetik siraya konulmali, kaynaklar
béliminde 0.5 cm igeri dogru asili halde yazilmahdir.
Noktalama isaretlerine érneklerde gosterildigi sekilde dikkat
edilmelidir. Dergi kisaltmalari Index Medicus ile uyum
icerisinde  olmalidir.  Orijinal aragtirma makaleleri,
derlemeler ve olgu sunumlar sirasiyla 30, 45 ve 15'ten
fazla kaynak igermemelidir.

Kaynaklar;

. Kaynak streli yayin ise;

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

Kaynak editorli kitaptan bir boluim ise;

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

Kaynak kitap ise;

Ornek: Fleiss JL. Statistical Methods for Rates and
Proportions. Second Edition. New York: John Wiley and
Sons, 1981, p.103.

Kaynak editorl kitap ise;

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

Kaynak kongre bildirisi ise;

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

Kaynak tez ise;

Ornek: Erdem V. Kopek gbéz hastaliklarinda klinik
oftalmoskopik ve ultrasonografik bulgularin degerlendiriimesi,
Doktora tezi, Ankara Univ Sag Bil Ens, Ankara 2003; s. 1-2.
Kaynak internette bulunan bir web sitesi ise;

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

Yazilar gonderilirken son kontrol listesi izlenecek ve “Telif
Hakki Devir Formu” tum yazarlarca isim sirasina gore
imzalanacaktir. Yazim kurallarina  uygun olarak
hazirlanmayan yayinlar igleme alinmayacaktir.
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10.

11.

12.

13.

14.

16.

Instructions to Authors

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

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

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

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

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

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

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

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

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

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

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

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

Decimal expressions should be used in the dot.

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

Tables must be given in a separate page after the text. First letters
of first word should be capital, others should be written as small in
the headings of the tables. Title of tables and figures should be
numbered in order as Table 1. Internal and lateral lines should not
be used in the tables. Descriptive information and explanations
should be placed below the tables.
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19.2.

19.3.

19.4.

19.5.

19.6.

19.7.

20.

21.

Each picture, graphic and drawing; should be given as figure and
should be written as Figure 1. Each one should be on a separate
page. Descriptive information and explanations should be placed
below the figures. Pictures should be the least 300dpi resolution.
References should be specified in the text at the end of the
sentence. Author surnames and the date of publication should be
specified in parentheses. If the reference has two names, the
names should be given after the publication year (eg, Kaldhone
and Nayak, 2008). If the reference has more than two names
should be given as “et al.,” (eg, Kaldhone et al., 2008). If the
source is used at the beginning of the sentence, the year of
publication should be specified in parentheses after the names of
the authors.

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

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

below;

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

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

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

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

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

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

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

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

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

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

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

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

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

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

ERCIYES UNIVERSITESI VETERINER FAKULTESIi DERGISi / JOURNAL OF FACULTY OF

VETERINARY MEDICINE, ERCIYES UNIVERSITY

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

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

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

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

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

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

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

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

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

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

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

Erciyes Universitesi Veteriner Fakiiltesi Dergisi Editorliigii, 38039, Melikgazi-KAYSERI / TURKIYE
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SON KONTROL LISTESI

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

gideriniz.

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

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

Yazilar 10 punto (Arial) ile yazildi.

Satir numaralari verildi.

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

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

Turkge baslk yazildi.

Tarkce 6zet yazildi.

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

ingilizce baslk yazildi.

ingilizce 6zet yazild.

ingilizce anahtar kelimeler verildi.

Sekillerin orijinal halleri eklendi.

Metin icinde sekiller ardisik numaralandi.

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

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

Kaynaklar yazim kurallarina uygun yazildi.

Yazisma adresi verildi.



FINAL CHECKLIST

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

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

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

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

Lines have been numbered.

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

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

English title has been given.

English summary has been given.

English keywords have been given alphabetically.

Turkish title has been given.

Turkish summary has been given.

Turkish keywords have been given alphabetically.

Orijinal figures have been enclosed.

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

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

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

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

References has been typed according to instructions.

Corresponding address has been given.
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