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Quantification of mineral and toxic elements in milk of dairy cows by ICP-MS
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Milk is an important component of mammalian metabolism which included micro and
macronutrients. The objective of this study was to survey the concentrations of minerals and toxic
elements in cow milk samples by inductively coupled plasma-mass spectrometry (ICP-MS). In this

study, it was analyzed the content of sodium, magnesium, potassium, calcium, zinc, iron, coppet,
cobalt, manganese, nickel, selenium, chromium, titanium, atsenic, cadmium, lead, and thallium in
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cow milk samples (n=25) collected from Kahramanmaras province of Turkey. The highest levels
recorded for potassium, calcium, and sodium with average concentrations of 1587.36, 1157.98,
643.34 mg L', respectively. The results revealed that the toxic element levels wete below the limit of

detection in cow milk samples. Regular element analysis of cow milk, which is the most widely used
milk in dairy industry, is important for health.
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INTRODUCTION

Milk is an important requirement of mammalian metabo-
lism, especially in the early stages of life. The reason why milk
is important for mammalian metabolism is the presence of
proteins, amino acids, fats and minerals necessary for metabo-
lism. The minerals are in proportional equilibrium with ions,
amino acids, carbohydrates, lipids (1), and these elements cre-
ate the nutritional level of the milk. There are a lot of factors
such as feed, geographical location, forage, maternal age, lac-
tation stage, milking time, and environmental characteristics
such as water, soil, affect the quality of milk (1, 2).

Minerals have biochemical, structural, and nutritional featu-
res in physical and mental metabolic reactions (3, 4). Sodium
is a major cation for regulating osmotic pressure and acid-base
balance (3). Potassium is important for nerve impulses and
bone metabolism (3). Calcium is an essential element for bo-
nes, teeth, enzyme activation, and cardiac concentration (3,
5). Magnesium is important for muscle contraction and the
regulation of blood pressure (3). When we examine the stu-
dies conducted in different regions of Turkey in the past years,
Yilmaz (2017) reported the most abundant minerals in cow’s
milk as calcium, magnesium, phosphorus and potassium from

Bu makaleye atifta bulunmak icin/ To cite this article:

Mus province (6). Also Ding et al. (2019) reported that the
most abundant minerals in cow milk as potassium, calcium
and, phosphorus from Sanlurfa, Gaziantep and Mardin pro-
vince (7).

The increase in environmental pollution leads to increased
exposure of milking animals to environmental pollution and
thus contamination of milk and dairy products. So, milk may
include varied toxic elements such as thallium, cadmium, lead,
arsenic. These toxic elements originated either geographical
origin or pollution caused by developing technology (8-10).
When the international studies are examined; heavy metal
contamination in milk and dairy products, most notably lead
and cadmium, has been reported ( 3, 7,11,12, 13, 14, 15, 106).
However, these studies were done in the milk of cattle raised
in the researchers’ home countries and showed different re-
sults. Considering the studies conducted in our country, accor-
ding to Temurci et al. (17) in the province of Ankara, Simsek
et al. (18) in the province of Bursa, Ayar et al. (19) in the pro-
vince of Konya, Bigucu et al. (20) in Canakkale and Inci et al.
(21) in Aydin reported the contamination of metals such as
aluminum, arsenic, cadmium, chromium, cobalt, copper, iron,
nickel, manganese, lead and selenium in milk and dairy produ-
cts in their study. The objective of this study was to detect the
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mineral and toxic element concentrations in cow milk samples
with inductively coupled plasma-mass spectrometry (ICP-MS).

MATERIAL and METHODS
Sample Collection

A number of 25 cow milk samples were gathered from
Kahramanmaras province of Turkey. Milk samples were colle-
cted between 8:00-10:00 am from different local market. Cow
milk samples, collected in sterile polyethylene tubes and brou-
ght to the laboratory under the cold chain, stored at -20 © C
until analysis. In this study, the method of Ding et al.” study
was modified and applied (7).

Lnstrumentation

Sodium, magnesium, potassium, calcium, zinc, iron, coppet,
cobalt, manganese, nickel, selenium, chromium, titanium, ar-
senic, cadmium, lead, and thallium were measured by ICP-MS
(7700x, Agilent, The USA) with an AutoSampler (Cetac ASX-
520). A microwave dissolver (CEM Corporation, USA) with
teflon vessels was used for sample digestion. The operating
circumstances for microwave digestion were carried out in the
order presented in Table 1.

was calculated, respectively as shown in Table 2.
Statistical Analysis

Minerals and toxic element concentrations were not ordi-
narily distributed; whence, a non-parametric test was used for
the statistical analysis. Statistical significance was set at P <
0.05 and analyses were performed using software of SPSS 11.0
(IBM, USA).

RESULTS

Sodium, magnesium, potassium, calcium, zinc, iron, cop-
per, nickel, selenium, and titanium were detected in all samp-
les of cow milk (positive rate 100.0 %). Table 3 presents the
mineral and toxic element concentrations measured in cow
milk samples.

DISCUSSION

Minerals have a constitutional part in the mammalian
structure and it is great familiar that milk and dairy products
are well dietary resources of macro-minerals (sodium,
magnesium, potassium, calcium). The quantity of minerals
may vary in the function of the operated analytical methods,
and therefore there is no complete contract within different

Table 1. Operating conditions of microwave digestion.

Stage Temperature (°C) Time (min.) Power (Watt)
1 120 7 1600
2 160 5 1600
3 210 20 1600

Preparation and Dagestion of Samples

Five mL of milk samples were taken and put into the vessels
of the microwave digestion. 4 mL of nitric acid (HNO,) and 2
mL of hydrogen peroxide (H,0,) was added and placed in the
microwave digestion system. With an appropriate program,
the milk samples were thawed in the microwave. The thawed
samples were transferred to a sterile 50 mL falcon tube which
was never used and diluted to 50 mL with ultra-pure water (7).

Macro, micro and toxic mineral levels of milk samples were
measured by Agilent brand, 7500ce series ICP-MS (Tokyo, Ja-
pan) device in Mersin University Advanced Technology Edu-
cation, Research and Application Center (MEITAM) labora-
tory (7).

Qunality Assurance

On the ICP-MS device, each analysis was performed in 3
replicates and the average of these 3 replicates were taken.
Analyses with a relative standard deviation (RSD%) of these
3 replicates were repeated 3. During the analyzes, a standard
reading was performed in every 10 samples and the accuracy
of the instrument was maintained until the end of the analysis.
Limit of quantification (LOQ) and limit of detection (LOD)

94

authors about mean content in milk and dairy products. The
analytical method (ICP-MS) used in this study was preferred
because it is sensitive, up-to-date and reliable considering
the mineral and toxic metal contents of milk samples. The
minerals are in chemical balance with amino acids, proteins,
carbohydrates, and lipids present in higher amounts in milk
(1). Magnesium plays an important role in approximately three
hundred enzymatic reactions (7). The contents of magnesium
in cow milk monitored in this study are higher than those
reported in cow milk (151-167 mg L") (22) and commercial
milk samples from Spain (126 mg L") (23). This may be due to
the vegetation the animal feeds on. Potassium is an intracellular
cation that has a remarkable role for in heart, nervous, and
urinary systems. The mean potassium level found in this study
was 1587.3 mg L', which was higher than the results of Chi
et al. (24) that was 1532 mg L' and lower than the findings of
Bilandzi¢ et al. (11) that was 2070 mg L. The level of iron in
cow milk is higher than in the study of Park (25). Soil ingestion
by grazing animals may notably influence the iron content of
milk (26). Calcium is mandatory for nerve transmission, tooth

MAE Vet Fak Derg, 6 (3): 93-98, 2021
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Table 2. Detection limits and spike recovery of mineral and toxic elements in milk samples for quality control.

Minerals and toxic elements LOQ LOD Recovery (%)
Na (mg L") 24.0 2.0 101.1
Mg (mg L") 12.4 1.8 102.6

K (mg L") 8.2 1.6 101.9
Ca (mg L") 5.7 2.1 104.5
Zn (mg L) 10.6 3.4 102.6
Fe (mg L") 14.2 8.8 104.7
Cu (ug LY 6.1 1.1 101.6
Co(ngL? 1.8 0.5 103.8
Mn (ug L") 11.2 1.9 104.2
Ni (ng LY 10.9 1.0 106.2
Se (ug L) 1.5 1.5 101.8
Cr (ug L) 0.7 0.5 104.2
Ti (ug L) 1.3 0.1 102.2
As (ug L 7.2 0.2 104.6
Cd (ng L 8.1 0.7 105.1
Pb (ug LY 10.2 0.5 101.2
Tl (ug LY 10 1.5 100.9

MAE Vet Fak Derg, 6 (3): 93-98, 2021
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Table 3. Concentrations of minerals and toxic elements in cow milk samples.

Minerals and toxic ele- Positive Minimum Maximum Mean * SD
ments sample no
Na (mg L") 25 241.5 807.9 643.3+166.4
Mg (mg L) 25 67.9 148.3 103.4% 21.1
K (mg L") 25 1376.6 1708.3 1587.3+80.4
Ca (mg L") 25 841.4 1447.9 1157.9£152.9
Zn (mg L) 25 0.94 6.44 3.49+1.41
Fe (mg L") 25 0.63 5.69 4.33+1.55
Cu (ug LY 25 54.6 160.8 103.9£32.1
Co (ng L™ 4 13.06 16.04 14.07£1.34
Mn (ug LY 4 22.26 37.38 29.3+7.59
Ni (ng LY 25 81.5 618.5 279.1+144.8
Se (ug L) 25 2453 1545 975.9+387.2
Cr (ug L) 11 60 315 182.7£85.2
Ti (ug L) 25 2430 3998 3272+413.7
As (ug L' - <LOD <LOD <LOD
Cd (ngLh - <LOD <LOD <LOD
Pb (ug L - <LOD <LOD <LOD
Tl (ng LY - <LOD <LOD <LOD

formation, enzyme activity, and blood coagulation (24). The L', which was higher than the study from Mardin, Gaziantep,
average calcium level in this study was estimated 1157.9 mg and Sanlrfa: 780.72, 1014.12, 766.78 mg L' (9). The levels
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of copper, zinc, and iron in cow milk samples were within
the range of this literature (3, 4). The low concentrations of
copper should be owing to zinc included in milk that steps in
with the copper absorption system, describing the presence
of alow concentration of this mineral in milk (27). The levels
of arsenic, cadmium, lead, thallium in our study are below the
detection limits and it is similar to the results of the study of
Lante et al. (12). The findings of this study indicated that the
studied cow milk samples usually, included an adequate qu-
antity of minerals, a reality that has a major influence on its
nutritional quality.

CONCLUSION

In this study, levels of 17 elements (sodium, magnesium, po-
tassium, calcium, zinc, iron, copper, cobalt, manganese, nickel,
selenium, chromium, titanium, arsenic, cadmium, lead, thalli-
um) in cow milk from Kahramanmaras province of Turkey
were assessed where potassium, calcium, and sodium were
found the highest in cow milk samples. Further studies are
necessary to assess the levels of different elements in plenty of
milk samples from various farms in Turkey for public health.
Routinely conducting similar studies in different geographical
regions in our country will be beneficial for the sustainability
of the quality and safety of milk.
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Anahtar Kelimeler:

mavidil virus oz
seroprevalans Turkiye’ de képeklerde mavi dil seroprevalansinin ilk kez arastirldigt bu ¢alismada Ondokuz Mayis
te‘il Universitesi Veteriner Fakiiltesi Hayvan Hastanesi'nde 6 ilden (Ordu, Samsun, Giresun, Artvin,
oyun . .. . . .. .. .
kopek Trabzon ve Sinop) daha 6nce distemper ve/veya parvovirus agilamast yapilmis kopekler orneklendi.
sigir Ayrica Samsun, Sivas ve Tokat’ dan mavi dil agtlamasi yapilmamis siirtlerden 6rneklenen sigir, keci ve
koyun kan numuneleri de mavi dil seroprevalansi ydniinden incelendi. Calisma igin toplanan tim serum
orneklerinde mavi dil virus antikorlarinin varligs ticari c-ELISA kiti kullanilarak arastirildi. ELISA testi
Key Words: sonunda képek ve sigirlarin kan serumlarinda mavi dil enfeksiyonuna karsi seropozitiflik saptanmazken,
bluctongue virus kegi ve k larinda | lans, %65.2 (Tokat ve S % 8.6 (Sivas) olatak tespi
seroprevalance edi ve koyun serumlarinda ise seroprevalans, %065. (Tokat ve ! a.msut?) ve % 8. (Sivas) o arak tespit
goat edildi. Calisma sonunda hem koyun hem de kegilerde seropozitifligin belitrlendigi iller ve cevresinde daha
zlz)eep kapsamlt arastirmalarin planlanmasi ve 6zellikle bu illerdeki sokak képeklerinde ayrintilt bir taramanin
cat%le yapilmast gerektigi sonucuna varilds.
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ABSTRACT

The Bluetongue seroprevalence in dogs were investigated in this study for the first time In Turkey,
For this aim, blood samples of dog that wete vaccinated with distemper and/or patvovitus vaccine
were collected in the 19 Mayis University Veterinary Faculty Animal Hospital. Otherwise bluetongue
virus un-vaccinated cattle, goat and sheep blood sera in three province (Samsun, Sivas and Tokat) were
added this study. All of the sampled blood sera were tested by commercial c-ELISA kit for investigate
the presence of BTV antibody. At the end of the c-ELISA test, bluetongue seropositivity was not
detected in dog and bovine sera, but goat and sheep bluetongue seroprevalences were detected 65.2%
RO (Tokat and Samsun) and 8.6% (Sivas). As a result, it was suggested that comprehensive studies in the
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GIRIS teorilerden biri mavidil enfeksiyonunun Afrika gibi endemik
bélgelerden evcil kdpekletle tasinmis olabilecegi olasiligidir
(11). Koépeklerde mavidil virus varliginin arastirildig bir diger
calisma Amerika’da multivalan (distemper, adenovirus ve pat-
vovirus) modifiye canlt virus astsi ile asilanan bir képekte po-
limeraz zincir reaksiyonu (PCR) ile BTV-11 RNA sinin tespit
edildigi ¢alismadir ve calismada saptanan mavidil RNA sinin
kaynaginin aginin hazirlandigr sigir hiicresi ya da sigir serumu-
nun olabilecegi ileri strilmistir (1). Evcil kdpeklerde mavidil
ile ilgili bir diger ¢alisgmada ise képeklerin enfekte et veya et
trinlerini agiz yoluyla almalari sirasinda ya da enfekte sivrisi-
negin 1sirmast ile enfekte olabilecekleri belirlenmistir (2). Fas’ta
yapilan serolojik calismanin sonuglarina gore ise c-ELISA ile
test edilen 187 képek kan serum 6rneginden 40’1 (% 21) ma-
vidil seropozitif bulunmustur. Arastirmacilar seropozitif hay-
vanlarin sadece ticari yemlerle beslendigini, disardan enfekte

Mavidil virusu (BTV) Reoviridae ailesi, Orbivirus cinsinde
siniflandirilan, eklem bacaklilarla bulasan, evcil ve yabani ge-
vis getirenleri etkileyen ekonomik a¢idan 6nemli bir hastalik
etkenidir (29). Enfeksiyondan etkilenen bolgelerdeki duyarlt
hayvanlar icin toplu astlamalarin gereklilik haline gelmesi, hay-
van hareketleri ile ticaretinde 6nemli kisitlamalarin uygulan-
maya baslanmast ve hastalik ile artan verim kayiplart virusun
neden oldugu ekonomik kayiplarin artisinin sebebi olarak gos-
terilmektedir (34). Son yillarda hizli yayilma egiliminde oldu-
gu bildirilen mavidil virusu ile ilgili calismalar genellikle sigir,
koyun ve kecilerde yapilmis olsa da virusun BTV-8 susunun
Kuzey ve Bati Avrupa’da sigirlarda enfeksiyon olusturdugunun
saptanmasindan sonra bu susun Kuzey Avrupa’ya nasil tasin-
mus olabilecegi konusuna agiklik getirebilmek i¢in ortaya atilan

Bu makaleye atifta bulunmak icin/ To cite this article:
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et almadiklarint dolayistyla enfeksiyonun enfekte sivrisinegin
1sirmast ile olusmus olacagint ifade etmislerdir (22). Deneysel
bir mavidil ¢alisgmasinda ise koyunlardan izole edilen BTV-1
saha susu ile kopekleri enfekte eden arastirmacilar inkubasyon
siiresi sonunda képeklerden aldiklart kanda viral RNA y1 sap-
tayabilmislerdir (23).

Mavidil enfeksiyonlarinin epizootiyolojisinde képeklerin ro-
lunt gindeme getiren bu calismalar konu ile ilgili daha fazla
calismaya ihtiya¢ oldugunu da bildirmislerdir.

Ttrkiye’ de ise mavidil enfeksiyonu ile ilgili Ruminantlarla
yapilmus bir¢ok calisma bulunmakla birlikte (3, 4, 8, 31, 15, 16)
kopeklerde enfeksiyonun varliginin arastirildigt ¢alisma bulun-
mamaktadir. Bu ¢alisma Turkiye’ de képeklerde mavidil virus
seroprevalansinin arastirlldigy ilk calismadir.

GEREC ve YONTEM
Kan Ornekler

Karadeniz Bélgesi” ndeki 6 ilden (Samsun, Trabzon, Sinop,
Ordu, Gitesun ve Artvin) Ondokuz Mayis Universitesi (OMU)
Veteriner Fakiiltesi Hayvan Hastanesine daha 6nce distemper ve/
veya parvovirus agilart ile asilanmis képeklerden kan 6rnekle-
ri silikonlu tiiplere alindi. Ayrica mavidil agrlamast yapilmadig:
bildirilen sig1r (Tokat), keci (Tokat ve Samsun) ve koyunlardan
(Tokat ve Sivas) toplanan kan serumu Ornekleri de ¢alismaya
dahil edildi. Numunelerin toplandig: iller ve hayvan sayilar
Tablo 1 de gosterildi.

Kan serum drneklerinin hazirlanmast

Silikonlu tuplere alinan kan 6rnekleri pthtilastiktan sonra 10
dakika 1500 rpm devirde santrifiij edilerek serumlart ayrildi ve

Tablo 1. Numunelertin Illere gore dagilimi
Table 1. Distribution of samples by provinces

stok tiiplere aktarilarak test edilinceye kadar -20 °C’de saklandi.
Kompetatif EIISA (e-ELISA)

Orneklenen képek, sigir, keci ve koyunlarin mavidil enfek-
siyonu seroprevalanslarint serotip ayrimt yapmadan belirlemek
amact ile c-ELISA testi (ID Screen® Bluetongue Competition
ELISA kiti) uygulandi. Test, daha 6nce bildirdigi yontemle ve
tretici firmanin 6nerileri dogrultusunda yapildi (13). Test so-
nunda pleytler 450 nanomikron (nm) filtrede okunup, tretici
firmanin talimatindaki formille hesaplanarak degerlendirildi.

BULGULAR

Samsun OMU Veteriner Fakiiltesi Kliniklerinden érnekle-
nen 92 adet képek kan serumu ve Tokat, Samsun ve Sinop’ tan
orneklenen 92 adet sigir kan serumunda mavidil virus antiko-
runa rastlanmad.

Ancak Tokat’ dan toplanan 92 adet keci kan serumunun 60
adedi c-ELISA testi sonunda mavidil enfeksiyonu yoninden
seropozitif bulunurken, enfeksiyonun seroprevalansinin %
65.2 oldugu hesaplandi. Ayrica, Tokat, Sivas ve Samsun’ dan
toplanan 92 adet koyun kan serumundan 8 adedinde de mavi-
dil virus antikoru varligi saptandi ve enfeksiyon seroprevalansi
% 8.6 olarak belirlendi (Tablo 2).

TARTISMA

Dinyada c-ELISA ile yapilan sigir mavidil virus seropre-
valans arastirmalarinda, Arnavutluk’ ta %718.9, Kazakistan’ da
%25.4, ABD’ de % 1.49, % 0.97 ve % 2.18 gibi degisen oran-
larda ve Hindistan’ da % 75.49 oraninda seropozitiflik bildir-
mislerdir (7, 12, 20, 21).

-ORNEKLEMENIN YAPILDIGI iL / iLCELER

2
=)

)

g Otdu  Samsun Giresun Sivas  Trabzon  Tokat Sinop Artvin
3

T

Keci - 14 - - 78 - -
Képek 8 71 5 1 - 6 1
Koyun - - - 55 - 37 - -
Sigir - - - - 92 - -

Tablo 2. Mavi Dil enfeksiyonunun tiitlere gére seroprevalansi
Table 2. Seroprevalence of Blue Tongue infection by species

Tr Say1 Seropozitif Hayvan Sayis1 %
Kopek 92 - -
Sigir 92 - -
Kegi 92 60 (Tokat ve Samsun) 65.2
Koyun 92 8 (Sivas) 8.6
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Ulkemizde yapilan sigir mavidil ¢alismalarinda ise, Giiney
ve Gilineydogu bélgesi ile Ege bélgelerinde %15.5, Gazian-
tep’de %064.52, Batman’da %75.21, Adiyaman’da %29.3, Di-
yarbakir’da %063.83, Sanlurfa’da %66.67, Mardin’de %51.76,
Kilis’de %27.54, Siirt’de %43.66 ve Sirnak’da %22.39 oranin-
da seroprevalans bildirilmistir (9, 25). Ulkemizin Kuzeydogu
Anadolu Bélgesi’ ndeki sigilarda ise %48.02, %15.5 ve Trakya
yoresinde %73.54 oraninda seropozitiflik saptanmustir (18, 31,
32). Karadeniz Bélgesi’ nde daha 6nce yapilan aragtirmalarda
ise Rize’ deki sigirlarda %25 oraninda mavidil seropozitifligi
bulunmustur (19). Bu calismada ise Tokat’ dan mavidil astst
olmayan 92 sigir 6rneklenmis ve c-ELISA testi sonunda higbi-
rinin mavidil antikoru tasimadiklart belitrlenmistir.

Diinya’ da yapilan arastirmalarda kecilerde mavidil serop-
revalansinin %1.3 ila %068.2 oraninda degistigi ifade edilmistir
(20, 33). Turkiye'deki ise kecilerde Elazig” da %07.99, Konya’da
%716, Burdur’ da %>53.5, Samsun ve cevre ilcelerinde ise %15,
%4 ve %06.79 oraninda mavidil seroprevalanst bildirilmistir (6,
8, 14, 106, 24). Bu calismada ise Tokat ve Samsun’dan 6rnek-
lenen toplam 92 keci serumuna yapilan c-ELISA testi sonun-
da 60 adedi mavidil yoninden seropozitif bulundu ve ince-
lemenin yapildigi illerdeki enfeksiyonun seroprevalanst %65.2
olarak hesaplandi. Calismada kecilerde en yiiksek seropozi-
tiflik %75.64 ile Tokat ilinde belirlendi. Samsun’da ise %7.14
oraninda seropozitiflik saptandt. Daha 6nce Tokat ili ile ilgili
mavidil seropozitifligi bildirilmediginden sonucun il bazinda
karsilastirilmast yapilamadi ancak Samsun ve cevre ilgelerinde
belirlenen seropozitiflikler ile benzer oldugu gortldi (16, 24).

Diinya’ da koyunlarda ELISA ile yapilan mavidil seropreva-
lans calismalarinda ise Kazakistan’ da %21.4 ve Hindistan'da
%8.25 oraninda pozitiflik tespit etdilmistir (20, 26). Turkiye’de
koyunlarda mavidil enfeksiyonuyla ilgili yapilan calismalarda
ise seropozitiflik oranlarinin %0-%46 arasinda saptanmustir (6,
8,9, 10, 17, 30). Bu ¢alismada ise Tokat ve Sivas’ dan 6rnekle-
nen 92 koyun kan serumuna uygulanan c-ELISA testi sonunda
Sivas’ da 8 (%08.6) koyunun mavidil seropozitif oldugu tespit
edildi ve oranin Tirkiye” de daha 6nce bildirilen oranlarla ben-
zer oldugu goruldii.

Diinyada képeklerde mavidil enfeksiyonu varligr arastirma-
lart 1994 yilinda baslamis ve araliklarla devam etmistir. Ame-
rika’ da multivalan (distemper, adenovirus ve parvovirus)
modifiye canlt virus agist ile astlanan bir kdpekte ve Afrika
yaban képeginde virusun varligi bildirilmistir (1, 2). Képekler-
de c-ELISA ile yapilan serolojik ¢alismalarda ise Fas’ta %21
oraninda ve Amerika’ da %40 oraninda mavidil seropozitifligi
bildirmislerdir (13, 22). Ayrica Amerika’ da yapilan ¢alismada
arastirmacilar agar jel immunodifiizyon (AGID) testi ile yap-
tiklart taramada ise c-ELISA ile pozitif bulunan 8 6rnegin
3’tuni tespit edebilmisler ve calisma sonunda c-ELISA'nin ko-
peklerde mavidil taramast icin daha etkili bir test oldugunu ve
zayif porzitiflikleri de tespit edebildigini ileri sirmislerdir (13).
Bu calismada ise Samsun ve ¢evre illerdeki kopeklerden alinan
92 kan serumunun tamami mavidil c-ELISA testi ile tarand: ve
test sonunda serumlarda seropozitiflige rastlanilmadi. Kopek-
lerde pozitiflige rastlanmamasi 6rnekleme yapilan asilt hayvan-
larda as1 kaynakli bir bulag olmadigint diistindirdi. Seropozi-
tiflik bildirilen illerden (Tokat ve Sivas) Hayvan Hastanesine

Bayram, Giimiisova

hi¢ képek gelmedigi icin 6rnekleme yapilamadi ve bu illerdeki
képeklerde mavidil seroprevalanst belirlenemedi.

SONUGC

Sonug¢ olarak incelenen illerden Tokat ve Samsun’ da
kecilerde, Sivas’ da ise koyunlarda pozitifliklerin bulundugu, bu
nedenle de 6zellikle en yiitksek seropozitiflige sahip olan Tokat
ve Sivas illerinin ¢evresinde konu ile ilgili gerekli tedbirlerin
alinabilmesini saglamak icin daha genis Orneklemelerin
yapilarak bélgenin taranmast iilke hayvancihg acgisindan
onemlidir.

Yakin zamanda diinya da koépeklerde varligt serolojik
ve virolojik olarak bildirilen ve deneysel calismalarda viral
niikleik asitin saptandigi aragtirmalar ile mavidil virusunun
epidemiyolojisinde  kopeklerin - rolii  giindeme  gelmeye
baslamistir. Mavidil ile enfekte et veya et Urlinlerinin agiz
yoluyla alimi, enfekte sivrisinegin isirmasi ve agilamalarin
gerekee gosterildigi calismalarda koépeklerin mavidil ile enfekte
olabilecekleri belirlenmistir. Bu ¢calisma ile Turkiye’de kpekle de
mavidil enfeksiyon seroprevalanst ilk kez arastirlmis ve képek
kan serumlarinin 6rneklendigi illerde mavidil seropozitifligi
saptanamamistir.  Ancak  calismamizda  seropozitifligin
saptandigt iller olan Tokat, Sivas ve Samsun’ da 6zellikle sokak
kopeklerinde taramalarin arttirilmast ve konu ile ilgili daha fazla
bilgi sahibi olunmasinin gerekli oldugu distintlmustir. Mavidil
enfeksiyonu micadelesinde kontrollii hayvan hareketleri,
enfekte hayvanlarin imhast ve hayvanlarin vektorle temasinin
onlenmesi ya da vektor kontrolii enfeksiyon riskini azaltilabilir.
Ayrica yapilacak seroprevalans ¢alismalari ile enfekte bolgelerin
belitlenmesi ve buralarda vekt6r miicadelelerinin arttirilmast,
stvi birikimi olan alanlarda tedbirlerin alinmast ile vektére
karst insektisit kullanimi 6nemlidir (5, 27, 28). Bu koruma
ve kontrol faaliyetlerinin yanisira mavidil enfeksiyonunun
epidemiyolojisinde képeklerin roli ile ilgili daha kapsamli
calismalarin planlanmasinin bu hastalikla mticadelede yeni
¢6zim yollart sunabilecegi diistuntlmektedir.
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ABSTRACT

Today, obesity is seen as a serious health problem in domestic cats. Paraoxonasel (PONT1) is a negative
acute phase protein with anti-inflammatory properties. PONT1 is transported by linking to different
parts of HDL in the blood and has a protective feature of HDL against oxidation. Telomerase is re-
verse transcriptase enzyme that synthesizes and protects telomeres. Telomere length becomes shorter
due to stress, obesity, and lack of exercise. In this study, paraoxonasel, telomerase enzymes and HDL
values in blood serum of obese and non-obese cats were measured and their relationships with each
other were evaluated. Body fat ratio in cats with body fat measurement system, those above 30% were
evaluated as obese, and those below 30% were evaluated as the control group. Paraoxonasel (p<0.001),
telomerase (p<0.001) and HDL (p<0.008) values showed a statistically significant difference between
the both groups, it was found to be lower in the obese group compared to the control group. As a
result; paraoxonasel and telomerase enzymes which are parameters of oxidative stress and are known
to decrease in inflammation, were also found to be decreased in obese cats. The fact that HDL values
are lower than the control group is an indicator that there are diseases that occur together with obesity.
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INTRODUCTION

Gastrointestinal Recent reports show that obesity is a
growing problem in domestic cats, with approximately 25% to
40% of domestic cats being overweight or obese (1,2). Since
obesity is associated with some diseases in cats (eg diabetes
mellitus, hepatic lipidosis, osteoarthritis, etc.), identifying the
population at risk is a very important step. Various risk fac-
tors for obesity in cats have been identified in the literature;
These are sex, neutering status, middle and old age, living in a
single or two-cat house, inactivity indoors, feeding with fresh
meat or fish, feeding with a first-class or therapeutic food, free
choice or providing food on an ad libitum basis, and It is an
underestimation of body weight or body condition by its ow-
ners (3). Many traits associated with obesity may be involved
in the development of an inflammatory condition, even if the
link between them is still not fully understood (4). Paraoxo-

Bu makaleye atifta bulunmak icin/ To cite this article:

nase is an esterase that has arylesterase as well as aryldialkyl
phosphatase activity. It is known that parathion, an organically
phosphorous insecticide synthesized in the liver, has the ability
to hydrolyzed the active metabolite paraoxon (5). The para-
oxonase gene family consists of three enzymes PON1, PON2
and PON3 (6). PON1 has been reported to be a calcium-de-
pendent serum esterase synthesized exclusively in the liver and
found in the bloodstream associated with HDL. It has also
been reported that PON1 prevents the accumulation of oxidi-
zed lipids in LDL (7).

While preventing the oxidation of HDL, it provides pro-
tection for PONT1 to fulfill its functions at the same time. It
is known that HDL inhibits lipid peroxidation in LDL and
PONT1 enzyme, which it primarily carries in its structure, is
effective in this antioxidant effect (6). Paraoxonase type 1
(PONT1) has anti-inflammatory properties, and its circulatory
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concentration has been reported to be reduced in human obe-
sity subjects (8). In sheep and humans, PON is known to bind
to different regions of HDL and is transported on HDL via
apolipoprotein Al (Apo Al). The role of PON in the antioxi-
dant effect of HDL has recently paved the way for important
studies to determine its role in the diagnosis and treatment of
various diseases (9).

Telomerase is an enzyme that has the ability to synthesize
itself by using its own RNA (Ribo Nucleic acid) as a templa-
te and has a ribonucleoprotein structure that has the task of
extending telomeric DNA by adding hexomeric parts [(TTA-
GGG) n] to chromosomal ends, balancing and protecting the
loss in chromosomal ends. In cancer cases, when the telome-
rase activity and telomere length of the cell were examined, it
was seen that tumor formation and telomerase activity were
interrelated in vivo (10). Various studies have been conducted
in order to clarify the relationship between telomerase enzy-
me and immune system. In these studies; Enzyme levels were
found to be low in T and B lymphocytes, and the presence
of enzyme activity in the tonsils and thymus was reported in
more detailed examinations. However, as the age progresses,
it has been determined that the immune system weakens with
the loss of telomere (11). The aim of this study is to compare
the paraoxonase, telomerase enzymes and HDL values in the
blood serum of obese and non-obese cats to determine the
possible relationship between them.

MATERIAL and METHODS

Calismaya This research was carried out on the basis of the
permission of Burdur Mehmet Akif Ersoy  University Lo-
cal Animal Ethics Committee dated 18.12.2019 and numbered
593.

Cats of both sexes and different breeds older than 1 year
of age constituted the research material. In this study, blood
samples were collected from the animals constituting the study
group by considering the following criteria.

Blood samples were collected from a total of 25 animals
according to the specified criteria. 15 of these samples were
collected from obese cats with a body fat ratio of over 30%
and non-obese (control) cats with 10% body fat below 30%
according to the body fat measurement system. Of the obese

group, 8 were male, 7 were female, and their ages ranged from
1 year to 12 years old. 11 were sterilized, 2 were not sterilized,
and 2 were unknown. The control group, on the other hand,
consisted of 10 cats, 4 females and 6 males, of ideal weight
over 1 year old.

Desired clinical signs

Body Fat Measurement System

ribcage
0.7062

Percentage Body fat = (m) -LIM

The equation used rib cage circumference and the lower
hindlimb measurement (in cm).

Rib cage value: The circumference of the rib cage passing
over the 9th rib

Leg index value: Distance between patella and calcaneal
lump

Ideal weight cats have a body fat ratio of 15-30%,

Those who are considered to be extremely weak, have less
than 20% fat,

Those who were overweight, that is obese, wetre evaluated
as cats with 30% and above body fat (12).

Blood samples from all cats were taken from vena Cephalica
antebrachii into negative pressure tubes using a disposable ste-
rile syringe. Silicone-based plastic tubes (5 ml) with clot activa-
tor were used for serum samples. The collected blood samples
were first kept in a portube for 30 minutes, allowing the blood
to clot. Then, their serums were removed in a centrifuge device
at 4000 rpm for 10 minutes. Serum samples were transferred
to eppendorf tubes (1.5 ml) with the help of automatic pipet-
te. The tubes, which were recorded by writing sample numbers
on them, were stored at -20 © C until serological analysis.

Paraoxonase and telomerase enzymes in blood serum were
measured by ELISA (Enzyme-Linked Immunosorbent As-
say) method. Cat Telomerase ELISA Kit and Cat Paraoxona-
se ELISA Kits (BTLAB, CHINA) were used in the study. In
biochemical analysis, HDL values were measured with Gesan
Chem 200-1102422 (Italy) autoanalyzer device.

Table 1. Paraoxonase, telomerase and HDL values in obese and control groups.

Group 1 (n=10) Group 2 (n=15) P

X +Ss x £5s
Paraoxonase (ng/ml) 15.071+3.44 9,754+2.05" 0.001
Telomerase (ng/ml) 2.14%+1.32¢ 0.524+0.41° 0.001

HDL(mg/ dl) 135.30+45.01°

85,73 £29.12° 0.008

There is a statistical difference between those containing different letters (p <0.05).
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Statistical analysis

The findings obtained were evaluated using IBM SPSS 22.0
for Windows package program. Shapiro-Wilk test was used in
the compliance of the data to normal distribution. Due to the
normal distribution of the data, pairwise group comparisons
were determined with the Independent-Samples T-test (Stu-
dent’s t-test).

RESULTS

In Group 1 (control) and Group 2 (obese), a statistical (p
<0.001) difference was found in the comparison of the me-
asurement of the paraoxonase value between the groups.A
statistical (p <0.001) difference was found in the comparison
of the measurement of telomerase value between groups in
Group 1 and Group 2. A statistical (p <0.008) difference was
found in the comparison of the measurement of HDL value
between groups in Group 1 and Group 2 (Table 1).

DISCUSSION

Most of the adult domestic cat population is overweight or
obese. It is accepted that obesity in cats makes them more sus-
ceptible to diseases such as lower urinary tract disease, lame-
ness, hepatic lipidosis, non-allergic skin diseases and diabetes
mellitus (13).

Paraoxonase 1 (PON1) is an enzyme that protects HDL
from peroxidation and has anti-inflammatory properties as
it reduces the production of pro-inflammatory mediators.
PONT is mainly expressed in the liver and is transported wit-
hin HDL-bound plasma (14).

Tvarijonaviciute et al. (15) evaluated various circulating inf-
lammatory and metabolic biochemical analyzes before and af-
ter weight loss in obese cats. No difference was observed in
PON-1 activity before and after weight loss, although lower
baseline PON-1 activity has been reported to be associated
with weight loss program failure.

As a result of the study, it was observed that before weight
loss, PON-1 activity, adiponectin concentration, and 1GF-1
concentration were lower in cats that could not complete we-
ight loss, while glucose concentration was higher than in cats
who lost weight.

In a study conducted in humans, PON1 value was evalu-
ated in the blood serum of obese and severely obese, mode-
rately obese, overweight and normal weight female patients.
The PONT levels of the patients in the obese and severely
obese group were found to be significantly different from the
values of the control group, overweight and moderately obese
patients. In patients with the most severe obesity, PONT1 acti-
vity was found to be significantly lower than controls and all
other groups. It has been reported that individuals with low
PONT activity have a higher risk of developing disease caused
by oxidative stress and lipid peroxidation than individuals with
high PONT1 activity (16). It has been reported that PONT is
inactivated in cases of excessive oxidative stress[6]. According
to the results of our study, a statistical difference was found
between the serum paraoxonase enzyme values of obese cats

Dag, Sahinduran

and non-obese cats in the control group, and the paraoxonase
values of obese cats were found to be lower than the control
group. The result of our study is similar to the study in obese
people mentioned above, and it was thought that the reason
for the low PONT level in obese cats may be due to lipid pe-
roxidation, decreased PONT activity as a result of change in
PONT1 synthesis, or changes in HDL structure and composi-
tion.

Pehlivan (17) evaluated telomerase activity in obese people
in his study. He found that telomerase activity was decreased
in the obese group between the obesity group and the control
group. He reported that the comorbidities brought about by
obesity pose a risk for aging.

In a study conducted in cats with chronic kidney failure, low
telomerase activity was reported in kidney tissue.

In contrast to kidney tissue, a statistically significant increa-
se in telomerase activity was observed in the liver tissue of cats
with chronic renal failure, although all liver samples were his-
topathologically normal and no cat had elevated liver enzymes
or serum biochemical parameters. It has been reported that
systemic oxidative stress observed in cats with chronic kidney
failure may cause increased liver telomerase levels by modula-
ting antioxidant mechanisms in the liver (18).

According to the results of our study, a statistically signi-
ficant decrease was found between the serum telomerase en-
zyme activity values of obese cats and non-obese cats in the
control group. This result is similar to the study conducted
by Pehlivan[17] on humans, and considering the decrease in
telomerase enzyme and low PONT1 level may be due to lipid
peroxidation, it supports the idea that obesity may increase the
risk of tissue aging.

HDL serves to remove cholesterol from peripheral cells and
macrophages to the liver. The reverse cholesterol transport
process is considered to be antiatherogenic in humans (19,20).
It has been reported that HDL is the main lipoprotein class in
healthy cats and is the most important carriers from peripheral
tissues where cholesterol is broken down and excreted, from
the liver (21).

In one study, the effects of long-term obesity and different
diets on plasma lipids were examined in 12 lean and 12 obe-
se cats. HDL concentration was observed lower in the obese
group and consisted mainly of small size particles. In the obe-
se group, it was found to have higher plasma unesterified fatty
acids and triglycerides, as well as VLDLs mainly composed of
medium-sized particles (22). The results of the study are simi-
lar to the HDL results in our study. In a study investigating li-
poprotein, oxidative stress and HDL-PON activity among he-
althy and obese people; It has been reported that HDL-PON
activity is significantly lower in obese individuals compared to
the control group. It has been suggested that changes in HDL
content reduce the enzyme activity by affecting paraoxonase
binding to the HDL surface (23). Another study in humans
found that HDL-PON activity decreased in obese patients.
It has been reported that the decrease in PONT activity and
the compositional and functional changes of HDL in patients

106

MAE Vet Fak Derg, 6(3): 104-108, 2021



Measurement of paraoxonase...

with different degrees of obesity may contribute to increased
oxidation of cells in the artery wall, increased inflammation in
the vessel wall, and increased atherosclerosis (24). According
to the results of our study, a statistical difference was found
between the serum HDL values of obese cats and non-obese
cats in the control group. HDL values of obese cats were sig-
nificantly lower compared to the control group. The results of
our study were similar to the studies Ferretti et al. Conducted
in obese people in 2005 and 2010. According to Ferretti et al.
(24), it has been reported that HDL has less protective effect
and may be effective in accelerating cellular oxidative damage
and arteriosclerosis in obesity. In addition, low serum HDL le-
vels in obese cats may be caused by HDL carrying cholesterol
from tissues to the liver.

CONCLUSION

In this study, paraoxonase, telomerase enzymes and serum
HDL levels were compared between obese and non-obese
cats. According to our results, paraoxonase enzyme (ng / ml)
was found in the obese group (9.754 + 2.05) and in the control
group (15.07  3.44) (p <0.001). Telomerase enzyme (ng / ml)
was found in the obese group (0.52 * 0.41) and in the control
group (2.14 + 1.32) (p <0.001). Serum HDL values (mg / dl)
were found in the obese group (85.73 & 29.12) and in the cont-
rol group (135.30 £ 45.01) (p <0.008).

The differences between the two groups in three parame-
ters were found to be statistically significant when compared
among themselves. A significant decrease was observed in the
obese group compared to the control group in all three pa-
rameters. As a result; paraoxonase and telomerase enzymes
which are parameters of oxidative stress and are known to
decrease in inflammation, were also found to be decreased
in obese cats. The fact that HDL values are lower than the
control group is an indicator that there are diseases that occur
together with obesity.
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Bu calismada, kizil tilki (Vadpes vulpes)’de trachea ve larynx’in kikirdaklarinin makroanatomik ve
morfometrik 6zelliklerinin incelenmesi amaglanmustir. Bu amagla, farkli zamanlarda trafik kazasindan
toplanan toplam 12 yetiskin kizil tilki (6 erkek, 6 digi) kullanildi. Larynx’in kikirdaklari ve trachea
dikkatlice diseke edildi ve morfometrik l¢timler alindr. Bu ¢alismanin sonucunda erkek ve disi larynx
ve trachea’lart arasinda istatistiki olarak fark oldugu ve degetlerin erkeklerde disilerden daha fazla
oldugu gozlemlendi. Cartilago thryroidea’nin cornu rostrale ve cornu caudale’sinin oldukca belirgin
oldugu gorildi. Cartilago cricoidea’nin kavisli bir yaptya sahip oldugu oval bir halka seklinde oldugu
tespit edildi. Cartilago arythenoidea’nin hem sag hem de sol tarafinda, proccessus muscularis tizerinde
geriye dogru bir projeksiyon oldugu gézlendi. Cartilago epiglottis’in ucunun sivri oldugu, margines
laterales’inin bukdlmis oldugu gorildi. Cartilago trachealis’in uglarinin birbirinden uzak oldugu ve
musculus trachealis’in bu uglarin altinda kaldigi belirlendi. Bu calisma ile solunum havasinin gectigi
yol tzerinde bulunan larynx ve trachea’nin macro anatomik 6zellikleri ortaya konularak, morfometrik
olarak cinsiyetler arasindaki farklar belirtilmistir. Bu calismanin yaban hayvanlart ve solunum sistemi
tzerinde yapilacak ¢alismalara 1sik tutacagt ongorulmektedir. Ayrica teshis ve tedavi noktasinda katkida
bulunabilecegi distinilmektedir.

Morphological study of trachea and cartilagines of the larynx in red fox (I ulpes vulpes)

ABSTRACT

This study was aimed to investigate the macro anatomical and morphometric features of trachea and
cartilages of the larynx in the red fox (Vupes vulpes). For this purpose a total of 12 adult red foxes (6
male, 6 female) were used which were collected at different times from traffic accident. Trachea and
cartilages of the larynx were dissected carefully and morphometric measurements were taken. As a
result of this study, a statistically significant difference was observed between male and female larynx
and trachea, and the values were higher in males than females. It was seen that cornu rostrale and
cornu caudale of cartilago thyroidea were quite prominent. Cartilago cricoidea was found to be in the
form of an oval ring with a curved structure. A backward projection on the proccessus muscularis was
observed on both the right and left sides of the cartilago arythenoidea. It was observed that the tip
of the cartilago epiglottis was pointed and its margines laterales were bent. It was determined that the
ends of the cartilago trachealis are distant from each other and the musculus trachealis is below these
ends. In this study, the macro anatomical features of the larynx and trachea on the way through which

This paper is based on the oral presentation  the respiratory air passes were revealed and morphometrically the differences between the sexes were
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specified. It is predicted that this study will shed light on studies on wild animals and the respiratory

15-17 May 2017, Cappadocia- Turkey. system. It is also thought that it may contribute to diagnosis and treatment.

GIRIS

ya da at nalina benzedigi ve bunlarin birlesiminde ligament, kas
ve mukozanin rol aldigt bilinmektedir (4).

Solunum sistemi organlarindan olan ve larynx ve trachea’nin
anatomik ve morfolojik 6zelliklerinin bilinmesi, hastaliklarinin
teshis ve tedavi acisindan olduk¢a 6nemlidir (1). Larynx, phar-
ynx ile trachea arasinda yer alan kikirdaksal yapilarin ligament,
kas ve mukoza ile birlesmesiyle sckillenmekte ve sesin olus-
masinda rol oynamaktadir. Larynx, 3 tanesi tek ve 1 tanesi
cift olmak tzere toplam 5 kikirdak yapisindan olusmaktadir
(2, 3). Bunlar; cartilago cricoidea, cartilago epiglottica, carti-
lago thyroidea tek iken cartilago arythenoidea ¢ift yapidadir.
Larynx’ten sonra gelen trachea’nin da cartilago trachealis ad:
verilen kikirdak yapisinda oldugu ve sekil olarak oval, yuvarlak

Bu makaleye atifta bulunmak icin/ To cite this article:

Larynx ve trachea’nin hem fonksiyonel hem de anatomik
calismalart bircok hayvan tzerinde yapilmustir (1, 5-10). Yapi-
lan literatiir arastirmalarinda tilki’nin larynx ve trachea’st hak-
kinda herhangi bir morfolojik bir ¢alismaya rastlanidmamistir.
Bu calismada kizil tilkilerin larynx kikirdaklart ve trachea’sina
ait anatomik yapilarin belirlenmesi ve morfometrik olarak de-
gerlendirilmesi amaclanmustir.

GEREC ve YONTEM

Calismada materyal olarak trafik kazasinda farklt zamanlar-
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da Oli olarak Ceyhan Veteriner Fakiiltesi Anatomi Anabilim
Dalrna getirilen 12 (6 erkek, 6 disi) yetiskin kizil tilki (Iuépes
vulpes) kullanildi. Bas ve boyun bélgesinin diseksiyonu ile ¢1-
kartilan larynx morfolojik olarak incelendi ve kikirdaklari ile
trachea’dan digital kumpas (Mitutoyo marka) ile morfometrik
Slctimler (Sekil 1-4) (11) alindr.

Sekil 1.Cartilago thyroidea’dan almnan
Olctim yerleri.

Figure 1. Measurements taken from
cartilago thyroidea.

Sekil 3. Cartilago epiglottis’dan alnan
Slctim yerleri.

Figure 3. Measurements taken from
cartilago epiglottis..

Cartilago thyroidea’dan; cornu rostrale uzunlugu (T1), cor-
nu rostrale ve cornu caudale arast uzunluk (T2), cornu cauda-
le’ler arast uzunluk (T3), Cornu rostrale’ler arast uzunluk (T4),
Lamina genisligi (T5), Lamina uzunlugu (T6) alindi. Cartila-
go cricoidea’dan; cartilago cricoidea’nin uzunlugu (C1), car-
tilago cricoidea’nin vertical ¢capt (C2), cartilago cricoidea’nin
transversal ¢apt (C3) alindi. Cartilago epiglottis’den; cartilago
epiglottis uzunlugu (E1), cartilago epiglottis genisligi (E2) alin-
mistir. Trachea’dan; birincide, ortada ve bifurcatio trachea’da
cartilago trachea’nin vertical capt (TV), cartilago trachea’nin
transversal ¢apt (TT) alind.

Istatistiksel analizler SPSS 15.0 paket programi ile yapildi.
Bagimsiz t testi yapilarak erkek ve disi tilki larynx kikirdaklar
ve trachea’sina ait él¢timlerin ortalama ve standart sapma de-
getleri verilerek cinsiyetler arasindaki farklar belirtildi. Tstatis-
tiksel anlamlilik P<0.05 olarak kaydedildi. Anatomik termino-
lojide Nomina Anatomica Veterinaria esas alindt (2017).

BULGULAR

Larynx, aglz boslugunun gerisinde, 6énde dille, stte phar-
ynx’le ve arkada ise trachea ile komsu oldugu gérildid. Lar-
ynx’in tek olarak bulunan kikirdaklardan; cartilago thyroidea,
cartilago epiglottis, cartilago cricoidea ve ¢ift olarak bulunan
cartilago arythenoidea’dan olustugu gérilda (Sekil 1-3, 5, 6).

Sekil 2. Cartilago cricoidea’dan alinan
Olctim yerleri.

Figure 2. Measurements taken from
cartilago cricoidea.

Sekil 4. Cartilago trachealis’den alinan
Slctim yerleri.

Figure 4. Measurements taken from
cartilago trachealis.

Cartilago thyroidea kalkan seklinde ve iki lamina’nin birleg-
mis oldugu gorildi. Ventral'de prominentia laryngea sig bir
ctkint1 halinde gézlendi. Linea obliqua oldukea belirgin bir se-
kilde lamina’nin st 1/ 3’litk kisminda bir kalin bir kabartt sek-
linde baslayan verev bir yapida goriildii. Cornu rostrale uzun
ve ince gbzlenirken cornu caudale’nin kit bir sekli oldugu ve
diiz bir seyir gosterdigi belirlendi. Incisura tyroidea caudalis’in
s1g bir sekilde oldugu gérilda.

Morfometrik Ol¢limler sonucunda yapilan istatistiki anali-
ze gore erkek ve disi tilkilerin cartilago tyroidea’ya ait cornu
rostrale uzunlugu, cornu rostrale ve cornu caudale arast uzun-
luk, cornu caudale’ler arast uzunluk, lamina genisligi ve lamina
uzunlugu arasinda anlamli oldugu goérilmistir. Cornu rostra-
le’ler arast uzunlukta ise cinsiyetler arasinda istatiski bir fark
bulunmamaktadir (Tablo 1).

Cartilago cricoidea’nin yizitk seklinde bir kikirdak oldugu
gbrildi. Lamina cartilaginis cricoidea’nin dis yiziinin orta
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Sekil 5. Cartilago arythenoidea
Figure 5. Cartilago arythenoidea

Halgiir, Ozkadif

Sekil 6. Larynx kikirdaklarinin dorsalden gorintsi. T:
Cartilago thyroidea, C: Cartilago cricoidea, A: Cartilato
arythenoidea, E: Cartilago epiglottis.

Figure 6. Dorsal view of larynx cartilages. T
Cartilago thyroidea, C: Cartilago cricoidea, A: Cartilato

arythenoidea, E: Cartilago epiglottis.

Tablo 1. Tilki larynx kikirdaklari ve trachea’ya ait morfometrik Sl¢timler (mm % SS).

Table 1. Morphometric measurements of fox larynx cartilages and trachea (mm * SD).

Olgiimler Erkek (n=6) Disi (n=6)
Cornu rostrale uzunlugu (*) 44,05+ 1,50 40,57+ 1,60
Cornu rostrale ve caudale arast uzunluk (*) 8,251 0,26 6,441 0,22
Cornu caudale’ler arast uzunluk (*) 48,20t 1,69 4423+ 0,14
Cornu rostrale’ler arasi uzunluk 23,80+ 2,00 22,20+ 0,55
Lamina genisligi (*) 19,74+ 0,69 18,35+ 0,14

Lamina uzunlugu (*)

Cartilago cricoidea’nin uzunlugu (*)

Cartilago cricoidea’nin vertical ¢api (¥)
Cartilago cricoidea’nin transversal ¢api
Cartilago epiglottis uzunlugu (*)

Cartilago epiglottis genisligi (*)

Trachea uzunlugu(*)

1.Cartilago trachealis’in transversal ¢api
1.Cartilago trachealis’in vertical capt (*)

Orta cartilago trachealis’in transversal ¢api (*)

Orta cartilago trachealis’in vertical ¢apt (*)

Cartilago trachealis’in bifurcatio trachea’da transversal cap1

Cartilago trachealis’in bifurcatio trachea’da vertical capt

53,25+ 1,16
11,83+ 0,74
24,79+ 1,29
15,62+ 0,53
24,28+ 1,45
22,22+ 0,80
154,16+ 0,60
11,25+ 0,55
13,37+ 0,38
14,42+ 0,41
9,07+ 0,74
12,78+ 0,41
12,01+ 0,62

51,89+ 0,39
10,36+ 0,08
21,31+ 0,08
15,15+ 0,09
19,49+ 0,11
19,17+ 0,09
137,28+ 0,62
11,36+ 0,37
12,28+ 0,23
11,73+ 0,29
9,91+ 0,41
12,46+ 0,55
11,38+ 0,55

kisminda crista mediana mevcut ve bu yapinin cranial parca-
sinda sag ve sol tarafta m. cricoarythenoideus dorsalis’in ya-
pismast i¢in bulunan ¢ukurlugun derin oldugu gérildi. Ayrica
bu cukurcuklarin her birinin icinde kii¢iik delikler gézlendi.
Bu cukurcuklarin cranial’inde cartilago arythenoidea’nin ya-
pismast icin belirgin eklem yiizleri gozlendi. Istatiski olarak
cinsiyetler arasida cartilago cricoidea’nin uzunlugu ve cartilago

cricoidea’nin vertical ¢apt arasinda farklilik bulunurken, carti-

lago cricoidea’nin transversal ¢api arasinda farklilik gbzlendi
(Tablo 1).

Cartilago arythenoidea’nin duzensiz bir sekilde oldugu g6-
rildi. Dorsal kissmda processus corniculatus’un kugiik bir
ctkintidan ibaret oldugu ve ventral’inde ise transversal olarak
uzanan processus vocalis’i sekillendirdigi géraldi. Processus
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muscularis’in oldukea belirgin bir ¢ikinti seklinde oldugu g6z-
lendi ve hatta caudale uzanan ayr1 bir ¢cikintist belirlendi.

Cartilago epiglottis’nin apex kisminin sivti oldugu saptandi.
Petiolus epiglottica’nin kit bir yapida oldugu gozlendi. Mar-
gines lateralis’in kendi tizerinde kivrildigt belirlendi. Tstatisti-
ki analiz sonucunda cartilago epiglottis uzunlugu ve genisligi
erkek ve disi tilkiler arasinda anlamlt oldugu gériildu (Tablo

1.

Sekil 7. Trachea’nin ventralden gorinigi.
Figure 7.Ventral view of trachea.

Trachea’nin 42-48 adet cartilago trachealis’den olustugu go-
rilda. Trachea’nin iki yerinde cartilago trachealis’in u¢ kismi-
nin birlesmis oldugu gézlendi (Sekil 7). Erkeklerde uzunlu-
gu ortalama 15,41 cm disilerde ise ortalama 13,72 ¢cm olarak
Olgtldi. Cartilago trachealis’in ug kistmlarinin actk oldugu ve
musculus trachealis’in bu uglarin altina yerlestigi tespit edildi.
Trachea’nin dorso-ventral olarak bastk oldugu belirlendi (Sekil
4). Yapilan istatistiki analize gbre 1. cartilago trachealis’in verti-
cal ¢apy, orta cartilago trachealis’nin vertical ve transversal ¢api
cinsiyetler arasinda farkli oldugu tespit edildi (Tablo 1).

TARTISMA

Kizil tilki larynx’leri Gizerinde yapilan arastirma sonucunda
literatiirde (2-4) belirttigi gibi 3 tek ve 1 ¢ift kikirdaktan meyda-
na geldigi gorildu. Cartilago throidea’nin incelendigi bir kap-
lan calismasinda caudal’de bulunan ¢entigin oldukea belirgin
oldugu, cornu caudale’nin bulunmadigi ve n. laryngeus crania-
lis’in ge¢mesi i¢in bir delik bulundugu bildirilmistir (6). Ayrica
domuzda yapilan bir calismada cornu rostrale’nin bulunmadigi
bildirilmistir (8). Incelenen Kizil tilki larynx’inde incisura th-
yroidea caudalis’in sig, cornu caudalenin oldukca belirgin ve
cornu rostrale’nin ventral’inde n. laryngeus cranilis’in gecmesi
icin sadece ¢entigin bulunmasi nedeniyle kaplan (6) ve domuz
(8) cartilago throidea’sindan oldukea farkli oldugu tespit edildi.

Incisura thyroidea caudalis’in atta (2, 3) derin olmast nede-
niyle kizil tilkiden farkl oldugu gériilmesine ragmen ceylanda
(5) ve ruminantlarda (2,3) bu ¢entigin s1g olmast carnivor olan
kizil tilkide de benzer gozlenmistir. Incelenen kizil tilkideki
cartilago thyroidea’nin eninin yiiksekliginden daha fazla olan
koyun, képek (13) ve Yeni Zelanda tavsani’'na (11) benzerken
deve (14) ve képekte (15) yuksekligin daha fazla olmast nede-

niyle farklt oldugu gérilmistir.

Cartilago cricoidea’nin kaplanda 6 cm uzulugunda ve la-
minanin cranio-caudal uzunlugu 4 cm oldugu ifade edilmistir
(0). Kuzil tilki’de cartilago cricoidea’nin uzunlugu erkekte 11,83
mm iken diside 10,36 mm oldugu gérildd. Bu yapinin boy ile
iliskili oldugunu distindardi.

Ceylanda cartilago arytenoidea tlizerinde, processus cunei-
formis ve cartilago interarytenoidea’nin varligina rastlanama-
mustir  (5). Kuzil tilkide cartilago arythenoidea’nin ticgensel
yapinin olusmadigi gibi arastirlan diger hayvanlarda goriilme-
yen processus muscularis’in caudale uzanan ayr1 bir ¢ikintist da
oldugu belirlendi.

Ceylanda cartilago epiglottis’te apex’in ventral’e dogru kiv-
rilmig, petiolus’un ise kalin ve genis oldugu gérilmistir (5).
Kiz1l tilkide apex ucunun sivri oldugu hatta yanlardan ice dog-
ru kivrildigr ve cartilago epiglottis’in kisa oldugu gézlendi.

Trachea’da ise 42-48 cartilago trachealis oldugu ve baz1 yer-
lerde bu halkalarin u¢ kisimlarinin birbirleriyle bitlestigi tespit
edildi. Bu sekilde komsu iki halka arasinda bitlesmenin oldu-
gu tepeli kirpi (Hyarix indica)’de oldugu bildirilmektedir (18).
Erkeklerin trachea uzunlugu ortalama 15,41 cm disilerde ise
ortalama 13,72 c¢cm oldugu tespit edildi. Képekte trachea’nin
uzunlugu ortalama 19.5 cm (15), kirmuzi Sokoto kegisi (Cap-
ra hireus)’nde 25,7 cm (19), Arap antilop’unun (Oryx leucoryx)
(10), ortalama trachea uzunlugu 54.1£0.73 cm oldugu belir-
tilmigtir. Cartilago trachealis’ler tek tirnaklilarda dorso ventral
basik, sigir, koyun ve kecide yanlardan bastk bir sekilde bulun-
dugu bildirilmektedir (3). Kizil tilki cartilago trachealis’in kikir-
daksal olarak dorso ventral basik sekilde oldugu, uglarinin ise
keci ve ceylan trachea’sina benzer sekilde ayri oldugu gérilda.
Hatta musculus trachealis’in bu uglarin alt kismina yerlesmesi-
nin Carnivora’dan farkli oldugu tespit edildi.

Yeni Zelanda tavsaninin larynx’ini olusturan kikirdaklardan;
cartilago thyroidea’nin cranial cornular arast uzunlugu, lami-
na genisligi ve lamina uzunlugu 6l¢iim degerlerinde cinsiyetler
arasinda istatistiki bir farkin bulundugu bildirilmistir (11). Cey-
landa yapilan bir ¢calismada da cartilago thyroidea’nin tavsanda-
ki gibi lamina uzunlugunun, lamina genisliginden fazla oldugu
ifade edilmistir. Ayrica erkek ceylan larynx kikirdaklarinin, di-
silere gére daha buyik ve genis oldugu belirtilmistir (5). Rus
gumis tilkisi (Iulpes vulpes) ve Canis lupus ailesine ait tiirler
arasinda yapilan sesin takip ettigi yolun boyutlart hakkindaki
arastirmada; cinsiyetler arasinda farkliliklarin viicut Slcileriy-
le es deger olarak bulundugu hatta erkeklerin disilerden daha
buytk degerlere sahip oldugunun bildirilmektedir (16). Yapilan
bu calisma, Yeni Zelanda tavsant (11), ceylan (5), Rus glimts
tilkisi (1 zlpes vulpes) ve Canis lupus ailesine ait tiirleri iizerinde
yapilan ¢alismarla uyumlu olarak kizil tilkide cinsiyetler ara-
sinda kikirdaklar ve boyutlari arasinda farklilik gézlendi. Kizil
tilkide; cornu rostrale’ler arast uzunluk, cartilago cricoidea’nin
transversal capy, 1. cartilago trachealis’in transversal capi, car-
tilago trachealis’in bifurcatio trachea’da transversal ¢api ve car-
tilago trachealis’in bifurcatio trachea’da vertical ¢ap: Sl¢timleri
haricinde diger dl¢timlerin cinsiyetler arasinda istatistiki olarak
anlamlidir.
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Evcil domuzun larynx’i de sexuel dimorphism gostermedi-
gi bildirilmistir (8). Insanda yapilan bir calismada erkeklerde
larynx kikirdaklarinin boyutsal olarak buytk olsa da disiler ile
istatistiki karsilastirmada bir anlam ifade etmedigi bildirilmis-
tir (17). Yapilan bu calismada kizil tilki larynxinin domuz ve
insandan farklt olarak sexuel dimorphism bulundugu tespit
edilmistir.

SONUC

Sonug olarak, Kizil tilkide larnx’ini olusturan cartilago cri-
coidea, cartilago epiglottis, cinsiyetler arasinda istatistiki olarak
bir farkin bulundugu, cartilago thyroidea’nin ise bazi Slgim
degerlerinde farkli oldugu tespit edilmistir. Erkek kizil tilkiye
ait larynx kikirdaklarinin disilerden daha buyik oldugu goril-
di. Buna ilaveten trachea’nin da erkek ve disi tilkiler arasinda
istatistiki olarak anlamlt oldugu tespit edildi. Cartilago arythe-
noidea’nin literatiir bilgilerinden farkli bir yapida oldugu icin
morfometrik Sl¢iim yerleri ¢ok belirgin degildi. Hatta proces-
sus muscularis tizerinde caudale uzanan ayri bir ¢ikintt gorildi.

Bu calismadan elde edilen sonuglarin veteriner anatomi bilgi
birikimine katki saglamast ile birlikte, trafik kazalarinda ya da
diger kazalarda olusan yaralanmalarda kizil tilkiye kliniklerde
uygulanabilecek olan laryngoskop i¢in model olusturulmast,
teshis ve tedavi noktasinda katkida bulunabilecegi 6ngoril-
mektedir
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Eggg f&?gﬁ?on scote In this study the body weight (BW) and body condition score (BCS) of lactating cows was estimated

by using the digital image analysis methods (DIAM). BCS is an important factor to facilitate
different practices of management in dairy cattle. A total of 204 Holstein cows live images were
taken by remote shutter camera. Six body measurements such as heart girth (HG), wither height
(WH), hip height (HH), body length (BL), front hip-width (FHW), and back hip-width (BHW) were
used for the assessment of BW and BCS by conventional (CM) and DIAM. The estimation of

conventional method
di%ital_image analysis method
holstein

Aecepred LA CBW using HG, FHW, and BL vaiables was cffective (R = 0.75). However, all the body
Published Online : 31.12.2021 measurements were ineffective for body condition scote by measurements (MBCS), (R? = 0.06,
Article Code : 963188 conventional) and DBCS (R? = 0.05, digital) estimation. The measurements of WH, HG, FHW,
BHW, and BL were precise in DBW estimation (R? = 0.77). No significant differences were found
across the assessment methods (CM, DIAM) for body measurements. The intra-class reliability
g/frlr{e; OXdence: coefficient (ICC) of conventional and digital (MBW, DBW) measurements was “good” and
(mehmet.kaya@adu.edu.tr) “excellent” between conventional and digital estimations. This study indicates that DIAM is a
reliable method for determining DBW and MBW, and can be interchanged effectively with CM.
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INTRODUCTION

The regulation of animal health and profitability of the
commercial dairy farms is influenced by various management
factors like feed intake, animal productivity, maintenance of
body weight (BW), body condition score (BCS), and feeding
program (1). The concept of automation has changed the face
of dairy farming with innovative equipment’s of feeding, mil-
king, and heat detection. To maximize the profitability of dairy
farms, BW and BCS is regularly monitored with conventional
or automated techniques (2). Innovative technology for auto-
matic detection of animals with poor body health can help to
maximize milk yield, minimize vetetinary costs, and improve
herd management. The conventional methods (CM) of CBW
and CBCS are prone to subjective variation and labor intensive
for large dairy farms, moreover the observed data might be
inconsistent during frequent measurements. Early detection
of BCS can significantly reduce risks of developing lameness
and various health problems (3). Therefore, monitoring the
petformance of the dairy animals i.e., body/health condition
at key stages of parturition, mating and lactation is important
to increase the productivity and profitability according to ani-
mal welfare criteria (4). Manual estimation of animal weight is
performed by using specific anatomic points using livestock
scale and weighing balance is used or BW measurement. The
weighing devices are fixed in special area, this not only induces
stress to animals but also interferes with normal dairy activi-
ties. Automated weighing devices ate becoming more practi-

Bu makaleye atifta bulunmak igin/ To cite this article:

cal, but this technology remains extremely costly (5). Recent
studies reported that BW and BCS (digital BW and BCS, DBW
and DBCS) can be estimated by using digital image analysis
method (DIAM), (6,7). Furthermore, DIAM is not prone to
subjective error by individual experts and can be conducted
with low cost. Various benefits of this technology include con-
tinuous (24/7) monitoring of animals, based on quantitative
data, rather than qualitative information, and digital imaging is
more reliable than CM (8). Low-cost automatic collection and
data analysis of DBW and DBCS for large herds is practically
unavailable. Therefore, the aim of this study was to estimate
BW and BCS of dairy animals by digital method and predict
its reliability by regression model.

MATERIAL and METHODS

The study was conducted at a private intensive dairy farm
in Aydin. In this study 204 Holstein cows were used. Animals
with excessive weakness, posture disorder, and lameness,
6> months pregnant, under treatment or in dry period were
excluded from the study in order to avoid the measurement
errors. Similarly, cow age/parity, lactation stage or any other
parameters were also excluded from the statistical method.

Methods of body measurements

Body measurements of dairy cattle were performed once
with two methods, in first step with conventional method
(CBW, CBCS) and in the second step digital image analysis
method (DBW, DBCS).
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Figure 1. Represents the stepwise sequence of both procedures (conventional and digital) and the

measurements with scale.

The stepwise sequence of both procedures (conventional
and digital) and the measurements with scale was shown in
Figure 1. Body weight (BW) and body condition score (BCS)
were measured at each step. The body parts of the cows were
examined by veterinarian according to the prominence of bone
protrusion, muscle, and subcutaneous fat accumulation in a
studio environment created for the animals in a separate area.
The examination was controlled by palpation and inspection
for BCS. The cows were kept stablewhile conducting the
imaging procedure and measurements.

Measuring cane and tape were used to take body
measurements and body weight (MBW) and body condition
score (MBCS) evaluation was performed using California
Technique (9).

Image Collection and processing

BW and BCS were estimated by using body measurements
such as heart girth (HG), wither height (WH), hip height
(HH), body length (BL), front hip-width (FHW), back hip-
width (BHW), and data was recorded to perform the imaging
processing,

Images were taken with digital camera (Nikon D3200) and
the remote shutter release system synchronized cameras were
utilized in a studio environment created for animals. Digital
scales were determined to process the images by software with
reference to the BW of animals. The evaluation of BCS and
BW by digital imaging method was performed on images of
the animals from four different directions (front, back, top,
and side). The images were then processed and analyzed in the
Digital Image Analysis Program (MATLAB-Image Processing
Toolbox).

Statistical Analysis

All the data were analyzed by using SPSS® 22.0 (Statistical
Package for the Social Sciences 22). In terms of body
measurements, groups were determined as conventional and
digital image analysis methods and compared by paired-samples
t-test. The reliability analysis was performed by finding high
correlations between the given measurements and BW and BCS
values to evaluate the reliability of the data. The results were
interpreted by test-retest reliability analysis and the absolute
agreement between conventional and digital image analysis
methods was determined separately. The variables (BW, BCS)
with high association were considered reliable. Similarly, the
level of absolute agreement between the methods, and intra-
class correlation coefficient (ICC) was estimated (10). Multiple
linear regression analysis was also used to estimate BW and
BCS in conventional and digital image analysis methods. The
estimation of BW and BCS using regression model was defined
as“g=a+B1xXx1 +B2Xx2+ 63 Xx3”whereyis the depend
variable (BW, BCS) of cow, a is the intercept;31, 32, and 33 are
regression coefficients corresponding to the co-variables heart
girth (HG), wither height (WH), hip height (HH), body length
(BL), front hip-width (FHW), and back hip-width (BHW)
respectively. “Enter method” was applied to all variables to
examine the correlation between independent variables in
terms of model fit. Afterwards “Backward, Forward, and
Stepwise” methods were applied for the important parameters.
Data were presented as the mean & standard error and P <0.05
was considered as statistically significant (11).

RESULTS

BW and BCS of cows were 629.10 kg and 3.05 for CM
and for DIAM 628.62 kg and 2.90, respectively. Correlation of
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CBW and CBCS (r = 0.40) was found significant (P < 0.001).
In CM the body measurements were utilized effectively for
estimation of body weight (MBW) and highest correlation (r =
0.71) was found between HH and WH; and lowest correlation
(r = 0.22) was found between BHW and HH. Similarly, for
DIAM showed highest correlation (r = 0.86) between HH and
WH, and lowest correlation (r = 0.31) between BHW and HH
(P < 0.001) was found.

Kaya, Bardak¢ioglu

showed that HG, BL, FHW and BHW (independent
variables) have significant effect (R?> = 0.77). But for BCS the
parameters like HG and BHW (independent variables) were
found to be non-significant (R? = 0.05).

No significant differences were found for WH, HH, HG,
FHW, BHW and BL values of the cows between both metho-
ds (Table 2).

Table 1. Shows estimation of BW and BCS of dairy cattle by using both methods (CM, DIAM) of body conformation using

regression analysis.

Method Regression equation R?
Conventional BW (MBW) = -1016.827 + 5.402 X HG + 5.273 X FHW + 1.864 X BL 0.75
Conventional BCS (MBCS) = 1.493 + 0.014 X HG — 0.054 X BHW 0.06

Digital BW (DBW) = -1060.360 + 5.100 X HG + 2.564 X BL + 3.099 X FHW + 5.255 X BHW 0.77
Digital BCS (DBCS) = 1.222 + 0.017 X HG - 0.027 X FHW 0.05

Table 2. Shows comparison of both methods (CM, DIAM) used to body measurements (x s.), (n = 204)

Body measurements Method P
Conventional Digital
WH 148.04 £ 0.27 147.88 £ 0.31 0.443
HH 146.52 £ 0.24 146.83 £ 0.30 0.115
FHW 57.31 £0.23 57.12 £ 0.22 0.086
BHW 21.84 £ 0.09 21.84 £ 0.08 0.916
BL 160.34 £ 0.45 160.67 £ 0.46 0.236
HG 193.43 £ 0.56 193.26 £ 0.57 0.224

X: Mean, s.: Standard error

Regression coefficients of independent variables were
found to have significance between the studied parameters and
are given in Table 1. In CM, the parameters like HG, FHW
and BL (independent variables) were significant (R? = 0.75)
for the estimation of body weight; however, for the BCS
(depen-dent) HG and BHW (independent variables) were
found to be non-significant (R? = 0.06). In the DIAM, BW
estimation

Table 3 shows the reliability analysis of both methods for BW
and BCS; Cronbach’salpha coefficient (o) and intra-class correla-
tion coefficient ICC) were in an absolute agreement (P <0.001)
for the WH, HH, HG, FHW, BHW,, and BL. for CM and DIAM.
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Table 3. Reliability analysis between methods (CM, DIAM) for body measurements (n = 204)

Body measurements Reliance range* o ICC F P
WH 0.70 - 0.81 0.86 0.76 7.54 0.000
HH 0.68 - 0.80 0.85 0.75 7.04 0.000
FHW 0.85-0.91 0.94 0.89 17.50 0.000
BHW 0.72 - 0.83 0.87 0.78 8.24 0.000
BL 0.76 - 0.86 0.90 0.82 10.11 0.000
HG 0.95-0.97 0.98 0.96 61.09 0.000

*:195%

Table 4. Some descriptive statistics of
BW and BCS (x £ s.), (n = 204)

Xt s,
CBW 629.10 = 5.15
MBW 629.21 £ 4.47
DBW 629.04 + 4.53
CBCS 3.05 = 0.03
MBCS 3.02 £ 0.00
DBCS 2.96 £+ 0.00

%: Mean, s.: Standard error

Table 5. Reliability analysis for BW and BCS (n = 204)

Reliance range * o ICC F P
CBW - MBW 0.82-0.89 0.92 0.86 13.28 0.000
CBW - DBW 0.83-0.90 0.93 0.87 14.60 0.000
MBW - DBW 0.95-0.97 0.98 0.96 54.86 0.000
CBCS - MBCS -0.02 - 0.24 0.20 0.11 1.25 0.054
CBCS - DBCS -0.03 - 0.22 0.18 0.09 1.22 0.079
MBCS - DBCS 0.27 - 0.71 0.77 0.55 4.50 0.000
*:95%

The mean values estimated by CM or DIAM i.e., MBW,
MBCS, DBW, DBCS and the CBW and CBCS were measured
by body measurements are shown in Table 4.

Reliability analysis was performed for the measurement
compliance between CM and DIAM. The reliability analysis
determined that body measurement parameters were signifi-
cant (P < 0.001) for CBW - MBW, CBW - DBW, and CBCS
- DBCS (Table 5).

DISCUSSION

The benefits of regular monitoring of BW in intensive da-
iry farms are well known to most of the dairy producers. The
profitability of dairy enterprise solely depends on health of

animals, and various issues of nutrition especially in early la-
ctation can be controlled easily with body condition scoring
(12). In the past few years, producers’ interest has therefore
grown in various estimation procedures of body conformati-
on. BCS is well known due to its low cost and easy incorpo-
ration in dairy management (13). Traditional methods (CBW
and CBCS) are simple but demand long hours of commitment
from skilled observers. There is likelihood of variation in body
measurements also and lack of practicality at big dairy farms.
Therefore, such concerns have paved the way for digital/au-
tomated system of BCS in dairy animals. Both methods (CM,
DIAM) estimated CBW, DBW effectively and further proces-
sed for regression analysis to understand the relationship with
body measurements. The reliability analysis for MBW showed
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that regression parameters HG, FHW and BL were 5.402,
5.273 and 1.864 respectively; and the coefficient of determi-
nation (R?) was 0.75. This cleatly shows that the body measu-
rements can be used for MBW estimation accurately. Using
the DIAM, regression parameter HG, BL, FHW and BHW
were found significant (R? = 0.77) for DBW. BHW added as
an extra parameter of body measurement in the DIAM. In
this study both methods of body conformation assessment
showed non-significant results for MBCS, DBCS (R? = 0.06
for CM and R? = 0.05 for DIAM). In the literature BCS using
the body measurements are reported to be not feasible practi-
cally. Tasdemir (14) reported that MBW estimation with body
measurements (WH, HH, BL, HW), is possible (R? was 0.64)
and Kuzuhara et al. (15) found coefficient of determination
for MBW (R? = 0.80) and MBCS (R? = 0.74) values via
obser-vation and estimations from thurls, hook and pin
bones of da-iry cows. Researchers have identified 23
anatomical points for BCS estimation by regression model
(16,17). Heinrichs et al. (18) predicted that heart girth can
estimate the MBW, similarly highest R? value was determined
for the heart girth by (19). However, in several studies, it is
reported that the measure-ment of heart girth might vary
according to the BW categories of the animals (20,21,22,23).
Therefore, the differences of selected animals in the studies
and the measurement accuracy of variables can cause

differences between the results.
ansen et al. (5) acknowledged the accuracy of the results

of the digital image analysis method and suggested that DIAM
methods were better for estimation of DBW and DBCS than
the conventional method in dairy cows. Various studies have
reported accurate digital systems to determine composition
of body in dairy buffalo (24) and Zebu cattle (25). Negretti et
al. (24) reported BW and BCS estimations as R* = 0.94 and
0.92, by digital image analysis in dairy cows, which is hig-her
to our study (R?> = 0.77), this difference might be due to the
image analysis by MATLAB software. Tasdemir (14) dec-
lared that the regression coefficient values for BL and HW
were 2.05 and 7.86, in 220 Holstein dairy cows. The regression
coefficient determined for BL was similar with the findings
of our study. A study was conducted in 229 dairy cows for
the estimation of DBW an error value of 11.7% was reported
(26). The variation in the results is possible due to selection
differences of point, posture and position of animals during
imaging process and the lack of program sensitivity. In the
current study, regression coefficients of HG and FHW were
effective in DBCS estimation and determined to be 0.324 and
-0.197. In a study by Kuzuhara et al. (15), DBCS was determi-
ned using a three-dimensional camera system and mean value
of 3.2 was reported, however in this study lower mean value
of 2.96 was found.

The high correlation of digital and conventional body me-
asurements is shows that DIAM can be easily incorporated
in the form of digital or android application in mobiles or
computers. But still the final output is an estimation of DBW.
Unfortunately, the accurate estimation of DBW cannot give
information of true energy reserves of cattle. This is the li-
mitation of this study that the scale measurements can help
in estimation of BW but much less useful for DBCS. In ano-
ther study a three-dimensional imaging method was used to
find the correlation coefficient of BCS value in 40 Holstein
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cows and it was determined to be 0.84 (27). The difference
form other studies are possible due to lack of sensitivity of the
program in our study and image processing in different digital
image analysis methods. Furthermore, the diversity of body
parts used for body measurements, age and sex differences of
experimental animals have resulted in lower value in our study.

Ozkaya et al. (28) found the correlation coefficients betwe-
en the actual and predicted values of body measurements for
BL, WH, HH, and HW were 0.94; 0.95; 0.90 and 0.78. In
the reliability analysis between both methods (CM, DIAM),
intra-class correlation coefficient for HG was highest in our
study. The reference points during heart girth estimation are
casily accessible and this might be the reason of high accuracy
for HG while measuring the body points. Stajnko et al. (29)
reported that prediction of body weight with hip height was
morte accurate by using thermal image analysis. DIAM to es-
timate body conformation has advantage of better efficiency,
being hygienic and risk free. However, CM instead requires
skilled experts who travel between farms and increase the risks
of disease transmission. DIAM method has another advanta-
ge of providing continuous dataflow for early warnings and
management actions specially at bigger dairy farms (4,30). The
comparison between CBCS and DBCS useful in a sense to
find out the practicality at farm level. Visual BCS assessment
for CBCS assessment is easier but using the above mentioned
six measurements is complex. Similarly, during the movement
of cows from patrlor to the barn digital images can be taken on
routine basis to figure out DBCS. The procurement of body
measurements for DBCS is however time consuming if it is
performed manually. Therefore, a program or android app-
lication can be developed for estimation of DBCS digitally.
However, in this case, Cronbach’s alpha coefficient is quite
small (0.18, Table 5). The low agreement in this study claims
that DIAM cannot reliably replace visual appraisal of BCS.
But the CBW can be reliably replaced.

CONCLUSION

In conclusion DIAM methods can easily replace CM for the
calculations of CBW in dairy animals. Both CM and DIAM
methods provide fair estimates of CBW or DBW and CBCS,
MBCS and between these methods high intra-class correlation
coefficients were found. The results of this study suggest that
the objective determination of DBW and MBW by DIMA can
be estimated adequately. Furthermore, explorative studies for
DBCS using camera technology are suggested for future.
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ABSTRACT

Bisphosphonate-related osteonecrosis of the jaw is an increasingly common pathological condition
whose pathophysiology is not fully understood and can be difficult to manage. The unique biological
effects of conjugated linoleic acid include angiogenic, anticarcinogenic, antiatherosclerotic,
antioxidative, immunomodulatory, and antibacterial effects. The aim of this study is to compare
the osteonecrosis areas created by tooth extraction with the control group using scanning electron
microscopy after the administration of zoledronic acid, conjugated linoleic acid, and a combination
of both in the rat jaw. A total of 50 Wistar Albino male rats weighing 400-450 grams were used.
The groups were randomly divided into 5 groups: the control group, the sham group, the group
that received zoledronic acid, the groups that received conjugated linoleic acid with zoledronic
acid (100 mg/kg and 200 mg/kg), and the study lasted a total of 10 weeks. Regardless of the
use of zoledronic acid, it was observed by scanning electron microscopy that vascularization was
impaired in all groups with tooth extraction. Neovascularization did not occur in the groups where
conjugated linoleic acid was applied, regardless of the dose. It was concluded that scanning electron
microscopy analysis and corrosion casts technique can be considered as an alternative method in
such studies due to its accessibility and low cost in observing dental vascularization. However, no
definite conclusion could be reached about the neovascularization efficiency of conjugated linoleic

Z. YURTAL
G.SERINDERE ~ _ :0000-0001-7439-3554
C. AKTUNA BELGIN: 0000-0001-7780-3395
L. TAKCI : 0000-0002-8865-8186

:0000-0001-6080-1860  acid within the petiod evaluated after tooth extraction.

INTRODUCTION

Bisphosphonates are antiresorptive drugs (1). It has
been used for over 40 years to treat different diseases with
increased bone resorption, such as osteolytic bone metastases,
Paget’s disease, hypercalcemia, primary and secondary
hyperparathyroidism, and osteoporosis (2). Numerous studies
have confirmed the relationship of bisphosphonates to
decrease the incidence of osteoporosis-related fractures by
increasing bone mineral density (3,4).

It has been reported that the incidence of bisphosphonate-
related osteonecrosis of the jaw (BRON]J) ranges from 1% to
10% in patients receiving intravenous bisphosphonate therapy
(5,6). 1t has been reported that BRON]J is more prevalent in
the mandible (70%) than in the maxilla (30%) (7). Trauma to
the bone, which occurs especially after tooth extraction, has
been reported to be a triggering factor and is found in most
cases (7-10).

Due to the antiangiogenic effect of bisphosphonates,
impairment in jaw bone vascularization may be observed
(11,12). As another reason, it has been reported that there may
be direct toxicity of bisphosphonates for epithelial cells with
reduced microcirculation of the gum (13).

Conjugated linoleic acid (CLA) is a mixture of conjugated

Bu makaleye atifta bulunmak icin/ To cite this article:

positional and geometric isomers of linoleic acid (cis-9, cis-12
octadecadienoic acid). CLA has 18 carbon atoms. It contains
two double bonds and these double bonds are listed as different
isomers from different cis-trans configurations at the 9th and
10th, 11th and 12th or 11th and 13th positions in the carbon
chain (14). The proteins, including oleic acid, cholesterol,
and linoleic acid, vascular endothelial growth factor (VEGE),
angiopoietin, angiotensin, and erythropoietin, are natural
molecules required for the initial stage of angiogenesis in
vascular maturation (15).

The aim of this study was to investigate the effects of CLA
on vascularization in ZA-associated osteonecrosis of the rat
jaw using scanning electron microscopy (SEM).

MATERIAL and METHODS

This study was approved by the Local Ethics Committee
for Animal Care of the Hatay Mustafa Kemal University
(10/09/2019- decision number: 2019/ 07-2). Fifty Wistar
Albino male rats weighing 400-450 grams were used in the
study. The rats were housed at a room temperature of 22 £ 2
°C, 12 hours a night, 12 hours a day. Before starting the
experiments, the animals were adapted to the environment
for 2 weeks, food, water and ad libitum were given.

Rats were divided into 5 groups:
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1st group- control group: The rats in the control group
were not treated and housed under the same conditions as the
other experimental groups.

2nd group- sham group: ZA and CLA were not given to
the rats in the sham group. Only the right molar teeth were
extracted at the 4th week and were sacrificed in the 10th week.

3rd group- ZA group: Rats in this group were
intraperitoneally (16) injected ZA (Ronidro 5 mg/100 ml, and
Pharmaceuticals, Tutkey) at a dose of 100 pg / kg once a week
for 8 weeks (17). The right molar teeth were extracted in the
4th week and were sacrificed at the 10th week.

4th group- ZA + CLA group (100 mg/kg): Rats in this
group were intraperitoneally injected ZA at a dose of 100 g/
kg once a week for 8 weeks, CLA (Linoleic acid 99%, CAS
RN: 60-33-3, Acros Organics, Sweden) was administered by
oral gavage at a dose of 100 mg/kg every day (18). Extraction
of the right molar teeth was performed at the 4th week and
sacrificed at the 10th week.

5th group- ZA + CLA group (200 mg/kg): Rats in this
group were intraperitoneally injected ZA at a dose of 100 ug/
kg once a week for 8 weeks, while CLLA was administered daily
at a dose of 200 mg/kg via oral gavage. The right molar teeth
were extracted at the 4th week and were sacrificed at the 10th
week.

Experimental animals in tooth extraction applications,
xylazine HCI (10 mg / kg) (Alfazine 2%, Egevet, Turkey),
ketamine HCI (50 mg / kg) (Alfamine, 10% Egevet, Tutkey)
were performed with combinations. Extraction was performed
on the right mandibular molar teeth by using a molar luxation
and a molar extractor.

In this study, the corrosion casts technique was used to
evaluate the vascularization of the mandible in sacrificed rats.
Phosphate Buffer Salin (PBS) solution was given to clean the
blood through a 26 Gauge purple catheter placed in the right
common carotid artery and left common carotid artery of the
rats dissected using appropriate methods (Figure 1A). After
formaldehyde solution was given for fixation of the vessels
(Figure 1B), a mixture of methylmethacrylate prepared in
a certain amount was manually injected into the vein under
constant pressure (120 mmHg) and at an appropriate perfusion
rate (Figure 1C). After the methylmethacrylate injection, the
mandibles were kept in hot water at 45-55 © C for 16-24 hours
to completely polymerize. After polymerization, it was kept in
a 50 ° C stove for 2-3 days in repeated potassium hydroxide
(KOH) solutions to dissolve the tissue around the vessels.

RESULTS

During the study, no complications occurred during the
administration of oral gavage and intraperitoneal injection.
It was noted that in the rats in groups 2, 3, 4 and 5, where
tooth extraction was applied, bleeding occurred during
tooth extraction, especially during the extraction of caudal
molar teeth. This showed that bleeding control during tooth
extraction is important. Following tooth extraction, a total
of 3 rats, 1 rat in group 2 and 2 rats in group 4 died from

anesthesia.When the castes obtained from the control group
were examined by SEM, it was observed that the inferior
alveolar artery followed a suitable course for the curvature
of the corpus mandible after entering the foramen mandible.
During the course, branches separated from this vein for each
tooth were detected (Figure 2A). This main branch gave lateral
branches to the surrounding tissues before entering the pulp
from the tooth root (Figure 2B). The vein caused a ball-like
reticulation for vascularization of the dental pulp after entering
the tooth root (Figure 2C-D).

Figure 1. A. Inserting and fixing catheters to the a. carotis
communis. B. Fixation of the vessel with formaldehyde solution.
C. Administration of methylmethacrylate prepared by manual
pressure to a. carotis communis. D. Image of a rat head in the
corrosion casts stage. Blue asterisk: a. carotis communis

Figure 2. A. Control group, the course of the a. alveolaris
inferior after it enters the foramen mandible. Arrow: a. alveolaris
inferior. Asterixes: Branches given by a. alveolaris inferior to the
tooth roots and surrounding tissues. B. Control group, Arrow:
A. alveolaris inferior, Rectangular box: branch of a. alveolaris
inferior to the root of the tooth. C. Control group, ball-like vein
reticulation in the pulp, A. alveolaris inferior (White A), ball-like
reticulation in the pulp (P). Arrow: Branch from the a. alveolaris
inferior to the tooth root. D. Control group, high magnification
view of ball-like reticulation in the pulp. P: Ball-like reticulation.

Pulpal vascularization was not observed in the SEM images
obtained in the other four groups except the control group,
as the vascularization of the pulp was impaired due to tooth
extraction. Branches given by the inferior alveolar artery to the
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surrounding tissues were determined. The branches that gave
to the roots of the teeth ended blindly (Figure 3A).

Ball-like reticulation on the pulp was not seen in the groups
that had a tooth extraction. Similar results in the sham group
and the other groups in which medication was applied (Figure
3B), showed that tooth extraction impaired vascularization.
Vascularization was impaired in all groups that underwent
tooth extraction independent of ZA use.

There was no difference in vascularization between the ZA
group (3rd group) (Figure 3B-C-D) and the other groups (4th
and 5th groups) where different doses of CLA were applied
with ZA (Figure 3C-D).
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Figure 3. A. A. alveolaris inferior (a) image obtained from Group
2 and whose branches end up blindly to the tooth roots. B. A.
alveolaris inferior (a) image obtained from Group 3 and whose
branches end in the tooth roots blindly. C. A. alveolaris inferior
and blind terminated vessel terminations (arrows) in Group 5.
D. A. alveolaris inferior and blind terminated vessel terminations
(arrows) in Group 4.

DISCUSSION

ZA is the bisphosphonate with the highest potential for
osteonecrosis (10,000 times higher than etidronate) in the
group of amino-bisphosphonates (19). Therefore, it is one
of the most commonly used bisphosphonates in animal
experimental models, which is more frequently associated with
the development of osteonecrosis (20).

The main theories of bisphosphonate-related osteonecrosis
are on the suppression of bone remodeling, leading to reduced
bone repair in trauma cases such as tooth extraction, mediated
by osteoclast damage. It has been reported that one of the
possible factors in the pathogenesis of bisphosphonate-related
osteonecrosis is vascularization disorders resulting from the
antiangiogenic effects of bisphosphonates (11,12,17). In our
study, it is in agreement with the results of other studies in
the literature (17,20). Vascularization was impaired in the
bisphosphonate applied groups in rats.

Based on the study of Kiin-Darbois et al. (17), high doses
of ZA werte used in this study (100 ug / kg per week for 8
weeks). This dose is equivalent to that used in the clinical
treatment of myeloma in humans. (12). It is known that high
dose use and long-term treatment significantly increase the
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chance of developing bisphosphonate-related osteonecrosis
lesions (21). Based on the study of Camacho-Alonso etal. (10),
the intraperitoneal injection method was used in the present
study (16). However, Camacho-Alonso et al. (16) investigated
the bone mineral composition upon fracture resistance based
on energy-dispersive X-ray spectrometry. In the present study,
SEM and corrosion casts technique was used to observe the
effect of CLA on vascularization.

In BRON]J, the mandible is affected twice as often as the
maxilla and is caused by dental surgical procedures in 60% of
cases (7,22). Therefore, in our study, tooth extraction in the
mandible was preferred as a procedure that would lead to the
development of bisphosphonates.

Imaging methods such as Magnetic Resonance Imaging
(MRI) and Micro-Computed Tomography (Micro-CT) have
been used to reveal the changes in the vascularization of the
mandible caused by the use of bisphosphonates (17). The
corrosion casts technique is also used in many organs and
tissues, which is based on creating a copy and analyzing it with
SEM to reveal vascularization in three dimensions (23).

In a study conducted in guinea pigs, vascularization of the
mandible was demonstrated by SEM using the corrosion caste
technique (24). In addition, there are some studies in dentistry
where SEM and corrosion cast techniques are used to analyze
the vascularization of the enamel organ developing in the
molar teeth of rats, the vascularization of the periodontal
ligament and tongue dorsum in rats, and the vascularization
of the submandibular, sublingual and lymph nodes in rats
(25,206). In this study, SEM and corrosion cast techniques were
preferred because of their ease of accessibility and low cost
compared to other imaging methods.

In SEM analysis, vascularization was impaired in all groups
with tooth extractionindependent of ZA using, and this showed
that osteonecrosis may occur in the extraction of healthy teeth
with continued vascularization, independent of the use of ZA.
The fact that bisphosphonate-associated osteonecrosis occurs
only in the jaws and protects the long bones and an axial
skeleton is an important unanswered question. The teeth, oral
mucosa, periodontal tissues, muscles, tongue, salivary glands,
and alveolar bone that make up the orofacial complex must
interact to perform functions such as chewing, speaking, and
swallowing (27). The maxilla and mandible are separated by a
mucosa from the external environment (28) where bacterial
infections such as caries and periodontal disease are common
(29). Altered bone remodeling, inhibition of angiogenesis,
microtrauma, and bacterial infection have been hypothesized
as the cause of vascularization disorder (10). Therefore, in
our study, these theories were evaluated as possible causes
of wvascularization disorder in all tooth extraction groups,
regardless of ZA use.

Samson et al. (15) reported that proteins such as oleic acid,
cholesterol and linoleic acid, VEGE, angiopoietin, angiotensin,
and erythropoietin are natural molecules that constitute the
initial stage of angiogenesis in vascular maturation. In another
study conducted by Samson et al. (30) in chick embryo, it was
reported that new vessel formation accelerated where specific
lipids were increased, including chorioallantoic membrane
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analysis of the chick embryo, oleic acid, cholesterol, linoleic
acid, and doxahexacoic acid-lysophosphatidylcholine.

Omega-6 fatty acid metabolites support angiogenesis by
increasing growth factor expression (31). Based on this, in
our study, we aimed to evaluate the effectiveness of CLA in
order to provide neovascularization in necrosis areas caused by
bisphosphonate. However, neovascularization did not occur in
the groups where CLA was applied, regardless of the dose.

We think that the absence of neovascularization may be
due to some reasons. One of them is that although many
studies were analyzed in the literature regarding the time
required for neovascularization, the 10-week period may not
be sufficient for neovascularization. In the study of Wang et
al. (32), osteochondral vascularity in mandibular rat condyles
was evaluated histologically at the end of the 20th and 24th
weeks according to the age of the rats. However, in the study
of Widyastuti et al. (33), it was reported that fibroblast growth
factor (FGF-2) and VEGF increased and angiogenesis started
on the 7th day following tooth extraction. Luthfi et al. (34)
reported that capillary vascularization occurred in the first
week. Rowe et al. (35) reported that mandibular distraction
osteogenesis was associated with intense vascular response in
the early stages. Another point is that the amount of CLA
doses may not be sufficient to see its effectiveness. Since there
is no literature information about this subject, we believe
that using different dose rates in future studies will guide the
authors in evaluating the efficiency of CLA.

To the best of our knowledge, this study is the first study
in the literature evaluating the efficacy of CLA in eliminating
BRON]. Therefore, we think that the result of this study will
be a guide for future studies, while the absence of previous
studies about this subject, can be shown as a limitation of this
study. In the corrosion casts technique, the inability to control
the steps in the preparation stages of the samples, the high
risk of artifact formation and the sensitivity to user errors
can be considered as the disadvantages of the technique. The
main advantages of this technique compared to other imaging
methods are that it requires less cost, can show a lot of detail
and is easy to access. There are few studies in the literature
evaluating dental pathological vascularization. It has been
observed that this method can also be an alternative method
for imaging pathological vascularization.

CONCLUSION

Neovascularization did not occur in the groups where CLA
was applied, regardless of the dose. Using ZA and CLA for
a longer time, giving different doses, using different imaging
methods, conducting molecular studies with imaging methods,
may be useful for future studies.
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Aragtirma Makalesi

Kedilerde feline coronavirus (FCoV) enfeksiyonunun kalsiyum metabolizmasi
tizerindeki etkisinin aragtirilmasi
Hasan Baris Cengiz!, Halil ibrahim Gékee?

Yagam Veteriner Klinigi, Antalya, TURKIYE
*[¢ Hastaliklari Anabilim Dal, Veteriner Fakiiltesi, Mehmet Akif Ersoy Universitesi, Burdur, TURKIYE

Anahtar Kelimeler: Oz

lf)elﬁ?ll:nilg?eksiyéz peritonitis (FIP) Calismada feline coronavirus (FCoV) ile enfekte kedilerde enfeksiyonun kan kalsiyum seviyesi ve Ca

kedi metabolizmasint dizenleyen parametreler tzerine etkisinin belirlenmesi amaglanmustir. Calismada FIP
porzitif, feline immunodeficiency virts (FIV) ve feline leucoma viriis (FelLV) negatif kuru (n=10) ve yas
form (n=10) kriterlerini tastyan 20 adet FIP li kedi kullanilmistir. Ayrica 10 adet FIP, FIV, Fel.V negatif
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otomatik biyokimya cihazt kullanilarak kalsiyum (Ca), magnezyum (Mg) ve Fosfor (P) dlglimleri yapildt.
Yapilan analizler sonucunda FIP’li kedilerin PTH (p<0,01), PTHtP (p<0,001) ve P (p<0,01) diizeyleri
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group. Serum samples were collected from all the cats and they were used to analyse parathyroid hormone
(PTH), parathyroid hormone-realted protein (PTHrP), calcitonin and vitamin D3 (Vit D3), using feline
specific ELISA test kits. Furthermore, Calcium (Ca), magnesium, (Mg) and phosphorus (P) levels were
also measured in these serum samples. In the sudy, PTH (p<0,01), PTHrP (p<0,001) and P (p<0,01) levels
were significantly higher in cats with FIP than those of control group. Additionally, calcitonin, vitamin D3
and Ca levels were found to be high in cats with FIP compared to those of control cats, but there were no
statistically significance between these groups.
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GIRIS Gunumtuzde Coronavirtslerin mutasyonu sonucu olusan Co-
vid-19’un pangolin veya yarasalarca insanlara bulastirddigin-
dan stiphe edilmekte olup hala tim diinyada pandemi seklinde

devam etmektedir.

Coronavirus, hayvanlarda ve insanlarda hafiften siddetli
hastalik tablosuna kadar degisen ¢ok sayida solunum, gastro-
intestinal ve cesitli sistemik enfeksiyonlara neden olmaktadir
(1-8). Virlisiin mutasyon yetenegi oldukea ytliksek olup zaman
zaman mutasyona ugrayarak son derece bulagict ve 6ldirici

Coronavirusler kedilerde ise solunum ve sindirim sistemi-
ni etkileyen hastaliklara neden olmaktadir. Kedilerde feline

enfeksiyonlara neden olur (9). Hayvanlar tagiyict olabilmekte
ve hem diger hayvanlara hem de mutasyona ugrayan Corona-
virtisleri MERS (Middle East Respiratory Syndrome), SARS
(Severe Acut Respiratory Syndrome) ve coronavirus disea-
se-19 (Covid-19)’da oldugu gibi insanlara bulastirabilmektedir
(1,5,9). 2003 yilinda uzak doguda ortaya ¢ikan 6nemli bir zoo-
noz olan SARS (10) ve 2012 yilinda Suudi Arabistan’da ortaya
ctkan MERS (11) enfeksiyonlart ¢ok sayida insant etkilemistir.
Daha sonra 2019 yili aralik ayinda Cin’in Wuhan kentinde go-
ritlen ciddi akut solunum sendromu coronavirus-2 (Covid-19)
ise milyonlarca insant etkilemis ve 6limine yol agmustir (12,9).

Bu makaleye atifta bulunmak icin/ To cite this article:

enteric coronaviriis (FECoV) genellikle hafif gastroenteritise
neden olurken, FECoV’un mutasyonu sonucu olustugu disi-
niilen feline infeksiyéz peritonitis viriisit (FIPV) ise oldukca
bulasict ve tedavisi olmayan feline infeksiyéz peritonitis’e (FIP)
neden olmaktadir (1,813,14). FIPV tarafindan olusturulan FIP
enfeksiyonlart immun sistemi zayif ¢ok yash veya geng kediler-
de daha sik enfeksiyona neden olmakta olup bu hayvanlarda
yas veya kuru form seklinde bir hastalik tablosu gelismektedir.
Kedilerde yas formda karin veya géglis boslugunda stvi biri-
kimi ile karakterize pleuritis ve peritonitise neden olmaktadir.
Kuru formda ise kedilerde ¢ok sayida organda graniilomat6z

127

CENGIZ HB, GOKCE HI. Kedilerde feline coronavirus (FCoV) enfeksiyonunun kalsiyum metabolizmast tizerindeki etkisinin aragtirilmast. MAE Vet Fak Derg. 2021; 6 (3) :

127-132.



Kedilerde feline coronavirus (FCoV)...

veya piyograniilomatdz olusumlar gérilmektedir (1,8,14,15).

Kalsiyum (Ca) plazmada proteine bagli, iyonize (serbest)
ve organik asitlere baglt olarak bulunur. Kalsiyumun yaklasik
%99’u kemiklerde bulunur ve ihtiya¢ halinde plazmaya serbest
birakilir. Kalsiyumun kanda denge halinde tutulmast bagirsak-
lar, bébrekler ve kemikler tarafindan saglanir ve bu dengeyi
paratiroid hormonu (PTH), 1,25 dihidroksivitamin D3 (Vita-
min D3) ve kalsitonin hormonlari dizenler (16). Hayvanlarda
kan Ca seviyeleri bircok faktrden etkilenmekte olup hastalik
durumlarinda kanda artis veya azalislar olur. Kedilerde hiper-
kalsemi nadir olarak gortilmesine ragmen klinik acidan 6nemli
bir elektrolit bozuklugudur (17,18,19). Hayvanlarda hiper-
kalsemi normalde primer hiperparatiroidizm (PHPT) veya
malignitenin neden oldugu yaygin bir hastaliktir. Vitamin D
intoksikasyonlarinda, sistemik mikoz gibi grantlomat6z has-
taliklarda, akut veya kronik bobrek yetmezliginde, osteomyeli-
tiste, hiperalbuminemide, hipoadrenokortikozimde ve timorle
iligkili durumlarda sekillenmektedir (17,20). Savary ve ark.’nin
kedilerde 2000 yilinda yaptiklart retrospektif bir ¢alismada, hi-
perkalseminin en 6nemli nedenleri arasinda trolitiazis, renal ve
timoral hastaliklarin oldugu belitlenmistir (18). Hiperkalsemi
kedilerde bir¢ok hastalik durumunda ortaya ¢ikmakla birlikte
ozellikle tumotlt kedilerin 1/3’unde tespit edilmis ve diagnos-
tik 6neminin olabilecegi vurgulanmigtir (17). Hipokalseminin
temel nedenleri arasinda ise PTH eksikligi (kalitsal veya edinil-
mis hipoparatiroidizm), D vitamini eksikligi (Diyet yetersizligi
veya malabsorpsiyon, yetersiz glines 15131 ve yetersiz metaboliz-
ma, karaciger ve bobrek hastaligy), artmis kalsiyum kompleksi
(akut pankreatit, timor lizis sendromu) yer almaktadir (16,21).

Paratiroid hormon(PTH), kan kalsiyum(Ca) ve fosfat(PO,”)
diizeyini kontrol altinda tutan bir hormon olup paratiroid be-
zinden salgilanir. Bu hormonun genel eylemi, plazma kalsiyum
dutzeylerini arttirmak ve fosfat diizeylerini dustirmektir. Kanda
Ca duizeyi distugiinde paratiroid bezi tarafindan salgilanir, ke-
miklerden kana Ca verilmesini, D3 vitamini aracilig1 ile bagir-
saklarda Ca emilimini artirir ve bobreklerden Ca geri emilimini
uyartr. PTH bobreklerde 1,25 dihidroksi D vitamini tretimi-
ni artirirken bobreklerden fosfat’n geri emilimini azaltir (22).
Kronik Mg eksikligi PTH salgilanmasint baskilar. Diisiik kal-
sitriol seviyesi PTH sentezini engeller. Yapilan bir ¢alismada
kan kalsiyum seviyesi yliksek olan sarkoidozlu bazt hastalarda
parathyroid hormone-related peptide (PTHtP) tespit edilmis
olup bu protein kan PTH seviyesinden bagimsiz olarak ve
PTH gibi uyarim saglayarak kan Ca seviyesini ylkselttigi ileri
strilmastiir (23).

PTHrPnin ekspresyonu, ilgili dokudan bagimsiz olarak in-
teksiy6z granilomlarin bir 6zelligidir ve PTHrP ekspresyonu-
nun normal grantilomatdz immin yanitin bir parcast oldugu
varsayllmaktadir. Graniilomatdz enfeksiyonlarda yitksek mik-
tarda PTHrP diretiminin hiperkalsemiye neden oldugu ifade
edilmektedir (23,24). PTHrP, hemen hemen tiim dokular tara-
findan diisitk konsantrasyonlarda tiretilmekte olup bunun fiz-
yolojik roli tam olarak anlasitlamamistir. PTHrP Gretimi en sik
meme, akciger (skuamoz), bas ve boyun (skuamoz), bobrek,
mesane, serviks, rahim ve yumurtalik karsinomlarinda gorul-
mektedir. Timo6r dokularinda ektopik 1-alfa hidroksilaz aktivi-
tesi PTH hareketini taklit eden humoral faktorlerin salgilanma-

s1, genellikle paratiroid hormonu ile iliskili peptid’in (PTHrP)
primer timor tarafindan salgilanmasiyla iliskilendirilmektedir
(23,24). PTHrP kanser durumunda kan Ca seviyesini ylikselte-
rek hiperkalsemiye neden olmaktadir (25).

D vitamini bagirsaklardan Ca emilimini, bébreklerden Ca
geri emilimini ve PTH’in kemiklerden Ca mobilizasyonunu
artirmast ile birlikte kan Ca seviyesinin dengede tutulmasi-
na katkida bulunur (26,27). Yapilan calismalarda D vitamini
1,25-dihidroksivitamin D’nin (1,25 (OH) 2D) aktif metabo-
litinin agir1 Uretilmesi sarkoidoz ve diger grantilomatéz hasta-
liklarda tanumlanmustir. 1,25 (OH) 2D’nin dolasimdaki yitksek
konsantrasyonlart muhtemelen artmis kemik rezorpsiyonuna
baglt artmis bagirsak emilimine neden olarak ve hiperkalsemi
ve/veya hiperkalsitiriye neden olmaktadir. 1,25 (OH) 2D’nin
bu anormal tUretimi, sarkoidozda olaganiistii olmayan, ancak
tiberktlozda nadiren gérilen grantlomat6z streglerin genel
bir fenomeni gibi géziikmektedir. Bununla bitlikte, bu anor-
mallikler grantlomatéz streglerde patognomonik olarak ka-
bul edilmemektedit, ¢iinkii lenfoma gibi diger hastaliklarda da
tarif edilmistir (26,27). Langerhans hiicreli grantlomatoziste
hiperkalsemi ile iligkili olarak 1,25-dihidroksi vitamin D artist
gorulmistar (28).

Kalsitonin hormonu kanda Ca seviyesi ytkseldiginde tiro-
id bezinden salgilanir. Temel fonksiyonu ise kemiklere Ca ve
fosfatin baglanmasint artirarak kan Ca seviyesini distirmek ve
ayrica kemiklerin yitkimini engelleyerek kana Ca ve fosfatn sa-
linimint azaltmaktr. Gastrointestinal sistemde Ca emilimi ile
ilgili etkisi yoktur. Bobreklerde Ca ve fosfatin tubuler geri emi-
limini azaltarak klirensi artirict etki gosterir (29).

Yapilan bu calismada, FIP’li kedilerde graniilomatéz lezyon-
larin Ca metabolizmast Uizerine etkileri aragtirilmigtir.

GEREC ve YONTEM
Hayvanlar

Yapilan ¢alismada, kedi sahipleri tarafindan solunum prob-
lemi, nérolojik belirtiler, ishal, kilo kaybi, halsizlik, gégis ve
karin boslugunda efiizyon olusumu gibi sikayetlerle Antalya’da
yer alan Yasam Veteriner Klinigi’ne getirilen kediler kullanil-
mustir.  Kediler klinige getirildiginde rutin klinik muayeneleri
yapilmus, kalp frekansi, solunum saysi, rektal 1s1, solunum tipi,
akciger oskultasyon bulgulari, sinirsel bulgular ve karin veya
gbgls boslugunda sivt birikimi varligr kayit altina alinmustir.
Peritoneal stvinin karakteri rivalta deneyi uygulanarak belirlen-
mistir.

Bu kedilere FCoV antijen ve atikor testleri (Bionote, Kore),
feline leukemia virus (FeLLV) ve feline immunodeficiency virus
(FIV) antikor testleri (Bionote, Kore) 6nerilen prosediitlerine
uygun olarak uygulandi. Calismada sadece belirtilen klinik be-
lirtileri gosteren ve FCoV antijen veya antikor pozitif, farkli
1k, yas ve cinsiyette 20 kedi kullanilmistir. Bunlara ek olarak
uygulanan tim testlerde negatif olan ve klinik olarak saglikli 10
kedi kontrol grubu olarak ¢alisgmaya dahil edilmistir.

Calismada ayrica 6len kedilere nekropsi uygulanarak
makroskopik bulgulari belirlenmistir. Nekropsi sonucunda ka-
rin veya gbgus boslugunda proteinden zengin altin sarist sivi
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bulunan ve Rivalta testi pozitif kediler yas form FIP’li (n=5)
ve norolojik belirti gésteren, FCoV testi sonucu pozitif olan
ve makroskobik pyogranilomatéz olusumlar goriilenlerin ise
(n=10) ise kuru form FIP’li oldugu kabul edilmistir. Bunlara ek
olarak yasamaya devam eden (n=5), solunum glcligii, gogls
veya karin boslugunda siv1 birikimi olan ve rivalta testi pozitif
olan kediler de yas form FIP olarak kabul edilmis ve calismaya
dahil edilmistir. Kuru form ile yas form arasinda analiz edilen
parametrelerde olast farkliliklart ortaya ¢ikarabilmek icin KF
(n=10) ve YF (n=10) FiP’li kedilerden iki grup olusturulmus-
tur.

Laboratuvar Analizleri
Biyokimyasal Analizler

Tium kedilerden antikoagulantsiz kan 6rnekleri 4°C’de 5000
rpm d 20 dk santrifiij edildi ve elde edilen serum 6rnekleri ¢iftli
ornekler halinde kullanilincaya kadar -80 °C’de bekletildi. Daha
sonra toplanan serum Orneklerinde bulunan PTH (Bioassay
Technology Laboratory, Shanghai, CIN), PTHrP (SunRed,
Shanghai, CIN), kalsitonin (Bioassay Technology Laboratory,
Shanghai, CIN) ve Vit D3 (Bioassay Technology Laboratory,
Shanghai, CIN) diizeyleri kedi spesifik ELISA test kitleri kul-
lanilarak tretici firmanin 6nerdigi prosediitlere uygun olarak
belirlendi.

Orneklerin optikal dansiteleri (OD) ELISA okuyucusun-
da (MR-96A, Minray, CIN) 450 nm dalga boyunda okundu.
Standart solisyonlar 2 kat sulandirmalar olacak sekilde 1/128
katsayisina kadar sulandirildi ve elde edilen OD degetleri ile
Excel programinda standart curve grafigi ¢izildi. Bu grafikte
curve fit dogrusu cizilip y ekseni i¢in formil olusturuldu. Her
bir parametre i¢in ayr1 ayr1 elde edilen bu formiiller test edilen
serumlardaki PTH, PTHxP, kalsitonin ve Vit D3 degerlerinin
hesaplanmasinda kullanidi. Ayrica toplanan serum 6rnekle-
rinde kalsiyum (Ca), magnezyum (Mg) ve fosfor (P) dl¢tim-
leri otomatik biyokimya cihazi ile 6l¢iildii (Abbott Architect
Ci8200 Biyokimya cihazi, ABD).

Istatistiksel Analizler

Calismada FIP’li kedilere ait veriler ile saglikli kedilere ait
veriler arasindaki istatistiksel farkliliklar bagimsiz t testi ile
analiz edildi. Ayrica yas form FIP’li kedilerin parametreleri ile
kuru form FIP’li ve kontrol grubundaki kedilerin parametreler
arasindaki farkhiliklar One Way Anova (posthoc Duncan) ile
analiz edildi. Yapilan analizlerde p<0,05 olmasi, karsilastirilan
gruplar arasinda istatistik olarak énemli farkldiklarin bulundu-
gunu gostermektedir. Calismada analizler icin SPSS 21.0 for
Windows® paket programi kullanild.

Bu arastirmada FIP’li kedilerdeki artis veya azalistaki sayi-
sal degisimleri saptamak icin, enfekte kedilerin her verisi icin
ortalama degerine, kontrol grubundaki kedilerin ilgili analizle-
rinden elde edilen ortalamalarin 2 standart sapmasi eklenerek
FIP’li kediler icin kesim noktast (cut-off) belirlendi. Belirlenen
kesim noktalart altinda veya tizerinde olan kedilerin verileri in-
celenen o veri i¢in distik veya ylksek olarak kabul edildi (30-
31).

Cengiz, Gokce

BULGULAR
Biyokimyasal bulgular

Yapilan calismada FIP’li kedilerin PTH (p<0,01), PTHrP
(p<0,001) ve P (p<0,001) seviyeleri sagliklt hayvanlarin verile-
rine gore 6nemli diizeyde yikselmis oldugu belirlendi. Kesim
noktalart dikkate alindiginda FIP’li kedilerin %25’inde PTHrP
diizeylerinde artislar belirlenmistir. PTH, kalsitonin ve D3 vi-
taminindeki artiglari ise sadece birer kedide belitlenmistir. Bu-
nunla birlikte FIP’li kedilerin kalsitonin ve vitamin D3, Ca se-
viyeleri kontrol grubuna gére yitksek olmakla birlikte iki grup
arasinda istatistiksel olarak herhangi bir fark belitlenememistir
(Tablo 1.). Yas ve kuru formda yer alan FIP’li kedilerden elde
edilen verilerde ise bu iki grup arasinda herhangi bir istatistik-
sel fark belitlenememistir (Tablo 2.).

TARTISMA

Bu Feline Infeksiyoz Peritonitis, kedilerde her yasta goriilen
ve coronaviriislerin olusturdugu bir enfeksiyon olup genellikle
geng veya yasl ve immun sistemi baskilanmis kedilerde daha
yaygin gorilmektedir (1,8). Aslhinda viris, saglikli ve enfek-
te iyilesmis kedilerin biiyiik bir béliminde mevcut olup, bu
kediler coronaviriis icin enfeksiyon kaynagi olma roli ustlen-
mektedir (1,8). Coronaviriislerin mutasyona ugramast ile hafif,
kendiliginden iyilesen FECoV enfeksiyonu kedilerde son dere-
ce bulasici ve 6ldiiriicii FIP enfeksiyonuna doniisebilmektedir
(1,8,13). Bununla birlikte FECoV ile FIPV’nun ayriminin ya-
pilmasindaki giiclitk nedeniyle FIP’in teshisi son derece giigtiir.
Ayrica FIP enfeksiyonu, tedavisinin ¢ok gii¢ olmast ve astla-
malarin yeterince koruma saglayamamasi nedeniyle kediler icin
hala 6nemli bir 6lim nedeni ve ¢oziilmesi gereken bir prob-
lemdir (1,13,14). Dolayst ile FIP ile ilgili olarak teshis, tedavi ve
patogeneze yonelik ¢alismalara ihtiyag duyulmaktadir.

FIP enfeksiyonu pleuritis veya peritonitisin gelistigi yas/
slak form veya grantlomatoz/piyogranilomatoz lezyonlatin
gelistigi kuru form olarak meydana gelmektedir. (1,8).

Bir¢ok hastalik durumunda kalsiyum (Ca) metabolizmasi-
nin etkilendigi ve hastaliklara bagl olarak kan Ca diizeylerinin
arttigl veya distigl belirlenmistir. Hiperkalseminin en yaygin
nedenleri hiperparatiroidizm ve malignitedir ki bu iki durumun
olgularin yaklasitk %90’tndan sorumlu oldugu bildirilmektedir
(32). Yapilan ¢alismalarda 6zellikle tiimoral veya grantilomatéz
olusumlarda, kanser olgularinda kan Ca seviyesinin 6nemli di-
zeyde arttig1 ve bu artisin diagnostik 6neminin oldugu vurgu-
lanmaktadir (23,24,27,33,34). Bilindigi gibi FIP’in kuru formu
karaciger, bobrek ve diger bircok organda granilomatdz veya
pyogranilamatéz lezyonlara neden olmakta (1,8) ve bu lezyon-
larin kan Ca seviyesini etkileyip etkilemedigi ise bilinmemekte-
dir. Yapilan bu arastirmada ise FIP’li kedilerin Ca seviyesi yiik-
sek olmakla birlikte bu artis kontrol grubuna gore istatistiksel
olarak anlamli bulunmamistir. Bunun nedeni ise muhtemelen
hastalik stire¢ ve siddetine baglt olarak bazi hayvanlarda artis
belirlenirken bazi hayvanlarda ise Ca degerlerinin normal sinir-
larda saptanmis olmasidir. Ayrica kuru formda granilomatoz
veya pyograniilomatoz lezyonlarin gorildiigii FIP olgularinda
Ca artisinin olup olmadig: aragtirtlmus ve yas formdaki kediler
ile kuru formdaki kedilerin Ca seviyeleri arasinda istatistiksel
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Tablo 1. FIP pozitif ve saglikli kedilerin kalsiyum metabolizmast bulgular1 (Ortalama + standard sapma).
Table 1. Findings of calcium metabolism in control and FIP positive cats.

Parametre Kontrol (n=10) FIP (n=20) En diisiik-En yitksek  p degerii
PTH (ng/L) 21.35+5.77 27.10%£5.39 14.27-32.84 0.01
PTH:P (pg/ml) 110.531+32.31 159.89+33.35 110.49-203.29 0.001
Kalsitonin(ng/L) 179.47+46.58 203.321+34.26 142.63-297.29 0.173
Vit. D3 (ng/L) 36.32115.57 47.84+13.006 27.27-72.53 0.062

Ca (mg/dl) 9.60£0.45 9.94+0.98 9.1-12.1 0.199
Mg (mg/dl) 2.384+0.17 2.251+0.24 1.83-2.78 0.121

P (mg/dl) 4.531+0.54 5.28%0.78 3.9-6.9 0.001

PTH: Paratriod hormon, PTHrP: Paratriod hormon benzeri protein, Vit D3: 1.25-dihidroksi vitamin D3, Ca: kalsiyum,

Mg: magnezyum, P: fosfor.

Tablo 2. Saglikli, yas ve kuru form FIP’li kedilerin kalsiyum metabolizmast bulgulart.
Table 2. Findings of calcium metabolism in control and FIP positive cats.

Parametre Kontrol (n=10) Kuru Form (n=10) Yas form (n=10)
PTH (ng/L) 21.35%£5.77* 26.86+4.24° 27.34+6.58"
PTH<P (pg/ml) 110.53+32.31* 163.1£19.06° 156.68+27.27"
Kalsitonin (ng/L) 179.47+46.58* 210.95+37.42* 195.68+30.80*
D3 (ng/L) 36.32£15.57* 49.90+10.44° 45.79+15.54*
Ca (mg/dl) 9.60+0.45* 10.24+1.12* 9.59+0.76*

Mg (mg/dl) 2.38+0.17* 2.26+0.32* 2.25+0.18*

P (mg/dl) 4.53%0.54* 5.13£0.50* 5.44%+1.00°

PTH: Paratiroid hormon, PTHtP: Paratiroid hormon benzeri protein, Vit D3: 1.25-dihidroksi vitamin D3, Ca: kalsiyum,

Mg: magnezyum, P: fosfor.

Gruplar arasindaki istatistiksel anlam derecesi harflerle belirtilmistir. Ayni satirda farkli harf bulunmasi gruplar arasinda

istatistiksel olarak fark oldugunu (p<<0,05) gdstermektedir.

olarak bir fark bulunmamistir.

Yapilan calismalarda grantilomatéz enfeksiyonlarda yiiksek
miktarda PTHtP tretiminin hiperkalsemiye neden oldugu ifa-
de edilmektedir (23,24). Yapilan bir calismada ise kan kalsiyum
seviyesi yiiksek olan sarkoidozlu bazi hastalarda PTHtP tespit
edilmis olup bu proteinin kan PTH seviyesinden bagimsiz ola-
rak ve PTH gibi uyarim saglayarak kan Ca seviyesini yiikselttigi
ileri strtilmistir (23). Yaptigimiz bu arastirmada ise FIP’li ke-
dilerin PTH (p<0,01) ve PTHrP seviyelerinin sagliklt kedilerin
verilerine gore 6nemli diizeyde artmis oldugu belirlendi. FIP’li
kedilerde PTH ve PTHrP (p<0,01) dtizeyleri kontrol grubuna
gore yiksek olmakla birlikte bu artislarin FIP’li kedilerin Ca
seviyelerinde istatistiksel dlizeyde artiglara neden olmadigi be-
lirlenmistir. Bununla birlikte FIP’li kedilerin tamaminda PTH
ve PTHrP dizeylerinde artislar saptanamamis olup bunda en-
feksiyonun siddeti ve stirecinin etkili oldugu dustintilmektedir.

Yapilan c¢alismalarda D vitamini 1,25-dihidroksivitamin
D’nin aktif metabolitinin agir1 tGretilmesi sarkoidoz ve diger
graniilomatoz hastaliklarda tanimlanmistir. Kalsitonin hormo-
nu kanda Ca seviyesi ylkseldiginde tiroid bezinden salglanir
(29). Yapilan mevcut galismada FIP’li kedilerin kalsitonin ve
D3 vitamini diizeyleri kontrol grubunda yer alan saglikli kedi-
lerin degerlerine yakin bulunmus ve istatistiksel bir farklilik be-

lirlenememistir. Bu sonuclar ayni zamanda FIP’li kedilerde Ca
seviyesinin 6nemli diizeyde degismedigini de desteklemektedir.

Kemik kanseri, osteoporozis, bébrek hastaliklari, tiroid has-
taliklart ve P’un diyetle asirt alinmast sonucunda hiperfosfo-
temi sekillenebilecegi ifade edilmektedir (35). Fosfor seviyesi
PTH ve D vitamini tarafindan kontrol edilir ve kandaki seviye-
si diyetle alinan, bagirsaklardan emilen ve bébreklerden atilan
miktarina bagl olarak degisir. Kronik bébrek yetmezliklerinde
kandaki fosfor seviyesi yiikselir (35). FIP’li kedilerde yapilan
calismalarda bobreklerde glomerular filtrasyonun bozuldugu
rapor edilmistir (1,8). Ayrica bu parametrelerde hayvanlarin
bir kisminda yiikselis olmasi FIP’li kedilerde ortalamay1 dii-
surmekte ve istatistiksel olarak farkliligin olusmamasina neden
olmaktadir. Dolaysi ile FIP’li kedilerdeki P diizeyindeki artis
daha 6nceki ¢alismalarda rapor edilmis olan glomerular filtras-
yonun bozulmasindan kaynaklanmis olabilir (1,8).

SONUC

Sonug olarak, Sonug olarak; FIP’li kedilerde PTH, PTHrP
ve P diizeyleri kontrol gurubuna gére yiiksek bulunurken Ca,
Mg, kalsitonin ve D3 vitamini diizeyleri ise kontrol grubuna
benzer bulunmustur. Bu parametreler dikkate alindiginda yas
form ile kuru form FIP’li kediler arasinda istatistiksel olarak bir
fark bulunamamustir. Dolayst FIP’li kedilerde kan Ca seviyesi
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grantilomatéz olusumlardan etkilenmedigini ifade edebiliriz.
FiP’li kedilerde, PTH ve PTHrP diizeyindeki artisa ragmen kan
Ca seviyesi 6nemli diizeyde artmamis olup Ca’un diagnostik
amaclt kullanimt sturhidir. Bununla birlikte, Ca seviyeleri ve
Ca metabolizmast ile ilgili ¢alismalarin daha ¢ok sayida FiP’li
kedide yapilarak elde edilen sonuclarin desteklenmesi yararls
olacaktir.
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oz

Bu calisma ile feline calicivirus (FCV) ile enfekte kedilerde hticresel immiin yanitin, oksidatif stresin ve
yangisal siirecin belirlenmesi amaglanmugtir. Calismada FCV ile enfekte 20 adet kedi ve 10 adet klinik olarak
sagliklt olmak tizere toplam 30 kedi kullanddmugtir. Calismada tiim kedilerden toplanan serum 6rneklerinde
kedi spesifik ELISA test kitleri kullanilarak adenozin deaminaz 1 (ADA-1), paraoksonaz 1 (PON-1),
C-reaktif protein (CRP) ve serum amiloid A (SAA) diizeyleri belitlenmistir. Sonu¢ olarak, FCV ile enfekte
kedilerin serum ADA-1, SAA ve CRP diizeyleri kontrol grubununkilerden istatistiksel olarak 6nemli diizeyde
ylksek bulunmustur. Ayrica enfekte kedilerin PON-1 diizeyleri ise kontrol grubundan 6nemli diizeyde disiik
oldugu belitlenmistir (p<<0,001). Yapilan bu ¢alismada, ADA-1 ile PON-1 arasinda yiiksek diizeyde anlamli
negatif korelasyon (r=-0,73; p<0,001) saptanirken diger parametreler arasinda ise orta diizeyde korelasyonlar
belirlenmistir. Sonug olarak, elde edilen veriler FCV ile enfekte kedilerde ADA-1 diizeyindeki artis aktive
olmus hiicresel yaniti, PON-1 diizeyindeki diistis oksidatif stresin gelistigini géstermektedir. Ayrica SAA ve
CRP duzeylerindeki artiglar ise bu kedilerde akut faz yanitin gelistigini ortaya koymaktadir. Bu calisma, FCV
ile enfekte kedilerde ADA-1’in hiicresel immiin yanitin durumunun belitflenmesinde, PON-1’in oksidatif
stresin belirlenmesinde yararlt biyomarkirlar olabilir. Bunlara ek olarak SAA ve CRP’nin gelisen yangiya bagli
akut faz yanitin belitlenmesinde kullanilabilir.

Investigations of adenosine deaminase 1, paraoxonase 1, C-reactive protein and serum amyloid A
levels in cats infected with calicivirus

ABSTRACT

The aims of this study were determination of cellular immune responses, oxidative stress, and inflammatory
responses in cats infected with FCV. In the study, 20 cats infected with FCV and 10 clinically healthy
cats were used. In the study, adenosine deaminase 1 (ADA-1), paraoxonase 1 (PON-1), C reactive protein
(CRP) and serum amyloid A (SAA) levels were determined in collected serum samples of all the cats,
using cat-specific ELISA test kits. In the present study, serum concentrations of ADA-1, SAA and CRP
were significantly higher than those of control group (p< 0,001). Wheras PON-1 concentrations were
found to be significantly low compared to that of control group. Furthermore, high negative correlations
were obtained between ADA-1 and PON-1 (1=-0,73; p<0,001), while modarete correlations were obtained
between other parameters. In this study, elevated serum ADA-1 levels indicate activated cellular immune
responses and decreased PON-1 levels indicate oxidative stress. Furthermore, increased SAA and CRP
levels determine the development of acute phase responses in cats infected with FCV. In conclusion, ADA-
1 and PON-1 can be useful biomarkers for detecting activated cellular immune responses and oxidative
stress in cats infected with FCV, respectively. Furthermore, SAA and CRP can be used to detect acute phase
responses in infected cats with FCV.

GIRIS

Calicivirus yogun olarak yavru ve geng kedilerde hafif veya

miin sistemi baskilanmus, stres altinda yasayan, iyi besleneme-
yen, kalabalik ve hijyenik olmayan ortamlarda barindirilan yav-
ru ve geng kediler risk altindadir (2). Hastaligt atlatan kediler

orta siddette ust solunum yolu enfeksiyonlarina neden ol-
maktadir (1,2). Daha ender olmakla birlikte kedilerde yiiksek
derecede virulent sistemik feline calicivirus (VS-FCV) suslart
ile cok siddetli ve 6ldiirtict sistemik enfeksiyonlarda gelise-
bilmektedir. (3,4). Yapilan calismalarda kedilerin tst solunum
yolu enfeksiyonlarinin %801 felin calicivirus virus (FCV) ve
Feline Herpes Virus-1 (FHV-1) veya ikisi tarafindan olustu-
ruldugu saptanmugtir. Bununla birlikte agizda stomatitis, tlser
ve gingivitisle seyreden olgularin biyik bir cogunlugunun ise
FCV tarafindan olusturuldugu anlasilmstir (1,5). Ozellikle im-

Bu makaleye atifta bulunmak icin/ To cite this article:

ya araliklarla ya da tagtyict olarak émiir boyu virus sagmaktadir
(6,7). FCV yiiksek derecede genetik ve antijenik ¢esitlilige sa-
hip odugundan virusun ¢ok sayida biyotipi mevcuttur. Ayrica
FCV yiiksek dizeyde ve hizli mutasyon yetenegine sahiptir (8).
Bu 6zelliklerinden dolay1 kedilerde asilar farkli biyotiplere karst
yeterli korunma saglayamamaktadir (9).

Adenozin deaminaz-1 (ADA-1) yogun olarak lenfositlerde
ve monositlerden tretilir ve 6zellikle hiicresel immiin yanitin
bir gostergesidir. ADA lenfositlerin bagkalasimi, cogalmasi ve
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olgunlasmast icin son derece 6nemlidir (10-12). ADA yogun
olarak T lenfositlerde bulundugundan siddetli hastalik tablo-
larinda ADA-1 artist T lenfosit aktivasyonunun veya hiicresel
immin yanitin bir markirt olarak kabul edilir (11,13). ADA ye-
tersizliginde ise hem B hem de T lenfositlerin sayilart diser
ve fonksiyonlart aksar. Bu nedenle ADA yetersizligi immiin
yetmezlikle sonuglanir ve buna bagl organizmada oportunistik
fungal, bakteriyel ve viral enfeksiyonlar daha kolay gelisir (13).

Paraoksonase yogun olarak karacigerden, daha az oranda da
diger dokulardan sentezlenen bir enzim olup hem antioksidan
bir madde hem de bir negatif akut faz proteindir. Oksidatif
stresin belirlenmesinde antioksidan olarak ve yanginin belir-
lenmesinde de negatif akut faz protein olarak kullanilmaktadir

(14-18).

C-reaktif protein (CRP) ve serum amyloid A (SAA) pozitif
akut faz proteinler (AFP) olup akut faz yanita (AFY) bir cevap
olarak karacigerden tretilirler. Kandaki konsantrasyonlari yan-
gtya sebeb olan enfeksiyon, travma cerrahi miidahale ve hatta
stress durumlarinda hizla artar. Bu akut faz proteinleri yanginin
tanisinda, siddetinin belirlenmesinde, bakteriyel ve viral hasta-
liklarin ayriminda ve tedavinin takibinde kullanilmaktadir (19-
21)

Bu gline kadar calicivirus ile enfekte kedilerde hastaligin pa-
togenezini aydinlatacak oksidatif stres parametresi olan PON-1
ve hiicresel immiin yanitin durumunu gosteren ADA-1 ile ilgili
herhangi bir ¢alismaya rastlanmamistir. Bu ¢alismada ise calici-
virus ile dogal enfekte kedilerde hem ADA-1 hem de PON-1
Olctlerek bu enzimlerin diagnostik 6nemi ortaya konulmus ve
bunlarin hastaligin patogenezindeki rolt arastirilmigtir. Ayrica
calismada dogal enfekte kedilerde CRP ve SAA gibi akut faz
proteinleri de belirlenerek akut faz yanitin durumu ve bunlarin
diagnostik 6nemleri degerlendirilmistir.

GEREC ve YONTEM

Hayvan Materyali

Burdur Mehmet Akif Ersoy Universitesi Veteriner Fakiiltesi
I¢ Hastaliklar Kiigiik Hayvan Klinigi’ne ve Antalya merkezde
bulunan serbest veteriner kliniklerine getirilen sahipli kediler
sahiplerinden onam formu imzalatilarak ¢alismaya dahil edil-
mistir. Klinik olarak calicivirus enfeksiyon stiphesi gésteren ve
ates, hapsirik, burun ve gbz akintist, konjunktivitis, oral stoma-
titis ve tlserler, kronik gingivitis, dilde tlserasyon gibi belirtiler
gbsteren kediler ¢alismaya dahil edilmistir (1,2,5). FCV stiphesi
tastyan kedilerden lezyonun oldugu bélgeye 6ncelik verilmek
sartt ile ag1z ve burundan svaplar alindi ve teshis sansint artir-
mak i¢in bu sivaplar birlestirildi (2,22). Bu 6rnekler prosedtir-
lerine uygun olarak kedi spesifik antijen hizli test kitleri ile FCV
(Genbody, Chungcheongnam-do, KORE) ve felin herpesvi-
rus-1 (FHV-1) (Asan Pharm. Co. Itd., Seoul, KORE) icin test
edildi. Testler sonucunda FHV-1 pozitif olanlar ¢calisgmadan ¢1-
karilarak sadece FCV yoniinden pozitif olan 20 kedi ¢alismaya
dahil edildi. Ayrica 10 adet klinik olarak saglikli ve testlerde
FCV ve FHV-1 yoniinden negatif olan kediler calismaya kont-
rol grubu olarak eklendi. 21 glin i¢inde FCV ile agilanmis ve 8
haftaliktan kiictik kediler yanlis pozitiflige neden olacag: icin
calismaya dahil edilmemistir (6,22).

Laboratuvar Analizleri

Belirtilen klinik belirtilere sahip FCV ile enfekte stiphesi olan
ve saglikli kedilerin kan érnekleri klinikte jelli pihti aktivatorli
tiplere alinarak elde edilen serum 6rnekleri PON-1, ADA-1,
CRP ve SAA 6lgumleri yapilincaya kadar -80°C’de sakland:.

Serum 6rneklerinde CRP (SunRed Shangai, CiN), PON-1
(SunRed, Shangai, CIN), ADA-1 (SunRed, Shangai, CIN) ve
SAA (SunRed, Shangai, CIN) diizeyleri kedi spesifik ELISA
test kitleri ile Gretici firmanin 6nerdigi prosediire uygun ola-
rak 6lctildi. Olusan optik dansiteler (OD) ELISA mikroplaka
okuyucu ile 450nm dalga boyunda okundu (MR-96A, Minray,
China). Her bir parametre icin standart stok soliisyonlart her
defasinda 2 katt olacak sekilde 1/256 sulandirma katsayisina
kadar sulandirdarak OD degerleri ELISA okuyucuda okundu.
Elde edilen OD degerleri ile regresyon analizi yapdarak stan-
dart egri grafigi olusturuldu ve buradan elde edilen formiil-
lerle her bir parametrenin serum konsantrasyonlart hesaplan-
di. Testlerin duyarlilig: testin prosediiriinde sirast ile ADA-1,
PON-1, SAA ve CRP i¢in 0.075ng/ml, 1,682ng/ml, 2,174ng/
ml ve 0.12mg/L olarak verilmistir.

Lstatistiksel Analiz

Kolmogorov Smirnov testi verilerin normal dagilim géste-
rip g6stermediginin belirlenmesinde kullanildi ve normal dagi-
lim gosterdigi saptanan parametrelerden calicivirus ile enfekte
kedilere ait parametreler ile kontrol grubuna ait parametreler
arasindaki istatistiksel fakliliklar bagimsiz t test ile analiz edildi.
Ayrica calicivirus ile enfekte kedilerden elde edilen veriler ara-
sindaki korelasyon Pearson’s correlation coefficient (r) analizi
ile belitlendi. Calismada biitiin parametreler ortalama ve stan-
dart sapma (Ort+SD) olarak verildi. Istatistiksel analizlerde an-
lam derecesi p<0,05 olarak kabul edildi. Tstatistiksel analizlerin
gerceklestirilmesinde SPSS 21.0 for Windows® paket progra-
mt kullanildi.

Sekil 1. Calicivirus pozitif Sekil 2. Calicivirus pozitif bir
bir kedide dilde ve farenkste kedide dilde ve farenkste tilseratif
tlseratif lezyonlar. lezyonlar.

Figure 1. Ulcerative tongue Figure 2. Ulcerative lesions
lesions of a calicivirus-positive  of the tongue and pharynx in

cat calicivirus-positive cat.

BULGULAR
Klinik Bulgular

FCV porzitif olan kedilerde durgunluk, istahsizlik, g6z ve
burun akintisi, oral gingivitis ve stomatitis ile bitlikte ag1z mu-
kozasi ve 6zellikle dilde yaygin tilseratif lezyonlar belirlenmistir
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(Sekil 1, Sekil 2).
Biyobelirteclerin Analig Sonuglar:

Calicivirus ile enfekte kedilerin serum ADA-1 (p<0,001),
SAA (p<0,001) ve CRP (p<0,001) dizeylerinin kontrol gru-
bunda bulunan kedilerden istatistiksel olarak anlamli diizeyde
yuksek oldugu belirlenmistir. Buna karsin calicivirus ile enfekte
kedilerin serum PON-1 (p<0,001) diizeylerinin ise saglikli ke-
dilere g6re anlaml diizeyde distik oldugu saptanmustir (Tablo
1). Yapilan Pearson korrelasyon analizlerinde ADA-1 ile SAA
(+=0,60, p<0,01) arasinda, ADA-1 ile CRP (+=0,57, p<0,05)
arasinda ve SAA ile CRP arasinda (1=0,57,p<0,05) orta diizey-
de anlaml pozitif korrelasyonlar belirlenmistir. Ayrica PON-1
ile ADA-1 (r=-0,73, p<0,001) arasinda yitksek diizeyde anlam-
i negatif korrelasyon saptanirken, PON-1 ile SAA (r=-0,52,
p<0,05) ve CRP (r=-0,50, p<0,05) arasinda ise orta diizeyde
negatif korrelasyonlar belirlenmistir (Tablo 2).

Sarikaya, Gokce

maktadir (9). Enfeksiyonu atlatan ve hatta klinik olarak saglikls
goriinen kedilerin bir¢ogu tastyict olmakta ve kalabalik halde
tutulan kediler arasinda enfeksiyonun yayilmasinda biyiik rol
oynamaktadir. (6,7). Calicivirus enfeksiyonlart herpesvirus en-
feksiyonlar1 ile birlikte 6zellikle ¢ok sayida kedinin bir arada
tutuldugu barinak, yetistirme alanlari ve petshoplarda 6nemli
bir problem olarak hala 6nemini korumaktadir (6,7).

Adenozin deaminaz yogun olarak lenfositlerde bulunmakta
olup immiinolojik sistemin olgunlasmasi ve 6zellikle lenfosit-
lerin ¢ogalma ve degisimlerinde rol oynayan 6nemli bir enzim-
dir (10,11). ADA yogun olarak T lenfositlerde bulundugundan
siddetli hastalik tablolarinda ADA-1 artist T lenfosit aktivas-
yonunun veya hticresel immiin yanitin bir markiri olarak kabul
edilir (12,23,24). ADA yetersizliginde ise hem B hem de T len-
fositlerin sayilart diser ve fonksiyonlari aksar.

Tablo 1. Serum adenozin deaminaz-1 (ADA-1), paraoksonaz-1 (PON-1), C reaktif protein (CRP) ve serum Amiloid A

(SAA) degetleri (Ortalama * Standart sapma).

Table 1. Serum concentrations of adenosin deaminase-1 (ADA-1), paraoxonase-1, C reactive protein (CRP) and

serum amyloid A (SAA).

Parametre Kontrol (n=10) Enfekte En disiik-En yiiksek p degeri
(Enfekte)
(n=20)
ADA-1 (ng/ml) 2,50£0,04 3,62%0,15 3,34-3,93 0,001
PON-1 (ng/ml) 6,72£1,65 3,54%0,84 2,04-5,42 0,001
SAA (ng/ml) 9,71+3,14 17,23+4,55 10,78-29,1 0,001
CRP mg/L 2,97%£0,49 4,41%0,63 3,78-5,94 0,001

ADA-1: Adenozin deaminaz 1; PON-1: Paraoksonaz; SAA:

Serum Amiloid A; CRP: C reaktif protein.

Tablo 2. Calicivirus ile enfekte kedilerden (n=20) elde edilen parametreler arasindaki korelasyon (r) degerleri.
Table 2. Correlations (r) between the parameters of cats infected with calicivirus.

Parameters ADA-1 PON-1 SAA CRP (mg/L)
ADA-1 (ng/ml) 1 -0, 7 3%k 0,6%* 0,57*
PON-1 (ng/ml) 1 -0,52% -0,50%

SAA (ng/ml) 1 0,57*

ADA-1: Adenozin deaminaz 1, PON-1: Paraoksonaz, SAA;

Serum amyloid A, CRP: C reaktif protein, Parametreler

arasindaki korelasyonun anlam derecesi sembollerle belirtilmistir.

% p<0,05, *:p<0,01, ***: p<0,001.

TARTISMA

Kedilerde genellikle Gst solunum yolu enfeksiyonlarina ne-
den olan FCV daha ¢ok kalabalik halde barindirilan geng ve
yavru kedileri etkilemektedir (1,2). Bununla bitlikte daha ender
goriilen ancak ¢cok daha Slduriicti seyreden sistemik FCV en-
teksiyonlarida belirlenmistir (3,4). Kedilerde bu virusun ¢ok sa-
yida biyotipi mevcut oldugundan kedilerde bir veya birden faz-
la farkli biyotipler tarafindan enfeksiyon olusturulabilmektedir
(4,8). Uretilen astlarin birkac susu icermesi ve suslar arasinda
korunmanin yeterli olmamasi nedeniyle astlamalar yetersiz kal-

Bu nedenle ADA vyetersizligi immin yetmezlikle sonuclanir
ve buna bagl organizmada oportunistik fungal, bakteriyel ve
viral enfeksiyonlar daha kolay gelisir (11,13). Kanda seviyesi-
nin ylkselmesi hiicresel immiinitenin aktive olduguna azalmasi
ise immun yetmezlige bir isaret olarak kabul edilmektedir (10-
13). Yapilan galismalarda bircok hastalikta ADA-1 seviyesinin
yukseldigi ve bunun diagnostik 6nemi oldugu rapor edilmistir.
Bu calismalarda ADA-1 seviyesindeki artisin hem insanlarda
hem de hayvanlarda T-lenfosit aktivasyonunu ve yangty1 goste-
ren 6nemli bir markir oldugu ortaya konulmustur (23,25-27).
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Tuberkilozlu insanlarda yapilan ¢alismalarda ADA-1 seviyesi
oldukga ytksek bulunmus ve ADA-1 tiiberkillozun teshisinde
O6nemli bir markir olarak Gnerilmistir (24). Yapilan bagka bir
calismada ise serum ADA-1 seviyesi ile karacigerde hiicresel y1-
kimlanma arasinda pozitif bir korelasyon belirlenmis ve ADA-
1’in karaciger hasarinin belirlenmesinde yararli bir markir oldu-
gu ileri sirtlmistir (25). Kedilerde yapilan ¢alismalarda serum
ADA seviyesinin FIV enfeksiyonunda ve feline infeksiyoz
peritonitiste (FIP) 6nemli diizeyde arttigt ortaya konulmustur.
Bu artslar T-lenfosit veya hiicresel imminite aktivasyonuna ve
gelisen yangtya baglanmustir (26). Ayrica yapilan calismalarda
serum ADA-1 ile CRP diizeyleri arasinda anlamli korelasyon-
lar belirlenmistir (28,29). Yapilan mevcut bu calismada FCV
ile enfekte ve agizlarinda ve 6zellikle dillerinde lezyon bulunan
kedilerde serum ADA-1 diizeyleri saglikli kedilerinkine gore
istatistiksel olarak anlamli dizeyde yiksek oldugu belitlen-
mistir (p<0,001). Bu yiikselis yapilan bircok c¢alismada orta-
ya konuldugu gibi FCV ile enfekte kedilerde yangisal siirecin
gelistigini ve T-lenfosit spesifik hiicresel immiin yanitin aktive
oldugunu gostermektedir (10,12,13,25-27). Ayrica yapilan bu
calismada FCV ile enfekte kedilerin serum ADA-1 seviyeleri
ile SAA (=0, 6; p<0,01) ve CRP (+=0,57; p<0,05) arasinda
orta diizeyde pozitif korelasyon PON-1 (r=-0,73; p<0,001) ile
ise yiiksek diizeyde anlamli negatif korelasyonlar belirlenmistir.
Belirlenen korelasyonlar dikkate alindiginda 6zellikle ADA-1
ile PON-1 arasinda belirlenen yiksek diizeyde anlamli negatif
korelasyonun bu parametrelerin FCV ile enfekte kedilerde ge-
lisen yanginin ve aktive hiicresel immiinitenin belirlenmesinde
vararlt olacagt ortaya ¢ikmaktadir.

Paraoksonaz multifonksiyonel bir enzim olup oksidatif y1-
kimlanma ve lipid peroksidasyonuna karst koruyucu, reaktif
molekillerin detoksifikasyonu, ilaclarin biyoaktivasyonu, stre-
sin modilasyonu ve hiicrelerin ¢ogalmast ve apoptozisinin re-
giile edilmesinde rol oynar. PON-1 enzim aktivitesi oksidatif
stres sartlar tarafindan regiile edilir. PON-1’in ayni zamanda
high dansity lipoprotein (HDL)’nin antioksidatif ve antiinfla-
matorik Ozelliklerini regiile ettigi belirtilmektedir (14,16,18).
PON-T’in en énemli 6zelligi antioksidan bir enzim olmast ve
lipid peroksitleri ve hidrojen peroksitleri hidrolize ederek HDL
ve low dansity lipoprotein (LDL)’yi oksidasyondan koruma-
sidir (14,16). Yapilan calismalar PON-1’in sadece antioksidan
olmadig1 ayni zamanda antienflamatuar etkiye sahip oldugu ve
karacigerden sentezlenen 6nemli bir negatif akut faz protein
oldugunu da ortaya koymustur (14,30,31). Yapilan ¢calismalarda
bir¢ok hastalikta Serum PON-1 seviyesinin yangt ve oksida-
tif strese bagl olarak distigi ortaya konulmustur (17,30-32).
Feline infectious peritonitis (FIP)’li kedilerde yapilan calisma-
larda enfekte kedilerde PON-1 diizeyinin saglikli kedilerden
anlaml dizeyde disiik oldugu saptanmustir. Yapilan bu calis-
malarda PON-1’in FIP’li kedilerin FIP’li olmayanlarin ayrimin-
da bir biyomarkir olarak kullanilabilecegi ileri strilmis olup
PON-1deki distis gelisen oksidatif stres ve akut faz yanita
baglanmustir (17). Ayrica yapilan ¢aligmalarda PON-1 duzeyi
ile CRP arasinda anlamli negatif korelasyonlar belitlenmis olup
PON-1 ve CRP arasindaki korelasyonun sepsisin ve tedavinin
takibinde yararli markirlar olacagi ileri strtlmistir (30,33).
Sonug olarak yapian galismalarda PON-1’in akut faz yanitin
belirlenmesinde negatif APP olarak ve antioksidan olarak ok-
sidatif stresin belirlenmesinde bir diagnostik biyomarkir olarak

kullanilabilecegi rapor edilmistir (14,15,17,31,32). Yaptgimiz
bu calismamizda elde ettigimiz veriler FCV ile enfekte kedi-
lerin serum PON-1 diizeylerinin saglikli kedilerden istatistik-
sel olarak anlaml diizeyde diisiik oldugunu ortaya koymustur
(p<0,001). Ayrica calismada FCV ile enfekte kedilerin serum
PON-1 diizeyi ile ADA-1 arasinda (r=-0,73; p<0,001) yiiksek
dizeyde, PON-1 ile SAA (r=-0,52; p<0,05) ve CRP (+=-0,5;
p<0,05) arasinda ise orta diizeyde negatif korelasyon belirlen-
mistit. Calismada FCV ile enfekte kedilerde belitlenen PON-1
diizeyindeki diisiis enfekte kedilerde oksidatif stresin gelistigi-
ni ve ayrica akut faz yanita baglt olarak negatit akut faz protein
(APP) olan PON-1 sentezinin dustiigiini ortaya koymaktadir.
Ayrica yapilan korrelasyon analizleri 6zellikle ADA-1 ve PON-
P’in FCV ile enfekte kedilerde yangisal stirecin ve oksidatif
stresin belirlenmesinde yararli biyomarkirlar olabilecegini or-
taya koymaktadir.

CRP ve SAA yangt sirasinda gelisen AFY cevap olarak
karacigerden sentezlenen pozitif AFP’lerdendir. Saglikli hay-
vanlarda oldukca dustik dizeyde bulunurken yangi sirasinda
kandaki konsantrasyonlari hizla yitkselmektedir. Ancak akut
faz proteinlerin diagnostik 6nemi hayvan tiitlerine gore degis-
mekte olup kediler icin CRP orta diizeyde, SAA ise yiiksek du-
zeyde diagnostik 6neme sahiptir (20,21). Yapilan ¢aligmalarda
bu akut faz proteinlerin yangtya bagl olarak bircok hastalikta
yukseldigi ortaya konulmustur (19,34). Aynt zamanda CRP’nin
bakteriyel enfeksiyonlatin viral enfeksiyonlardan ayriminda da
kullanilabildigini ortaya koymaktadir (19). Ayrica yapilan ca-
lismalar CRP’nin sadece yanginin akut markirt olmadigi ayni
zamanda 6nemli bir yangt diizenleyici protein oldugunu gos-
termistir. Dolayist ile CRP enfeksiyonlarda konake¢t savunma
sistemi icin kilit rol oynayan bir proteindir (21). Yapilan ¢alis-
malarda hastalik sirasinda serum CRP ve SAA artist ile hasta-
ligin ciddiyeti ve tedaviye cevabt arasinda mitkemmel bir kore-
lasyonu oldugu belitlenmistir (35). Bu nedenle SAA ve CRP
yangisal olaylarin siddetinin belitlenmesinde, yangisal hastalik-
lart yangisal olmayan hastaliklardan ayirmada, hastalik stireci ve
tedavi basarisinin izlenmesinde yararl oldugu rapor edilmistir
(19,20,34,35). Yaptigimiz mevcut bu ¢alismada FCV ile enfekte
kedilerin serum SAA (p<0,001) ve CRP (p<0,001) dizeyleri
saglikli kedilere gére 6nemli dizeyde yiiksek bulunmus olup
bu yikselisin muhtemel nedeni ise gelisen AFY sonucu artan
AFP sentezleri oldugu distinilmektedir. Ayrica SAA ile ADA-
1 (1=0,6; P<0,01) arasinda ve SAA ile CRP (+=0,057; p<0,01)
arasinda orta diizeyde anlaml pozitif korrelasyon belitlenmis
olup bu korelasyon SAA ve CRP’nin yanginin belirlenmesinde
yararlt olabilecegini géstermektedir.

SONUC

Sonu¢ olarak yapilan bu calisma ile ilk defa FCV ile
enfekte kedilerde serum ADA-1, SAA ve CRP dizeylerinin
arttift buna karsin PON-1 seviyesinin ise dustiigi ortaya
konulmustur. FCV ile enfekte kedilerde serum ADA-1
dizeylerindeki artis bu kedilerde hiicresel immiin yanitin aktive
oldugunu ortaya koymaktadir. FCV ile enfekte kedilerin serum
PON-1 diizeylerinin saglkli kedilerden daha disik olmasi
enfekte kedilerde oksidatif stresin gelistigini gOstermektedir.
Antioksidan bir enzim olan PON-1 seviyesindeki dusis
enfekte kedilerde antioksidan kapasitenin dustiiginin bir
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isareti olarak yorumlanabilir. Ayrica FCV ile enfekte kedilerde
pozitif akut faz proteinleri olan SAA ve CRP diizeylerinde
o6nemli artiglar belirlenmis olup bu artislar enfekte kedilerde
vangiya bagh AFY’nin gelistigini ve karacigerden AFP’lerin
sentezinin uyarildigini géstermektedir. Calismada elde edilen
sonuglar FCV ile enfekte kedilerde yanginin belirlenmesinde
ADA-1, SAA ve CRP, hiicresel immiin yanitin durumunun
belitlenmesinde ADA-1 ve oksidatif stresin belitlenmesinde
ise PON-1 6lctimlerinin yararli olacagt ve bu parametrelerin
FCV ile enfekte kedilerde faydali biyomarkirlar olarak
kullanilabilecegini g&stermektedir.
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Bu calismada, dstrus senkronizasyonu uygulanan geng kilis kegcilerinde (gebic) iki farkli zamanda eCG
(500 TU) uygulamasinin strus ve gebelik oranlart ile yavru sayilart tizerindeki etkileri arastirlmustir.
Daha 6nce hi¢ ¢iftlesmemis olan 13-15 aylik 23 ¢ebice, treme sezonu disinda 11 gin stre ile
progesteron emdirilmis singerler (20 mg flugestone acetate) ve stinger uzaklastirilmasindan 2 glin
o6nce PGF2a (125 mcg cloprostenol) uygulandi. eCG; 1. gruptaki cebiclere (n:11, -48. saat grubu)
stinger uzaklastirilmasindan 2 giin 6nce uygulanitken, 2. gruptaki c¢ebiclere (n:12, 0. saat grubu)
stinger uzaklastrma giininde uygulandr. Tekelerin atlamasina izin veren cebicler Ostrusta kabul
edildi ve ciftlestirildi. Her iki gruptaki tim ¢ebicler 6strus gosterdi. Birinci (-48. saat) grubun gebelik
(oglaklama) orant (sirastyla %54,6 ve %25.0, P>0.05) ve toplam yavru sayist (sirastyla 7 ve 3, P>0.05)
ikinci (0. saat) gruptan sayisal olarak daha yiksek bulundu, ancak gruplar arasindaki farkliiklar
istatistiksel olarak 6nemsiz bulundu. Calismada; gebelik orant ve toplam yavru sayisindaki sayisal artisin
ckonomik degerleri g6z 6ntine alindiginda, Kilis ¢ebiclerinde treme mevsimi disinda eCG’nin stinger
uzaklastirlma zamanindan ziyade, siinger ¢ikarilmasindan 48 saat 6nce uygulanmasinin daha faydali
olabilecegi sonucuna varimistir.

Effects of eCG application time on fertility in off-season estrus synchronized Kilis goat kids

ABSTRACT

In the study, the effects of ¢CG (500 1U) administration at two different times on estrus and pregnancy
rates and the number of offspring were investigated in estrus-synchronized goat kids. Twenty three
kilis goat kids 13-15 months old that had never mated before were treated out of the breeding season
with a progesterone sponge (20 mg flugestone acetate) for 11 days and PGIF2« (125 mcg cloprostenol)
two days before sponge removal. While eCG was applied to kids in group 1 (n:11, hour -48 group)
two days before sponge removal, it was applied to kids in group 2 (n:12, hour 0 group) on the day
of sponge removal. Goat kids that allowed the bucks to jump were considered estrus and mated.
All kids in both groups showed estrus. The pregnancy (kidding) rate (54.6% vs. 25.0%, respectively,
P>0.05) and total number of offspring (7 vs. 3, respectively, P>0.05) of the 1. (hour -48) group were
found numerically higher than the 2. (hour 0) group, but the differences between the groups were not
statistically significant. Considering the economic values of numerical increase in the pregnancy rate
and the total number of offspring, it was concluded that it may be more beneficial to apply eCG 48
hours before the sponge removal rather than at the time of sponge withdrawal out of the breeding
season in Kilis goat kids.
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diostrus (14-15 gln) asamalarindan olusmaktadir. Sekstiel
dinlenme doénemi olan andstrus dénemi glinlerin uzamaya

Kilis kecileri tilkemizde 6zellikle Kilis, Gaziantep, Adana,
Adtyaman, Mersin ve Hatay civarinda yogun olarak yetistiril-
mektedir. Kil kecilerine gére siit ve dél verimi yitksek olmasi-
nin yaninda kil kegisi yetistirilen alanlarda ekstansif ya da yarn
entansif sartlarda da yetistirilebilmektedir (1). Artan gida tale-
bi dikkate alindiginda bu 6zellikleri kilis kegisi yetistiriciliginin
daha yaygin bir sekilde yapilmasini cazip hale getirmektedir.

Kegiler cinsel erginlige (pubertaya) 5-10 aylik yaslarda, da-
mizlikta kullanilma yasina (yetistirme olgunluguna) ise 9-15
aylik yaslarda erigirler (2). Kegiler mevsime bagl poliGstrik
hayvanlardir. Kecilerde sekstiel siklus ortalama 21 giin olup
prodstrus ( 2 gun), 6strus (1-2 gtin), metdstrus (2-3 giin) ve

Bu makaleye atifta bulunmak icin/ To cite this article:

basladigt kis sonundan yaz ortalarina kadar siirebilir (3).Yetis-
tirme olgunluguna erismis olsalar bile kizginlik mevsiminde
olmayan disiler dogal olarak ¢iftlesemez ve gebe kalamaz bu
durum ekonomik kayiplara neden olmaktadir. Kizginliklarin
uyarilmasit, dogum zamaninin kontrol edilebilmesi, gebelikle-
rin bir araya toplanabilmesi ya da birden ¢ok yavru alinabilmesi
amaglariyla Gstrus senkronizasyonu ve stiperovulasyon prog-
ramlart uygulanabilmektedir (4, 5, 6). Bu amacla progesteron
emdirilmis siinger veya vagina ici araglar (CIDR) ile eCG, hCG
hormonlari kullanilarak senkronizasyon programlart uygula-
nabilmektedir (7). Geleneksel olarak siklusun luteal dénemini
kontrol etmek amaglt 10-16 giin siire ile progesteron ve tii-

Ozmen MF, Sireli HD, Cirit U, Cinar EM, Say E. Mevsim disinda 6strus senkronizasyonu uygulanmis kilis gebiglerinde eCG uygulama zamaninin fertilite tizerindeki etkilerii.

MAE Vet Fak Derg, 2021; 6 (3) :139-142.



Mevsim disinda ostrus...

revleri uygulanmast ile tasarlanan senkronizasyon programla-
r1, simdilerde modifiye edilerek progesterona maruz kalinan
stire kisaltilmaktadir (8, 9). Bu hormonlar corpus luteumu tak-
lit eder ve hipofizin 6n lobuna negatif geri bildirim yaparak
sekstiel siklusu baslatan gonadotropik hormonlarin salinimini
engeller. Hormon kaynagi viicuttan uzaklastirilinca bu engel
ortadan kalkarak siklusun baslamast icin gereken hormonlar
(FSH, LH) dolastma karsir ve akabinde kizginlik ve ovulas-
yon gelisir (10, 11). Gebe kisrak serum gonadotropini (eCG ),
stiperovulasyon uygulamalarinda ¢okca kullanilan, kisraklarda
gebeligin 40 ile 130. glinlerinde fetal trofoblast hiicrelerinden
elde edilen bir glikoproteindir (12, 13). Calismalar eCG ‘nin
hem FSH hem de LH hormonlarinin aktivitelerini gosterebil-
digini ortaya konmugtur (14).

eCG yiuksek sialik asit icermekte (15) ve hipofiz kaynaklt
diger hormonlar ile kiyaslandiginda daha uzun bir yarilanma
émriine sahiptir. eCG, maliyetinin diistik olmast ve ayni amacla
kullanilan fakat genellikle domuzdan elde edilen FSH’ nin bazt
tilkelere ithalatinin yasak olmast sebebiyle daha rahat buluna-
bilmesi gibi avantajlara da sahiptir (16).

Sunulan c¢alismada, yetistirme olgunluguna erismis, daha
once ciftlesmemis Kilis ¢ebiclerinde tireme mevsimi disinda
kizginlik olusturmak amaciyla kullanilan intravaginal siinger
uygulamast ile beraber 500 1U eCG ’nin siinger ¢ikarilmasin-
dan 48 saat 6nce (-48. saat) ve siinger ¢ikarim giiniinde (0. saat)
uygulanmasinin kizginlk olusumu, tekli gebelik ve ikiz gebelik
tzerindeki etkileri arastirilmistir.

GEREC ve YONTEM

Calisma Greme mevsimi disinda mart ay1 baslangicinda
Diyarbakir Ilinde bir hayvancilik isletmesinde bulunan yasla-
11 13-15 aylik olan ve daha 6nce hic ciftlesmemis 23 adet Ki-

tim ¢ebiclere 11 glin boyunca intravaginal progesteron iceren
stinger (20 mg flugeston asetat, Chronogest CR, MSD,) yer-
lestirildi, stinger uzaklastirimasindan 2 giin 6nce PGF2o (125
mcg, Estrumate, MSD) intramuskiler uygulandi. Kegiler daha
sonra 2 gruba ayrildi. 1. gruba (n:11) 9. glin PGF2a uygula-
mast ile beraber yani -48. saatte 500 IU ¢CG (Chrono-Gest /
PMSG, MSD) intramuskiiler uygulandt. 2. gruba (n: 12) stinger
ctkarimiyla beraber yani 0.saatte, 500 IU eCG (Chrono-Gest /
PMSG, MSD) intramuskdler uygulandi. Stinger uzaklastirilma-
sindan sonra 6 saat araliklarla fertil tekeler araciligiyla Ostrus
tespiti yapildi. Ostrusta oldugu belirlenen cebicler 5 adet teke
ile bir teke en fazla 5 adet ¢ebic ile ciftlesecek sekilde elde sifat
yontemiyle ciftlestirildi. Tum ¢ebicler ciftlestirildikten sonra
erkekler siirtiden uzaklastirilip ayrt bir bélmeye alindt.

Gebelik siiresi bitiminde dogum yapan keciler gebe kabul
edildi ve kuzu sayilari kayit alina alind.

Lstatistiksel Analiz

Gebelik oranlarinin gruplar arasindaki karsilastirilmasinda
Chi-square analiz yontemi kullanidi

BULGULAR

Her bir ¢alisma grubu icin Ostrus senkronizasyonu sonrast
arama tekeleri vasitastyla kizginligr tespit edilen ve ciftlesen ce-
bi¢ sayilar, gebe olan ¢ebic sayilar, ikiz gebelik sayist ve dogan
oglak sayilart Tablo 1 de verilmistir. Programa alinan tim ce-
bicler kizginlik géstermis ve ciftlesmistir. 1. grupta gebe ¢ebic
sayist 6 iken 2. grupta 3 ¢ebic gebe kalmustir. 1. grupta bir ¢cebi¢
ikiz dogum yapmus, 2. grupta ikiz dogum meydana gelmemis-
tir. 1. gruptaki gebe ¢ebigler 7 oglak; 2. gruptaki gebe cebicler
3 oglak dogurmustur. Degerler arasindaki farklar istatistiksel
olarak 6nemli bulunmamistir (p>0.05).

Tablo 1. Kizginlik g6steren ¢ebig sayisi, gebe ¢ebig sayisi, ikiz gebelik sayisi ve oglak sayist.

eCG uygula- Gruptaki Kizginlik  Gebe gebi¢ Ikiz gebelik  Oglak sa- P degeri
ma zamani cebig gosteren/ say1s1 sayisi yis1
say1s1 ciftlesen
cebig sayis1
1. Grup 11 11 (%100) 6 (%54.6) 1 (%9) 7
(48.saat grubu) 0Os
2. Grup 12 12 (%100) 3 (%25) 0 3
(0. saat grubu)
lis gebici tizerinde yurttildi. Agirliklar: 20-25 kg, kondisyon TARTISMA

puani 2.5- 3 olan ¢epigler giindiiz merada otlatilmis ve aksam
400 gr kesif yem verilmistir. Ostrus senkronizasyonu amactyla

Mevsim disinda 6strus olusturmak icin progesteron iceren
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vaginal siinger ve eCG uygulamasi igceren protokoller yaygin
olarak kullanilmaktadir. Ancak progesteron uygulamalari ile
birlikte kullanilacak olan eCG’nin dozu ve uygulama zamani
konusunda farklt uygulamalar bulunmaktadir. Yayinlanmis ¢a-
lismalar incelendiginde kegilerde kullanilan eCG dozunun 200
1U ile 1000 1U arasinda; uygulama zamaninin da progesteron
kaynagt uzaklastirilmasindan 48 saat 6nce ile uzaklastirdma ani
(0. saat) arasindaki zaman aralig1 oldugu goriilmektedir (8, 17-
22).

Calismamizda, yetistirme olgunluguna erismis kilis ¢ebicleri-
ne Ureme mevsimi disinda 6strus senkronizasyonu amactyla 11
giin stireyle intravaginal singer uygulanmis daha sonra hayvan-
lar iki gruba ayrilmustir. Birinci gruba 9. glin (-48. saat) ikinci
gruba 11. glin yani siinger ¢ikarim aninda (0. saat) 500 IU eCG
uygulanmustir. Cebiglerin kizginliga gelme, gebe kalma ve ikiz
dogum yapma oranlari karsilastirilmistir. Calismaya dahil edilen
tim ¢ebicler kizginlik g&stermis ve giftlesmistir. Birinci grupta-
ki ¢ebiclerde gebe ¢ebig sayisi 6 iken ikinci grubta 3 ¢ebic gebe
kalmustir. Birinci grupta 1 ¢ebi¢ ikiz dogurmus ikinci grupta
ikiz dogum geceklesmemistir. Oglak sayist birinci grupta 7
iken ikinci grupta 3 adet oglak dogmustur. Sonuglar arasindaki
farklar muhtemelen gruplardaki hayvan sayist azligindan dolay:
istatistiksel olarak 6nemli bulunmamustir ( p>0.05).

Saribay ve ark. (2008) (23), Chao ve ark. (2008) (24) ve Kil-
boz ve Karaca (2010) (8) treme sezonu disinda kegilere uy-
guladiklart senkronizasyon c¢alismalarinda tim hayvanlatin
kizginlik gbsterdigini bildirmislerdir. Calismamizda da gruplar-
daki tim hayvanlar kizginlik géstermistir. Armstrong ve ark.
(1982) (17) andstrus donemindeki kegilere stingerin uzaklas-
tirlmasindan 48 saat 6nce ve stinger c¢ikarilmasiyla beraber,
400 IU ve 1000 IU eCG uyguladiklari ¢alismalarinda en yitksek
kizginlik gériilme oraninin hem 48 saat 6nce hemde siinger
ctkarilmastyla beraber 1000 IU uygulanan gruplardan benzer
olarak % 78 oraninda alindigini bildirmislerdir. Calismamizda
benzer zamanlarda uygulanan 500 IU eCG sonucunda iki gru-
bumuzda da %100 kizginlik gérilerek daha yiksek sonuglar
elde edilmistir. Sonuclar arasindaki farklar calismada kullanilan
kecilerin 1rkina, bakim ve besleme kosullarina kullanilan eCG
miktatlart arasindaki farkliliktan kaynakli olabilir.

Gl ve arkadaslari (2020)(22), Kilis kegilerinde ¢ift PGF2a«
kullanilarak yapilan 6strus senkronizasyon programinda son
uygulamadan 24, 18, 12, 6 saat 6nce ve 0. saatlerde uygulanan
500 IU eCG sonucunda en ytiksek tekli dogum oranini -18
saat grubunda (%06,7), en yiksek ikiz dogum oraninin -12 saat
grubunda (%53,8) gorildigini bildirmislerdir. Calismamizda
-48. saat gurubunda hem tekli dogum hem ikiz dogum oranlari
0. saat grubundan daha yiiksek bulunmustur. Uygulama do-
nemleri ve kullanilan yontemlerin farklt oldugu her iki ¢alis-
mada da 0. saat 6ncesi yapilan eCG uygulamalarinda 0. saatte
yapilan uygulamalardan daha iyi sonuglar alinmistr. Kulaksiz
ve ark. (2013)(25), tireme mevsiminde en az bir dogum yap-
mus Ankara kecilerinde yaptiklart calismalarinda 11 giin siire ile
intravaginal progesteron, 9. giin 400 IU eCG ve PGF2u uygu-
ladiklart ¢alisma grubunda gebelik oranini % 81.8, ikizlik ora-
nint %27.3 olarak bildirmislerdir. Calismamizda 9. gtin 500 1U
eCG uygulanan grubumuzun sonuglari incelendiginde gebelik
orant %54.6, ikizlik orant %9’dur. Calisma sonuclart arasindaki
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farklar calismada kullanilan kegilerinin yaslari, calismanin astm
mevsimi i¢inde yapilmast ve uygulanan eCG dozunun farklii-
gindan kaynaklanmis olabilir. Ritar ve ark. (1989) (18) treme
sezonunda progesteron uygulamast ile birlikte 0. saatte ve -48.
saatte 200 ve 400 1U eCG uyguladiklart ¢aligmalarinda -48. sa-
atte 400 1U eCG uygulamasinin gebelik oraninin daha ytksek
oldugunu bildirmislerdir. Calismamizda da -48. saatte uygula-
nan 500 IU eCG gebelik oranint yiikseltmistir.

SONUC

Calismamizdan sonu¢ olarak Kilis cebiclerinde mevsim
dist senkronizasyon uygulamalarinda -48. saatte 500 1U eCG
kullaniminin 0. saatte uygulamaya gore kizginlk olusumunu
etkilemedigi gebelik ve ikizlik oranint sayisal olarak artirdig
belirlenmistir. Mevsim disinda yetistirme olgunluguna erismis
cebiclerin tretime katilmasi, gebelik ve ikizlik oraninin ekono-
mik degerleri g6z 6ntinde bulunduruldugunda Kilis ¢ebiglerin-
de mevsim disinda intravaginal progesteron kullanilarak yapi-
lacak 6strus senkronizasyon programlarinda -48. saatte 500 IU
eCG uygulamasinin faydali olabilecegi sonucuna varimigtir.
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ABSTRACT

Thirty clinically healthy Stara Zagora white turkeys (15 females and 15 males) were used for the
study. Highteen tissue samples (six from the middle of each segment of the small intestine) of the
appropriate age group were used to prepare permanent histological specimens. The histological
sections were stained by Masson - Goldner method. The small intestine of the Stara Zagora white
turkey was composed of four tissue layers: tunica mucosa, tunica submucosa, tunica muscularis and tunica
serosa. Tunica mucosa had lamina epithelialis, lamina propria and lamina muscularis mucosae. The layers of the
mucosa formed well-defined intestinal villi - villi intestinales. Laina epithelialis was composed of highly
differentiated simple columnar epithelium. Tunica mucosa in the three segments of the small intestine
had clearly distinct tubular glands - g/. Intestinales. The histometric results showed that the growth of
the mucosal structures and the mucosa was more intense in the first twenty-eight days, compared
to the growth of the other layers of the intestinal wall. The most intense was the increase in the
height and area of the intestinal villi. The height of the intestinal villi varied most markedly during the
first twenty-eight days of the duodenal examination, while the area of the villi increased most in the
jejunum, followed by the ileum and duodenum. The height of the intestinal epithelium increased most
intensively 2.3 times in the jejunum mucosa. The thickness of the jejunal mucosa increased the most
during this period, compared to the mucosa of the duodenum ileum.

INTRODUCTION

Morphometric studies of internal organs in Anseriformes
found a variable change in the length of the tubal organs-
esophagus and intestine (1, 2, 3).

Objective data regarding the development of the intestine
in quails, ducks, geese and guinea fowl were obtained using
statistical methods (4, 5, 6, 7).

The length of the body in marine ducks and the volume
of the organs that construct their digestive system are directly
proportional to the food components and the type of diet

(®).

All digestive organs of the duck, with the exception of
the esophagus, reach peak growth levels earlier than the body
weight of the birds (9).

The microscopic anatomy of the digestive system in poultry
is governed by certain principles. The tubular digestive organs
have highly differentiated epithelial cells on their inner surface,
surrounded by loose fibrous connective and muscle tissue.
This is the so-called mucosal layer (10, 11).

The basic structure of the ileum in the domestic turkey does
not differ from that of the duodenum and the jejunum. The
villi in the ileum are shorter and few in number, compared to
the same structures in the duodenum and jejunum. The goblet
cells are the most numerous (12).

Bu makaleye atifta bulunmak igin/ To cite this article:

On histological study is found that the small intestine of the
Bronze Turkey has four layers: zunica mucosa, tunica submucosa,
tunica muscularis and  tunica serosa. Tunica mucosa ‘has lamina
epithelialis, lamina propria and lamina muscularis mucosae. Intestinal
villi are mucous formations on the luminal surface of the
intestinal wall. Lamina epithelialis is composed of a single layer
of columnar epithelium. On the first day after hatching, the
epithelial cells are oval in shape, which later acquire a columnar
shape with pronounced morphological polarity. The height and
width of the intestinal villi increase with age. These changes
are observed in the three segments of the small intestine
(duodenum, jejunum and ileum). The height of the intestinal
villi in the jejunum and ileum is higher than in the duodenum.
At the same time, the increase in the width and height of the
villi corresponds to the increase in the absorption surface. The
values of the area of the villi are directly proportional to the
changes in their width and height. The intensity of growth of
intestinal crypts in the first 90 days has similar trends in the
duodenum, and the fastest growth rates have been found for
crypts in the ileum. The ratio of the height of the intestinal
villi to the depth of the crypts increases in the first 28 days for
all segments of the small intestine (12)

The height of the intestinal villi in the duodenum and
jejunum in the bronze turkey throughout the study period
increases 7.8 times, while the same indicator in the ileum -
6.4 times. During the period from the 1st to the 35th day the
fastest growth rate of the width of the intestinal villi was
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found in the duodenum - 2.6 times, and with the weakest rate
the same indicator was reported in the ileum - 1.9 times. The
obtained data for the area of the villi are directly proportional
to the changes in the width and height of the studied intestinal
structures. The values concerning the depth of the intestinal
crypts in the duodenum, jejunum and ileum increase more
intensively in the first 90 days after hatching. The fastest growth
rates are characteristic of the crypts in the ileum (12).

MATERIAL and METHODS

Thirty clinically healthy Stara Zagora white turkeys (15
females and 15 males) were used for the study.

Eighteen tissue samples (six from the middle of each segment
of the small intestine) of the appropriate age group were used
to prepare permanent histological specimens. The resulting
tissue samples were fixed in 8% aqueous formaldehyde solution
(Merck KGaA, Darmastadt, Germany). After fixation, they
were washed under running water, dehydrated in ascending
ethanol series, clarified in xylene and embedded in paratfin.
Using a YD-335A rotary microtome (J. Y. M. A. Ltd., China),
sections 5 to 7 pm thick were made and stained by Masson -
Goldner method. Histological samples were observed with a
Leica DM 1000 light microscope.

Structures from five histological sections obtained from
cach tissue sample were selected and measured. Micrometric
measurements were processed using LAS V4.10 software for
Leica DM 1000 light microscope.

The one-way ANOVA method was chosen for statistical
processing of the obtained data, and for this purpose we
used StatView v. 4.53 for Windows (Abacus Concepts, Inc).
Statistically significant differences between the mean values of
the age groups were determined at P <0.05 (13).

The results obtained were interpreted in accordance with
the histological terminology (14).

The requirements of the normative regulations were
observed - Ordinance No 36 of March 23, 2006, promulgated.
in SG, No 35 of 28. 04. 2006 and Otrdinance No 8,
promulgated, SG, iss. 4 of 16. 01. 2004, amended and add.,
No. 19 of 13 March 2015. The experiments were performed
in strict accordance with the rules of the ethics committee at
Trakia University, Stara Zagora.

RESULTS

The small intestine of the Stara Zagora white turkey was
composed of four tissue layers: funica mucosa, tunica submuncosa,
tunica muscularis and  tunica serosa. Tunica mmucosa had lamina
epithelialis, lamina propria and lamina muscularis nmcosae. The
layers of the mucosa formed well-defined intestinal wvilli -
villi intestinales. Lamina epithelialis was composed of highly
differentiated simple columnar epithelium. Tunica mucosa in
the three segments of the small intestine had cleatly distinct
tubular glands - g/. intestinales (Liberkyun glands) (Figure 1,
Figure 2 and Figure 3).

Analysis of the histometric results showed that the
growth of the mucosal structures and the mucosa as a whole
was more

500 um

Figure 1. Duodenum in Stara Zagora white turkeys (age — thirty-
five days). (1) lamina epithelialis mucosae; (2) lamina propria mucosae; (3)
intestinal crypt; (4) tunica submucosa; (5) tunica muscularis — internal
sublayer; (6) funica muscularis — external sublayer. Masson’s trichrome
stain. Line = 500 um.

=5

Figure 2. Jejunum in Stara Zagora white turkeys (age — thirty-five
days). (1) lamina epithelialis mucosae; (2) lamina propria mucosae; (3)

intestinal crypt; (4) lamina muscularis mucosae; (5) tunica submuncosa; (0)
tunica muscularis. Masson’s trichrome stain. Line = 500 m.

500 pm

Figure 3. I/eun in Stara Zagora white turkeys (age — thirty-five
days). (1) lamina epithelialis mucosae; (2) lamina propria mucosae; (3)
intestinal crypt; (4) lamina muscularis mucosae; (5) tunica submucosa; (6)
tunica muscularis — internal sublayer; (7) funica muscularis — external
sublayer. Masson’s trichrome stain. Line = 500 pm.

intense in the first twenty-cight days, compared to the growth
of the other layers of the intestinal wall. The most intense was
the increase in the height and area of the intestinal villi, and
the weaker was the increase in the depth of the crypts and the
height of the mucosal epithelium. The height of the intestinal
villi varied most markedly during the first twenty-eight days
of the duodenal examination, while the area of the wvilli
increased
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Table 1. Histometric parameters of some duodenal structures in Stara Zagora white turtkey (mean £ SEM)

Duodenal structures Age (days)
1 7 14 28 35 49 56
186.05+ 28525+ 356.14+ 75236+ 104525+ 1210.25+ 1235.89 =
Height of villus
9.04* 11.48° 10.28* 15.85* 28.36* 85.69* 69.58*
36.89 + 76.18 £ 82.35 * 1255 £ 185.65+  288.36 £  304.58 =
Depth of crypts
5.14° 6.16* 10.25" 12.33" 9.36" 12.36" 26.36°¢
1517 £ 2058 £ 2235+ 25.36 = 27.85 32.25 & 35.96 =
Height of epithelium
1.17¢ 0.96¢ 1.25¢ 2.250 2.96°¢ 2.35¢ 2.48¢
407.63 £ 679.85+ 845,58 + 143225+ 2218.36 & 2395.65* 2578.36 =
Villus area
65.36* 79.36* 72.25* 125.58¢ 124.85¢ 112.32¢ 152.28°
20125 36585+ 43748+ 895.62+ 101435+ 1420.25*+ 1432.88 =
Tunica mucosae
24.58" 26.58" 19.85¢ 24.452 85.25* 105.25¢ 110.25¢
525+ 8.14 = 17.85 + 19.25 + 2145+ 2345 + 25.85 =
Tunica submucosae
0.14¢ 0.98° 1.25° 2.04° 0.99° 1.28" 1.48*
Tunica muscularis —  66.25 = 82.58 97.58 125.85 = 146.28 = 186.36 = 209.58 =
internal sublayer 2.56° 3.25¢ 2.89¢ 5.65¢ 7.89¢ 8.16¢ 6.96°¢
Tunica muscularis —  21.25+ 2892+ 3825 % 40.02 = 52.24 + 63.28 6091 =
external sublayer 0.55°¢ 1.02* 1.25¢ 2.15¢ 2.84¢ 3.02¢ 3.92°

Table 2. Histometric parameters of some jejunal structures in Stara Zagora white turkey (mean = SEM)

Jejunal structures Age (days)

1 7 14 28 35 49 56
11858 =  225.58 318.48 + 450.25 * 478.58 = 560.23 + 985.25 +
Height of villus
10.25% 9.85° 10.23® 8.56° 12.35® 48.25" 96.36*
20.34 = 38.58 = 63.85 * 90.25 = 125.85 = 156.89 = 185.95 +
Depth of crypts
0.24° 0.38® 0.98" 1.25* 2.14° 4.17° 6.17°
10.28 16.58 £ 20.58 = 23.65 = 2514 + 30.76 32.25 +
Height of epithelium
0.24° 0.58"° 0.75¢ 1.12° 1.52* 2.02° 1.65*
3568.58+ 14587+ 16854.35+ 28547.58+ 36958.59t 47158.25+ 50284.24+
Villus area
125.85>  185.25* 198.58" 214.74* 617.84° 624.25* 785.59"
131.25+  299.65+  396.58+* 614.28+t 728.58+ 1068.98+ 1289.65+
Tunica mucosae
5.65¢ 4.16°¢ 4.58¢ 9.18" 8.97¢ 25.85° 35.69°¢
8.54+ 13.25% 19.56+ 21.58+ 25.98+ 30.25+ 35.98+
Tunica submucosae
0.24* 0.58 0.92* 1.58¢ 2.16* 3.13¢ 3,55
Tunica muscularis — 56.24+t 68.58+t 82.56% 115.58% 143.59+ 187.25% 202.58+*
internal sublayer 1.24¢ 2.05* 2.58° 4.12¢ 5.15° 6.18* 7.14°
Tunica muscularis — 17.19+ 24.25+ 28.59+ 32.59+ 35.92+ 58.24+ 76.62%
external sublayer 0.25% 0.28° 0.65¢ 1.09* 1.55¢ 4.16° 5.89¢

most in the jejunum, followed by the ileum and duodenum. The
height of the intestinal epithelium increased most intensively
2.3 times in the jejunum mucosa. The thickness of the jejunal

mucosa increased the most during this period, compared to
the mucosa of the duodenum ileum. Twunica submucosa and the
sublayers of funica muscularis grew at almost uniform rates in
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Table 3. Histometric parameters of some ileal structures in Stara Zagora white turkey (mean = SEM)

Tleal structures Age (days)
1 7 14 28 35 49 56
145.85+ 298.35t 45895+ 53225+  678.59% 758.25+ 835.69+
Height of villus
8.56° 7.16° 12.15¢° 10.85* 13.45° 16.78¢ 20.21¢
41.42+ 78.56+ 85.25+  158.95=* 167.84+ 178.95+ 195.58+
Depth of crypts
2.16° 3.15% 4.58"° 9.50° 12.58* 15.58"° 12.25°
12.45+ 14.28+ 15.23+ 17.34+ 22.58+ 27.48+% 32.58+
Height of epithelium
0.25¢ 0.34* 0.22° 0.58¢ 0.98¢ 1.34* 1.28¢
4560.25+ 14582.36+ 28352+ 34568+  45895.35%f 56897.23t (69854.56+%
Villus area
125.87¢ 156.78" 168.98¢  212.58* 198.89* 159.23¢ 256.34*
235.35+ 386.65* 612.22+ 784.58% 854.56+ 925.58+ 1041.25+
Tunica mucosae
5.89" 7.89* 12.15* 19.96* 29.59¢ 28.85¢ 26.62°
8.25+ 12.59+ 21.58+  28.65%= 45,25+ 51.25% 69.58+*
Tunica submucosae
0.55¢ 0.69°¢ 0.95¢ 1.12° 5.65° 4.28" 5.16¢
Tunica muscularis — 52.28+ 56.89+ 86.32t  121.23% 182.56+ 195.69+ 280.56t
internal sublayer 6.15° 413 5.122 8.16¢ 14.25¢ 15.85* 24,58
Tunica muscularis — 16.58+ 18.59+ 3458+ 5425+ 57.89+ 62.23% 99.65+
external sublayer 1.21* 0.58¢ 2.89¢ 2.58* 9.16¢ 5.98¢ 12.19¢

the three segments of the small intestine, except for the outer
sublayer of funica muscularis of the ileum, where the thickness
doubled (Tablel, Table 2 and Table 3).

DISCUSSION

The data presented by us about the micrometric changes in
the layers and mucous structures of the small intestine in the
Stara Zagora White Turkey complement the thesis of some
authors (1, 2) for the chages of the organs from the digestive
tract in age aspect. In our opinion, the growth of the mucosal
structures and the mucosa was more intense during the first
twenty-eight days, compared to the growth of the other layers
of the intestinal wall.

The results, which expressed the age-related changes in
the studied structures from the histological sections, were
statistically processed for completeness. Like other studies (4,
5, 6, 7), we assume that such changes are reported as objective
after statistical processing;

Based on the micrometric results concerning the duodenum,
jejunum and ileum, it can be concluded that the normal values
of the studied parameters are a key factor for the integrity
of the small intestine in Stara Zagora White turkey, and are
dependent on diet conditions and animal husbandry. This
thesis complements the view (8) in ducks on the relationship
between intestinal mucosal integrity and the environment.

The histological structures of the small intestine in the
studied birds include highly differentiated epithelial cells that
participate in the formation of the mucous layer. This theory

adds the published data (10, 11) on the microscopic anatomy
of the digestive system in other poultry species.

The data for the histological structure of the intestinal
wall in the Stara Zagora White Turkey showed that all three
intestinal segments have characteristics specific to the tubular
digestive organs. This thesis is confirmed by the histological
findings - the presence of funica mucosa, composed of epithelial
cells located on layers of loose fibrous connective and muscle
tissue, funica submucosa, tunica muscularis and tunica serosa. The
theory presented by us corresponds to the findings (12) on
the histological structure of the small intestine in the Bronze
turkey.

The histometric study investigated the patterns in the
change in the height of the intestinal villi and the depth of the
intestinal crypts in age aspect. It was found that the height of
the villi intestinales in the three segments of the small intestine
increased with age. These changes were more intense in the
jejunum than in the duodenum and ileum. It is important to
note the fact that the area of the villi changed in age more
noticeably in the jejunum and ileum than in the duodenum.
The results of the study convincingly showed that the changes
in the depth of the crypts were more intense in the jejunum
and ileum than in the duodenum. The presented facts differ
from the data (12) that this index changes most intensively in
the duodenum in the Bronze turkey.

The presented results differ from the hypothesis (12) for the
small intestine in the Bronze turkey, because the height of the
intestinal epithelium increased most intensively in the mucosa
of the jejunum, while the thickness of the jejunal mucosa
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increased the most during this period, compared to the mucosa
of the duodenum and ileum. In addition, #unica submucosa and
the sublayers of zunica muscularis grew at almost uniform rates in
the three segments of the small intestine, except for the outer
sublayer of zunica muscnlaris in the ileum, where the thickness
doubled. Thus the theory (12) on the biological significance of
these histometric indicators is complemented.
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ABSTRACT

The presented study aimed to investigate the fertility traits and to determine the effect of the produ-
ction scales and other environmental factors on fertility traits of the dairy enterprises in the Western
Mediterranean Region of Turkey. Dairy enterprises were divided into 4 groups based on animal num-
bers; Group I (1-10 heads), Group 11 (11-50 heads), Group III (51-100 heads), and Group 1V (=101
heads), respectively. Results indicated that the relationship between the production scales of enterp-
rises and calving intervals as well as the service period was highly significant (p<<0.001). Group I had
the highest calving interval (468.95 = 7.93 days) and the highest service period (185.95 * 7.93 days).
Whereas, Group II had the lowest calving interval (414.06 £ 5.71 days) and service period (131.06 £
5.71 days) values. The present study showed that the production scale of the enterprise is one of the
main environmental factors influencing fertility traits. Therefore, comprehensive activities focusing on
the economic efficiency of cow breeding programs, containing both milk yield and reproduction traits
would be more appropriate for the implementation of profitability or productivity in the dairy industry.

Turkiye’nin Bati Akdeniz Bélgesinde farkli iretim Olgegiyle yetistiriciligi yapilan Holstein
Friesian sigirlarda dol verimi 6zellikleri

(074

Bu calismanin amaci, Turkiye’'nin Batt Akdeniz Bolgesi'ndeki sit sigireiligt isletmelerinin fertilite
Ozelliklerini arastirmak ve tretim 6lcekleri ile diger cevresel faktorlerin fertilite 6zelliklerine etkisini
belirlemektir. Calismada stt sigirciligt isletmeleri hayvan sayisina gére Grup I (1-10 bas), Grup 1T (11-
50 bas), Grup IIT (51-100 bas) ve Grup IV (=101 bas) olmak tizere 4 gruba ayrilmistir. Sonuclar,
isletmelerin tretim Olgekleri ile buzagilama araliklar ve servis periyodlart arasindaki iliskinin oldukga
anlamli oldugunu géstermistir (p<0,001). Grup I en yitksek buzagilama araligina (468,95 &+ 7,93 gtin)
ve en yuksek servis periyoduna (185,95 + 7,93 gtin) sahipken Grup II’nin en dustik buzagilama aralig
(414,06 £ 5,71 giin) ve servis periyodu (131,06 £ 5,71 giin) degerlerini tasidigt saptanmistir. Bu ¢alisma,
isletmelerin tretim Olceginin fertilite Gzelliklerini etkileyen ana cevresel faktorlerden biri oldugunu
gostermistir. Bu nedenle, bolgede stt verimini artirmaya yonelik 1slah yerine, ekonomik verime odakls
stit ve d6l verimini igine alan kapsamli bir 1slah faaliyetinin daha dogru olacagina inanilmaktadir.

INTRODUCTION

A number of previously conducted studies have been re-
ported the fertility characteristics of Holstein cattle raised in

Fertility is one of the main parameters commonly used for
the evaluation of productivity in dairy enterprises. The susta-
inability and growth of the herd closely related to the fertility.
The main aim of dairy farming enterprises is to obtain one
healthy calf a year. As a common concept in dairy milk produ-
ction, cover the expenses such as feed, veterinarian, staff sala-
ries, etc. with milk sale and calf is the profit of enterprises (1).

Although fertility has been ignored as a parameter in the
past, it has become one of the major problems for producers
faced in herd management. Enterprises with low fertility sco-
res are face expenses such as extra frozen semen, veterinary
expenditures, culling costs (2). A large number of criteria are
used for the definition of fertility in dairy enterprises includes;
calving interval, service period, and the number of insemina-
tions per pregnancy (3).
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Turkey and have stated that the average calving interval, ser-
vice period, and the number of inseminations per pregnancy
range from 364 to 438 days (4-6), 88 to 150 days (4,6,7) and
1.28 to 2.4 (7), respectively. Studies in the literature were main-
ly focused on defining the effects of environmental factors on
fertility traits such as the number of lactations, calving season
and calving year as the environmental factors (3,8,9), except
a single study focused on the production scale of enterprises
(10). Therefore, the present study was aimed to prove the effe-
ct of production scale on the enterprises’ fertility traits.

MATERIAL and METHODS

The animals included 2,005 fertility records of 796 Holstein
Friesian cows between the years of 2011 and 2017. The Cattle
Breeders’” Association of Turkey provided the data in the
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Table 1. Least squate means for the effects of factors on some fertility traits (Mean*SE)are given in parentheses.

Number of
Factors N Calvinﬁ interval,  Service period, inseminations
ay day per successful
pregnancy
Production scale
(head)
Group I (1-10) 291 468.95+7.93 185.95'+7.93 1.68"+0.09
Group II (11-50) 506 414.06+5.71 131.06+5.71 1.48+0.06
Group 11T (51-100) 571 428.58>+5.66 145.57>+5.66 1.52"+0.06
Group IV (=101) 637 437.65"+4.83 154.65"+4.83 1.80+0.05
P-Value 0.000%** 0.000##* 0.001**
Calving year
2011 137 424.40°°+£10.42 141.40+10.42 1.46°+0.12
2012 132 455.40'+10.47 172.40+10.47 1.24%+0.12
2013 256 446.29+7.80 163.29'+7.80 1.63*+0.09
2014 335 443.87+6.77 160.87°+6.77 1.69+0.08
2015 380 451.75+6.20 168.75'+6.20 1.69+0.07
2016 349 430.62°+6.23 147.62°+6.23 1.81°+0.07
2017 416 408.85"+5.58 125.85"+£5.58 1.73*+0.06
P-Value 0.000#** 0.000##* 0.001**
Province
Antalya 278 428.9517.11 145.95+7.11 1.37+0.08
Burdur 901 441.48+4.83 158.48+4.83 1.59*+0.05
Denizli 514 440.9615.64 157.96%5.64 1.77+0.06
Isparta 312 437.8417.41 154.84%7.41 1.70*+0.08
P 0.417 0.417 0.000***
Lactation no.
1 603 438.74+4.64 155.74+4.64 1.35"+0.05
2 527 440.65%+5.15 157.65£5.15 1.67+0.06
3 372 432.6716.24 149.66%6.24 1.77+0.07
4 240 426.93+7.76 143.93£7.76 1.58%+0.09
5 141 429.214+9.97 146.21£9.97 1.44+0.11
=6 122 455.66111.07 172.66£11.07 1.81+0.12
P-Value 0.184 0.184 0.000**
Calving season
Spring 426 438.71%+6.20 155.71£6.20 1.53%+0.07
Summer 472 439.51£6.00 156.51£6.00 1.62%0.07
Autumn 351 438.67£6.57 155.67£6.57 1.64%0.07
Winter 756 432.34+4.94 149.3414.94 1.63%+0.05
P-Value 0.628 0.628 0.606
Overall 2005 437.31£2.50 154.31£2.50 1.61+0.03

*#:P<0.01, #*: P<0.001. abc: Means within the same column followed by different letter are statistically significant.
ns: Non-significant (P>0.05)
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Antalya, Burdur, Denizli, and Isparta cities of Turkey.

The dairy cattle enterprises were categorized based on their
production scale, namely, Group I (1 - 10 heads), Group 11
(11 - 50 heads), Group III (51 - 100 heads), and Group IV
(= 101 heads). The fertility traits were calving interval, service
period, and the number of inseminations per pregnancy. Each
lactation among the first and fifth lactation was grouped as an
individual, and lactation number sixth, and more categorized
as a separate lactation group. Calving seasons; December, Ja-
nuary, and February months were classified as winter; March,
April, and May as spring; June, July, and August as summer;
and September, October, and November as autumn. Calving
years were covers from 2011 to 2017.

The generalized linear model was used to determine the
effects of factors such as the production scale of enterpri-
ses, differences in provinces, lactation number, calving season,
and calving year on some fertility traits. Tukey’s multiple com-
parison test was used to determine the significances of the
differences between the subgroups (7). For this purpose, the
statistical model below was created as;

Yijklm= p+ Ai+Bj+Ck+DI+Fm+eijklm
u= mean of total observed values

Ai= Production scale effects of enterprises (i = 1-10, 11-50,
51-100, = 101 heads)

Bj= Effects of calving year (j= 2011, 2012, 2013, 2014,
2105, 2016, 2017)

Ck= Effects of provinces (k = Antalya, Burdur, Denizli,
and Isparta)

DIl= Effects of lactation number (1 = 1, 2, 3, 4, 5, 6, and
more)

Fm= Seasonal effects (m = spring, summer, autumn, win-
ter)

Yijklm= Observed fertility traits at scale of enterprises (i),
calving year (j), provinces (k), lactation number (I), and calving
season (m)

eijklm= Random sampling effects
RESULTS

In the present study, the corrected fertility traits mean of
Holstein cattle in all groups; calving interval, service period,
and the number of inseminations per pregnancy were 437.31
+ 2.50 days, 154.31 £ 2.50 days, and 1.61 + 0.03, respectively.
The calving interval, service period, number of inseminations
per successful pregnancy are presented in Table 1. The data
indicates that there was a statistically significant relationship
between the production scale of enterprises and fertility traits
(p<0.01). Calving interval and service period values in Group
I'were found to be statistically higher than those of production
scale categories (p<<0.001). On the contrary, calving interval
and service period values in Group II were found to be statisti-
cally the lowest than those other groups of in production scale
categories (p<<0.001). The difference between the number of
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inseminations per pregnancy of the enterprises and the produ-
ction scale categories was statistically significant in all groups

(p<0.01). Table 1.

The effects of calving year on fertility traits was statistically
significant (p<<0.001). The calving interval and service period
values were the lowest in 2017 and significantly different from
the values in all of the examined years, except 2011 and 2016
(p<0.001). The number of inseminations per pregnancy was
the lowest in 2012, which was statistically significantly diffe-
rent from all years except for 2011 and was the highest in 2016
and 2017 (p<0.01).

The number of inseminations per pregnancy in Antalya
province was the lowest (p<0.01). However, there was an in-
significant difference between provinces in terms of calving
interval and service period (p>0.05) (Table 1). The effect of
the number of inseminations per pregnancy on the number of
lactations is statistically significant (p<<0.001), but calving in-
terval and service period are not significant effect on this value
(p>0.05). Moreover, the effect of calving season on fertility
traits was statistically insignificant (p>0.05).

DISCUSSION

In this study, the effect of production scales on fertility tra-
its besides the effect of other environmental factors on fertility
parameters were investigated. The originality of the presented
study was that the production scale of the enterprise was ef-
fective on the some fertility traits (p<<0.001). Group II had
the lower calving interval and service period values than other
groups. This particular success of medium - scale enterprises
should be associated with the fact that they are usually serviced
by experienced field veterinarians. In contrast, in large - scale
enterprises usually choose young veterinarians due to their low
veterinary service fee charge. Additionally, herd control and
tracing of oestrus were effective in the cows in medium - scale
enterprises (Group II) compared to the large - scale enterpri-
ses. The calving interval and service period values in Group 1
were higher than those of medium - scale enterprises and were
similar to large - scale enterprises. Enterprises at the small -
scales usually have limited financial resources. Therefore, they
are unable to follow technological developments in animal ca-
ring and feeding. Although the organization and management
of cattle seem easier in small - scale enterprises, they had a
higher fertility value compared to those of the enterprises in
other groups. The underlying reason for these results would
be the lack of access to financial resources and innovation op-
portunities. A single study of reported that the calving interval
was the shortest in enterprises with 6-10 heads of dairy cows,
and they stated that calving interval was close to each other
and had the highest values in enterprises with 1-6 heads of
dairy cows (10). As observed in present work they suggested
that growth in animal numbers was closely related with calving
interval.

The effect of calving year on calving interval, service pe-
riod and the number of inseminations per pregnancy was
statistically significant (p<<0.001), and our results supported
by previously conducted studies as well (3,4,7,11); however,
some studies were unable to find such a statistical relationship
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(8,9,12,13).

Despite optimum calving interval and optimum service pe-
riod were reported as 365 days and 60 - 90 days in the literature
(14), which were quite lower than our results. The reason for
these differences in milk yields in the region is more likely to be
the fact that the milk yield is above the average value reported
in Turkey. Besides, high milk yields adversely affect fertility as
well. As stated in the previous studies, there is a negative phe-
notypic correlation between calving interval and milk produc-
tion in high-yielding dairy cattle (15-18). Our values on fertility
traits were much higher than previous study (8) carried out in
the same provinces from 2004 to 2005. The breeding aimed at
increasing milk yield over the recent years resulted in lowered
fertility. In the present study, the service period changed 150
days, which is far above the accepted value (60-90 days). The
longer service period indicates the ineffectiveness of oestrus
tracing and insemination periods in dairy cow units.

Although the optimum value of the number of inseminati-
ons per pregnancy is 1.0, it is quite difficult to achieve this level
for many reasons in practice. Therefore, values up to 1.5 are
acceptable within the standard (14,19). In the present study,
1.65 ratio was in parallel to the references (20,21) somewhat
higher than (3,22,23) and were lower than those of previously
published reports (13,24).

The effect of the lactation number on calving interval and
service period was statistically insignificant (p>0.05) (Table 1).
The results were supported by the previous studies (3,8,11,13).
On the other hand, some of the studies suggested the effect
of the lactation number on calving interval (9,12) and service
period (9,12,21,25) was important.

Effects of the number of inseminations per successful
pregnancy on the lactation number was statistically significant
(p<0.05). The value was the lowest in the cows in the first
lactation (1.35 * 0.05) and the highest in the cows at the sixth
lactation and onwards (1.81 + 0.12) (p<<0.001). The number of
inseminations per successful pregnancy rises rapidly following
the first lactation. The incidences of repeat breeding problems
increase with lactation numbers for a successful conception
in dairy cows. Although, our results related to the number of
inseminations per successful pregnancy and lactation number
was significant (p<<0.05) that was supported by previous stu-
dies (3), some studies suggested the effect of lactation number
on the number of inseminations per pregnancy was insignifi-
cant (11,13,24).

In the present study, there was no statistical difference
between the effects of calving season on fertility (p>0.05).
These findings were supported by previous studies (3,8,913),
but some studies suggested the presence of a significant rela-
tionship between season and fertility parameters (4,11,12,23).

CONCLUSION

The results indicated that the values of the calving interval,
service period, and the number of inseminations per pregnan-
cy in the Holstein cows in the Western Mediterranean Region
of Turkey were higher than those of the globally accepted op-
timum values for Holstein cows. The breeding of cows based

on the high milk yield negative effects on fertility. Thus, more
attention should be paid to the tracing of oestrus to regularly
obtain a calf every year in the high - yield cattle enterprises.
According to our study, there was a significant relationship
between production scale and fertility parameters. Also, the
difference in management and organization might affect ne-
gatively and positively on fertility. As suggested previously, the
genetic selection of dairy cows may result in an improvement
in the fertility characteristics of dairy cows because the here-
ditary coefficient of reproduction is low but the coefficient
of variation is very high. In this case, Scandinavian breeding
programs that address the problem of genetic correlation
between fertility and milk yield could serve as a better model.
The features that make the Scandinavian dairy cattle breeding
program from other milk-based programs are the addition of
fertility and mastitis resistance characteristics of cows into
milk yield. Although the program has a disadvantage in incre-
asing milk yield, it may have an advantage of better economic
efficiency. As a result, comprehensive breeding focusing on
economic efficiency, including both milk yield and reproduc-
tion traits would be more appropriate rather than breeding on
exclusively increasing milk yield in dairy enterprises.
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Bu calismada, iki ceylanda (Gagella subgutturosa) goézlenen Trueperella pyogenes ve Candida albicansa
iliskili nekrotik-purulent bronkopnémoni ve parazitik pnémoninin makroskobik, mikroskobik ve
bakteriyolojik bulgular: sunulmugtur. Sanlurfa Kizilkuyu Yaban Hayatt Koruma Alani‘nda 6li olarak
bulunan eriskin, iki erkek ceylan nekropsi i¢in Harran Universitesi Veteriner Fakiiltesi Patoloji Anabilim
Dali‘na getirildi. Nekropside, iki ceylanda da akcigerlerin tiim loblarinda 1-1,5 cm ¢apinda, beyazimsi
renkte, yumusak kivamda multifokal odaklar gérildi. Odaklarin kesit yuztinde krema kivamlt eksudat
dikkati ¢ekti. Bazt bronslarin limeninde yetiskin parazit ve pithtilagsmis halde kana rastlandt. Mikroskobik
incelemede, akcigerlerde nekrotik-purulent bronkopnémoni odaklari ve bu nekrotik odaklar icerisinde
mantar hifalar1 belirlendi. Bazt bronslarin limeninde parazitler belirgindi. Bakteriyolojik incelemede,
Trueperella pyogenes ve Candida albicans ana patojenler olarak izole edildi. Bu olgu sunumu, ceylanlarda
Trueperella pyogenes ve Candida albicans'in neden oldugu nekrotik-purulent bronkopnémoni ile parazitik
pnémoninin birlikte sunuldugu ilk rapordur.

Parasitic pneumonia and necrotic-purulent bronchopneumonia associated with Trueperella
pyogenes and Candida albicans observed in two gazelles (Gazella subgutturosa)

ABSTRACT

This case report presents the macroscopical, histopathological and bacteriological findings of Trueperella
pyogenes and Candida albicans associated necrotic-purulent bronchopneumonia and parasitic pneumonia
observed in two captive, adult gazelles (Gagella subgutturosa). Two male gazelles were found dead in the
Sanliurfa Kizilkuyu Wildlife Reserve Area and were brought to the University of Harran, Faculty of
Veterinary Medicine, Department of Pathology for necropsy. At necropsy multifocal foci of 1-1,5 cm
in diameter, whitish color and soft consistency were detected on all lobes of the lung, Creamy exudate
was observed at the cut section of the foci. Adult parasites and coagulated blood were observed
in the lumen of some of the bronchi. In the microscopical examination, foci of necrotic-purulent
bronchopneumonia and fungal hyphae were seen within these necrotic areas. The parasites were
encountered in the lumen of some of the bronchioles. In the bacteriological examination, Trueperella
pyogenes and Candida albicans were isolated as the major pathogens. This is the first report of parasitic
pneumonia and necrotic-purulent bronchopneumonia caused by Trueperella pyogenes and Candida albicans
in gazelles.

GIRIS

lokal enfeksiyonlara neden olmaktadir. Meninks, bobrek,
karaciger, akciger ve kalp gibi i¢ organlarda sistemik invazyon

Trueperella  pyogenes (1. pyogenes), Onceden Arcanobacterinm
pyogenes, Corynebacterinm ve Actinomyces olarak isimlendirilen;
gram pozitif, hareketsiz, sporlanmayan, kisa, cubuk seklinde
bir bakteridir (1,2). Etken tim evcil ruminantlar ve domuz
gibi ¢ift tirnakli hayvanlarda cesitli purulent enfeksiyonlara
neden olan fakiltatif bir patojendir (3). T. pyogenes'in antilop
(Antilope cervicapra), Dorcas ceylant (Gazella dorcas) ve kursakli
ceylan (Gagella subgutturosa) gibi yabani cift tirnaklt hayvanlar
ile nadiren de olsa insanlarda enfeksiyona neden oldugu
bildirilmistir (4-7). 1. pyogenes genellikle hayvanlarin  deri,
st solunum yolu, orofarenks, Urogenital ve gastrointestinal
sistemlerinde yerlesmektedir (3). Deri ve mitk6z membranlarda
kommensal bir bakteri olmasindan dolayi, enfeksiyonlarin
cogunun endojen oldugu disinilmektedir (2).

Candida albicans tim sicakkanli hayvanlarda kommensal
olarak bulunan, dimorfik bir mantardir. Konakcida tirnak,
kornea, dis kulak, oral mukoza, perineum ve Uriner sistemde
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gbsteren oportlnistik bir patojen olarak bulunabilmektedir (8).
Firsatct mantar enfeksiyonu bagisikligi baskilanmis hastalarda
ciddi morbidite ve mortalitenin yaygin bir nedenidir (9).
Candida pnémonisi olduk¢a nadir bir hastaliktir ve primer
olarak hematojen yayilim ya da kolonize orofaringeal ve gastrik
icerigin aspirasyonunu takiben olugmaktadir (10).

Parazitik pnémoniler evcil ve vahgi hayvanlarda yaygin
olarak g6zlenmektedir (11). Parazitlerin patojenik etkisi
solunum yolu i¢indeki konumlatina, yutulan enfektif larvalarin
sayisina, hayvanin bagisiklik durumuna, konagin beslenme
dizeyine ve yasina baghdir (12). Evcil hayvanlarin akciger
kurtlart, Trichostrongyloideave Metastrongyloidea stper ailesi altinda
stmflandirtlir  (13). Bunlardan  Dictyocanins ve  Protostrongylus
gevis getiten hayvanlarda akciger kil kurdu enfeksiyonuna
neden olmaktadir (14). Sigirlarda Dictyocantus viviparns, koyun
ve kecilerde ise Dictyocanlus filaria, Protostrongylus rufescens
ve Muellerius capillaris en sik karsilasilan parazitik pnémoni
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nedenleri arasinda yer almaktadir (12). Dictyocanluslar trake
ve bronsiyol dallarina yerlesen ve monoksen gelisim gbsteren
nematodlardir. Mezastrongyloidea’lar akciger parankimi, bronsiyol
ve alveollerde yerlesim gosteritler (15). Ergin Dictyocanluslar
8-10 cm uzunlugunda, ince, yuvarlak, beyazimsi-gri renktedir
(13). Ergin Muellerius capillaris 3 cm’den uzun olmayan ince
parazitlerdir. Brgin Protostrongylus rufescensise 7 cm uzunlugunda,
ince, kirmizimsi veya kahverengimsi renktedir (16,17).

Bu rapor, Sanlurfa’da yaban hayatt koruma alanindaki
ceylanlarda T. pyggenes ve C. albicans ile iliskili nekrotik-purulent
bronkopnémoni ve parazitik pnémoninin bir arada sunuldugu
ilk rapordur.

OLGU

Bu olgu sunumunun materyalini Sanlurfa Kizilkuyu
Yaban Hayati Koruma Alan’nda dlen ve nekropsi igin
Harran Universitesi Veteriner Fakiiltesi Patoloji Anabilim
Dalr'na getirilen eriskin, iki erkek ceylan (Gazella subgutturosa)
olusturmustur. Calismada kullanilacak materyaller i¢cin Turkiye
Doga Koruma ve Milli Parklar Genel Mudirlagi (Onay no:
21264211-288.04-FE.1891683) ve Harran Universitesi Hayvan
Deneyleri Yerel Etik Kurulu (Onay no: 28.05.2020/01-
19) tarafindan gerekli onaylar alinmistir. Nekropsi sonrast
histopatolojik  inceleme i¢in doku Ornekleri  %10’luk
tamponlu formalin solisyonuna alinarak tespit edildi. Tespit
sonrast dokular rutin doku takibi isleminden gecirildi. Doku
takibi sonrast olusturulan parafin bloklar mikrotomda 4 um
kalinliginda kesilerek hematoksilen & eozin (H&E) ile boyandi.
Bakteriyolojik incelemeler icin 6rnekler uygun steril kosullarda
Harran Universitesi Veteriner Fakiiltesi Mikrobiyoloji Anabilim
Dalr’na génderildi.

Makroskobik incelemede, iki ceylanda da akcigerlerin sag ve
solkranial, medial ve kaudalloblarinda 1-1,5 cmarasinda degisen
buyiiklikte, yumusak kivamli, acik bej renkte, kesit yuziinde
irinin oldugu, etrafi konjeste multifokal odaklara rastlandi
(Sckil 1A). Bu odaklardan bagimsiz olarak, akcigerlerin kesit
yuziiniin muayenesinde rastgele dagilimli, brons limenlerinde
lokalize, yaklastk 8-10 cm uzunlugunda, beyazimsi-bej renkte
cok sayida eriskin parazitin varligi dikkati cekti (Sekil 1B).
Parazitlerin bulundugu alanlarda makroskobik olarak herhangi
bir bulgu gézlenmedi. Akcigerler disindaki diger organlarda
ve mediastinal lenf yumrularinda makroskobik herhangi bir
bulguya rastlanmad.

Mikroskobik incelemede alveol, brons ve bronsiyol
limenlerinde siddetli nétrofil 16kosit birikimleri gézlendi.
Interstisyel alanlardaki damarlarda ve interalveolar kapillarlarda
belirgin hiperemi g6rildid. Dokuya yer yer yayilmis halde
ortast acitk pembe renkte kazeifikasyon nekrozu alanlar ile
bunu ¢evreleyen mor renkte bakteri kiimeleri ve ¢ogunlugunu
dejenere ve saglam nétrofil 16kositler ile daha az sayida lenfosit
ve makrofajlarin olusturdugu yangisal hiicre infiltrasyonlart
dikkati ¢ekti (Sekil 1C). Bu alanlarin ¢evresinde hemoraji ve
damarlarda siddetli hiperemi not edildi. Ayrica nekroz odaklar
cevresindeki yangi hticresi infiltrasyonu alanlarinda gelisigiizel
dagilmis, bazofilik boyanma goésteren mantar hifalarina
rastlandt (Sekil 1C). Nekrotik odaklardan uzakta yer alan bazi
bronsiyollerin limeninde eriskin parazitlerin oldugu gérildi.
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(Sekil 1D). Bu bronsiyollerin ¢evresindeki kapillarlarda siddetli
hiperemi gézlendi. Parazitlerin tiir tayinine yonelik detaylt
bir inceleme yapilamadi, ancak makroskobide karsilasilan
morfolojik 6zellikler ve mikroskobik bulgularda parazitlerin
brons lumenlerinde yerlesmis olmasi parazitlerin Dictyocanins
genusuna ait oldugunu distindirdi.

purulent nekrotik odaklar (ince oklar), konjeste alanlar (kalin oklar).
B) Akcigerlerdeki odaklarin makroskobik gériinimi; ergin parazit
(ince ok), brons (ok bagt). C) Akcigerlerdeki odaklarin mikroskobik
gb6rinimi; nekroz alani (yidiz), yangisal hicre infiltrasyonu (ok
bast), Candida albicans hifalar1 (oklar), hemoraji (H), H&E boyama,
100 um. D) Akcigerlerdeki parazitin mikroskobik gérunimi; parazit
(ok bast), bronsiyol (kalin ok), hiperemi (ince ok), H&E boyama, 200
pm.

Figure 1. A) Macroscopic view of the foci in the lungs; purulent
necrotic foci (thin arrows), congested areas (thick arrows). B)
Macroscopic view of foci in the lungs; adult parasite (thin arrow),
bronchus (arrowhead). C) Microscopic view of foci in the lungs;
area of necrosis (star), inflammatory cell infiltration (arrowhead),
Candida albicans hyphae (arrows), hemorrhage (H), H&E staining,
100 um. D) Microscopic view of the parasite in the lungs; parasite
(arrowhead), bronchiole (thick arrow), hyperemia (thin arrow),
H&E staining, 200 pm.

Bakteriyolojik olarak etken izolasyon ve identifikasyonu i¢in
akciger doku 6rneklerinden %5 koyun kanli agar (Oxoid Inc,
Columbia, ABD) ve Mac Conkey agara iki seri ekimleri yapild:
ve bir seri aerobik, diger seri de mikroaerofilik (%5 CO,)
kosullarda olmak tzere 37 °C’de 48 saat inkiibasyona birakild:.
Inkiibasyon sonrast %5 koyun kanli agarda olusan kiigiik, igne
ucu biytkliginde, S tipli, B-hemolitik koloniler identifikasyona
alindi. Mikroskopide gram boyama yontemi ile pleomorfik
gbrunimli gram pozitif ¢omaklar gérildi. Ayrica yine %05
koyun kanlt agarda goriilen ve gram boyama ile maya huicresi
olarak degerlendirilen kolonilerden Sabouraud dekstroz agara
(SDA)(Merck, Darmstadt, Almanya) iki seti pasaj yapilarak 25
°C ve 37 °C’lerde 24-48 saat inkiibe edildi. Her iki sicaklikta da
SDAda 2-3 giin icerisinde ireyen, dizgin smurl, beyaz veya
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krem renkli, hamur kivaminda ve kendine 6zgii maya kokusu
olan koloniler gozlendi (18). Etkenler klasik yontemlerle
Trueperella spp. ve Candida spp. olarak belirlendi (18,19). Daha
sonra izolatlar MALDI-TOF (Bruker Corporation, Billerica,
MA, ABD) ile T. pyogenes ve C. albicans olarak identifiye edildi.

Izolasyonveidentifikasyonlariyapilan mikroorganizmalardan
T. pyogenesin  antibiyotiklere duyathgr “Kirby Bauer disk
diffiizyon yontemi” ile saptandi (20). Antibiyotik duyarlilik
testlerinde, amoksisilin (25 pg), ampisilin (10 pg), enrofloksasin
(5 png), eritromisin (15 pg), gentamisin (10 pg), kanamisin (30
ng), klindamisin (2 pg), kloramfenikol (30 pg), neomisin (10
ng), penisilin (10 pg), sefoksitin (30 ng), sefuroksim (30 ug),
streptomisin (10 pg) ve tetrasiklin (30 pg) olmak tizere toplam
14 farkli antibiyotik diski kullanildi. Kirby-Bauer disk diftizyon
teknigi ile yapilan antibiyotik duyarlilik testine gére izole edilen
T. pyogenes, enrofloksasin, eritromisin, gentamisin, kanamisin,
klindamisin, kloramfenikol, neomisin ve tetrasiklin’e duyarls;
moksisilin ve penisilin’e orta derecede duyarl; ampisilin,
sefoksitin, sefuroksim ve streptomisin’e ise direngli olarak
saptandt.

TARTISMA

T. pyogenes, evcil ve yabani hayvanlarin deri, mukozalar, Gst
solunum yollart ve Grogenital sistem florasinda bulunan, ancak
diger sistemler icin 6nemli bir firsatct patojen olabilen, yaygin
purulent enfeksiyon olusturan bir bakteridir (21,22). I. pyogenes
enfeksiyonlarinin yayilmast ve bulagsmasi hakkinda yeterli bilgi
bulunmamaktadir. Bakteriler deri ve miik6z membranlarin
normal florasinda yer aldigindan enfeksiyonlarin ¢ogunun
endojen olarak sekillendigi distntlmektedir (23). Bununla
birlikte kullanilan ekipmanlar araciligiyla kontaminasyon veya
dogrudan hayvandan hayvana bulasarak ekzojen enfeksiyon
olasiligt da g6z 6ntinde bulundurulmaktadir (3). Yiksek nem
ve tliman iklim kosullart enfeksiyon olusumunu destekleyen
faktorlerdir (24). Olgu sunumundaki ceylan 6limlerinin yagisin
yogun oldugu Nisan ayina denk gelmesi ve hayvanlarin kalabalik
gruplar halinde koruma alaninda bulunmast enfeksiyonun
olusmast ve hayvanlarin enfeksiyonu birbirine bulastirmasi
acisindan literatiir bilgisi ile uyumludur.

C. albicans tim sicakkanli hayvanlarda kommensal olarak
bulunan ancak uygun kosullarin olustugu durumlarda bir¢ok
sistemde lokal ve sistemik enfeksiyon olusturma potansiyeline
sahip oportiinistik bir patojendir (8). Farkli etkenlere
baglt enfeksiyéz hastaliklarin  varhigl, genis spektrumlu
antibiyotiklerin agir1 kullanimi, immun yetmezlik hastaligy,
kemoterapi, radyoterapi ve imminsipresif tedaviler gibi
cesitli kosullar altinda bu etken konakcilarda kommensal
organizmadan patojen hale gecebilmektedir (25). Nitekim
bu raporda, akcigetlerdeki T. pyogenes enfeksiyonunun varligi
C. albicans etkenlerinin oportlnistik olarak enfeksiyona dahil
olmasi i¢in uygun bir ortam olusturmaktadir.

Trichostrongyloidea ve Metastrongyloidea stiper ailesi tiyelerinden
herhangi birine baglh olusan parazitik pnémonilere solunum
bozukluklart (26), fokal pnémoni lezyonlart (27) ve akcigerlerin
sekonder bakteriyel enfeksiyonlart da (28) eslik etmektedir. Bu
olgu raporunda parazitik pnémoni ile bitlikte T. pyogenes ve C.
albicans enfeksiyonlarinin bir arada bulunmasi da bu sonucu
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destekler niteliktedir. Parazitik pnémoni etkenleri kontamine
meralarda otlama esnasinda alinmaktadir (29). Bu parazitler
yagislarin yogun oldugu ve buna bagl olarak otlarin ¢cok oldugu
alanlarda ve mevsimlerde daha yaygin gézlenmektedir (30). Bu
bilgilerle uyumlu olarak, bu calismada paraziter enfeksiyon
yagisin ve otlarin yogun oldugu bahar déneminde sekillenmistir.

T. pyogenes, C. albicans ve paraziter enfeksiyonlar evcil ve
yabani ruminantlarda genellikle ayr1 ayr1 rapor edilen vakalardir
(31). Normal ortaminda yasayan yaban hayvanlarinda bu
enfeksiyonlar olusuyor olsa bile ¢cok azi tespit edilip kayit altina
alinabilmektedir. Daha 6nce ceylanda T. pyogenes ve C. albicans’a
bagli nekrotik-purulent bronkopnémoni ve parazitik pnémoni
enfeksiyonlart bir arada rapor edilmemistir. Bu makale,
Sanlurfa’da yaban hayatt koruma alaninda 6len ceylanlarda
nekrotik-purulent bronkopnémoni ve parazitik pnémoninin
patolojik ve bakteriyolojik sonuglarini sunmaktadir.

SONUC

Bu olgu sunumunun bulgular, yaban hayatt koruma
alanlarinda toplu olarak yasayan ceylanlarda sekillenen
nekrotik-purulent bronkopnémoni olgularinda bakteri, mantar
ve paraziter hastalik etkenlerinin bir arada miks enfeksiyonlar
olusturabilecegini ortaya koymustur.
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ABSTRACT

Coronaviruses are a very large group of virus families that can cause diseases in both different animal
species and humans. Infections with different coronaviruses are seen in cats and dogs. The epidemic
of COVID-19 infection caused by the SARS-CoV-2 virus still continues all over the world. In this
article, we aimed to compile published studies on COVID-19 infections in cats and dogs, which we
are in close contact with. When the studies were examined, it was understood that cats were more
sensitive to SARS-CoV-2 than dogs after contact with COVID-19 positive individuals in quarantine.
Cats may show symptoms in case of infection, compared to dogs. The RBD region where SARS-
CoV-2 binds to ACE2 receptors is reported more similar to humans in cats than dogs. ACE2 protein
seemed very similar to humans in both cats and dogs compared to other mammals. ACE2 receptor is
highly expressed in different tissues of them, according to the study data examined. In a conclusion,
SARS-CoV-2 can be detected because ACE2 is frequently expressed in different tissues in domestic
animals such as cats and dogs, and the binding site is similar to human ACE2 receptors. In order to
prevent zoonotic infections such as COVID-19 infections during the epidemic period when different
disciplines need to work together with a single health approach, we believe that molecular surveillance
studies should be carried out on our close friends such as cats and dogs. The data should be presented
in public database and followed.

Kedi ve Kopeklerde COVID-19 Enfeksiyonlar1

oz

Koronaviruslar, hem farklt hayvan tarlerinde, hem de insanlarda hastaliklara neden olabilen ¢ok genis
bir virus ailesi grubudur. Kedi ve képeklerde farkli koronaviruslarla enfeksiyonlar gérilmektedir.
SARS-CoV-2 virtst tarafindan olusturulan COVID-19 enfeksiyonu salgini tim dinyada halen
devam etmektedir. Bu derlemede insanlatla yakin temasta bulunan kedi ve képeklerde COVID-19
enfeksiyonlart ile ilgili yaymnlanan calismalarin degerlendirilmesi amaclandi. Yapilan calismalar
incelendiginde, karantinadaki COVID-19 porzitif bireylerle temaslart sonrast kedilerin, SARS-CoV-
2’ye kopeklere gore daha duyarlt oldugu anlasiimaktadir. Kediler enfeksiyon durumunda képeklere
gore semptom gosterebilmektedir. SARS-CoV-2"nin ACE2 reseptérlerine baglandigi RBD bolgesinin,
kedilerde kopeklere kiyasla insanlara daha fazla benzerlik gésterdigi bildirilmistir. Diger memelilere
gbre hem kedi, hem de képeklerde ACE2 proteini insanlara oldukca benzer oldugu gérilmistir.
Incelenen caligma verilerine gore, kedi ve kdpeklerin farklt dokularinda ACE2 reseptérii yitksek oranda
eksprese edilmektedir. Sonug olarak, SARS-CoV-2 kedi ve képek gibi evcil hayvanlarda ACE2’nin farkli
dokularinda siklikla eksprese edilmesi ayrica baglanma bolgesinin insan ACE2 reseptérlerine benzer
olmalar1 dolayistyla tespit edilebilmektedir. Tek saglik yaklagimu ile farkli disiplinlerin bitlikte ¢alismast
gereken salgin déneminde COVID-19 enfeksiyonlart gibi zoonotik enfeksiyonlarin 6nlenebilmesi igin
kedi ve képek gibi yakin dostlarimizda molekiler surveyans calismalarinin yapilmasi ve verilerin acik
veritabanlarinda sunularak takiplerinin yapilmast gerektigi kanaatindeyiz.

INTRODUCTION

was first encountered in cases of infection of unknown cause
at Wuhan province of China, in December 2019 (2).

Coronaviruses are a very large group of virus families

that can cause diseases in both different animal species and
humans. Animal coronaviruses can also cause different
diseases in the respiratory tract, gastrointestinal system and /
or neurological systems of a wide variety of hosts, as in humans
(1). “Coronavirus disease 2019 (COVID-19)” and its causative
agent “severe acute respiratory syndrome coronavirus-2”
(SARS-CoV-2), is a virus in the Coronaviridae family which

Bu makaleye atifta bulunmak icin/ To cite this article:

The first coranavirus species that is important in terms
of global health was the severe acute respiratory syndrome
coronavirus (SARS-CoV) in 2003, and it was reported that
the source of transmission to humans was Horseshoe bat
(Rhinolophus ferrumequinum) species. Less than a decade
later, the Middle East respiratory syndrome (MERS) disease,
also caused by a coronavirus (MERS-CoV), emerged and
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became an endemic disease in the Middle East, Africa and
Southeast Asia. Although the zoonotic origins of MERS-CoV
remain unclear, it was estimated that the virus was transmitted
from bat species to dromedary camels in the past and these
camels could also be the source (3).

In SARS-CoV-2, although the first source of the virus that
causes disease is not known clearly, it has been reported that
the first cases diagnosed are linked to the Huanan Seafood
Wholesale Market, where people can buy wild animals such
as bats (2). In this market, before the epidemic, a wide variety
of live animals were sold, including fish and shellfish, as well
as hedgehogs, badgers, snakes and poultry. In addition, there
were animal food products as well as livestock sales (3).

SARS-CoV-2 has so far been effective in 216 countries all
over the world, infected nearly 121 million people and caused
the death of nearly 2.7 million people (4). Despite the high
number of cases encountered in humans, the number of
data supporting reverse zoonotic transmission of SARS-
CoV-2 is limited. However, there were reports that animals
become infected after close contact with infected people or
their quarantine owners with domestic animals and animals
in zoos (3,5). Although the number of cases in humans is
followed, this situation in animals is not followed, considering
that pet owners may leave these animals in panic. In fact,
there are publications reporting that cat and dog species have
seroconversion and SARS-CoV-2 infection after these reverse
transmissions (5, 6).

Coronavirus infections in animals are usually enzootic and
can affect certain species for a long time. The exceptional
replication mechanisms of coronaviruses and the possibility
of recombination events that may occur during their
reproduction are two main factors that can lead to interspecies
and interspecies transitions of coronaviruses and elevated
their zoonotic potential. Therefore, understanding coronavirus
infections in animals that frequently live as friends and are in
close contact with humans, such as cat and dog species, is
crucial to understanding different aspects of the ecology and
evolution of coronaviruses (1,5,7, 8).

In order to prevent viral zoonotic infections such as
COVID-19 infections during the epidemic period when
different disciplines need to work together with an one health
perspective, it is important to understand not only human
health but also how the animals affected for this situation
(6). Aim of this study was to review published studies on
COVID-19 infections in cats and dogs, which we are in close
contact with.

SARS-Col -2 Morphology and zoonotic potential

In electron microscopy negative staining, it is seen that
SARS-CoV-2 contains lipid bilayer, viral RNA and structural
proteins derived from the host membrane with a diameter of
90/120 nm. Being members of the betacoronavirus genus in
Coronaviridae family, SARS-CoV-2 contains four structural
proteins called S (spike), E (envelope), M (membrane) and N
(nucleocapsid) proteins. The S protein has a very critical role
for entry into the host cell (7). SARS-CoV-2 infects human cells

by binding to the cell surface protein angiotensin converting
enzyme 2 (ACE2) via the Receptor Binding Domain (RBD) of
the S protein, at this stage the cellular transmembrane setine
protease 2 (TMPRSS2) is required to cut the viral S protein and
make it ready (9). This receptor is found in all major vertebrate
groups. The results of the study to estimate host sensitivity
based on amino acid sequence similarity between human
ACE2 (hACE2) receptors and non-human ACE2 receptors;
demonstrated that hACE2 has a high degree of similarity with
the viral binding site, which are amino acid residues in which it
interacts with the SARS-CoV-2 spike glycoprotein (10).

COVID-19 infections detected in cat and dog species

Feline coronaviruses (FCoVs), members of the
alphacoronavirus genus in Coronaviridae family, are widely
known coronavirus members as agents that can infect both
domestic and wild cats. There are 2 subtypes as FCoV 1
and II subtypes. While FCoV type I is known as the main
subtype, FCoV type 11 is formed as a result of the alteration
of feline coranaviruses (FCoV type I) by recombination with
canine coronaviruses (CCoV), which is also a member of the
alphacoranavirus genus, which is frequently detected in dogs

(11).

Canine coronavirus (CCoV), which is common coronavirus
in dogs and has two subtypes, type I and type 11, just like FCoV.
In dogs, canine respiratory coronavirus (CRCoV), which is a
member of the betacoronavirus genus, also causes infections

an.

While it has been determined in studies that the COVID-19
agent, SARS-CoV-2, replicates in the nose and throat of
cats and can cause deeper inflammatory pathology in the
respiratory tract and the virus can cause airborne transmission
among cats, it has been observed that dogs are less sensitive
and do not support viral replication well (12, 13).

Viruses similar to SARS are betacoronaviruses of the B
lineage and are quite different from each other with feline
coronaviruses (alphacoronaviruses). Therefore, there is
currently no conclusive evidence that prior exposure to FCoV
will protect against SARS-like viruses; however, serological tests
will need to carefully evaluate any potential cross-reactions. As
a betacoronavirus member of lineage A, CRCoV is relatively
far away from SARS-like betacoronaviruses, including SARS-
CoV from lineage B. Previous exposure to CRCoV or CCoV
is also unlikely to protect against SARS-like conditions (11).

The first cat in Hong Kong to test positive for SARS-CoV-2
was a domestic short-haired cat quarantined with its COVID-19
positive owner. It was found to be positive for SARS-CoV-2
RNA in swabs of the mouth, nose and rectum. The cat did not
show any signs of illness. Experimental studies have shown
that cats can have large amounts of the virus in their nasal
mucosa and other tissues and release enough virus to allow for
cat-to-cat transmission (14). The first case reported in Europe
was a cat living in Belgium with its self-isolating owner after
developing clinical symptoms one week after his return from
Italy and testing positive for SARS-CoV-2 (15). SARS-CoV-2
was detected in two different cats detected by CDC and USDA
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in the United States in relation to their COVID-19 positive
owners (16). Apart from these, cases of COVID-19 infection
associated with human transmission in such cats have been
reported in many countries such as France, Spain, Germany,
the United Kingdom and Switzerland (17).

Similarly, in dogs, SARS-CoV-2 was detected in 2 out of
15 dogs (in a Pomeranian and a German shepherd species) in
a quarantine with its owner in Hong Kong (18). Angiotensin
converting enzyme 2 (ACE2) is known to be the human
receptor for SARS-CoV-2, but ACE2 receptors in dogs were
also found similar to humans. It has been reported that five
of the 18 amino acids known to be involved in the interaction
between the human ACE2 receptors, the receptor binding
domain (RBD) of SARS-CoV-2, differ only between humans
and dogs. It has been reported that none of the amino acid
residues that cause this difference are regions known to impair
the interaction between the RBD of SARS-CoV-2 and ACE2
receptors (18). SARS-CoV-2 positivity in dogs has also been
reported in other studies, but when the data were examined,
it was found that clinical findings were not frequently seen
in dogs (19). Since the beginning of the epidemic, data have
shown that it is possible for SARS-CoV-2 to be transmitted
from humans to dogs (18). Also, according to the available
data, dogs are now considered to be less susceptible hosts to
SARS-CoV-2 than cats. Cats may be more sensitive because
only 4 amino acid residues differ between cats and humans in
the region of the SARS-CoV-2 RBD, which is required to bind
to the ACE2 receptor (19). In another study supporting these
data, phylogenetic similarity studies based on ACE2 protein
sequences using genomic data showed that cats and dogs were
the closest clustered species among all mammals included
in this analysis. It has been demonstrated that the ACE2
gene is highly expressed in various tissues in these animals,
interestingly, it appears that cats express more in lung tissues
than dogs. This may be one of the evidence that may explain
why dogs are less sensitive than cats (20).

Donnik et al (2021) stated in their study that cats were used
as an experimental model for some coronovirus or other viral
infections and that they were used as a model for COVID-19
infections due to their similarity with SARS-CoV. They reported
that members of the Felidea family could only get SARS-
CoV-2 infections under conditions where very close contact
and titer of the virus could reach titers close to experimental
models. In this review, where they stated that these conditions
could not be met, they emphasized that although the infection
was shown in experimental models against SARS-CoV in an
18-year period, not a single case of transmission or reverse
transmission was observed. They even commented that the
SARS-CoV-2 infections to be detected in these animals would
be a biological dilemma for these viruses (21). In the same
review, in the evaluation made for dogs, they reported that
dogs were not sensitive to SARS-CoV-2 for the following two
reasons.1. Failure to detect the virus in dogs, although dogs
were vaccinated intranasally with very high virus titers in
the experimental setting.and 2. No antibodies against SARS-
CoV-2 have been detected in dogs in China during the time of
outbreak.They stated that these situations indicated that dogs
were not involved in the transmission of this virus (21).
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In their study, Chiba et al. (2021), stated that SARS-CoV-2
infections are an unsuitable animal model for cats to see the
long-term effects of acute respiratory infections in cats. In
this study, they investigated the histopathological changes
in the lung tissues of cats that were euthanized on the 28th
day and reported that they encountered differentiated lung
lesions similar to chronic infection characteristics. however it
was also concluded that domestic cats can be protected from
reinfections after primary infection (22).

In their silico analysis study, Rendon-Marin et al examined
the homology models of the SARS-CoV-2 spike protein
RBD region, which binds with ACE2 receptors, by molecular
docking methods in different animal species. They reported
that feline cellular ACE2 receptors can interact with the RBD
region of the SARS-CoV-2 spike protein and that it shared the
same virus binding interface as hACE2. On the other hand,
they found that dogs were unable to interact stably with the
RBD region of the SARS-CoV-2 § protein cellular ACE2
receptors (23).

When Micheal et al. (2021), examined the respiratory tract
samples obtained from cats and dogs at different regions of
the World in early 2020 in terms of respiratory pathogens
including SARS-CoV-2 with real-time PCR method, they
reported that did not detect SARS-CoV-2 RNA in any of the
4616 samples (24). Villanueva-Saz et al. (2021), reported that
they detected SARS-CoV-2 seropositivity in 4 out of 114 stray
cats in their study (25). Klaus et al, (2021), with a case report,
explained that they detected long-term seropositivity in a cat
in Italy. This cat showed respiratory symptoms and the SARS-
CoV-2 RNA result was also positive (20).

As Na et al (2021), reported in their studies, coronaviruses
members had considered as an underestimated pathogen
until the SARS-CoV epidemic in 2003 Considering that it was
described in 1931, despite 90-years period, our knowledge
about coronaviruses is still limited (27). Bonilauri and Rugna
recommended that maintaining veterinary controls of zoonotic
diseases for early detection of SARS-CoV-2 in animals. They
stated that the positivity of SARS-CoV-2 in animals should be
examined systematically and the importance of determining
the molecular epidemiology of the strain in these animals by
sequencing methods. They stated that these data should be
submitted public database in order to avoid dangerous variants
(28). Although increasing numbers of SARS-CoV-2 infections
have been reported in dogs and cats, long-term follow-up
studies evaluating the persistence of antibodies developed in
these animals and seroconversion status were still limited (29,
30). Decaro et al. (2021), Dileepan et al., (2021), and Yilmaz
et al, (2021) showed that cats and dogs develop specific and
neutralizing antibodies against SARS-CoV-2 as in humans,
but new studies are needed to understand how the presence
of these specific and neutralizing antibodies protects these
animals (29, 30, 31). Recently, Yilmaz et al. (2021), revealed
that the situation in cats from our country is not different
from other countries (31). Due to the nature of the virus, it
is not surprising that it is similarly seen in our country (2, 32,
33) In recent studies, SARS-CoV-2 virus and its variants have
also been detected in cats, dogs and their owners, genomic
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characterizations have been made and it has been revealed that
SARS-CoV-2 positive individuals should have limited contact
with these animals (34).

CONCLUSION

As a conclusion, COVID-19 infection and its agent, SARS-
CoV-2, can be detected because ACE2 is frequently expressed
in different tissues in domestic animals such as cats and dogs,
and the binding site is similar to human ACE2 receptors.
However, binding to these receptors does not appear to be
strong, especially in dogs. It should always be kept in mind
that coronaviruses are a large family, there may be different
coronavirus members in cats and dogs, and the similarity of
these viruses in their replication mechanisms. In order to
prevent viral zoonotic infections such as COVID-19 infections
during the pandemic period in which different disciplines need
to work together with a one health perspective, we believe that
molecular surveillance studies should be carried out in our
close friends such as cats and dogs, and the data should be
presented in public database and followed up.
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